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Abstract 

 

Background: Beta-lactam (BL)-antibiotics are the most frequent reason for drug-induced 

hypersensitivity reactions. Since they are more efficient, less toxic and less costly than other 

antibiotics, confirmation or exclusion of BL-allergy is worthwhile. However, allergy tests for 

drug-allergies are often false-negative. 

Objectives: To evaluate components of a stepwise diagnostic algorithm for immediate BL-

hypersensitivity with regard to sensitivity (SENS).  

Methods: Consecutive patients with suspected allergy to BL-antibiotics were retrospectively 

analyzed with regard to increasing sensitivity (plausible history of immediate BL-

hypersensitivity serving as external criterion) of (i) skin prick test (SPT) by adding a second 

reading (n=746), (ii) BL-specific IgE-determination in vitro at two cut-offs (n=539) and (iii) 

adding in vivo testing of minor and major BL-determinants (n=288).  

Results: In the history-based population indicative for immediate BL-hypersensitivity 

(n=457), SPT with a sole 20-minute-reading identified 99 (SENS: 0.21), SPT with 20- and 40-

minute-reading 133 cases (SENS: 0.29). In vitro specific IgE-examination identified 31 

positives at a cut-off ≥ 0.35kUA/L (5.8% of tested) and 99 at cut-off ≥0.11 kUA/L (18.4 of 

tested). In 203 SPT-negative individuals immediate BL-hypersensitivity was identified by 

additional tests: in 79 by specific IgE (Cut-off ≥0.11 kUA/L) (thereof 53 identified solely by this 

test) and in 150 by in vivo testing of BL-determinants in combination with Penicillin and 

Ampicillin i.c. (thereof 124 solely by this test); in 26 individuals both additional tests were 

positive. The combination of the three outpatient-based test modalities (i) optimized SPT, (ii) 

specific IgE at optimized cut-off and (iii) in vivo testing of BL-determinants identified 
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altogether 336/457 individuals with immediate BL-hypersensitivity (SENS: 0.73), whereas the 

combination of the two: (i)+(ii) identified 212/457 (SENS: 0.46); (i)+(iii) 283/457 (SENS: 0.61).  

Conclusions: To overcome the low sensitivity of allergological tests, optimized reading 

times of the SPT of BL, a lower cut-off for in vitro detection of BL-specific IgE, and 

intradermal testing of penicillin, ampicillin and BL-determinants contribute to overall 

sensitivity under real life conditions to diagnose immediate BL-hypersensitivity.  

 

Key words: Allergy, beta-lactam-antibiotics, sensitivity, skin prick test, reading times, specific 

IgE, cut-off
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1. Introduction 

Beta-lactam-(BL) antibiotics, mainly penicillins, are often prescribed [1;2] because they are 

more efficient, less toxic and less costly for the health care system than other antibiotics [3–

9]. However, BLs are the most frequent reason of drug-induced hypersensitivity reactions 

due to their allergenicity and their common use [10]. Confirmation or exclusion of the 

diagnosis is important, both in order to prevent the prescription of beta-lactams to allergic 

patients and to avoid unnecessary restrictions and prescription of less suitable alternatives in 

non-allergic individuals [11]. Since allergy tests for drug allergy are often false-negative, a 

stepwise approach for making the diagnosis is necessary [12].  

Hypersensitivity reactions to BLs are classified as immediate or non-immediate: The former 

usually appear within 1 h of drug-intake and are mediated by specific IgE-antibodies [10]. 

The European Network for Drug Allergy (ENDA) has devised diagnostic algorithms for the 

evaluation of immediate [13] and non-immediate reactions [14]. According to best practice 

algorithms [10] in suspected cases the diagnosis of immediate BL-hypersensitivity is based 

on one positive test out of four steps (skin prick test (SPT), intradermal test (IDT), in vitro test 

and drug provocation test). However, differences exist in BL-allergy diagnostic pathways and 

pragmatic approaches concerning the sequence of test procedures as well as the selection 

of test substances [15–17]. 

While the specificity of skin prick and intradermal tests of BLs in patients with an immediate-

type reaction to penicillins is good (97-99%) [13;18], a comparatively low [13;18–24] 

sensitivity was found in a number of studies (Table S1_Online Supplement) ranging from 0-

70% for three or, respectively, four combined skin test substances [18;23] depending on the 

applied test (skin prick versus intradermal test), and 21-43% for single substances (MDM 

21%, PPL 22%, Ampicillin 33%, Amoxicillin 43%) [18]. 
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The combination of PPL and MDM (resulting in at least one of the two positive) in patients 

with BL-allergy yielded a sensitivity of 14.7% - 61.5% (14.7% [20], 26.5% [19], 38% [18], 

61.5% [22]) depending on several factors of study design/diagnostic approach (for details 

see Table S1_Online Supplement), such as:  

• patient selection (eg, only immediate allergic reactions versus inclusion of both, 

immediate as well as non-immediate allergic reactions) 

• definition/quality of external comparator to denominate the “true” entity of all diseased 

(eg, by use of several diagnostic aspects/methods combined versus a single 

comparator)   

• time interval between allergic drug reaction and diagnostic procedure 

• concentration of test substances (diluted or stock solution)  

• number of test substances (alone or combined) 

• test procedure (SPT and/or IDT; alone or combined) 

• implementation of a late reading (between 8-72 h)  

• inclusion of a scheduled retest procedure in case of negative test results 

• country (due to different prescription habits) 

• year/decade of testing (due to changing prescription habits). 

In order to improve sensitivity, harmonization of skin test procedures [25], addition of test 

substances (such as minor determinants [10]), and standardization of test concentrations 

[26] have been suggested.  

Based on investigations of ubiquitous environmental aero-allergens such as pollen and mite 

allergens, recommendations regarding prick tests were published [27], which define 15 

minutes as an optimal reading time. However, due to different nature and exposure of 
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allergens, as well as amount and affinity of specific IgE (sIgE)-antibodies, these standardized 

test conditions may not apply for BL-antibiotics. 

In the present analysis, we investigated the skin SPT sensitivity by adding an additional 

reading after 40 minutes to in vivo allergy testing of BL-antibiotics in a cohort of patients with 

suspected BL-hypersensitivity undergoing allergological work-up. Furthermore, BL-specific 

IgE-determination in vitro at two cut-offs and/or adding in vivo testing of minor and major BL-

determinants combined with IDT of Penicillin G and Ampicillin was evaluated concerning 

their effect on sensitivity of ambulatory test procedures. 

 

2. Methods 

Consecutive patients (n=769) presenting with a clinical history of suspected type I- or type 

IV-allergy to beta-lactam-antibiotics between January 1, 2006 and September 11, 2012 in the 

Allergy-clinics of the Department of Dermatology, University Hospital of Erlangen, were 

examined according to current medical practice applying in-house standards. Data were 

retrieved and analyzed using the program Winalldat (Version 1.60, provided by the 

Information network of Departments of Dermatology, Göttingen, Germany) [28]. The 

outpatient-based stepwise diagnostic algorithm to confirm or exclude immediate BL-

hypersensitivity comprised  

• SPT of selected penicillins/cephalosporins (SPT-substances see Table 1) (available 

in n=746 patients),  

• specific IgE-analysis in vitro (performed in n=644),  

• SPT and IDT of major and minor BL determinants (Poly-L-Lysin (PPL), MDM (Minor-

Determinant-Mixture)) purchased from Diater SA., Madrid, Spain (DAP® Penicillin) 
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(n=288 available), thereof n=254 in combination with intradermal testing of Penicillin 

G (Infectocillin parenteral, InfectoPharm Arzneimittel und Consilium , Heppenheim, 

Germany) and Ampicillin (Ampicillin-ratiopharm 1.0 g, Merckle , Blaubeuren, 

Germany) (see Table 2). 

As part of the skin test routine for suspected allergy to BL, patient ID, age, gender and SPT 

results after 20 and 40 minutes were documented in Winalldat as structured data. In addition 

to a standard reading at 15-20 minutes [29], an additional reading was routinely carried out 

after 40 minutes in all patients. SPT was regarded positive based on a wheal diameter ≥ 

3mm, in the IDT ≥ 6mm. Control test substances were histamine and NaCl 0.9% 

(Allergopharma, Reinbek, Germany) to verify the eligibility of patients for in vivo test 

procedures. Negative reactions to histamine or positive reactions to NaCl at the time of SPT 

of selected penicillin/cephalosporin (Table 1) (n=16) and skin testing of DAP Penicillin 

combined with IDT of Penicillin G and Ampicillin (Table 2) (n=15), respectively, documenting 

unsuitable test conditions, let to exclusion from the analysis. 

Specific in vitro IgE-results (test substances see Table 3) were retrieved from the LAURIS 

database (Swisslab, Version: 15.09.28, Berlin, Germany). Positive in vitro test results 

(Amoxicilloyl, Ampicilloyl, Penicilloyl G, Penicilloyl V and Cefaclor: Immuno-CAP (FEIA), 

ThermoFisher Scientific, Phadia, Uppsala, Sweden) were defined at a cut-off ≥0.35 kUA/L or 

≥0.11 kUA/L, respectively. Data on the onset and morphology of previous skin reaction linked 

to BL as well as on atopic co-morbidities (seasonal/perennial allergic rhinoconjunctivitis, 

allergic bronchial asthma and/or atopic dermatitis) were retrieved from the hospital 

information system Soarian (Soarian Health Archive, Cerner Health Services Deutschland, 

Idstein, Germany). 
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The diagnostic approach to establish a plausible history classifying the hypersensitivity 

reaction linked to BL-intake as immediate or non-immediate reaction yielded 481 cases 

(Table 4): in the examined cohort immediate hypersensitivity reaction prevailed (n=235 

cases, ≈49%), followed by non-immediate hypersensitivity in n=186 (≈39%) and “mixed 

hypersensitivity” (with concomitant characteristics of both) in 60 cases (≈12%). In the other 

288 cases, no robust history on symptom-onset after drug-intake or morphology of skin 

lesions could be established. Due to the post-hoc character of our evaluations of the data 

collected according to clinical standards in medical practice, which are limited by the fact that 

not all patients were taking all diagnostic tests for confirmatory diagnosis, we chose in the 

present study as a conservative external comparator for the (hypothetical maximum) entity of 

diseased patients, the existence of a conclusive history for BL-allergy (knowing that the "true" 

number of all BL allergic patients will be lower). Under this assumption, the history of 

immediate BL-hypersensitivity served as external criterion for evaluation of sensitivity 

(proportion of actual positives which are correctly identified amongst all individuals who have 

immediate BL hypersensitivity (sensitivity; SENS)). In this context, for the 288 cases which 

did not give a clear history on onset or morphology of their rash linked to BL-intake two 

different scenarios (Figure S1 and Figure S2) were adopted: 

(1) Scenario 1 (proportions in cases with missing information are identical to 

cases with reported onset/morphology): The pathophysiology of these 288 cases 

is similarly distributed as the cases with plausible history concerning immediate 

(≈49%), non-immediate (≈39%) or mixed (≈12%) onset. Under this assumption, an 

immediate IgE-mediated pathomechanism - being accessible to detection by SPT or 

specific IgE in vitro - can be assumed in 472/769 cases (≈61% of the total cohort) 
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(Figure S1a) and, respectively, in 457/746 cases (≈61% of the SPT-cohort; n=364 

with solely immediate, n=93 with mixed onset) (Figure S1b).  

(2) Scenario 2 (proportions in cases with missing information are inverse to cases 

with reported onset/morphology): Since usually non-immediate hypersensitivity 

reactions are more frequent [10], in an alternative scenario the opposite assumption 

was adopted that the majority (61%) of 288 are of non-immediate pathomechanism 

(n=176) and the remaining 112 cases (39%) are of immediate or mixed onset. In this 

scenario, in total 407/769 (≈53% of the total cohort (Figure S2a)) can be assumed of 

immediate hypersensitivity which potentially could be detected by SPT or specific IgE 

and, respectively, 395/746 cases (≈53% of the SPT-cohort) (Figure S2b).  

The evaluation of significant differences was made using the t-test for dependent and 

independent samples; a P-value < .05 was regarded as statistically significant. 

 

 

3. Results 

Out of the total number of patients with immediate and non-immediate reactions (n=769) the 

number of patients available for the evaluation of the different allergy tests varied according 

to a stepwise approach: SPT: n=746, in vitro specific IgE test: n=644, DAP Penicillin (n=288), 

thereof n=254 in combination with IDT of Penicillin G and Ampicillin.  

 

3.1  A second reading after 40 minutes increases sensitivity of skin prick testing 

Owing to the additional reading time at 40 minutes, in the entire SPT-examined cohort of 

patients with a clinical history of BL-hypersensitivity (n= 746) the share of patients with a 
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positive SPT-result increased from 13.3% (n=99 with positive test result at the 20 minute-

reading) to 17.8% (n=133 with a positive test result at either reading) (two-sample t-test for 

dependent samples: P < .00001). Of these 133 patients, n=30 (22.5%) showed a positive 

SPT result exclusively after 20 minutes (40-minute-reading negative), n=34 patients 

(n=34/133 = 25.6%) displayed a positive test reaction exclusively after 40 minutes (negative 

test result after 20 minutes) and 69 displayed a positive test result in both readings, however 

n=12 patients (n=12/133 = 9.0%) showed a stronger reaction in the 40-minute-reading 

compared to the 20-minute-reading. Consequently, the addition of the 40-minute-reading 

contributed additional value in more than one third (34.6%) of all n=133 SPT-positive patients 

either consisting in detection of the conversion of a negative into a positive test result or 

increasing test reaction (Figure 1). 

In the history-based population with assumed immediate BL-hypersensitivity (n=457) 

(scenario 1, Figure S1b), SPT with a sole 20-minute-reading identified 99 (SENS: 0.21), 

SPT with 20- and 40-minute-reading 133 cases (SENS: 0.29). Under the less conservative 

assumption of scenario 2 (Figure S2) (immediate BL-hypersensitivity present only in n=407 

patients of total cohort (Figure S2a)), and respectively in n=395 of SPT-cohort (Figure S2b), 

SPT with a sole 20-minute-reading identified 99 (SENS: 0.25), SPT with 20- and 40-minute-

reading 133 cases (SENS: 0.33) of 395 individuals with immediate BL-hypersensitivity 

(Figure S2b). 

Amongst SPT-negative individuals, immediate BL-hypersensitivity was identified by 

additional tests of the stepwise algorithm in n=203 patients (see below). 
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3.2  Specific IgE-detection of BL-hypersensitivity in the light of different Cut-off-values  

BL-specific IgE was examined in n=644 patients. Using a sole cut-Off value of ≥0.35 kUA/L 

(January 1, 2006 to September 11, 2012), in vitro examination of BL-specific IgE-antibodies 

directed to at least one of the five beta-lactam components identified a sensitization to beta-

lactams in n=38 of n=644 (5.9%) tested patients. From February 22, 2007 to September 11, 

2012, two different cut-off values (≥0.35 kUA/L and ≥0.11 kUA/L) were examined in parallel 

in n=539 patients with suspected BL-hypersensitivity: With a cut-off ≥0.35 kUA/L, in n=31 

(5.8%) of n=539 tested patients versus in n=99 (18.4%) of n=539 tested patients (at cut-off 

≥0.11 kUA/L), positive test results confirmed the suspected diagnosis of beta-lactam allergy. 

The proportion of positive in vitro IgE-results of individual BLs (ranging from 0.4% to 4% of 

tested patients at cut-off ≥ 0.35 kUA/L versus 5.4% to 13.6% at cut-off ≥ 0.11 kUA/L) is 

displayed in Table 3. 

In 79/203 SPT-negative individuals, immediate BL-hypersensitivity was identified by addition 

of BL-specific in vitro IgE-examination (n=79 patients at cut-Off ≥ 0.11 kUA/L versus n=29 

patients at cut-Off ≥ 0.35 kUA/L), thereof 53 identified solely by this test. At its best, the 

combination of SPT and BL-specific IgE-examination in vitro identified 212/457 cases with 

immediate BL-hypersensitivity (Figure S1b) (SENS: 0.46). Assuming scenario 2 (Figure 

S2b), 212/395 were identified (SENS: 0.53).  

 

3.3 In vivo testing of BL-determinants combined with intradermal testing of 

Penicillin/Ampicillin increases the sensitivity of ambulatory test procedures  

In vivo testing of BL-determinants (DAP Penicillin) in combination with IDT of Penicillin and 

Ampicillin was performed within the stepwise diagnostic algorithm in n=288 patients of which 

not all were tested with all substances: Depending on the examined substance, between 

This article is protected by copyright. All rights reserved.



 
 

n=254 and n=284 patients were tested (Table 2). Of these, 199 patients (n=199/288 = 

69.1%) showed a positive test result to at least one of the test substances (n=193 exclusively 

in the IDT, n=2 exclusively in the SPT and n=4 in both test procedures), n=89 patients 

(n=89/288 = 30.9%) showed negative test results. 

In our cohort, SPT und IDT of major and minor determinants alone (without IDT of Penicillin 

G and Ampicillin) resulted in positive test reactions in 61/284 (21.4%) tested patients and in 

the identification of additional 43/203 BL-sensitized individuals (21.1%), who had been SPT-

negative to the SPT-panel of selected penicillins/cephalosporins (displayed in Table 1).  

Addition of in vivo testing of BL-determinants (DAP Penicillin) in combination with IDT of 

Penicillin G and Ampicillin (resulting in at least one positive skin reaction to one of four of the 

haptens) identified immediate BL-hypersensitivity in 150/203 SPT-negative patients (thereof 

124 only by adding this in vivo test combination, not by specific IgE). Amongst the above 150 

patients, 28 had a positive skin test result to PPL, 34 to MDM, 130 to Penicillin G, 86 to 

Ampicillin. Of these 

• 16 recognized at least one of the two BL-determinants, PPL or MDM, (without a 

concomitant reaction to Ampicillin or Penicillin G) 

• 107 recognized at least one of the two, Ampicillin or Pen. G, (without a concomitant 

reaction to PPL or MDM)  

• 1 recognized at least one of the two BL-determinants, PPL or MDM, and additionally 

Ampicillin (not Penicillin G) 

• 8 recognized at least one of the two BL-determinants, PPL or MDM, and additionally 

Pen G (not Ampicillin) 

• 18 recognized at least one of the two BL-determinants, PPL or MDM, and additionally 

Pen G and Ampicillin. 
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Of the 124 individuals, who were SPT-negative to the test series from Table 1 and negative 

for specific IgE, 21 had a positive skin test result to PPL, 23 to MDM, 108 to Penicillin G, 71 

to Ampicillin. Of these 

• 13 recognized at least one of the two BL-determinants, PPL or MDM, (without a 

concomitant reaction to Ampicillin or Penicillin G) 

• 92 recognized at least one of the two, Ampicillin or Pen. G, (without a concomitant 

reaction to PPL or MDM)  

• 1 recognized least one of the two BL-determinants, PPL or MDM, and additionally 

Ampicillin (not Penicillin G) 

• 8 recognized least one of the two BL-determinants, PPL or MDM, and additionally 

Pen. G (not Ampicillin) 

• 10 recognized least one of the two BL-determinants, PPL or MDM, and additionally 

Pen. G and Ampicillin. 

The combination of SPT (Test series from Table 1) with in vivo testing of BL-determinants 

(SPT and IDT)/Pencillin (IDT)/Ampicillin (IDT) identified 283/457 cases (Figure S1b) with 

immediate BL-hypersensitivity (SENS: 0.61). Assuming scenario 2 (Figure S2b) 283/395 

were identified (SENS: 0.71). SPT of the test series displayed in Table 1 together with BL-

determinants alone identified 176/457 (SEN: 0.38), assuming scenario (2) 176/395 (SENS 

0.44). 

 

3.4  The combination of tests in the stepwise algorithm increases the detection rate of 

immediate BL-hypersensitivity  

In n=203 SPT-negative patients (at 20 and 40 minutes) further ambulatory test procedures 

revealed an existing immediate BL-hypersensitivity: in n=124 patients it was exclusively 
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identified by in vivo testing of BL-determinants (DAP Penicillin)/Pencillin (IDT)/Ampicillin 

(IDT), in n=53 patients exclusively by in vitro specific IgE (Cut-off ≥0.11 kUA/L) and in n=26 

patients by in vivo testing of BL-determinants/Pencillin i.c./Ampicillin i.c. and in vitro specific 

IgE (cut-off ≥0.11 kUA/L). Taken all these diagnostic procedures together, in n=336 out of 

746 patients with suspected beta-lactam allergy an immediate BL-hypersensitivity was 

diagnosed. Using the history of immediate hypersensitivity as external criterion, 336/457 

cases (Figure S1b) could be identified by the combination of all ambulatory test procedures 

(SENS: 0.73; 0.85 under the assumption of scenario 2 (336/395, Figure S2b)).  

 

3.5  Cross- and co-reactivity to penicillins and cephalosporins affects one third of diagnosed 

beta-lactam allergic individuals in the investigated cohort 

Cross-reactivity between penicillins and cephalosporins is based on similarities of their side 

chains [30]. Therefore, it was investigated whether and how many patients with positive SPT 

to a particular penicillin simultaneously react to a specific cephalosporin in this cohort. Almost 

one-third (n=39/133 = 29.3%) of all n=133 patients with a positive SPT to BL-antibiotics 

simultaneously reacted to penicillins and cephalosporins, 45.1% (n=60/133) had a positive 

SPT exclusively to penicillins and n=34/133 (25.6%) exclusively to cephalosporins (Figure 2). 

The analysis of the test results of eight penicillins (listed in Table 5) reveals that concomitant 

positive SPT reactions to the cephalosporins cefotiam (2nd generation) and cephalexin (1st 

generation) were most frequent, but concomitant reactions also occurred to 3rd generation 

cephalosporins. 

 

3.6  BL-hypersensitivity and concomitant atopic diseases 
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Recently, it has been reported that patients with high total IgE and IgE against prevalent 

allergens had a slower decrease of BL-specific IgE than nonatopic patients [31]. Therefore, 

the frequency of clinically manifest atopic diseases was assessed in our cohort. Among the 

n=769 patients assessed for BL-hypersensitivity, 274 patients (35.6%) reported 

rhinoconjunctival symptoms (n=208 of seasonal preponderance, n=66 perennially). Allergic 

bronchial asthma was reported by n=110 patients (14.3%) and atopic dermatitis by n=52 

patients (6.8%). 

Patients with positive SPT results to BL-antibiotics showed a slightly higher proportion of 

patients with one or more concomitant atopic diseases (47.4%) compared to patients with 

negative skin prick test results (40.1%). Using two-sample-t-test for independent samples 

with P = .12, no significant difference was found. A positive or negative correlation between 

atopy and BL-skin test reactivity could not be identified in the investigated cohort. 

 

4. Discussion 

Despite recent improvement of the sensitivity of skin tests in the diagnostic work-up for beta-

lactam-allergies, eg by SPT and IDT of benzylpenicilloyl-beta-L-lysine (BP-OL) and 

benzylpenicilloate, increasing sensitivity in the investigated population of a prospective 

multicenter clinical trial (with previously confirmed immediate type BL-allergy) to up to 

61.36% [32], sensitivity of skin tests is still low compared to inhalation allergens with reported 

sensitivity of 80-97% [33]. The pan-European GA²LEN (Global Allergy and Asthma European 

Network) skin test study found that SPT of eight to ten aeroallergens read after 15 minutes is 

sufficient to identify the majority of sensitized patients; depending on the country, between 

four and thirteen out of n=18 allergens were sufficient to determine all sensitized patients 

[34]. In clinical practice, based on these findings identified for aeroallergens, frequently a 
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reading time after 15-20 minutes is extrapolated also for in vivo allergy testing with medicinal 

products (drugs).  

However, due to the differences concerning the nature of allergen sources (aeroallergens 

versus drugs), exposure routes and frequency of exposure, the test conditions validated and 

standardized for aeroallergens may not be applicable to drug allergy testing. Therefore, the 

relevance of a second SPT reading (40-minute-reading) in addition to the standard reading 

after 15-20 minutes in the diagnostic work-up of BL-antibiotics was investigated. 

Based on this non-invasive and inexpensive measure, in additional n=34/133 SPT-positive 

individuals (25.6%) immediate BL-hypersensitivity could be identified by a positive SPT 

which had been negative in the 20-minute-reading, allowing to shorten further diagnostics in 

these patients. In another n=12 patients (9.0%), a stronger, unequivocal SPT-reaction was 

distinguished in the 40-minute-reading compared to the 20-minute-reading. However, since 

n=30 patients showed a positive skin prick test result exclusively in the 20-minute-reading 

(40-minute-reading negative), the 20-minute-reading cannot be replaced, but appears to be 

feasibly supplemented by a second reading after 40 minutes.  

Using a cut-off value ≥0.11 kUA/L, in n=99 (18.4%) of n=539 tested patients with suspected 

BL-hypersensitivity BL-specific IgE was identified in vitro compared to n=31 (5.8%) with a 

cut-off ≥0.35 kUA/L indicating a benefit of the lower cut-off value. This is in concordance with 

the reported finding that the diagnostic performance of a CAP test for β-lactams (cut-off 

positivity >0.10 kUA/L for at least one hapten) is maximized for patients with low to moderate 

total IgE levels (<200 kU/L) [35;36], however, the application of specific/total IgE ratio > 

0.002 was reported in the same reports to be significantly better than conventional positivity. 
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Our results of a low detection rate of specific IgE in individuals with a positive history of BL-

sensitivity are in concordance with published evidence, however depending on the 

investigated cohort: 

• sensitivity of 0%-25% depending on initial clinical manifestation (technique: CAP-

FEIA (cut-off >0.35 kUA/L; BL in vitro tested: penicilloyl G, amoxicillin, ampicillin, 

cefaclor; investigated cohort: n=45 patients who previously underwent BL-skin test 

and/or drug provocation; clinical manifestation: urticaria or anaphylaxis) [37],  

• sensitivity 25% (technique: CAP-FEIA >0.35 kUA/L; tested beta-lactam: 

benzylpenicilloyl; cohort: n=88 patients with immediate hypersensitivity reactions to 

BL confirmed within one year prior to the published prospective multicenter clinical 

trial) [32], 

• reactivity of 62.2% (for the combination of three haptens; single haptens: 14 cases 

(32.14%) were positive for benzylpenicillin, n=16 (39.28%) for ampicillin, and n=17 

(42.85%) for amoxicillin (technique: CAP-FEIA >0.35 kUA/L; BL in vitro tested: 

benzylpenicillin, amoxicillin, ampicillin; subgroup investigated by CAP-FEIA: n=45 

patients with immediate reaction to BL within one year prior to testing) [20].  

A reason for the reported low sensitivity might be that sIgE-levels decrease dramatically over 

time after the exposure to the drug which will impact the test results if the interval between 

hypersensitivity reaction and allergological work-up is rather long [20;37]. Despite the low 

sensitivity of these in vitro tests, which certainly require improvement [10;37], analysis of BL-

specific IgE may contribute to the identification of BL-sensitized patients (especially in 

circumstances that make in vivo tests impracticable). Furthermore, patients with clinically 

relevant sensitization who could not be diagnosed by skin testing but only by BL-specific 

serum IgE have been described: Torres et al reported 40 out of 290 patients (13.8%) who 
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were skin test negative but showed a positive sIgE against BLs and a clinically relevant 

sensitization [38]. This is in accordance with the finding in our cohort with BL-hypersensitivity 

in which even 26.1% (53/203) of SPT-negative patients were exclusively identified as BL-

reactive by BL-specific serum IgE. 

 

The use of minor and major determinants in the diagnostic work-up for BL-hypersensitivities 

is discussed controversially. The reasons for this are the high costs of commercial test 

substances, problems with the availability of test substances which have not been licensed in 

most European member states, the required time for stepwise testing and regionally 

changing prescription habits of BL-antibiotics and the associated change in allergologically 

relevant allergenic structures. In our cohort, SPT und IDT of major and minor determinants 

alone (without IDT of Penicillin G and Ampicillin) identified additional 43/203 BL-sensitized 

individuals (21.1%), who had been SPT-negative to the SPT-panel of selected 

penicillins/cephalosporins (displayed in Table 1) and thereof n=13/203 (6.9%) respectively 

which were not identified by any other test (for comparison n=92/203 (45.3%) were 

exclusively identified by IDT of Penicillin and Ampicillin). Our results are broadly in 

concordance with a study in 195 patients (74 with a history of immediate reactions to BL, 74 

with non-immediate reactions and 47 undergoing prophylactic tests) which, besides skin 

testing a panel of BL-antibiotics, compared PPL and MDM from Allergopharma (Allergopen) 

with those from Diater (DAP Penicillin) by parallel testing [39]: Minor determinant mixture 

reagents produced identical results in all 195 patients. Results of skin testing with PPL 

reagents were concordant in 190 (97.4%). One hundred two patients (52.3%) in this study 

had a positive skin test to any BL-antibiotic; 29/195 tested patients (14.9%) were positive to 
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PPL and/or MDM and MDM was positive in 22 patients. The rate in which a benefit of testing 

BL-determinant can be deduced varies dependent on the patient selection which in our case 

was a “real world” cohort presenting to a university hospital for allergological work-up.  

The limitation of our investigation is that the true prevalence of BL-hypersensitivity is not 

known. According to guidelines, patients are diagnosed with penicillin allergy if skin test  

result or specific IgE to penicillin is positive [40]. However, the true sensitivity and specificity 

of these tests are presently not known [40].  

To estimate the contribution of each test within the stepwise algorithm to identification of 

sensitized individuals an external criterion is required for which we chose a plausible history 

of immediate BL-hypersensitivity (sensitivity calculation included two scenarios based on 

different assumptions). Another external criterion could have been drug provocation test, 

however, our patients with positive test results were not routinely admitted for re-exposure to 

unequivocally ascertain clinical relevance of positive in vitro or in vivo skin tests. This is in 

concordance to published algorithms [10;15] which recommend drug provocation test only 

when other tests failed to detect specific IgE. This also refers to the positive predictive value 

(PPV) as a parameter for assessing the performance of medical test procedures, which is of 

utmost interest. It indicates how many people who have been diagnosed with a certain 

disease by a test procedure are actually ill (PPV = number of correct positive/(number of 

correct positive + number of false positive). This question could be addressed within a clinical 

study in which all BL-sensitive individuals with a positive skin test (or respectively sIgE) are 

confirmed by an oral provocation test. The presented data analysis of our cohort of patients 

with assumed BL-hypersensitivity was confined to out-patient diagnostics according to 

medical practice and does not allow for the determination of the PPV. 
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Few case series exist which performed provocation in test positive individuals: Eg Macy et al 

described in a case series 4 persons with positive specific IgE and negative drug provocation 

(DPT), as well as 3 patients with positive DPT and negative specific IgE [41]. In another 

sample of 25 patients with positive penicillin skin test results, specific IgE results, or both, 

patients were challenged with their culprit penicillin [40]: Only 9 (36%) of 25 were challenge-

positive. There was an increased probability of being penicillin allergic if both skin test result 

and specific IgE were positive at T0. 

However, also a negative drug provocation test is not entirely reliable due to rarefication of 

BL-specific IgE-antibodies over time. Some published recommendations therefore suggest a 

second drug provocation test 2 to 4 weeks after the first negative one [10], whereas others 

rely their diagnosis on a single provocation test [17]. In clinical practice it is difficult to 

manage a second provocation test since inpatient hospital resources are required as well as 

compliance of patients who are generally rather reluctant towards inpatient procedures.  

A recent attempt to design predictive models for BL-allergy using a drug allergy and 

hypersensitivity database based on history alone failed [42]: Two different independent 

methods using clinical history predictors were unable to accurately predict BL-allergy and 

replace a conventional allergy evaluation for suspected BL-allergy. However, patients who 

report an anaphylactic history have a 2- to 4-fold increased risk of true allergy [42]. 

Anaphylactic history additionally confers an increased risk of anaphylaxis during allergy 

testing, and crossreactivity with other beta-lactams [16]. 

 

R1 and R2 chemical side chains of the cephalosporins may cause IgE-mediated cross-

reactivity with penicillin and other cephalosporins. Skin tests predict IgE-mediated reactions 

and showed cross-reactivity between penicillins and early generation cephalosporins that 
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shared side chains, but confirmatory challenge data are lacking [43]. Aminopenicillins are 

known to be cross-reactive with aminocephalosporins such as cefaclor, cefadroxil and 

cefalexin in some patients. In the literature, the group of penicillin allergic individuals also 

includes reports on sensitizations against other cephalosporins such as cefoperazone [44], 

ceftriaxone [44], cefuroxim [45;46] cefpodoxim and cefixim [47] as well as against 

cephalothin and cefamandol [48]. In our cohort, concomitant SPT reactions to penicillin and 

cephalosporins concerned one third of SPT-positive individuals, including third generation 

cephalosporins which have been generally regarded as safe alternatives in penicillin allergic 

individuals. However, it is of utmost importance to verify the dissimilarity of side chains prior 

to administer 3rd generation cephalosporins [16;43]. In our cohort, frequently a coexisting 

sensitization was found against ceftriaxon (in SPT-positive individuals to 

phenoxymethylpenicillin, ampicillin, amoxicillin/clavulanic acid or piperacillin) and cefotaxime 

(in SPT-positive individuals to amoxicillin/clavulanic acid). Ceftriaxone and cefotaxime have 

an identical side chain in R1-position (methoxyimino group), however, this is not identical to 

R1-side chains of penicillin [43]. In addition to genuine cross sensitivities, there are also co-

sensitizations and false positive findings to be discussed. 

  

In our cohort assessed for beta-lactam allergy (n=769), clinical manifestations of atopic 

diseases were rather frequent co-morbidities: 274 patients (35.6%) reported 

rhinoconjunctival symptoms (n=208 of seasonal preponderance, n=66 perennially). Allergic 

bronchial asthma was reported by n=110 patients (14.3%) and atopic dermatitis by n=52 

patients (6.8%). These frequencies of reported atopic co-morbidities are above the reported 

prevalence in the general population in Germany: in the latest German Health Survey 

(DEGS1) the following lifetime-prevalence for atopic diseases was identified in adults: 
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allergic rhinoconjunctivitis: 14.8%, allergic bronchial asthma: 8.6%, atopic dermatitis: 3.5% 

[49]. In the past, frequently an association of BL-hypersensitivity and atopy has been 

discussed.  

In the published evidence (for details see Table S2_Online supplement), controversial 

findings and opinions exist concerning atopy as comorbidity or even risk factor for BL-allergy, 

which in part is due to different definitions/criteria used to define atopy, as well as selection of 

investigated population [11;20;31;49–62]. It is of note that most studies exclusively examined 

immediate BL-reactions, whereas three studies included immediate and non-immediate 

reactions (for detailed information see ONLINE SUPPLEMENT). In summary, there is no 

consistent opinion regarding the association between atopic diathesis/atopic co-morbidities 

and BL-allergy. Although in our cohort atopic diseases were more frequent than in the 

general population, the fact that patients with positive SPT against BL-antibiotics did not 

significantly differ from SPT-negative patients concerning atopic diseases argues against this 

association in our cohort. 

 

BL is the most common cause of adverse drug reactions according to published literature. 

Antibiotic use has increased by 65% between 2000 and 2015, fueled by increased use in 

low- to middle-income countries whereas in high-income countries, which have processes 

implemented aimed at curbing antibiotic resistance (antibiotic stewardship), experienced 

slower growth [13;63]. Confirmation or exclusion of the diagnosis of a BL-allergy is important 

with regard to the individual patient as well as public health [11;64]. 

In summary, to overcome the low sensitivity of allergological tests, optimized reading times of 

the SPT of BL, a lower cut-off for in vitro detection of BL-specific IgE, and intradermal testing 

of penicillin, ampicillin and BL-determinants contribute to overall sensitivity under real life 
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conditions to diagnose immediate BL-hypersensitivity. The diagnostic gap which had been 

imposed to the diagnostic work-up of BL-allergy in Germany by the withdrawal of the 

marketing authorization of one the BL-determinant test kits (Allergopharma, Merck, 

Darmstadt, Germany) (Table S1) in February 2007 has recently been closed by a novel  

marketing authorization (for DAP penicillin kit by Diater, Madrid, Spain) granted in September 

2019 by the Paul-Ehrlich-Institut, Langen, Germany.  
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Table 1 

 

Drug Test 
concen-
tration 

Tested 
patients 
 

 

n= 

Patients with 
positive 
reaction in 
total  

n= 

Patients with 
positive 
reaction after 
20 and 40 min 

n= 

Patients with 
positive 
reaction after 
20 min 

n= 

Patients 
with positive 
reaction 
after 40 min 

n= 

Amoxicillin 
Sodium 

20 mg/mL 746 33 (4.4%) 16 10 7 

Penicillin G 
(Benzylpenicillin) 

10.000 
IU/mL 

746 33 (4.4%) 18 11 4 

Phenoxy-
methylpenicillin 

20 mg/mL 746 31 (4.2%) 20 8 3 

Ampicillin 20 mg/mL 746 21 (2.8%) 10 5 6 

Amoxicillin/ 
Clavulanic acid 

20 mg/mL 746 23 (3.1%) 14 6 3 

Cefotiam 2 mg/mL 746 37 (5.0%) 24 9 4 

Ceftriaxone 2 mg/mL 746 20 (2.7%) 13 4 3 

Cefuroxime axetil 2 mg/mL 746 25 (3.4%) 11 9 5 

Cefotaxime 2 mg/mL 746 24 (3.2%) 9 12 3 

Cephalexin 2 mg/mL 746 20 (2.7%) 9 5 6 

Piperacillin 20 mg/mL 746 15 (2.0%) 8 6 1 

Mezlocillin 20 mg/mL 720 16 (2.2%) 5 6 5 

Flucloxacillin 20 mg/mL 746 25 (3.4%) 14 5 6 

Skin prick test results to selected Penicillins and Cephalosporins freshly prepared according to [26] for non-irritant 

skin test concentrations.  
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Table 2 

 

Tested substance Test  

concentration 

Tested patients 

n= 

Patients with positive reaction  

n= 

PPL prick 5x10-5 mM 284 3 (1.1%) 

MDM 1:10 prick 2x10-2 mM 284 4 (1.4%) 

MDM undiluted prick 2x10-2 mM 284 4 (1.4%) 

PPL i.c. 5x10-5 mM 272 36 (13.2%) 

MDM 1:10 i.c. 2x10-2 mM 273 17 (6.2%) 

MDM pure i.c.  2x10-2 mM 272 38 (14.0%) 

Penicillin G i.c. 10.000 IU/ml 254 165 (65.0%) 

Ampicillin i.c. 20 mg/ml 254 117 (46.1%) 

 

Results of combined test procedures: SPT and intradermal test of (i) major and minor Beta-Lactamdeterminants, (ii) 

intradermal test of Penicillin G and Ampicillin. Altogether, n=288 patients were tested with different frequency for 

different test substances (test substances freshly prepared according to [26] for non-irritant skin test concentrations). 
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Table 3 

 

Tested 
substance 

Tested 
patients 

 

n= 

Patients with positive 
test result cut-off ≥0.35 

kUA/L 

n= 

Patients with positive 
test result cut-off ≥0.11 

kUA/L 

n= 

Amoxicilloyl 537 2 (0.4%) 29 (5.4%) 

Ampicilloyl 537 12 (2.2%) 73 (13.6%) 

Cefaclor 223 9 (4.0%) 24 (10.8%) 

Penicilloyl G 538 13 (2.4%) 33 (6.1%) 

Penicilloyl V 537 15 (2.8%) 40 (7.4%) 

 

Results of in vitro determination of beta-lactam specific IgE at two different cut-offs (examined 

in parallel in 539 patients during the period from February 2007 to September 2012): cut-Off ≥ 

0.35 kUA/L versus ≥ 0.11 kUA/L 
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Table 4 

 

Culprit drug  

by history  

Immediate 

reaction 

Combined 
reaction 

(immediate/non-
immediate) 

Non-
immediate 

total 

Amoxicillin sodium 84 91 33 208 

Penicillin 88 33 13 134 

Phenoxymethylpenicillin 8 3 0 11 

Ampicillin 13 13 1 27 

Amoxicillin/clavulanic 
acid 

7 18 4 29 

Piperacillin 2 3 0 5 

Mezlocillin 0 0 0 0 

Flucloxacillin 2 3 1 6 

Cefotiam 4 4 1 8 

Ceftriaxone 7 1 1 9 

Cefuroxime axetil 15 14 5 34 

Cefotaxime 0 1 0 1 

Cephalexin 5 2 1 8 
 

Culprit beta-lactam drug and reaction type by history (n=481) 
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Table 5 

 

Positive  

reaction  

to  

Patients 
with 

positive 
reaction 

n= 

Most frequent  

positive reactions  

to (cephalosporin)… 

Patients 
with 

positive 
reaction 

n= 

 

Amoxicillin sodium 

 

33 

Cefotiam (2nd generation) 

Cefuroxime axetil (2nd generation) 

Cephalexin (1st generation) 

7 (21.2%) 

7 (21.2%) 

7 (21.2%) 

 

Penicillin 

 

33 
Cefotiam (2nd generation) 

Cephalexin (1st generation) 

11 (33.3%) 

9 (27.3%) 

 

Phenoxymethylpenicillin 

 

31 
Cefotiam (2nd generation) 

Ceftriaxone (3rd generation) 

12 (38.7%) 

10 (32.3%) 

 

Ampicillin 

 

21 

Cefotiam (2nd generation) 

Cephalexin (1st generation) 

Ceftriaxone (3rd generation) 

11 (52.4%) 

8 (38.1%) 

8 (38.1%) 

 

Amoxicillin/clavulanic 
acid 

 

23 

Cefotiam (2nd generation) 

Cefotaxime (3rd generation) 

Ceftriaxone (3rd generation) 

9 (39.1%) 

9 (39.1%) 

8 (34.8%) 

 

Piperacillin 

 

15 

Cefotiam (2nd generation) 

Ceftriaxone (3rd generation) 

Cefuroxime axetil (2nd generation) 

10 (66.7%) 

8 (53.3%) 

8 (53.3%) 

Mezlocillin 16 Cefotiam (2nd generation) 

Cephalexin (1st generation) 

8 (50.0%) 

8 (50.0%) 

 

Flucloxacillin 

 

25 
Cephalexin (1st generation) 

Cefotiam (2nd generation) 

10 (40.0%) 

8 (32.0%) 
 

Concomitant positive skin prick test results to penicillins and to cephalosporins 
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Figure legends: 

 

Figure 1: 

Benefit of a second SPT reading: In 133/746 patients immediate BL-hypersensitivity was 

diagnosed by SPT: Thereof, 34/133 (25.6%) - negative at the 20-minute-reading - were 

exclusively identified by a positive SPT in the second reading at 40 minutes. Additionally, an 

augmented SPT reaction (compared to a positive reaction at the 20-minute-reading) was 

present in 12/133 patients (9%). 

 

Figure 2: 

Skin prick test results to penicillins and/or cephalosporins 
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Adding a second skin prick test reading and modifying the Cut-off for Betalactam-

specific IgE enhances the sensitivity in the routine diagnostic work-up for immediate

Betalactam-hypersensitivity

ONLINE SUPPLEMENT TEXT FILE

 In a questionnaire-based survey performed at a Korean university hospital, all 539

staff nurses were asked regarding antibiotic exposure, and 59% (n=318) of these

received a skin prick test (SPT) with a panel of BL-antibiotics (cephalosporins and

penicillins) [50]. In the group which received SPT, 97% had a history of dermal

exposure to antibiotics, n=28 (8.8%) reported contact urticaria (CU; stage 1 or 2) after

contact with antibiotics and n=8 showed a positive response to at least one of the six

test antibiotics. A history of “skin allergy” (in this study classified as any form of

urticaria, rash, contact dermatitis or atopic dermatitis) was significantly more prevalent

in the group with a positive SPT for BL-antibiotics compared to the group without a

positive BL-SPT; concerning allergic rhinitis and asthma differences were not

statistically significant between the two groups [50].

 In a questionnaire-based cross-sectional study on immediate-type hypersensitivity

reactions to drugs conducted in 1152 male workers (at a Turkish factory for

production and restauration of railway systems) the prevalence of self-reported

immediate type drug hypersensitivity reactions (HR) was 3.6% (n=41) [51]. Of these,

hypersensitivity reactions were most common to BL antibiotics (51.2%; n=21).

Asthma, allergic rhinitis, and eczema information was self-reported based on having

ever been diagnosed by a doctor. Multivariate analysis showed that family atopy was

associated with drug HRs to both, antibiotics (Odds Ratio (OR) 95% Confidence

Interval (CI) (3.32 (1.15–9.56)) and NSAIDs (3.70 (1.09–12.51)). Drug HRs of any

type were associated with atopic family history (3.23 (1.43–7.24)), ever asthma



2

diagnosis (2.74 (1.07-7.02)), ever allergic rhinitis (2.70 (1.25–5.84)), and ever eczema

(3.80 (1.55–9.30)). Drug related skin manifestations were associated with family

history of atopic diseases (4.07 (1.76–9.41)), ever allergic rhinitis (2.84 (1.24–6.5)),

ever asthma diagnosis (3.16 (1.19–8.39)), and ever eczema diagnosis (4.59 (1.82–

11.57)). In contrast, systemic manifestations of drug HRs were associated with only

asthma diagnosis (4.66 (1.25–17.41)) [51]. In their “Overview of Penicillin Allergy”

Chang et al. summarize a history of atopy as a risk factor for penicillin allergy [11]

without giving a definition of what they define as a “history of atopy”. They refer in this

regard to a study by Yang et al. [52]:

 In this study the authors investigate the relationship between HLA-DRB genotype and

allergies to various penicillins and explore HLA-DRB restriction of IgE responses to

these derivatives of penicillin [52]. Their definition for atopy is “a syndrome

characterized by exaggerated and persistent IgE responses to environmental

allergens”. The study included 248 patients with allergies to penicillins (confirmed by

positive skin prick test or typical clinical history) and 101 control subjects. Of these,

113 patients and 87 controls were genotyped for HLA-DR: Compared with control

subjects, a significantly increased frequency of DR9 was present in 77 patients with

allergic reactions to penicillin, whereas a significantly decreased frequency of DR14.1

was found in 80 patients with positive Beta-lactam-specific IgE-antibodies, with

immediate reaction and with urticaria compared with the control group. A possible

excess of HLA-DR17 was found in subjects who were IgE-responsive to

benzylpenicilloyl-polylysine compared with those were not (χ2 = 5.134, P = 0.023),

and of HLA-DR4 was found in subjects IgE-responsive to phenoxomethylpenicillanyl-

polylysine (χ2 = 4.057, P = 0.044) [52]. Based on their results, the authors conclude

that HLA-DRB alleles are important for the development of allergies to penicillins and

relate their findings to the context of atopy as a group of multifactorial diseases

arising from complex interactions between genetic and environmental factors. This is

in line with a previously reported study on DR4 (DRB1*04) and DR7 (DRB1*07)
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alleles which are present in 39.2% of unrelated atopic patients (defined by a

documented atopic allergy with or without asthma-related symptoms and additionally

by either positive skin test reactivity to one or more of 17 common allergens, raised

total serum IgE, or bronchial hyperresponsiveness), but only in 2.5% of the controls

[53]. Based on their findings the authors conclude that HLA-DR 4 and DR7 alleles are

significantly implicated in the susceptibility to the disease and suggest that this

susceptibility is more related to atopy than to specific responses to allergens [53].

 Based on previous findings that in Caucasians and Asians TNFA and IL13, IL4, and

IL4RA (their three genes being located in a cluster of chromosome 5) are associated

with atopy and asthma and also with BL-allergy, Cornejo-García et al. aimed to

evaluate the association of atopy with BL-allergy in a larger cohort of BL-allergic

patients with immediate reaction to at least one BL (n= 340) and age- and gender-

paired controls (n=340) in the South of Spain [31]: Diagnosis criteria for BL-allergy

included clinical manifestations, positive skin tests and/or specific IgE against BL, and

positive challenge in patients who were negative for skin testing and specific IgE. The

genotypes of IL13, IL4, IL4RA, LACTB, and TNFA polymorphisms were determined

by qPCR, total IgE and specific IgE against prevalent allergens (Dermatophagoides

pteronyssinus, Cynodon dactylon, Lolium perenne, Phleum pratense, Olea europaea,

Cupressus sempervirens, Plantago lanceolata, Chenopodium album, Salsola kali,

Parietaria judaica) was measured in serum. Total IgE > 130 kU/l and specific IgE

against prevalent allergens >0.35 kUA/l were considered as the two biological

diagnosis criteria of atopy: The number of subjects with total IgE > 130 kU/l and

specific IgE against mites was significantly more frequent in BL-allergic patients,

compared with controls. Atopic patients with total IgE > 130 kU/l and/or specific IgE

against prevalent allergens >0.35 kUA/l had a slower decrease in BL-specific IgE

than nonatopic patients. IL4RA I50V and Q551R polymorphisms were associated

with IgE against prevalent allergens and total IgE, respectively, and were also the two

significant genetic predictors of BL-allergy [31].
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 In a case-control-study of 62 participants (23 with and 39 without self-reported

penicillin allergy defined by a clinical history of urticaria, angioedema, wheeze,

hypotension, vomiting, or anaphylaxis after a dose of penicillin) performed in

Philadelphia, USA, DNA from buccal swabs was genotyped for variants associated

with candidate genes linked to immediate hypersensitivity (IL4, IL4R, and IL10) and

penicillin metabolism (LACTB) [54]. Furthermore, all participants completed a brief

questionnaire assessing the history of the allergic reaction in cases and the presence

of risk factors of penicillin allergy hypothesized in the literature: a history of atopy

(defined as doctor’s diagnosis of asthma, allergic rhinitis, or eczema), adverse

reactions to drugs other than penicillin, and penicillin allergy among first-degree

relatives. In this study, penicillin allergy was associated with a history of penicillin

allergy in first-degree relatives (P=0.002), a history of other adverse drug reactions

(P=0.008), and atopy (P= 0.039). However, in the multivariable analysis, only family

history of penicillin allergy remained significant. The following IL4 single nucleotide

polymorphisms (SNPs) were found to be associated with penicillin allergy:

rs11740584 (P=0.012), rs10062446 (P=0.021), and rs2070874 (P=0.035) [54]. In

contrast, the evidence-based British guidelines for the management of drug allergy

2009 released by the British Society for Allergy and Clinical Immunology (BSACI)

state that atopy is not a risk factor for the majority of allergic drug reactions, but may

lead to more severe reactions [55]. In their comparison between reactors (13 patients

reacting systemically during positive skin tests to BL) and 135 nonreactors (patients

who had BL-positive skin test results without systemic reactions during skin tests) Co

Minh et al. did not find a significantly different frequency of atopy (defined as at least

1 positive skin prick test to regionally common aeroallergens) in the two groups [56].

 In a prospective cohort study carried out in Teheran, 51 patients with suspected BL-

allergy (based on symptoms of immunologic drug reactions of type I and IV according

to Coombs and Gel as inclusion criteria) were undergoing full diagnostic work-up.

Based on these workups, BL-allergy was confirmed in 16 (31.4%), ruled-out in 13
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(25.5%) and further suspected in 22 (43.1%). From all participants demographic

information, clinical symptoms and risk factors were obtained using a standard

questionnaire based on the European Network for Drug allergy (ENDA) [57]. With

regard to atopic state this questionnaire covers allergic diseases (e.g. pollinosis,

atopic dermatitis, food allergy etc.) and asthma in the personal history, as well as

allergies in the family history. The occurrence of a history of atopy (present in 75%

versus 62% versus 68.2%, respectively) was not significantly different between the

patients with confirmed versus ruled-out versus further suspicious for diagnosis of

penicillin and amoxicillin allergy [58].

 Haddi et al. aimed to study the distribution of atopy in subjects with or without a

history of systemic reactions (SR) to drugs [59]. The studied population comprised

2067 adults (between 20 to 60 years of age), visiting a health care center for a check-

up examination in France. The protocol included a questionnaire related to history of

systemic reactions to drugs, previous symptoms suggestive of atopy (i.e. asthma,

hayfever, perennial rhinitis, history of childhood dermatitis) and a Phadiatop® test for

specific IgE against common aeroallergens. 303 subjects (i.e. 14.7% of the study

group) reported reliable histories of SR to drugs, thereof 124 subjects reported

antibiotics to be the responsible drug (54 reported it to be "penicillin”, 13 a drug from

the "ampicillin" subgroup). The cumulative prevalence of any symptoms suggestive of

atopy was significantly higher in the SR group (P<0.01). This was especially true for

asthma and childhood dermatitis, the prevalence of which was double in the SR

group. In contrast, the percentage of positive Phadiatop in the SR group (17.6%) and

the no-SR group (19.5%) was almost equal. Within the SR group, the prevalence of

positive Phadiatop was similar regardless of the drug involved. The authors conclude

that defined by an objective criterion (i.e. the presence of specific IgE against

common aero-allergens) atopy is not associated with the occurrence of SR to drugs

and SR-history should not be included as part of the atopic status [59].
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 Arikoglu et al. investigated 97 children (between 8 months and 18 years of age) with

a history of suspected drug allergy in Turkey [60]. Among all 180 suspected allergic

drug reactions in these 97 children, 97 immediate type reactions (53.9 %) and 83

(46.1 %) non-immediate type reactions were reported. Atopy was assessed by the

ENDA questionnaire (comprising family and personal histories of drug allergy and

atopy [57]), serum total IgE, peripheral eosinophil counts, food and inhalant specific

IgE levels and SPTs with inhalant allergens. Drug allergy confirmation rates were

30.1 % for beta-lactams, 27.2 % for non-betalactams, 21.1 % for NSAIDs and 30 %

for anticonvulsants. There was no significant difference between the groups with and

without confirmed drug allergy in terms of personal atopy (76.1% in patients with no

drug allergy versus 72.7% in patients with confirmed drug allergy, P=0.547), positive

family history of atopy (17.4% in patients with no drug allergy versus 41.1% in

patients with confirmed drug allergy, P=0.115), serum total IgE (168 ± 229.80 IU/ml

versus 279.67 ± 446.56 IU/ml, P=0.426) and eosinophilia (3.15% ± 2.49 versus

3.67% ± 3.13, P= 0.617). Only family and personal history of drug allergy were found

to be significant risk factors related to allergic drug reactions [60].

 In a retrospective study from France and Switzerland, 1865 children with suspected

BL-allergy were studied. 1431 children completed the diagnostic work-up, of whom

227 (15.9%) were diagnosed to be allergic to BLs. BL hypersensitivity was diagnosed

in 50 of the 162 (30.9%) children reporting immediate reactions and in 177 of the

1087 (16.7%) children reporting non-immediate reactions (p < 0.001). Eighty-six

(38%) of the 227 allergic children and 535 (44.6%) of the non-allergic children had a

personal history of atopy (p = NS). A personal history of manifestation of atopic

diseases was not found to be a significant risk factor for BL hypersensitivity [61].

References: see Main text



Figure S1a: Proportion of immediate and non-immediate reactions (scenario 1 (total cohort))

Figure S1b: Analog proportions of immediate and non-immediate reactions (scenario 1 (SPT-cohort))
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*not all patients from the total cohort (n=769) had viable skin prick tests (SPT). If same
proportion (≈61%) of immediate hypersensitivity component in disease pathophysiology
is attributed to the SPT-cohort (n=746), theoretically n= 457 are accessible for diagnosis
via in vivo or in vitro IgE-tests (Figure S1b).
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Figure S2a: Proportion of immediate and non-immediate reactions (scenario 2 (total cohort))

Figure S2b: Analog proportions of immediate and non-immediate reactions (scenario 2 (SPT-cohort))
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*not all patients from the total cohort (n=769) had viable skin prick tests (SPT). If same
proportion (≈53%) of immediate hypersensitivity component in disease pathophysiology
is attributed to the SPT-cohort (n=746), theoretically n= 395 are accessible for diagnosis
via in vivo or in vitro IgE-tests (Figure S2b).
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Study
population

Number
of
subjects
studied

Country Diagnostic tests
(criteria) applied

Synopsis Skin test
Sensi-
tivity [%]

Skin test
Speci-
ficity
[%]

Refere
nce

1 Patients with
confirmed
immediate allergic
reactions to
penicillins and age
and sex-matched
subjects

290/120 Spain (1)* skin tests (SPT
and IDT) with major
determinant (BPO)
and minor
determinant mixture
((MDM), composed
of benzylpenicillin
(BP) and
benzylpenicilloic
acid); amoxicillin;
and ampicillin;
(2) in vitro
determination
of specific IgE;
(3) controlled
administration for
those with a positive
history but negative
skin and in vitro
tests.

*The determinants and the
final concentrations used
for skin tests (SPT and
IDT) were as follows: BPO
(PPL, Allergopharma,
Merck, Darmstadt,
Germany), 5x10-5 mmol/l;
minor determinant mixture
(MDM), composed of BP
and benzylpenicilloic acid,
2x10-2 mmol/
l (Allergopharma, Merck,
Darmstadt, Germany); AX,
20 mg/ml (Beecham,
Toledo, Spain); and
ampicillin (AMP), 20 mg/ml

In this study, only those subjects with a
confirmed immediate allergic reaction to a
penicillin derivative (n=290) and n=120
controls were included. Nonimmediate
reactions and reactions to other Beta-
lactams, such as cephalosporins or
monobactams, were excluded. Subjects
were considered to be allergic if they
developed
-an immediate skin test response, by either
the prick or intradermal method, to at least
one of the four haptens tested,
-had a negative skin test but positive RAST,
or,
-if both skin test and RAST were negative,
were positive after controlled administration
of the drug.
Of the whole group, 203 subjects (70%)
had a positive skin test to at least one of the
4 haptens tested. Of these 203, 54.7%
(n=111 patients) were positive to one or
more determinants generated by
benzylpenicillin (BP) (BPO and/or MDM),
and 44.8% were positive only to AX and/or
AMP determinants. Positive responses to
various penicillin determinants (BPO, MDM,
Amoxicillin (AX) and Ampicillin (AMP)) used
according to prick (SPT) or intradermal
tests (ID) at defined maximum
concentrations ranged for SPT from 29.5%
-38.4% and ID from 49.6% to 60.7%.
With regard to the in vitro studies, 13.1% of
the patients were RAST positive but skin
test negative, and the remaining 16.9%

70%
(at least
one
positive
skin test to
the 4 BL-
haptens
tested);
Single
haptens:
BPO 22%
MDM 21%
AX 43%
AMP 33%;
combined
BPO/MDM:
38%

97%
(cumulative
skin test
result of the
4 BL-
haptens
tested);
Single
haptens:
BPO 99%
MDM 98%
AX 99%
AMP 99%

Torres
MJ et al.
2001
[18];
reviewe
d in
Torres
MJ et al.
2003
[13]



(Antibiotic SA, Leo´n,
Spain).

required a controlled administration for
confirmation of the diagnosis. This 30%
represents those cases which would have
been missed if only the skin test had been
used.

2 Patients with
clinical history
suggestive of
immediate or non-
immediate BL-
allergy

1218 France (1)** skin tests (SPT,
if negative: IDT) with
major (PPL,
penicilloylpoly-
L-lysine) and minor
determinants (MDM-
mixtures) penicillin
G, amoxicillin,
ampicillin and any
other BL suspected
from the patient’s
clinical history if the
injectable form was
available.
(2) drug provocation
tests with the
suspected
Betalactams were
performed only when
skin tests were
negative and under
strict hospital
surveillance.

**These were
performed with the
major (PPL,
penicilloylpoly-
L-lysine) and minor
determinants (MDM,
minor determinant
mixture; MDM-A,
benzylpenicillin and
sodium

1218 subjects were included. 257 (21.1%)
had a true BL-allergy confirmed by skin
tests (n=178, 69.3%) or by drug
provocation (n=79, 30.7%). 854 patients
were tested with PPL and MDM: of these
658 were negative. Of the n=196 positives,
n=52 were positive at least to PPL or MDM,
n=144 (skin tests other than PPL and MDM;
n=57 oral challenge) were positive, but not
PPL and MDM.
17.4% of the patients with negative skin
tests to major and minor penicillin
determinants were positive for a
Betalactam.

26.5%
(combined
PPL and
MDM)

n.d. Bousqu
et PJ et
al. 2007
[19]



benzylpenicilloate as
previously described
[Co Minh et al. 2006;
Brockow 2002].
Final concentration
were as follows: 25,000
UI/ml for penicillin G; 25
mg/ml amoxicillin,
ampicillin, and
amoxicillin-clavulanic
acid; 10 mg/ml for other
Betalactams; 35mg/ml
benzylpenicilloyl
major determinant; and
1100mg/ml minor
determinants
(Allergopharma). The
test sequence was as
follows:
(1) prick tests (1/10
concentration and full
strength) at intervals of
15 to 20 minutes, and
(2) intradermal tests
(1/100, 1/10, and full
strength
concentrations) at
intervals of 20 to 30
minutes. The procedure
was stopped when a
positive skin test was
found. A late reading in
patients with an
unknown chronology or
with a non-immediate
reaction was made
after 24–48 h.

3 Patients with a
clinical history of
symptoms
compatible with
immediate BL-
allergy

1032 Spain (1)*** skin tests (SPT
and IDT) with major
determinants
(PPL=penicilloyl-
polylysine) and minor
determinants

1032 patients with symptoms compatible
with BL-allergy were evaluated by means of
their clinical history, specific IgE, and skin
tests with PPL and MDM, penicillin G,
ampicillin, and amoxicillin-clavulanic acid.
Patients whose skin test results were

14.7%
(combined
PPL and
MDM first
test (n=25);
21.7%

n.d. Garcia
Nunez I
et al.
2012
[20]



(MDM=minor
determinant mixture)
of benzylpenicillin,
penicillin G,
ampicillin, and
amoxicillin-clavulanic
acid
(2) specific IgE
(benzylpenicillin,
ampicillin, and
amoxicillin)
(3) oral provocation
test (amoxicillin-
clavulanic acid,
placebo)

***The reagents used
were PPL (5×10–5M),
MDM (2×10–2M) (both
by Diater, Madrid,
Spain), benzylpenicillin
(10 000 IU/ml: Ern
Laboratories,
Barcelona, Spain),
ampicillin (20 mg/ml:
Normon Laboratories,
Madrid, Spain), and
amoxicillin-clavulanic
acid (20 mg/ml:
Normon Laboratories,
Madrid, Spain).

negative were challenged with amoxicillin-
clavulanic acid. If the suspected immediate
reaction had occurred within 1 year before
the study (n=45), the diagnostic work-up
began with an in vitro test. If the in vitro test
was negative, the work-up continued with
skin tests, if these were negative: a drug
provocation test was performed. All patients
with negative study results and for whom a
reaction occurred more than 1 year
before were retested after 3 weeks using
the same protocol.
170 patients (16.4%) were confirmed as
having immediate allergic reactions to BL.
Of the total number of patients finally
diagnosed as allergic to ß-lactams (N=170),
a retest was required in 23% of patients
(N=27 skin test and 13 oral provocations) in
order to confirm their hypersensitivity.
In the stepwise algorithm, 28 (16.5%) were
diagnosed using the in vitro assay, 106
(62.3%) using skin tests, and 36 (21.2%)
using drug provocation testing.
In the first test, 79 BL-allergic patients were
identified: PPL was positive in total in 20
patients, MDM in 16, thereof n=11 patients
reacted to both, PPL and MDM (combined,
testing the determinants identified 25
allergic individuals in the first round of
testing).
Of 27 BL-allergic subjects diagnosed in the
retest at least one positive test was
achieved in 12 subjects when testing the
combination of PPL and MDM.
The presentation of test results in the paper
does not allow for a conclusive calculation
of SEN for all test components.

(combined
PPL and
MDM first
test and
second test
together
(n=37))

4 Review on
immediate

n.a.
(Review)

n.a.
(Review)

n.a. (Review) This review looks at the main issues around
immediate hypersensitivity and the role and

21-43%
(for single

97-99%
(for single

McLean-
Tooke A



antibiotic
hypersensitivity
and the role and
limitations of
testing (mainly
Betalactam
antibiotics)

limitations of testing in antibiotic
hypersensitivity. The majority of quoted
literature relates to Betalactam antibiotics,
mainly because of the frequent usage of
this class of drugs.
In addition to in vivo tests, also in vitro tests
are being looked at: Although in vitro
assays to detect specific IgE to penicillins
are available and have a high specificity
(80-100%), the sensitivity is low (0-50%).

haptens) haptens)
(typing error
in
publication:
7-99%)

et al.
2011
[21]

5 Patients with
clinical history
suggestive of
immediate or non-
immediate BL-
allergy

50 Great
Britain

(1)**** skin tests
(SPT and IDT) with
major and minor
determinants of
benzylpenicillin
(PPL/MDM), and
amoxicillin
(2) in vitro
determination
of specific IgE (Pen
G, Pen V,
Amoxicilloyl);
(3) controlled
administration of
Amoxicillin (in few
cases Flucloxacillin
or Pen V) for those
with a positive history
but negative skin and
in vitro tests)

**** SPT was
performed with the
undiluted PPL (0.04
mg/ml) and
MDM reagents (0.5
mg/ml of sodium
benzylpenicillin,
disodium
benzylpenicilloate and

Retrospective analysis of prospective data on
50 consecutive adult patients with a clinical
history (including severity of reaction) tested
with the new reagents (Diater, Spain)
between Sept. 2008-Oct. 2010.
Patients were tested in a specialist regional
allergy clinic according to a protocol based
on the EAACI position paper [13]: 14%
(7/50) and 12% (6/50) of patients were
diagnosed with immediate and non-
immediate reactions respectively.
None of the patients showed a positive
response to PPL or MDM in the skin prick
testing (SPT) alone or at lower
concentrations of intradermal testing (IDT).
Positive IDTs were seen only at the
undiluted concentrations of PPL and MDM:
Five patients had a diagnosis of immediate
Betalactam sensitivity based on positive
IDT results (one to PPL, 3 to MDM, one to
amoxicillin). Four (out of six) patients with
non-immediate Betalactam sensitivity
(cases 22, 35, 36 and 37) had evidence of
delayed erythema and induration at the skin
test sites (8 and 24 h after skin testing).
A total of 13 patients with Betalactam allergy
(immediate or non-immediate) were identified.
The negative predictive value of the PPL and
MDM reagents at the neat concentration for

57.1% (PPL
and MDM
combined)
for
immediate
hyper-
sensitivity.
61.5 % (PPL
and MDM
combined)
for
betalactam
sensitivity
regardless of
immediate or
non-
immediate
hyper-
sensitivity

n.d. Richter
AG et al.
2011
[22]



benzylpenicilloic acid
mixture). Parenteral
amoxicillin (25 mg/ml)
was used for SPT and
IDT at the published
non-irritant
concentration.
Parenteral flucloxacillin
(25 mg/ml) and
benzylpenicillin (6
mg/ml) were included
depending on the
‘index’ reaction.
IDT for PPL was
performed at 1:10 and
an undiluted
concentration and for
MDM at 1:100,
1:10 and an undiluted
concentration as per
the manufacturer’s
instructions.

an immediate reaction was 93% (true
negatives 37, false negatives 3). Two patients
experienced systemic reactions to DPT in the
absence of demonstrable specific IgE.

6 Patients (9-93
years of age) with
self-reported
clinical history
suggestive of
immediate or non-
immediate BL-
allergy

110/18 Australia (1) *****skin tests
(SPT and IDT) with
major and minor
determinants of
benzylpenicillin (neat
solution for SPT,
dilution of 1:10 for
IDT); ampicillin (neat
solution for SPT,
1:1000 for IDT); and
in few patients
cephalotin and
ceftriaxone
(neat solution for
SPT, 1:1000 for IDT)
(2) controlled
administration of
Amoxicillin (with a
positive history but

110 patients with self-reported history of
penicillin allergy (including type of reaction)
and 18 with allergies to other antibiotics
were skin prick (SPT) and intradermally
(IDT) tested with minor and major penicillin
determinants (Diater, Spain); those with
negative results were administered a 3d-
challenge with amoxicillin or phenoxypenicillin
(if reported as initial culprit drug).
Seventeen patients with self-reported
penicillin allergy had either positive skin
tests or oral challenge results,
corresponding to 15% of patients having
proven allergy. None reacted on SPT, four
reacted to IDT, thirteen reacted to oral
challenge (five immediate and eight
delayed). Analysis of clinical histories
showed that patients with a well-defined
history of allergy and a history of

0% (SPT
with all
penicillin
reagents
combined);
44% (IDT
with all
penicillin
reagents
combined)
for
immediate
hyper-
sensitivity;
23.5% (IDT
with all
penicillin
reagents
combined)

SPT had a
specificity
of 93% and
the IDT a
specificity
of 96%

Sagar PS
et al.
2013
[23]



negative skin and in
vitro tests)

*****SPT and IDT were
performed using neat
solutions of major and
minor determinants of
penicillin (Diater S.A,
Madrid, Spain) for SPT
and dilutions of 1:10 for
ID tests, solutions of
ampicillin, cephalothin
and ceftriaxone were
each used in dilution
1:1000 (for ID tests)
and neat (for SPT).

anaphylaxis were more likely to have a
positive test compared to patients with
vague histories. Skin testing proved to be
less sensitive than oral challenge.
A minority of patients presenting with a
history of penicillin allergy have evidence of
immune-mediated hypersensitivity (17/110,
15%) in this study. Of these, eight out of
seventeen (47%) had delayed reactions,
demonstrating the usefulness and
discriminating power of objective testing
including a three-day oral challenge.
Discriminating factors for immune-mediated
allergy from patient history were a clear
description of the original reaction and a
history of anaphylaxis.
Four patients demonstrated positive IDTs.
Thirteen patients who were negative on
skin testing had a positive oral challenge,
five of whom developed immediate
reactions to the drug. These five patients,
along with the four patients who tested
positively on IDT had confirmed immediate
IgE-mediated reactions to penicillin. Eight
patients experienced delayed reactions
over the three day challenge, and these
included both widespread and localized
rashes with no patient experiencing any
other more serious delayed reaction. The
patients that reacted positively on oral
challenge and IDT, had negative SPTs. Of
those patients with negative skin prick
results, one hundred and eleven had
negative oral challenges.

for all
cases of
immediate
and non-
immediate
hyper-
sensitivity

7 A: Pediatric
prospective cohort
B: Retrospective
cohort

A: 359
B: 562

Missouri,
USA

A and B: (1)
*******SPT and IDT
with 3 reagents:
major determinant
(benzylpenicilloyl

A: prospective study of 359 consecutive
patients between January 1993-May 2003.
B: Retrospective review of penicillin skin
test results for 562 children previously
tested between January 1979-December

In period A:
7.2% of all
individuals
with a
definite

n.a. Jost BC
et al.
2006
[24]



polylysine), Minor
determinant
reagents: penicillin
G, and sodium
penicilloate (penicillin
A).

******Benzylpenicilloyl
Polylysine (purchased
as PrePen from
Kremers-Urban Co
(Milwaukee, WI) before
2001 and thereafter
from Hollister-Stier
Laboratories LLC
(Spokane, WA)). Two
MDRs were used
separately: Penicillin G
was purchased from
Sigma-Aldrich Corp, St
Louis, MO (1,653
U/mg). Sodium
penicilloate was
prepared by means of
alkaline hydrolysis of
penicillin G. Penicillin G
and sodium penicilloate
were stored in dried
form and were
reconstituted at a
concentration
of 3.3 mg/ml in
phosphate-buffered
saline (concentrate).
Skin prick testing
(SPT) with concentrate
was performed initially,
if negative IDT followed
using a volume of 0.02
ml of the above
solution.

1992.
Between 1993 and 2003, the prevalence of
penicillin skin test sensitivity markedly
declined. Of all the positive skin
test results between 1979 and 2003, either
penicillin G or sodium penicilloate or both
identified 34%, with sodium penicilloate
alone responsible for 8.5%.
The rate of positive skin test reactions was
not significantly different between patients
with vs without a history of suggestive IgE-
mediated reactions.

In Period A: Twenty-three (6%) of the 359
prospectively evaluated children
had a positive skin test reaction, and 7.2%
of those (n=316) with a definite history of
penicillin allergy.
In Period B:,
154 children (27%) of the 562 had positive
test results.
Period (A and B, together): in the entire
group of 921 patients, the MDRs penicillin
G and sodium penicilloate identified 177
patients with penicillin reactivity (19%). Of
these 177 positive skin test reactions, 116
or 66% were identified with benzylpenicilloyl
polylysine reagent. Overall, 40% were
positive with benzylpenicilloyl polylysine
and the MDR, 26% were benzylpenicilloyl
polylysine positive alone, and 34% were
MDR positive alone. From this group of
positive-reacting skin tests, 8.5% were
identified only by sodium penicilloate.

history of
penicillin
allergy
were
identified
by
combined
testing



Table S1_Online_Supplement: Selected evidence on diagnostic test performance. The sensitivity of a diagnostic test procedure indicates the percentage of diseased patients in
which the respective disease is actually detected by the application of the test, i.e. a positive test result occurs. The calculation of SEN (= sensitivity) is carried out according to:
SEN = correctly recognized as diseased / all diseased people.
The specificity of a diagnostic test procedure indicates the probability that healthy people who do not suffer from the disease in question will be identified as healthy in the test.
The calculation of SPE (= specificity) is carried out according to: SPE = correctly recognized as healthy / all healthy persons.

Chemical background information [Wurpts et al.] and Abbreviations: BL=Betalactam. Betalactam antibiotic/s (BLA) are haptens that only become immunogenic by binding to a
protein structure. Human serum albumin is the main carrier protein. Binding to the amino acid lysine, takes place via opening of the beta-lactam ring. This results in the formation of
primarily benzylpenicilloyl (BPO) from benzylpenicillin. For diagnostic purposes, benzylpenicilloyl-octa-L-lysine (BP-OL) or benzylpenicilloyl-poly-L-lysine (PPL) bound via
conjugation with octa- or poly-L-lysine are used as major determinants. Minor determinants are formed by other bonds. Until recently, these were commercially available for testing
in the form of a minor-determinant mixture. The test preparation currently available contains only one minor determinant (sodium benzylpenicilloate).



Study
population

Number
of
subjects
studied

Country Atopy definition
(criteria)

Synopsis Significant
association of
BL-allergy
with atopy

Reference

1 Hospital staff nurses 539 Korea Self-reported history of
allergic rhinitis, asthma,
“skin allergy” (classified
as any form of urticaria,
rash, contact dermatitis
or atopic dermatitis). SPT
to D.pter and D. farinae.

In a questionnaire-based survey performed at a Korean
university hospital, all 539 staff nurses were asked regarding
antibiotic exposure, and 59% (n=318, thereof 317 women,
one man) of these received a skin prick test with a panel of
BL-antibiotics (cephalosporins and penicillins). In the group
which received SPT, 97% had a history of dermal exposure
to antibiotics, n=28 (8.8%) reported contact urticaria (CU;
stage 1 or 2) after contact with antibiotics and n=8 showed a
positive response to at least one of the six test antibiotics. A
history of “skin allergy” (in this study classified as any form of
urticaria, rash, contact dermatitis or atopic dermatitis) was
significantly more prevalent in the group with a positive SPT
for BL-antibiotics compared to the group without a positive
BL-SPT, whereas concerning allergic rhinitis and asthma
differences were not statistically significant between the two
SPT-groups.
In the history-based clinical characteristics according to the
absence or presence of a positive history of any drug allergy
(not restricted to BL) besides age, length of employment and
duration of dermal contact with antibiotics, allergic rhinitis,
night cough, food allergy and skin allergy were significantly
more frequent in subjects with a history of drug allergy (as
was a stronger SPT reaction to D. farinae).

Yes (skin allergy
more prevalent in
subjects with
positive BL-SPT).

Choi IS et al.
2010 [50]

2 Workers from a
factory for production
and restauration of
railway systems

1152 Turkey Self-reported history of
asthma, allergic rhinitis,
and eczema information
based on having ever
been diagnosed by a
doctor.

In a questionnaire-based cross-sectional study on
immediate-type hypersensitivity reactions to drugs conducted
in 1152 male workers (at a Turkish factory for production and
restauration of railway systems) the prevalence of self-
reported immediate type drug hypersensitivity reactions (HR)
was 3.6% (n=41). Of these, hypersensitivity reactions were
most common to beta-lactam antibiotics (51.2%; n=21).
Asthma, allergic rhinitis, and eczema information was self-
reported based on having ever been diagnosed by a doctor.
Multivariate analysis showed that family atopy was
associated with drug HRs to both antibiotics (Odds Ratio
(OR) 95% Confidence Interval (CI) (3.32 (1.15–9.56)) and
NSAIDs (3.70 (1.09–12.51)). Drug HRs of any type were
associated with atopic family history (3.23 (1.43–7.24)), ever
asthma diagnosis (2.74 (1.07-7.02)), ever allergic rhinitis

Yes (family atopy,
ever asthma
diagnosis, ever
allergic rhinitis
and ever eczema)

Kurt E et al.
2010 [51]



(2.70 (1.25–5.84)), and ever eczema (3.80 (1.55–9.30)).
Drug related skin manifestations were associated with family
history of atopic diseases (4.07 (1.76–9.41)), ever allergic
rhinitis (2.84 (1.24–6.5)), ever asthma diagnosis (3.16 (1.19–
8.39)), and ever eczema diagnosis (4.59 (1.82–11.57)). In
contrast, systemic manifestations of drug HRs were
associated with only asthma diagnosis (4.66 (1.25–17.41)).

3 Patients with allergies
to penicillins
(confirmed by
positive skin prick
test or typical clinical
history) and control
subjects.

248/101 China Syndrome characterized
by exaggerated and
persistent IgE responses
to environmental
allergens.

In this study the authors investigate the relationship between
HLA-DRB genotype and allergies to various penicillins and
explore HLA-DRB restriction of IgE responses to these
derivatives of penicillin in the Chinese Han population. Their
definition for atopy is “a syndrome characterized by
exaggerated and persistent IgE responses to environmental
allergens”. The study included 248 patients with allergies to
penicillins (confirmed by positive skin prick test or typical
clinical history) and 101 control subjects. Of these, 113
patients and 87 controls were genotyped for HLA-DR:
Compared with control subjects, a significantly increased
frequency of DR9 was present in 77 patients with allergic
reactions to penicillin, whereas a significantly decreased
frequency of DR14.1 was found in 80 patients with positive
Beta-lactam-specific IgE-antibodies, with immediate reaction
and with urticaria compared with the control group. A
possible excess of HLA-DR17 was found in subjects who
were IgE-responsive to benzylpenicilloyl-polylysine
compared with those were not (χ2 = 5.134, P = 0.023), and
of HLA-DR4 was found in subjects IgE-responsive to
phenoxomethylpenicillanyl-polylysine (χ2 = 4.057, P =
0.044). Based on their results, the authors conclude that
HLA-DRB alleles are important for the development of
allergies to penicillins and relate their findings to the context
of atopy as a group of multifactorial diseases arising from
complex interactions between genetic and environmental
factors. This is in line with a previously reported study on
DR4 (DRB1*04) and DR7 (DRB1*07) alleles which are
present in 39.2% of unrelated atopic patients (defined by a
documented atopic allergy with or without asthma-related
symptoms and additionally by either positive skin test
reactivity to one or more of 17 common allergens, raised total
serum IgE, or bronchial hyperresponsiveness), but only in
2.5% of the controls [Aron Y et al. 1996].  Based on their
findings the authors conclude that HLA-DR 4 and DR7 alleles
are significantly implicated in the susceptibility to the disease

Yes (HLA-DR9) Yang J et al.
2006 [52]



and suggest that this susceptibility is more related to atopy
than to specific responses to allergens [Aron Y et al. 1996].

4 BL-allergic patients
with immediate
reaction to at least
one BL and age- and
gender-paired control
subjects

340/340 Spain Total IgE > 130 kU/l and
specific IgE against
prevalent allergens >0.35
kU/l were considered.

Based on previous findings that in Caucasians and Asians
TNFA and IL13, IL4, and IL4RA (their three genes being
located in a cluster of chromosome 5) are associated with
atopy and asthma and also with BL allergy, Cornejo-García
et al. aimed to evaluate the association of atopy with BL
allergy in a larger cohort of BL-allergic patients with
immediate reaction to at least one BL (n= 340) and age- and
gender-paired controls (n=340) in the South of Spain.
Diagnosis criteria for BL-allergy included clinical
manifestations, positive skin tests and/or specific IgE against
BL, and positive challenge in patients who were negative for
skin testing and specific IgE. The genotypes of IL13, IL4,
IL4RA, LACTB, and TNFA polymorphisms were determined
by qPCR, total IgE and specific IgE against prevalent
allergens (Dermatophagoides pteronyssinus, Cynodon
dactylon, Lolium perenne, Phleum pratense, Olea europaea,
Cupressus sempervirens, Plantago lanceolata,
Chenopodium album, Salsola kali, Parietaria judaica) was
measured in serum. Total IgE > 130 kU/l and specific IgE
against prevalent allergens >0.35 kU/l were considered as
the two biological diagnosis criteria of atopy: The number of
subjects with total IgE > 130 kU/l and specific IgE against
mites was significantly more frequent in BL-allergic patients,
compared with controls. Atopic patients with total IgE > 130
kU/l and/or specific IgE against prevalent allergens >0.35
kU/l had a slower decrease in BL-specific IgE than nonatopic
patients. IL4RA I50V and Q551R polymorphisms were
associated with IgE against prevalent allergens and total IgE,
respectively, and were also the two significant genetic
predictors of BL allergy.

Yes (significantly
higher number of
subjects with total
IgE > 130 kU/l
and specific IgE
against mites in
BL-allergic
patients; slower
decrease in BL-
specific IgE in
atopic individuals;
IL4RA I50V and
Q551R
polymorphisms
were associated
with IgE against
prevalent
allergens and total
IgE, respectively,
and were also the
two significant
genetic predictors
of BL allergy.)

Cornejo-
García et al.
2012 [31]

5 Adults (between 20 to
60 years of age),
visiting a health care
center for a check-up
examination.

2067 France (1) Self-reported previous
symptoms suggestive of
atopy (i.e. asthma,
hayfever, perennial
rhinitis, history of
childhood dermatitis);
(2) Phadiatop® test for
specific IgE against
common aeroallergens.

Haddi et al. aimed to study the distribution of atopy in
subjects with or without a history of immediate systemic
reactions (SR) to drugs. The studied population comprised
2067 adults (between 20 to 60 years of age), visiting a health
care center for a check-up examination in France. The
protocol included a questionnaire related to history of
systemic reactions to drugs, previous symptoms suggestive
of atopy (i.e. asthma, hayfever, perennial rhinitis, history of
childhood dermatitis) and a Phadiatop® test for specific IgE
against common aeroallergens. 303 subjects (i.e. 14.7% of
the study group) reported reliable histories of SR to drugs,

(1) Yes
(cumulative
prevalence of any
symptoms
suggestive of
atopy was
significantly higher
in the group with
systemic drug
reaction
(P<0.01)). (2) No

Haddi E et al.
1990 [59]



thereof 124 subjects reported antibiotics to be the
responsible drug (54 reported it to be "penicillin”, 13 a drug
from the "ampicillin" subgroup). The cumulative prevalence
of any symptoms suggestive of atopy was significantly higher
in the SR group (P<0.01). This was especially true for
asthma and childhood dermatitis, the prevalence of which
was double in the SR group. In contrast, the percentage of
positive Phadiatop in the SR group (17.6%) and the no-SR
group (19.5%) was almost equal. Within the SR group, the
prevalence of positive Phadiatop was similar regardless of
the drug involved. The authors conclude that defined by an
objective criterion (i.e. the presence of specific IgE against
common aero-allergens) atopy is not associated with the
occurrence of SR to drugs and SR-history should not be
included as part of the atopic status.

(no difference of
positive Phadiatop
in the group with
versus without
systemic drug
reaction)

6 Subjects with versus
without self-reported
clinical symptoms
after a dose of
penicillin

23/39 USA Self-reported history of
atopy (defined as
doctor’s diagnosis of
asthma, allergic rhinitis,
or eczema).

In a case-control-study of 62 participants (23 with and 39
without self-reported penicillin allergy defined by a clinical
history of urticaria, angioedema, wheeze, hypotension,
vomiting, or anaphylaxis after a dose of penicillin) performed
in Philadelphia, USA, DNA from buccal swabs was
genotyped for variants associated with candidate genes
linked to immediate hypersensitivity (IL4, IL4R, and IL10) and
penicillin metabolism (LACTB). Furthermore, all participants
completed a brief questionnaire assessing the history of the
allergic reaction in cases and the presence of risk factors of
penicillin allergy hypothesized in the literature: a history of
atopy (defined as doctor’s diagnosis of asthma, allergic
rhinitis, or eczema), adverse reactions to drugs other than
penicillin, and penicillin allergy among first-degree relatives.
In this study, penicillin allergy was associated with a history
of penicillin allergy in first-degree relatives (P=0.002), a
history of other adverse drug reactions (P=0.008), and atopy
(P= 0.039). However, in the multivariable analysis, only
family history of penicillin allergy remained significant. The
following IL4 single nucleotide polymorphisms (SNPs) were
found to be associated with penicillin allergy: rs11740584
(P=0.012), rs10062446 (P=0.021), and rs2070874
(P=0.035).

No (association
with a history of
atopy (P= 0.039)
was not robust in
multivariable
analysis)

Apter AJ et al.
2008 [54]

7 Evidence-based
Guideline

Not
applicable

Great
Britain

Atopy/atopic
predisposition
(unspecified)

In contrast, the evidence-based British guidelines for the
management of drug allergy 2009 released by the British
Society for Allergy and Clinical Immunology (BSACI) state
that atopy is not a risk factor for the majority of allergic drug
reactions, but may lead to more severe reactions.

No Mirakian R et
al. 2009 [55]



8 BL-allergic subjects
reacting with versus
without systemic
reaction during
positive skin tests to
BL

13/135 France Atopy defined as at least
1 positive skin prick test
to regionally common
aeroallergens.

In their comparison between reactors (13 patients reacting
systemically during positive skin tests to BL) and 135
nonreactors patients who had BL-positive skin test results
without systemic reactions during skin tests) Co Minh et al.
did not find a significantly different frequency of atopy
(defined as at least 1 positive skin prick test to regionally
common aeroallergens) in the two groups [Co Minh et al.
2006].

No (frequency of
atopy in subject
with and without
systemic
response was not
significantly
different)

Co Minh HB et
al. 2006 [56]

9 Subjects with
suspected
(immediate or
delayed type) beta-
lactam allergy

51 Iran Self-reported personal
history of allergic
diseases (e.g. pollinosis,
atopic dermatitis, food
allergy etc.) or asthma;
allergies in the family
history.

In a prospective cohort study carried out in Teheran, 51
patients with suspected beta-lactam allergy (based on
symptoms of immunologic drug reactions of type I and IV
according to Coombs and Gel as inclusion criteria) were
undergoing full diagnostic work-up. Based on these workups,
BL-Allergy was confirmed in 16 (31.4%), ruled-out in 13
(25.5%) and further suspected in 22 (43.1%). From all
participants demographic information, clinical symptoms and
risk factors was obtained using a standard questionnaire
based on the European Network for Drug allergy (ENDA)
[Demoly et al. 1999]. With regard to atopic state this
questionnaire covers allergic diseases (e.g. pollinosis, atopic
dermatitis, food allergy etc.) and asthma in the personal
history, as well as allergies in the family history. The
occurrence of a history of atopy (present in 75% versus 62%
versus 68.2%, respectively) was not significantly different
between the patients with confirmed versus ruled-out versus
further suspicious for diagnosis of penicillin and amoxicillin
allergy.

No (occurrence of
atopy was not
significantly
different between
subjects with
confirmed versus
ruled-out versus
suspicious for BL-
allergy diagnosis)

Fazlollahi MR
et al. 2017 [58]

10 Children (between 8
months and 18 years
of age) with a history
of suspected
(immediate or
delayed type) drug
allergy.

97 Turkey Self-reported personal
history of allergic
diseases (e.g. pollinosis,
atopic dermatitis, food
allergy etc.) or asthma;
allergies in the family
history;
serum total IgE,
peripheral eosinophil
counts, food and inhalant
specific IgE levels and
SPTs with inhalant
allergens

Arikoglu et al. investigated 97 children (between 8 months
and 18 years of age) with a history of suspected drug allergy
in Turkey reactions. Among all 180 suspected allergic drug
reactions in these 97 children, 97 immediate type reactions
(53.9 %) and 83 (46.1 %) non-immediate type reactions were
reported. Atopy was assessed by the ENDA questionnaire
(comprising family and personal histories of drug allergy and
atopy [Demoly et al. 1999]), serum total IgE, peripheral
eosinophil counts, food and inhalant specific IgE levels and
SPTs with inhalant allergens. Drug allergy confirmation rates
were 30.1 % for beta-lactams, 27.2 % for non-betalactams,
21.1 % for NSAIDs and 30 % for anticonvulsants. There was
no significant difference between the groups with and without
confirmed drug allergy in terms of personal atopy (76.1% in
patients with no drug allergy vs. 72.7% in patients with
confirmed drug allergy, P=0.547), positive family history of

No (no significant
difference
between the
groups with and
without confirmed
drug allergy in
terms of personal
atopy, positive
family history of
atopy, serum total
IgE and
eosinophilia)

Arikoglu et al.
2015 [60]



atopy (17.4% in patients with no drug allergy vs. 41.1% in
patients with confirmed drug allergy, P=0.115), serum total
IgE (168 ± 229.80 IU/ml versus 279.67 ± 446.56 IU/ml,
P=0.426) and eosinophilia (3.15% ± 2.49 versus 3.67% ±
3.13, P= 0.617). Only family and personal history of drug
allergy were found to be significant risk factors related to
allergic drug reactions.

11 Children with
suspected
(immediate or
delayed type) BL-
allergy.

1865 France/Swi
tzerland

Personal history of atopy
(including food allergies,
otherwise unspecified)

In a retrospective study from France and Switzerland, 1865
children with suspected BL-allergy were studied. 1431
children completed the diagnostic work-up, of whom 227
(15.9%) were diagnosed to be allergic to beta-lactams.
Betalactam hypersensitivity was diagnosed in 50 of the 162
(30.9%) children reporting immediate reactions and in 177 of
the 1087 (16.7%) children reporting non-immediate reactions
(p < 0.001). Eighty-six (38%) of the 227 allergic children and
535 (44.6%) of the non-allergic children had a personal
history of atopy (p = NS). A personal history of manifestation
of atopic diseases was not found to be a significant risk
factor for beta-lactam hypersensitivity.

No (no significant
differences
concerning a
personal history of
atopy between
children with
versus without BL-
allergy)

Ponvert C et
al. 2011 [61]

12 Patients from a clinic
for sexually
transmitted diseases
with negative
histories of
penicillin allergy.

4069 USA Personal history of
seasonal rhinitis, allergic
asthma, or atopic
dermatitis.

4069 patients were skin tested for penicillin allergy. All
patients had negative histories of penicillin allergy and were
skin tested with penicilloyl polylysine and a minor
determinant penicillin mixture. The rate of personal atopy did
not differ between skin test positive and skin-test-negative
subjects). As part of a prospective, randomized study of
penicillin skin testing, 3996 patients with negative histories of
prior penicillin reactivity and negative penicillin skin tests
were treated with penicillin. Of these, 18 (0.45%) developed
IgE mediated reactions within the first 72 hours of therapy.

No (no significant
differences
concerning a
personal history of
atopy between
subjects with
versus without a
positive SPT to
BL)

Adkinson NF
1984 [62]

Table S2_Online_Supplement: Selected evidence on association between BL-allergy and atopy. It is of note mentioning that different atopy criteria used in the different studies as
well as selection of BL-sensitized/allergic subjects may have influence on the outcome. Whereas most studies (No 1-6, 8, 12 from Table S2) exclusively examined immediate BL-
reactions, studies 9-11 included immediate and non-immediate reactions.
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