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ABSTRACT

Background: The diagnostic approach for beta-lactam (BL) drug hypersensitivity reactions (DHR)
is based on the history, clinical signs, skin tests (ST), in vitro tests, and drug provocation tests (DPT).
The aim of this study was to assess the performance of an allergy workup with ST in a real-world
use.

Methods: In this cross-sectional study the rate of positive ST in subjects with suspected DHR to
penicillins and cephalosporins was investigated. Of special interest were correlations of ST posi-
tivity: 1) to the time intervals between index reaction and the allergic work-up, 2) time interval from
drug exposure to the onset of signs, 3) pattern of manifestation in delayed DHR and involvement
of test area in the index reaction, and 4) potential advantage of patch testing in delayed DHR.

Results: 175 patients were included between January 2018 and April 2019 (63.4% female), 45
(25.7%) with immediate DHR manifestation and 130 with delayed DHR manifestation (74.3%). A
total of 44 patients (25.1%) had a positive ST (immediate DHR 37.8% versus 20.0% in delayed
DHR). ST positivity decreased in both groups after 3 years from 47.8% [95%CI 29.2–67] to 23.5%
[95%CI 9.6–47.3] in immediate DHR and 23.0% [95%CI 15-4-32.9] to 12.9% [95%CI 5.1–28.9] in
delayed DHR. The proportion of positive ST was higher in patients with more severe forms of
delayed DHR, and in subjects with a shorter latency period of onset of symptoms after drug
exposure: 0-3d: 29.5% [95%CI 19.6–41.9] vs. >3d: 11.6% [95%CI 6.0–21.2]). No sensitization was
shown in delayed urticaria or angioedema. ST done outside the skin area involved during the
index reaction were negative in all cases (0/38 vs. 26/84 in cases with involved area). The com-
bination of patch test and intradermal test (IDT) revealed an additional positive result in 2/77
cases. Additional in vitro testing reduced the proportion of negative test results to 72%.

Conclusion: In most patients with negative test results, we could not clarify the cause of the BL-
associated adverse events even with further investigations (including DPT). How to prevent new
drug-induced adverse events in such patients has hardly been investigated yet. Corresponding
cohort studies could improve the data situation.
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INTRODUCTION

The revised nomenclature of the World Allergy
Organization (WAO) describes hypersensitivity as
objectively reproducible symptoms or signs initi-
ated by exposure to a defined stimulus at a dose
tolerated by normal persons.1 It differentiates
between allergy and nonallergic hypersensitivity:
Allergy is a hypersensitivity reaction initiated by
specific immunologic mechanisms. When the
reaction is caused by other mechanisms, the term
nonallergic hypersensitivity should be used.1 This
distinction may play an important role in advising
patients with drug hypersensitivity reactions (DHR).
In order to avoid subsequent DHR, the triggering
drug as well as cross-reactive substances must be
identified.2 Cross-reactivity depends on the mech-
anism of the DHR. In the case of allergy to beta-
lactam antibiotics (BL), the chemical structure plays
a key role.2 In case of nonallergic DHR, other factors
may be relevant (eg, change of arachidonic acid
metabolism in COX1 inhibition in aspirin
hypersensitivity3). The diagnostic approach for a
suspected allergic DHR is mainly based on
assessing the history, clinical signs, skin tests (ST),
in vitro tests and partly drug provocation tests
(DPT).4 For BL, ST have a good negative and a
good positive predictive value for immediate type
reactions, while the negative predictive value is
considered to be less reliable for delayed DHR.5–7

This assumption is based mainly on findings in
selected patients with unequivocal history, signs
and test results. However, prevalence of true
positive tests influences the predictive values.
Therefore, transferring predictive values to a
population with a different prevalence of drug
allergy can lead to wrong conclusions. We
conducted a cross-sectional study in patients with
suspectedDHR toBL in order to assess the impact of
an allergywork-up based on themedical history and
ST. Specifically, how conclusive were positive ST,
anddid STpositivity correlatewith the clinic patterns
as well as with the type ST performed.
METHODS

Study design and population

This is a cross-sectional study from two univer-
sity allergy out-patient centers, the Division of
Allergology and Clinical Immunology, Inselspital
Bern and the Allergy Unit, University Hospital Zur-
ich. All patients with a history of a DHR to a peni-
cillin or cephalosporin antibiotic who were
referred for an allergy work-up between January
2018 and April 2019 (Inselspital Bern) and June
2018 and December 2018 (University Hospital
Zurich) were included.

Patient assessment

For eachDHR case, the following information was
recorded and analysed with regard to the index-
reaction: date, clinical pattern, chronological
sequence regarding involved drugs, development
of the clinical course, type of reaction — anaphylaxis
according to the classification of H.L. Mueller,
delayed type reactions by consensus judgment
(general practitioner, dermatologist, allergologist,
or based on photo documentation), ST with the
incriminatedBLaswell aswith a set of penicillins and
cephalosporins according to the EAACI/ENDA
standards, and when available, additional in vitro
tests.8

Skin test procedures

ST were done intradermally on the volar forearm
with the suspected drugs, as described by EAACI/
ENDA.8 Readings were done after 15–20 min
(immediate reactions), and after 24 and 48 h (late
reading for non-immediate reactions). As a stan-
dard, amoxicillin (25 mg/ml), amoxicillin/clavulanic
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acid (25/5 mg/ml), penicillin G (10,000 UI/ml),
cefuroxime (7.5 mg/ml and 2 mg/ml) and partly
penicilloyl-polylysine (PPL) (0.04 mg/ml), minor
determinant mixture (MDM) (0.5 mg/ml), and
ampicillin (125 mg/ml, only prick) were tested. In
cephalosporin DHR, cefazolin (4 mg/ml), ceftazi-
dime (10 mg/ml and 2 mg/ml), ceftriaxone (10 mg/
ml and 2 mg/ml), and cefepime (3.3 mg/ml) were
evaluated in addition. In patients with a history of a
severe immediate reaction (anaphylaxis/acute urti-
caria/angioedema), intradermal tests (IDT) were not
performed unless skin prick tests with the incrimi-
nated drug were negative. In some children and in
patients with a history of severe delayed DHR (eg,
Drug reaction with eosinophilia and systemic
symptoms — DRESS, Stevens-Johnson Syndrome —

SJS /Toxic Epidermal Necrolysis — TEN, bullous
exanthema) IDT were not performed. These pa-
tients were tested by patch tests only. For patch
tests, the involved drugs were diluted at 5–10% in
petrolatum, fixed on the upper back of the patient
using Finn Chambers for 2 days, and read after 2
and 3 days.9

In vitro tests

In some cases with severe DHR, discrepant or
negative ST complementary in vitro tests were
performed such as determination of specific IgE,10

basophil activation test (BAT), or lymphocytic
transformation test (LTT) (read out 3(H)-thymidine
incorporation or Enzyme-linked Immunosorbent
Assay for IL-5, IL-13, INF-gamma, granulysin, and
granzyme B11,12).

Drug provocation test

DPT were suggested to all persons with immedi-
ate DHR: either the trigger in negative tests, or a BL
from another group (usually amoxicillin or cefurox-
ime) in positive test results was challenged. The
starting challenge dose was 1/100 in mild and
moderate reactions, 1/1000 in severe reactions. A
tenfold dose increase was done every 30–45min up
toa full therapeuticdose.AllDPTwereperformedby
oral route. In delayed DHR, no controlled DPT was
performed. However, in the further course thera-
peutic exposures to BL occurred.

Evaluation and analysis

Results are summarized in Tables 1–5, statistics
and figures were created by using Graphpad Prism
9 (GraphPad Software, Inc, La Jolla, Calif). The 95%
confidence intervals from the proportions of
patients with positive test-results in a specific
group were calculated as Wilson/Brown interval.
Statistical inferential analyses were not performed.
Results of the in vitro tests and DPT are summarized.
RESULTS

Study patients and skin test results

A total of 192 patients were screened at both
study sites. Of these, 17 subjects had to be
excluded because of missing data (Fig. 1). One
hundred thirty-eight 138 out of 175 (78.9%) study
subjects were from the Division of Allergology
and Clinical Immunology, Inselspital Bern and 37
from the Allergy Unit, University Hospital Zurich.
One hundred fifty-two of 175 (86.9%) patients
were admitted due to a suspected DHR to
penicillins, and 23 (13.1%) to cephalosporins
(Table 1). The median age of the patients was 47
years (IQR 32.0; 62.0); 111 (63.4%) were female.
Clinically, most patients had a maculopapular
exanthema (MPE) (71, 40.6%), and 45 (25.7%) an
immediate DHR manifestation. A single case had
a diagnosis of multiple drug hypersensitivity
(MDH), based on published criteria,13 that initially
developed from MPE. Prick- and/or IDT with
immediate reading were carried out in 156
(89.1%) patients, IDT with late reading with or
without patch test in 153 (87.4%) subjects and
patch test alone in 19 (10.8%) persons. Because
of severe skin reactions IDT was not performed in
10 (5.7%) subjects, and in 9 children (fear of
needles) (5.1%). The overall positivity rate of all ST
(immediate and late reading) was 25.1% (44/175)
(Tables 1 and 2). Individual information on the
results for immediate and delayed reading as well
as the correlation to clinical manifestations and
time interval from drug exposure to the onset of
DHR are shown in Tables 2–4 and Figs. 1–3.

Time interval between the index reaction and the
allergic work-up

The time interval between the index reaction
and the allergological work-up was assessed in all
175 patients (Tables 3 and 4, Figs. 2 and 3). The
shortest test time-point was 4 weeks, the longest
interval 30 years. Proportions of positive ST for
various time thresholds were assessed as follows:



All DHR to
penicillins

DHR to
cephalosporins

N ¼ 175 N ¼ 152 N ¼ 23

Demographics
Age 47.0 (32.0; 62.0) 46.0 (29.0; 61.8) 49.0 (40.0; 68.0)
Gender (female) 111 (63.4%) 98 (64.5%) 13 (56.5%)

Type of DHR
Anaphylaxis/acute urticaria 45 (25.7%) 33 (21.7%) 12 (52.2%)
Delayed urticaria/angioedema 13 (7.4%) 10 (6.6%) 3 (13.0%)
Macular exanthema 18 (10.3%) 17 (11.2%) 1 (4.3%)
MPE 71 (40.6%) 65 (42.8%) 6 (26.1%)
SJS/TEN/bullous exanthema 4 (2.3%) 4 (2.6%) 0
AGEP/pustular exanthema 4 (2.3%) 4 (2.6%) 0
FDE 3 (1.7%) 2 (1.3%) 1 (4.3%)
SDRIFE 1 (0.6%) 1 (0.7%) 0
DRESS 4 (2.3%) 4 (2.6%) 0
Unspecified delayed exanthema 9 (5.1%) 9 (5.9%) 0
Other 3 (1.7%) 3 (5.9%) 0
Cases with MDH 1 (0.6%) 1 (0.7%) 0

Latency period anaphylaxis/acute urticaria (min) 30.0 (5.0; 90.0) 45.0 (11.3;
165.0)

5.0 (3.0; 25.0)

Latency period delayed DHR (days) 4.0 (3.0; 7.0) 5.0 (3.0; 7.0) 3.0 (2.0; 3.0)

Time interval till testing (months) 6.0 (3.0; 48.0) 7.0 (3.0; 60.0) 3.0 (2.0; 6.0)

Rate of positive skin tests % 44/175 (25.1%) 36/125 (23.7%) 8/23 (34.8%)

Affected test area in delayed DHR (yes) 88/140 (62.9%) 83/130 (63.8%) 5/10 (50.0%)

Table 1. Patient characteristics Values are median and interquartile ranges (IQR) for continuous variables. Categorical variables reported as n (%). Multiple
drug hypersensitivity syndrome (MDH), drug reaction with eosinophilia and systemic symptoms (DRESS), maculopapular exanthema (MPE), anaphylaxis (ANA),
acute generalized exanthematous pustulosis (AGEP), symmetrical drug related flexural and intertriginous exanthema (SDRIFE), stevens johnson syndrome (SJS),
toxic epidermal necrolysis (TEN), fixed drug eruption (FDE)

4 Joerg et al. World Allergy Organization Journal (2021) 14:100602
http://doi.org/10.1016/j.waojou.2021.100602
The positivity rate of prick and/or IDT with imme-
diate reading in immediate DHR manifestations to
penicillins and cephalosporins was 40.0% [7.1–
76.9%] for the interval 0–2 months, 50.0% [28.0–
72.0%] for 2–6 months and 47.8%, [29.2–67.0%] for
2 months to 3 years. After 3 years, the positivity
rate dropped to 23.5%, [9.6%–47.3%] (Table 3,
Fig. 2). Similar results were obtained in penicillins
immedi
posi

Anaphylactic manifestationsc n ¼ 45 n ¼ 17 (37.8%

Delayed DHR-manifestationd n ¼ 106 n ¼ 1 (0.9%),

Unclassifiable/othere n ¼ 24 n ¼ 0 (0%), [0

Table 2. Numbers of skin-test-positivity depending on type of tests and
prick test. b IDT with late reading and/or patch test. c including cases with bronch
pustular exanthema, bullous exanthema, DRESS, SDRIFE, FDE. e including delaye
alone (data not shown). In delayed skin test (IDT
with late reading and/or patch test), the positivity
rate was lower than in immediate reading: 16.7%
[3.0–44.8] for the interval 0–2 months, 23.0%
[14.2–34.9%] for 2–6 moths, 23.0% [15.4–32.9%]
for 2 months to 3 years, and a decrease to 12.9%
[5.1–28.9%] after 3 years (Fig. 3, Table 3).
Interestingly, all subjects with unknown time
ate reading
tivea (n)

late reading
positiveb (n)

), [25.1%–52.4%] n ¼ 0 (0%), [0%–7.9%]

[0.05%–5.2%] n ¼ 25 (23.6%), [16.5 %-32.5%]

%–13.8%] n ¼ 1 (4.2%), [0.2%–20.2%]

clinical manifestations (%); [95%CI] a IDT with immediate reading and/or
ospasm, acute urticaria/angioedema. d Macular/maculopapular exanthema,
d urticaria/angioedema
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Characteristics Proportion immediate reading
positive

All anaphylaxis manifestations including acute urticaria/angioedema
n ¼ 45

17/45, (37.8%), [25.1%–52.4%]

Anaphylaxis Grade I (H.L.Mueller) (urticaria only) n ¼ 4 1/4, (20.0%), [1.0%–62.4%]

Anaphylaxis Grade II-IV (H.L.Mueller) n ¼ 41 16/41, (39.0%), [25.7%–54.3%]

interval from drug exposure to the onset 0–1 h n ¼ 35 16/35 (45.7%), [30.5%–61.8%]

1–24 h n ¼ 10 1/10 (10%), [0.5%–40.4%]

interval between the index reaction and the
allergic work-up

<2 months, 2/5 (40.0%), [7.1–76.9%]

2–6 months 8/16 (50.0%), [28.0–72.0%]

2 months to 3
years

11/23 (47.8%), [29.2–67.0%]

>3years 4/17 (23.5%), [9.6%–47.3%]

Table 3. Proportions of positive immediate reading skin-test-results and 95% confidence intervals in patients with various anaphylactic
manifestations (%); [95%CI]
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interval to the allergy workup (n ¼ 17, all excluded)
had negative skin test results.

Time interval from drug exposure to the onset of
signs

The time interval from drug exposure to the
onset of index signs was assessed for each patient.
For immediate DHR manifestations, the positivity
rate of ST with immediate reading was 45.7% [95%
CI 30.5%–61.8%] in latency periods below 1 h and
10% [95%CI 0.5%–40.4%] for the time interval 1–
24 h. For combined delayed ST (IDT with late
reading and/or patch), the positivity rate for
delayed DHR with a latency period �3 days was
29.5% [95%CI 19.6–41.9%] and higher than re-
actions with a latency period of more than 3 days
(11.6% [95%CI 6.0–21.2]; Fig. 3, Table 4). Of note,
some delayed DHR with positive delayed skin test
reading developed as soon as 2 h after drug
intake. Delayed DHR with a long latency period
of over 15 days had again a higher positivity rate
(mostly DRESS cases).

Age and skin test reactivity

In immediate DHR, the proportion of positive ST
in persons aged 18–65 years was 13/35 (37.1%,
[23.2–53.7]) versus 4/10 (40.0%, [16.8–68.7]) in
persons over 65 years. In delayed DHR, we found
the following data: 18–45 years: 7/52 (13.5%, [6.7–
25.3]), 45–65 years: 6/38 (15.8%, [7.4–30.4]), and
>65 years: 8/26 (30.8%, [16.5–50.0]). It should be
noted, that significantly more severe DHR fell on
individuals >65 years of age, especially all 4 sub-
jects with DRESS.

Pattern of manifestation in delayed DHR and
duration of DHR

The numbers of positive and negative ST for
various types of exanthema/hypersensitivity re-
actions were evaluated. The proportion of positive
test results tended to increase as the severity of
the reactions increased. Macular exanthema and
MPE (20.9%, [95%CI 13.7–30.7]), DRESS (75.0%,
[95%CI 30.1%-98.7]), pustular exanthema (50%,
[95%CI 8.9–91.1]), and even bullous exanthema
(50%, [95%CI 8.9–91.1%]) were found to have the
highest ST positivity rates. On the other hand, no
sensitization was found in all subjects with
delayed urticaria (onset after 24 h) or unspecified
delayed exanthema (Fig. 3, Table 4). The
proportion of positive ST increased with the
duration auf the DHR (DHR 1-7d: 14.3%, [95%CI
7.4–25.7]) vs. DHR >7d (40.0%, [95%CI 26.3–
55.4]).

Influence of the test area

In delayed DHR, we found 84 of 130 subjects
whose test area was involved in the index reaction.



Characteristics

Proportion
combined late

skin-test
positive

(intradermal or
patch)

Proportion
intradermal
skin-test
positive

Proportion
patch test
positive

Proportion
positive results
only patch test
performed

All Delayed DHR-
manifestation n ¼ 130

26/130 (20.0%),
[14.0%–27.7%]

15/111 (13.5%)
[8.4%–21.1%]

18/96 (18.8%)
[12.2%–27.7%]

9/19 (47.4%
[27.3%–68.3%]

Macular/maculopapular
exanthema n ¼ 92

18/86 (20.9%),
[13.7–30.7%]

12/76 (15.8%),
[9.3%–25.6%]

11/63 (17.5%)
[10.0%–28.6%]

4/10 (40.0%),
[16.8–68.7%]

Pustular exanthema, n ¼ 4 2/4 (50%)
[8.9–91.1%]

2/4 (50%)
[8.9–91.1%]

2/4 (50%)
[8.9–91.1%]

n/a

bullous exanthema, n ¼ 4 2/4 (50%)
[8.9–91.1%]

1/1 (100%),
[5.1–100%]

1/3 (33.3),
[1.7–88.2%]

1/3 (33.3),
[1.7–88.2%]

DRESS n ¼ 4 3/4 (75.0%),
[30.1%–98.7%]

n/a 3/4 (75.0%),
[30.1%–98.7%]

3/4 (75.0%),
[30.1%–98.7%]

fixed drug eruption n ¼ 3 0/3 (0%),
[0.0–56.2%]

0/2 (0%),
[0.0–82.2%]

0/3 (0%),
[0.0–56.2%]

0/1 (0%),
[0.0–94.9%]

Delayed urticaria/
angioedema n ¼ 13

0/13 (0%),
[0.0–22.8%]

0/13 (0%),
[0.0–22.8%]

0/6 (0%),
[0.0–39.0%]

n/a

Skin eruption including test
site n ¼ 84

26/84 (31.0%),
[22.1–41.5%]

15/71 (21.1%),
[13.2–32.0%]

18/55 (32.7%),
[21.8–45.9%]

9/13 (69.2%),
[42.4–87.3%]

Skin eruption excluding test
site n ¼ 38

0/38 (0%),
[0.0–9.2%]

0/34, (0%),
[0.0–10.2%]

0/35 (0%),
[0.0–9.9%]

0/4 (0%),
[0.0–49.0%]

interval from drug
exposure to the
onset

0-3d 18/61 (29.5%),
[19.6–41.9%]

12/54 (22.2%),
[13.2–34.9%]

11/43 (25.6%),
[14.9–40.2%]

4/7 (57.1%),
[25.0–84.2%]

>3d 8/69 (11.6%),
[6.0–21.2%]

3/57 (5.3%),
[1.4–14.4%]

7/51 (13.2%),
[6.5–24.8%]

5/12 (41.7%),
[19.3–68.0%]

interval between
index reaction
and allergy work-
up

<2 m 2/12 (16.7%),
[3.0–44.8]

1/8 (12.5%),
[0.6–47.1%]

1/10 (10.0%),
[0.5–40.4%]

1/4 (25.0%),
[1.3–69.9]

2–6 m 14/61 (23.0%),
[14.2–34.9%]

5/48 (10.4%),
[4.5–22.2%]

13/48 (27.1%),
[16.6–41.0%]

8/13 (61.5%),
[35.5–82.3%]

2 m -3 y 20/87 (23.0%),
[15.4–32.9%]

11/73 (15.1%),
[8.6–25.0%]

15/64 (23.4%),
[14.8–25.1%]

8/14 (57.1%),
[32.6–78.6%]

>3years 4/31 (12.9%),
[5.1–28.9%]

3/30 (10.0%),
[3.5–25.6%]

2/22 (9.1%),
[1.6–27.8%]

0/1 (SJS, LTT
positive)

Table 4. Proportion of the different late reading skin-test-results and theirs 95% confidence intervals in patients with various delayed DHR-
manifestation (%); [95%CI]
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The positivity rate of combined ST with late
reading (IDT and/or patch) for these patients was
31.0%, [95%CI 22.1–41.5], whereas the rate was
zero if the index-reaction did not involve the test
area (Fig. 3, Table 4).
Additional benefit of patch test in addition to
intradermal late reading in delayed DHR

Based on the study protocol it was up to the
examiner whether or not to conduct IDT only or

https://doi.org/10.1016/j.waojou.2021.100602


A B

ST þ ST - ST þ ST -

LTT þ 5 11 1 0

LTT - 1 7 0 4

BAT þ 1 1 2 0

BAT - 1 2 0 3

Table 5. Summary of in vitro tests and corresponding skin test (ST) results A: Drug hypersensitivity reaction (DHR) to penicillins B: DHR to
cephalosporins.Basophil activation test (BAT), Lymphocyte transformation test (LTT)
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combined IDT with patch test (n ¼ 77) or patch test
alone (n ¼ 19). The combined test showed an
additional positive result for the patch test in 2/77
cases, which would not have been recorded with a
single IDT.
In vitro tests

In vitro tests were performed in 44 (25.1%) cases
(Table 5): In patients with immediate DHR to
BAT posiƟve (n=1)

ST posiƟve (n=17)

Study parƟcipaƟon

Included (n=1

Immediate DHR (n=45)

Skin test negaƟve (n=28)

ST and BAT negaƟve
(n=5/27), ST negaƟve 
and BAT not done
(n=22/27)

Proof of
sensiƟzaƟo

(n=55)

Fig. 1 Study workflow. a One additional positive skin test in immediate
test (LTT), skin test (ST)
penicillins, specific IgE to amoxicillin was
determined once, which was positive in
accordance with the ST. In 5 patients BAT was
performed, which was positive twice: once
matching the ST, and once showing sensitization
to clavulanic acid in negative ST. A single subject
with positive ST had a negative BAT to the same
drugs. In subjects with immediate DHR to
cephalosporins, 5 BATs were performed: 3 tests
were negative, 2 were positive, all matching the ST.
LTT posiƟve (n=11)

ST posiƟve (n=26) a

(n=192)

75)

Delayed DHR (n=130)

Skin test negaƟve (n=104)

ST and LTT negaƟve
(n=11/93), ST negaƟve 
and LTT not done
(n=82/93)

Excluded (n=17): Missing data

 
n

All skin test negaƟve

reading. Basophil activation test (BAT), lymphocyte transformation



0 20 40 60 80 100

Time to test >3y

Time to test 2m-3y

Time to test 2-6m

Time to test <2m

Latency period 1-24h

Latency period 0-60min

Immediate DHR manifestaƟons
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In 24 (18.5%) patients with a delayed DHR to
penicillins LTT were performed: 5 by measurement
of cell proliferation by 3(H)-thymidine and 19 by
enzyme-linked Immunosorbent assay for IL-5, IL-
13, INF-gamma, granulysin and granzyme B. 16 of
24 (66.7%) LTT were positive: five-times matching
ST, and in 11 cases with negative ST. Out of eight
negative LTTs, only 1 subject had a positive ST. For
delayed DHR to cephalosporins, all 5 LTTs did
match the ST (with one positive ST).
Drug provocation tests/reexposure/exposure to
possibly cross-reactive drugs

Eighteen DPT were performed in subjects with
an immediate DHR to penicillin. In 9 patients who
tested positive with penicillins, DPT were per-
formed with cephalosporins. All did tolerate the
given drug. In the 9 patients with a negative ST to
pencillins, DPT was performed with amoxicillin. In
this group, 2 out of 9 (22.2%) patients developed
50 100

proporƟon (%)

95% confidence intervals (95%CI) in various characteristics of
ined skin test positivity of IDT and patch tests. 95%CI of the
sitivity reaction (DHR), intradermal skin test (IDT), Maculopapular
oms (DRESS), fixed drug eruption (FDE)
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an acute urticaria within 60 and 120 min. In sub-
jects who suffered an immediate DHR to cepha-
losporins, four DPT were performed: two-times
with amoxicillin (ST positive to cefuroxime), and
two-times with cefuroxime (ST negative to cefur-
oxime). All 4 DPT were well tolerated.

In delayed DHR, no controlled DPT were per-
formed. However, in the further course exposures
to BL occurred in 4 patients with penicillin DHR
and positive ST results, cefuroxime/ceftriaxone was
well tolerated later. In 6 subjects with a negative ST
to penicillin, amoxicillin/clavulanic acid was
administered with no adverse reaction. In 1 case
with MPE and documented sensitization to amox-
icillin, an accidental re-exposure to amoxicillin led
to a recurrence of the skin reaction. In 1 subject
with delayed DHR to cefuroxime and negative IDT,
the re-exposure was well tolerated.
DISCUSSION

The work-up with a compatible history for an
allergic reaction due to BL revealed positive ST
results in 25% (43/175) of the patients tested. Pa-
tients with an immediate-type DHR had a higher
rate of positive ST results than those with clinical
manifestations of a delayed type DHR (38% versus
20%). In 28 out of 45 patients with immediate DHR
manifestations, IDT with immediate reading were
negative. In 1 patient, reactivity to clavulanic acid
was observed in an additional in vitro assay (BAT).
Overall, even with the inclusion of additional in vitro
tests, we were still unable to make a conclusive
diagnosis in 27/45 patients (Fig. 1).When
evaluating different manifestations in delayed
DHR, the positivity rate of ST increased with the
severity of the index reaction and with the
duration of the DHR. In the vast majority (104/
130) patients with delayed DHR or unclassifiable
delayed manifestations, IDT with late reading and/
or patch tests were negative. Amongst those,
positive results however were found in LTT in 11
subjects. Overall, we were unable to establish a
conclusive diagnosis in 93/130 patients even with
the inclusion of additional in vitro tests.

How can we improve skin test results?

In delayed DHR with generalized skin eruptions
affecting the skin area but tested later, the tests
showed positive results in 31% (26/84) cases. If the
skin test area was not involved in the index reaction,
we did not find a single positive ST (0/38). This dif-
ference may be due to a presumably more pro-
nounced index reaction with spreading also to the
forearms (usual test area in IDT). However, it may
indicate that the sensitivity of these tests could be
improved if performed in skin areas affected in the
index reaction. Such correlation has been described
for fixed drug eruption14 and is probably
attributable to resident T memory cells.15

A combination of IDT with late reading and
patch test was performed in 77 patients. Patch
tests showed an additional positive result in two
cases that would not have been detected by IDT
alone. Based on these results, combined testing
might be useful in delayed DHR, because it may
increase sensitivity.

It is known that ST sensitivity decreases over
time after an allergic reaction.16,17 Moreover, IgE
mediated penicillin allergies wane over time.18 In
our study the rate of positive ST decreased
significantly after 3 years for both immediate and
delayed DHR. Although current guidelines advise
to perform drug testing within 6 months after the
index reaction,5 based on our data in BL, this
period could possibly be extended to 3 years.
How to manage patients depending on their test-
results?

� Patients with a suitable positive test result: In such
patients, cross-reactivity with other BL has been
investigated in various studies in skin tests and
partly also with DPT. These literature data allow
evidence-based recommendations regarding
potentially cross-reactive BL for exposure pro-
phylaxis and for presumed well-tolerated alter-
natives.2 Patients with a negative test result: Such
patients are not well investigated in the literature
and in everyday practice it is usually unclear
whether a false negative or true negative test
result should be assumed. True negative test
results may be due to "adverse events" that
were clinically classified as "BL DHR" but which
were due to concurrent diseases, other drugs
or non-specific mechanisms/interactions. Typical
examples are an underlying urticarial disease or
new onset urticaria in immediate DHR19 or
concomitant viral infections in delayed DHR,
especially in children.20 Nevertheless, false
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negative tests do not seem to be rare.21 A non-
allergic mechanism might have been involved
which poses a risk for a subsequent reaction
upon exposure.22,23 In the case of negative test
results, we considered the following options for
recommending exposure prophylaxis: In cases
with false negative ST, the same
recommendations as in cases with positive ST
would be appropriate.

� In nonallergic unspecific DHR, like BL induced
neuro/nephrotoxicity,22 causally involved drugs
must usually also be avoided. Nevertheless, in
such cases the same cross-reactivities cannot
be expected as in allergic DHR.

� In cases with no causal relationship to the BL, the
initially suspected drug could be used as
needed.

However, we were usually not able to distin-
guish between these 3 reasons for negative test
results. In the case of anamnestically moderate or
severe reactions, we therefore recommended not
only the avoidance of the triggering agent, but
also the avoidance of potentially cross-reactive BL
(as in the case of skin test positive patients). Only in
few patients could we find out through DPT or
further follow-up whether such recommendations
were adequate.

Drug provocation test

DPT should be used to further evaluateDHR if the
diagnostic gain outweighs the risk.24 Since
anaphylaxis can be treated with early intervention
by the administration of epinephrine, intravenous
volume supply as well as intensive care
measures,24 DPT with cautious gradual dose
increase is a decent approach in patients with a
clear immediate DHR.25 In our study, 11 patients
were challenged with the causative BL, and 11
patients had DPT with a BL antibiotic expected to
be not cross-reactive, as described under the
methods section. Of the remaining 16 patients with
negative ST, most had mild to moderate index re-
actions and refused DPT. In such patients, we rec-
ommended in the allergy passport an exposition
prophylaxis with avoidance of the triggering agent
and potentially cross-reactive BLs. In the case of a
severe index reaction, we additionally recom-
mended monitoring at the first administration of
presumably tolerated BL, and a ‘graded challlenge’
in the case of a threatening reaction.

In cases with delayed DHR, a further approach
by DPT is more problematic than in immediate
DHR: Unlike anaphylaxis, the natural progression is
unpredictable, even with early recognition and
intervention. Therefore, in severe delayed re-
actions (eg, acute generalized exanthematous
pustulosis—AGEP, DRESS, SJS/TEN), most relevant
guidelines advise against DPT.24,26 In addition,
since delayed DHR manifestations usually occur
many hours to days after exposure, a cautious
dose increase to a full therapeutic dose would
take days to weeks, which would not be
justifiable from an infectiological point of view.
There are no standardized protocols for DPT in
delayed DHR.14 In mild or moderate delayed
DHR (only skin eruption) with negative ST, direct
therapeutic administration, if necessary instead of
a DPT, may be preferable.27 In our study, all
patients with unexplained delayed DHR or
unclassifiable manifestations were not
challenged. Most of these patients had mild or
moderate index reactions, limited to the skin or
an alternative explanation for the reaction (eg,
viral infection). In these subjects a direct
therapeutic reexposure when necessary was
proposed. In severe delayed DHR or cases with
systemic involvement and negative test results,
we recommended (assuming a false negative test
result), to avoid the suspected drug and BL with
a high risk of cross-reactivity. All patients
received an allergy passport with information of
alternative treatments. Unfortunately, for true
negative tests, this is not ideal: we unnecessarily
limit options of antibiotics in patients whose reac-
tion was not caused by BL. Furthermore, in patients
with a non-allergic mechanism, a new DHR might
occur in the case of reexposure.

We recorded the outcome of re-exposure to the
causative agent in 7 patients with mostly mild in-
dex reactions and negative test results; all were
well tolerated.
Weaknesses of the study and possibilities for
improvement

The limitation of this study is the rather small
number of included patients. The proportion of
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severe DHR was higher than described by other
authors.27,28 Skin test positivity may be
overestimated in our study. Recent studies
found indeed a lower skin test positivity rate,
patients were, however, recruited from a
retrospective chart28 or were prescreend for
mild DHR.27 In addition, the follow-up time was
short. Moreover, in some cases only IDT was
performed without additional patch test. A larger
patient cohort and a longer observation period of
these study patients with systematic evaluation on
drug exposure could improve the recommenda-
tions, especially in those subjects with negative
test results. Fortunately, participation in our study
did not impose any additional burden for pa-
tients. For the medical staff, the additional work-
load for the study was minimal compared with a
routine allergy workup. We are therefore planning
a larger longitudinal study with defined recom-
mendations regarding drugs to be avoided or
allowed. After the initial work-up, patients will be
interviewed in 2-year intervals about the further
course of the disease. Sufficiently large data sets
may reveal patterns for better detection of true
negative test results.
CONCLUSION

The management of patients with DHR but
negative ST remains uncertain, especially in
delayed DHR. Combined IDT and patch tests,
ideally done within 3 years after the index reaction
and tested within the affected skin area might
improve ST positivity. In immediate DHR, DPT is a
suitable option to offer alternative drugs for future
treatments. However, most patients in our collec-
tive had a delayed DHR with negative ST in 80%.
DPT may be unnecessary in these patients
because the effort may exceed the diagnostic
benefit. Additional in vitro tests reduced the pro-
portion of negative tests to 72%. In case of severe
delayed DHR, we recommended to avoid the
causative agent and all BL with high risk of cross-
reactivity, analogue to T-cell mediated drug al-
lergy. With this procedure, we might unnecessar-
ily deprive these patients of important drugs.
However, in case of mild to moderate DHR, we
recommended direct reexposure with the sus-
pected drug. The benefit/risk ratio of this
approach should be verified in larger longitudinal
studies.
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