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Abstract

Background: Having a penicillin allergy label associates witgher risk for antibiotic

resistance and increased healthcare use.

Objective: To assess the accuracy of skin tests and sp&gifiquantification in the

diagnostic evaluation of patients reporting a pdimtp-lactam allergy.

Methods: We performed a systematic review and diagnostioracy meta-analysis,
searching on MEDLINE, Scopus and Web of Scienceindeided studies conducted in
patients reporting a penicillin allergy and in whskin tests and/or specific IgE
guantification were performed and compared withgdriallenge results. We quantitatively
assessed the accuracy of diagnostic tests withidigaandom-effects meta-analyses. Meta-
regression and subgroup analyses were performexptore causes of heterogeneity.

Studies’ quality was evaluated using QUADAS-2 ci#te

Results: We included 105 primary studies, assessing 31paéticipants. Twenty-seven
studies were assessed by bivariate meta-analysiste3ts had a summary sensitivity of
30.7% (95%CI=18.9-45.9%) and specificity of 96.835%C1=94.2-98.3%), with a partial
area under the summary ROC curve of 0.68638.2%). Similar results were observed for
subanalyses restricted to patients reporting nanediate maculopapular exanthema or
urticaria/angioedema. Specific IgE had a summangiseity of 19.3% (95%CI1=12.0-29.4%)
and specificity of 97.4% (95%CI1=95.2-98.6%), witpartial area under the summary ROC
curve of 0.4201¢=8.5%). Projected predictive values mainly refibet low frequency of true

penicillin allergy.

Conclusion: Skin tests and specific IgE quantification apgedrave low sensitivity and
high specificity. As current evidence is insufficidor assessing the role of these tests in

stratifying patients for delabeling, we identifikely requirements needed for future studies.
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Clinical Implications

In patients reporting a penicillin allergy, skirste (at least in non-immediate mild reactions)
and specific IgE quantification appear to have HEgacificity and negative predictive value,

but low sensitivity.

Capsule summary

This systematic review suggested that, in patieygerting a penicillin allergy, skin tests (at
least in non-immediate mild reactions) and spedgte quantification have high specificity

and negative predictive value, but low sensitivity.

Keywords: Diagnostic accuracy; Drug provocation test; Ig@mfification; Penicillin

allergy; Skin tests

Abbreviations:

- AUC-sROC: Area under the curve of the summary xezedperating characteristic
- CI: Confidence interval

- DPT: Drug provocation test

- NPV: Negative predictive value

- PPV: Positive predictive value

- slgE: Specific Immunoglobulin E
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Introduction

Beta-lactams are a class of broad-spectrum antibititat include penicillins,
cephalosporins, carbapenems and monobactams. Doertdigh effectiveness, safety and
low costs B-lactams are the most frequently prescribed artdsion the world, and those for
which hypersensitivity reactions are most ofteroregrt 2. Penicillin allergy reporting is
particularly frequent — in Europe and North Ameyiallergy to penicillins is reported by up
to 10% of the general population and 15% of holipéd patients>>. However, several
studies have shown that there is an overdiagndgisrocillin allergy, as only 2-10% of

individuals who report penicillin allergy are trujlergic®.

Without a proper diagnostic approach, many patietitts a penicillin allergy label may
unnecessarily receive second-line, broad-spectniiiatics, leading to an increased risk of
drug failure, hospital-acquired infections and kiglength of stay*®. These consequences,
along with the use of more expensive antibiotigplan the higher costs of treating patients
with a penicillin allergy labél, and why penicillin allergy testing programs héeen
identified as a vital tool to improve antimicrobgiewardship and curb antibiotic

resistance®,

Patients reporting a penicillin allergy should h#éveir diagnosis confirmed. The
International Consensus on Drug Allergy recommerdapproach based on skin tests and,
in case of negative results, a confirmatory drugypcation test (DPT; “drug challeng&®)
Two types of skin tests are usually done — (i) gkiok tests, which are the first to be
performed, consisting in pricking the skin with shaanounts of penicillin reagents; and (ii)
intradermal tests, which are performed when skickgests are negative, involving placing
penicillin reagents just underneath the &kiin patients reporting immediate reactions, a

blood test for quantification of penicillins spacifgE (sIgE) is indicated by European
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recommendatiord If negative results are obtained, the patieneugoes a DPT, receiving a

penicillin drug under clinical observation.

The DPT is the reference standard for testing pegieeporting a penicillin allergy. However,
as it is typically performed after negative reswith skin tests and/or sIgE quantification,
there is still scarce information on the accuracthese recommended diagnostic tests. In
fact, while skin tests appear to have a high negatredictive value (NPV), there are
conflicting reports on their sensitivity and posattipredictive value (PPV), with wide ranges
of values reported. Therefore, this systematicens\aims to evaluate the accuracy of the
diagnostic tests — skin tests and sIgE quantiboati used in the evaluation of patients
reporting a penicillifi-lactam allergy, and to identify factors that maplain differences in

diagnostic parameter estimates.
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Methods

Search strategy and inclusion criteria

This study is a systematic review with meta-analp$idiagnostic test accuracy, complying

with the PRISMA-DTA Statemetit

We included original studies conducted in patiemtwhom penicillin-lactam allergy was
reported, and in which the results of DPT had lmempared to those of skin tests (skin prick
and/or intradermal tests) and/or sIgE quantificafiindex tests”). We excluded studies
conducted only in patients with non-penicilfidactam allergy, and studies evaluating only
patients with specific diseases (e.g., patiente wieumatic fever) or occupations (e.g.,

nurses).

Three electronic bibliographic databases (MEDLINEBMed, Web of Science and Scopus)
were searched in July 2018. The queries (pres@émf€able E1 in the Online Repository)
included a database-adaptation of the strateggpted by Astin to search for diagnostic
performance studié% No restrictions based on primary studies’ languaigpublication date

were applied.

After eliminating duplicates, the titles and abstseof the obtained studies were
independently evaluated by two researchers. Subsdguthe full texts of selected studies
were independently read by two investigators, wktcaeted information regarding the year
of publication, country, sampling method, studyiegt(outpatients, inpatients or emergency
department), tested drugs/determinants, particghanimber, sex and age distributions, and
inclusion criteria regarding initial reactions i@l reactions were assessed based on
involved drug classes (whether studies includetgyaants reporting an allergy to afly
lactam or specifically to penicillins), clinical midestations, and timing. Immediate reactions

were defined as initial reactions occurring witthe first hour after contact with the
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suspected drug, while non-immediate reactions wefi@ed as those occurring after the first
hour of drug contact. In addition, we collectecbrmhation related to each diagnostic index
test, including the performed tests, number ofipi@dnts with positive and negative results
and number of participants submitted to DPT. Fonary studies assessing patients with any
reported3-lactam allergy but presenting discriminated restdt those who specifically

reported a penicillin allergy, we only retrievedalaoncerning the latter.

Data were extracted by means of a purposely-baith ~ we developed a pilot version,
which was modified after assessment of the firststeidies. For publications whose full texts
were not available, we contacted correspondingaaistiAuthors were also contacted to
provide relevant missing information. Disagreememtstudy selection or data extraction

were solved by consensus.

Study quality was independently assessed by twearekers according to QUADAS-2

judgements on primary studies’ risk of bias andliapbility™®.
Quantitative Synthesis

For each study, we retrieved the frequency of p@sresults to each index test. Based on that
and on DPT results, we were able to calculategéoh index test, the number of true

positives, true negatives, false positives anditsef negatives.

For tests for which we had more than four primauwges simultaneously presenting results
for true positives, true negatives, false positiaed false negatives, we performed meta-
analyses of diagnostic test accuracy using a kiterandom-effects approaéHBivariate
random-effects meta-analyses allow for the calmratf summary properties of diagnostic
tests (namely, sensitivity, specificity and aredeanthe ROC curve), by pooling the results of
different diagnostic accuracy studies, accommoddigtween-study heterogeneity. This

method (which is equivalent to the hierarchical mary receiver operating characteristic

8
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model) has the advantage of jointly estimating settg and specificity, accounting for
correlation between théfh Performing bivariate meta-analysis, we calculateghs under
the summary curve (AUC-sROC), and summary senésyispecificities, likelihood ratios
and diagnostic odds ratios. A correlation coeffiti¢) >0.6 between sensitivity and false
positive rate was considered to represent condtiethreshold effect (i.e., negative
correlation between sensitivity and specificity §ibgity accounted by variability in
positivity criteria)®. Heterogeneity (i.e., between-studies variabbi#yond expected due to
chance or random sampling errors alone) was asbassey ari” statistic estimate for

bivariate meta-analysis An 1>>50% was considered to represent substantial lutreity.

Based on the obtained estimates of pooled sertgitinid specificity, and considering a
prevalence of true penicillin allergy ranging fr@1.0%, we estimated the PPV and NPV of
index tests. We performed univariate sensitivitglgses, to obtain PPV and NPV estimates
for different prevalence values. Probabilistic s/ analyses based on Monte Carlo
simulations were additionally performed to accdantuncertainty in pooled sensitivity and

specificity estimates.

Whenever there were sufficient primary studiessimiity analyses were performed to
address the possibility of selection bias and/@dwmount for possible clinically relevant
sources of heterogeneity. Such sensitivity analysstsicted to (i) studies in which at least
50% of both patients with positive and negativelltsson index tests received a DPT; (ii)
studies assessing a mix of participants with imiedand non-immediate reactions
(excluding only those with very severe index reatt), and testing all with index tests and
DPT; and (iii) studies assessing consecutive sargdlpatients specifically reporting a
history of penicillin allergy and — in the caseskin tests — testing for the determinants
recommended by European Network of Drug Allergyn{pdin polylysine, minor

determinant mixture, benzylpenicillin and an amiaaigillin); and (iv) studies assessing
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particular clinical presentations or age groupsaddition, we performed bivariate meta-
regression and applied the likelihood-ratio tegtiemtify moderator variables (i.e., variables
explaining heterogenetft}). Meta-regression tested the following covariayestr of
publication, proportion of female subjects, papants’ age group (children, adults, or adults
and children), study region (Europe, North Ameridaddle East, or Australia and Far East),
setting, sampling method (consecutive sample imatudll participants with reported allergy,
consecutive sample including all tested participaot convenience sample), number of
tested drugs/determinants (and whether the ind#assessed at least an aminopenicillin, a
cephalosporin, and/or the suspected drug), repaitedy (to overalp-lactams, penicillins

or aminopenicillins only) and timing of the initisdaction.

Not all studies allowed for obtaining, for eacherdest, the number of true positives, true
negatives, false positives and/or false negatitesrefore, in addition to bivariate random-
effects meta-analysis, we performed random-eff@ea-analysis of individual diagnostic
parameter estimates (methods fully described irQthicne Repository). The latter
corresponds to a less robust approach in the cootexeta-analysis of diagnostic studies, as

it does not account for sensitivity-specificity eation”.

Meta-analyses were performed using software R iMe&5.0), using mada, metafor and
glmulti packages. Simulations of predictive valestimates were obtained using TreeAge

Pro software. Significance level was defineg<@.05.
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216 Results

217  Our search yielded 3952 publications, of which 18&re duplicates; 2419 studies were
218  excluded based on application of eligibility crite(Figure 1). We could not obtain the full
219 text of 24 publications despite contacting corresiieg authors — 12 of these studies had
220 been written in languages other than English ankdatbbeen published before 2000. Of the
221 122 articles meeting the eligibility criteria, 12m excluded as some participants had also
222  been assessed (receiving the same tests) by sasdiessing larger samples. Therefore, a
223 total of 105 studies were included in this systémaview>?*1? For studies in which some
224  degree of participant overlap with other study(esjurred (Table E2§3"4%-

225  42596269.7283.106.103 0 nresented only unique information from eacldgie.qg., results from
226  diagnostic tests performed in one study that hadeen performed in the other study

227  assessing the same participants), so that no ipartichas been included more than once.

228  Of the 105 included primary studies, 27 were inellich bivariate random-effects meta-
229  analyse¥“*® (summary of information in Table | and Table ER)e remainder were only
230 quantitatively assessed by means of individualribagic parameter estimates meta-analysis,
231 whose description and results can be consulteaeimnline Supplement (Tables E2-E4). We

232  developed an interactive app (https://penaccuraay.ap.pt; Online Repository), which also

233 presents results from all analyses, as well adtsefsu other tests whose studies were

234  retrieved by our query.

235 The meta-analysis assessing the diagnostic accofayn tests comprised 20 studfes

236 2931:32:343538404L43-484F 19 re 2A; Table I1). These studies had been m@srformed in

237  Europg*?029.32:38404L4548,-11) and North Americd**?>31434(n=6), and mostly assessed
238 outpatient§®?427-2934.384041434048-1 1) Adults and children were exclusively asse$sed

239 five studies eacdtt?®2931:32:3840414448 hjle nine studies assessed patients of all amepg?”

11
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24,26,21:32.34.4349 0 nine studig§?"32343°38.454848 consecutive sample was assessed, while

other nine reported a convenience safigfer®2931:404143.44y/e obtained a partial AUC-
SROC of 0.686, with a summary sensitivity of 30.[@%%C1=18.9-45.8%) and a specificity
of 96.8% (95%CI1=94.2-98.3%). No considerable thoésleffect was observed=0.363).
Similar results were obtained in sensitivity anak/addressing selection bias or possible
sources of confounding, albeit with less precigeneges (Table 1l). Heterogeneity was found
to be moderatd {=38.2%), with the year of publication and performain Middle East

found to be moderators of heterogeneity (Table Riedictive values estimates are depicted

in Figure 3.

For non-immediate reactions (and contrary to imm@edieactions), we were able to perform
a bivariate random effects meta-analysis on thgndistic accuracy of skin tests. This
analysis was based on seven stffi@s** %41 %fFigure 2B; Table II), with almost all
participants reporting either maculopapular examidner urticaria/angioedema. The partial
AUC-sROC was of 0.396£0.335), the summary sensitivity was of 44.2% (9384@.2-

79.1%), the specificity was of 95.1% (95%CI=88.3698), and an® of 22.2% was obtained.

For skin prick tests, we were only able to estinpateled single diagnostic measures (Table
E4). Regarding intradermal tests, we performedrartzite diagnostic random effects meta-
analysis (Figure 2C; Table II) based on ten stfdf@g?323438:40424628 \ya ophserved a

partial AUC-sROC of 0.582, a summary sensitivity28f9% (95%CI=15.0-50.8%) and a
specificity of 95.1% (95%CI1=88.1-98.0%). A bordedithreshold effect was observed
(r=0.607) along with severe heterogeneify$4.8%). Performance in Europe and testing the
suspected culprit drug were identified as modesadbheterogeneity (Table 1ll). Among
patients reporting non-immediate reactions (largeculopapular exanthema or
urticaria/angioedem)?2324042463 partial AUC-sROC of 0.404 was obtained (FigRBe

Table II), with a summary sensitivity of 43.1% (96%612.8-79.5%), and a specificity of

12



265  95.1% (95%CI1=90.9-97.5%). No relevant threshol@@ffvas observed=<-0.194), and

266 moderate heterogeneity was obsentéd35.3%).

267  Eleven studies were included in the meta-analysgsssing the accuracy of specific

268  |gE?*4?8:3033.36:39.424748ha studies had been mostly performed in EuropQ)

269  242830.333038.39.4247.48 nd among outpatients=9)>*28:333639424748q 1 studies assessed
270 adult€®3"*47 while three assessed child¥®ff*®and other four patients of all age

271 group$*3°*3° The sampling method was consecutive for six sgitfi®8**24nd of

272 convenience for five studigs®3%3"4" We obtained a partial AUC-sROC of 0.420, but

273 considerable threshold effect was observed.000) (Figure 2E; Table II). This model

274  resulted in a summary sensitivity of 19.3% (95%@9129.4%) and a specificity of 97.4%
275  (95%CI1=95.2-98.6%). Similar results were obtained sensitivity analysis (Table II).

276  Heterogeneity was found to be loif<8.5%), with participants’ age identified as a

277  moderator of heterogeneity (Table IIl). Predictiizdues estimates are depicted in Figure 3.
278  Among patients reporting immediate reactf5ri3***’ we obtained a partial AUC-sROC of
279  0.262, with a summary sensitivity of 26.2% (95%@=135.3%) and a summary specificity

280  0f 92.1% (95%CI=64.7-98.7%).

281 Studies’ quality was assessed using QUADAS-2'feeFigure E1 depicts the risk-of-bias

282  graph, while Table E5 presents the risk-of-biasrsany. The main quality concerns of the

283  assessed studies are related to patients’ flom@st studies, not all tested patients received a
284 DPT) and to “patient selection domain” (reflecticmncerns on sample representativity). Of
285 allincluded primary studies, only two (1.9%) w@rdged as “low risk” on all bias-related

286  domainé®*® while 12 (11.4%) were judged as “low concern’ainapplicability

287 domai n§4’27’32’34’39’69’77'102’111’114’120’.123

13
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Discussion

In this systematic review, we assessed the diagrasturacy of skin tests and sIgE
guantification for patients reporting a peniciliatergy. In all performed analyses, both skin
tests and sIgE assessment were found to have a&peégificity but a sensitivity to predict
hypersensitivity reactions under 50%. Based ondludsained values, and on a plausible
range of penicillin allergy prevalences, thesestastre projected to have a high NPV, but a

poor PPV.

Importantly, predictive values are influenced bg frevalence of the studied condition, in
this case corresponding to the pre-test probatafityaving a true penicillin allergy. For most
primary studies we do not have individual participkevel information on the
presentation/severity of the index reaction (noreagefined homogenous inclusion criteria
regarding the latter). However, we have informatiwet most participants reported a mild
index reaction, reflecting the fact that most iield studies consist of a description of a
mostly low-risk cohort of patients undergoing agtiastic workup for penicillin allergy. This
may explain why the PPV projected by our modelsawewer than that estimated by a recent
review, that identified a PPV of 8188 However, that latter review included only studies
with detailed characterizations of each particifgainmtdex reaction (and tested with the culprit
drug), who, as such, had a higher pre-test prababfl having a true/severe allergic reaction.
Although we were not able to estimate the diagona@stcuracy of skin tests and specific IgE
for each clinical presentation or risk grétfpwe were able to estimate the sensitivity,
specificity and predictive values for penicilliniskests in patients reporting a delayed
maculopapular exanthema or urticaria/angioedemerefbre, our results apply largely to the
most common patients encountered, particularlyontiNAmerica, namely low risk patients

with rashes and/or swelling.
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This study has some limitations, particularly assted with the included primary studies
(Table 1V lists the limitations of current evidenaed key requirements needed for future
studies). Firstly, only a minority of them perfordnBPT in participants with positive index
results. As a result, our bivariate diagnostic ratalysis included fewer primary studies
than the corresponding individual diagnostic measuneta-analyses. Nevertheless, we
obtained comparable results for the analyses iclwiie two meta-analytic methods were
performed. Another limitation concerns the posgipdf selection bias — in several studies,
not all participants who were subject to an indest inderwent a DPT. This is particularly
true for patients with positive index tests, wittspible implications for sensitivity
estimation. In fact, there were studies which arigllenged patients with mild or borderline
positive skin test&*> To account for this possible bias, we performemsitivity analyses
restricted to (i) studies with at least 50% pasamith positive results on the index test
performing a DPT, and (ii) studies assessing aohparticipants with immediate and non-
immediate reactions (excluding only those with v&gyere index reactions), and testing all
with index tests and DPT. Those sensitivity anaygelded similar results, although with
less precision due to the lower number of primaugies. Nevertheless, even in those

studies, most participants reported a clinicaldmstompatible with a mild index reaction.

In addition, in several studies, more than onexrtdst was performed, with DPT being done
only in those patients who had negative resultdlimdex tests — one particularly common
example is the sequential execution of skin prioét entradermal tests prior to DPT.
Therefore, our pooled estimates do not strictly sneathe “pure” accuracy of each index
test. Nevertheless, for individual diagnostic measuneta-analyses, similar results are
obtained when analyzing only studies performing DiPdll patients with negative and/or
positive results in the corresponding index téafs.were not able to assess the accuracy of

skin prick tests by bivariate random-effects meatahgsis. Nevertheless, results of individual
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diagnostic measures meta-analyses point to a Isevesitivity of skin prick tests (14.6%)
when compared to intradermal tests (29.9%) or thighperformance of both skin prick and
intradermal tests (30.7%) — the performance of pkick tests without intradermal tests can

result in non-identifying a larger proportion ofemjic patients.

Other important limitations concern the low quabfymost included primary studies and —
for some studies — lack of discriminated informatregarding the timing of initial reactions
(on the other hand, patient-reported initial reattiming may be subject to recall bias).
Finally, while DPT was defined as the referencaddad, its accuracy is not 100%, and

protocol variability might affect the primary stegiresults.

This study has also several strengths. In particula combined two different methods —
bivariate diagnostic and individual measure metahsm®es — to estimate summary measures,
obtaining comparable results. To minimize the invdgublication bias, we searched three
different electronic bibliographic databases withapiplying exclusion criteria based on the
date or language of publication. In addition, wefq@ened meta-regression and sensitivity
and subgroup analyses to explore sources of heteetty and hint at variables possibly
associated with differences in penicillin allerggts diagnostic accuracy. Heterogeneity was
low/moderate in most bivariate random-effects natalyses, with substantial heterogeneity
observed in only two analyses (in the remaining beerogeneity was found to be low or
moderate). The year of publication, the region, whdther the suspected culprit drug was
tested were identified as the main variables erpigiheterogeneity. A more recent year was
associated with a decreased summary sensitivikioftests — this may indicate an
improvement of DPT procedures, with more recerdistifollowing/contacting patients for a
longer period of time after performing a DPT, amd simply a worsening accuracy of skin
test$?®. Regarding the region, recent surveys found ingmontegional differences in the
diagnostic workup of penicillin allerd$”**° The included primary studies presented several

16



362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

other differences in their diagnostic approacheas (eegarding testing for minor determinant
mixture, whose individual role we were not ablatiequately assess). However, these
differences were frequently not identified as matlens of heterogeneity, and similar results
were obtained with the sensitivity analysis regddco studies with a “more homogeneous
approach” (which included testing for penicillinlplgsine, minor determinant mixture,

benzylpenicillin and an aminopenicillin).

The topic of this systematic review is particulayevant and timely since penicillin allergy
delabeling is now encouraged as a tool of antibstiewardship and quality improvement by
several organizations — including the American Ascag of Allergy, Asthma &

Immunology, the European Academy of Allergy anch€kl Immunology, the Centers for
Disease Control and Prevention, and the Infectitigsases Society of America. Overall, our
results suggest that, at least in patients rempaidelayed mild index reaction, skin tests may
have a high specificity and negative predictivareabut a low positive predictive value and
sensitivity in identifying patients who will devgd@ hypersensitivity reaction when exposed
to penicillins. If that trend is confirmed by subsent studies, direct performance of DPT
may be a feasible and safe option at least in swtlese patients — in fact, recent studies
have shown that patients whose clinical historyas-severe and imprecise or not compatible
with a true reaction may possibly safely undergd D#thout prior skin tests, particularly if
the reaction did not occur within one hour of pélicingestion**32In addition, our
systematic review points to the need for furtheds minimizing the risk of selection bias
and providing, if not individual-level participadata, at least results by type of index
reaction clinical presentation. Such evidence wanlp in patient stratification, so that
penicillin allergy delabeling could be safely perfed in the most accurate way for each

patient.
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Tables

Table I. Description of studies included in the syematic review and assessed by means of bivariatendom-effects meta-analyses

N

Drugs participants

Reference Country participants Participants Setting Sampling Perforn;ed reported to be Tlmlng of Index react.lo.ns of included
age group method tests . reactions participants
(% females) allergic
Levine BB, b Children and  Patients (not Consecutive Skin tests (SPT; - Immediate and . . s
1068 USA 218 adults specified) sample® IDTY) Penicillins non-immediate MPE; U/A; others unspecified
Warrington RJ, Canada o583 Children and Inpatients and Convenience Skin tests (SPT; Penicillins Immediate and MPE; U/A, others (including anaphylaxis
1978 adults outpatients sample IDTY non-immediate and arthralgias/arthritis)
Blanca M, 1990 Spain odg Children and Outpatients Convenience Sklnl tests Penicillins Immfedlate _and e
adults sample (IDT); slge non-immediate
Sogn DD, 1992 USA 825 Adults Inpatients Consecutive,, kiR testds (SPT; Penicillins Immfedlate gnd €
sample’ IDTY) non-immediate
Romano A, b Children and  Patients (not Consecutive  Skin tests (SPT; . - . .
1995 Italy 60 adults specified) samplé IDT): sIgE Aminopenicillins Non-immediate MPE
Sastre J, 1996 Spain 576 Children and Outpatients Conségutive  Skin testds (SPT; Penicillins Immediate €
adults samplé IDT%
Cederbrant K, Sweden 17 (82) Adults Outpatients Convenience Skin te§ts (SPT; Penicillins Immfedlate _and MPE; U/A; others (|nc_lud|ng Gl reactions
1998 sample IDT); sIgE non-immediate and pruritus)
Loza Cortina C, . . . Convenience Skin tests (SPT; i g Exclusion only of anaphylactic shock
1998 Spain 76 Children OutpatjeR@ sample IDTY); sIgE p-lactams (most cases with MPE or U/A)
Blanca M, 2001 Spain 81 (67) Children and Patlentg (et Convenience slgE Penicillins Immgdlate gnd Anaphylaxis; U/A; MPE
adults specified) sample non-immediate
Forrest DM, Canada 7% Adults Inpatients Convenience Skin tests Penicillins Immediate €
2001 sample
Romano A, Children and  Patients (not  Consecutive . - . . .
2002 Italy 259 (72.6) adults specified) sample Skin tests (IDT) Penicillins Non-immediate MPE; U/A
Brusca |, 2007 Italy 122 (57.4) Children and Outpatients Consecuftlve slgE Penicilling Immediate U/A
adults sample
Goldberg A, Israel 169 (62.7) Children and Outpatients Consecuftlve Skin tests (IDT) Penicillins Immgdlate gnd Exclusion only of life-threatening
2008 adults sample non-immediate reactions
Tantikul C, Thailand 4 Children Inpatients Consecutive Skin tests (SPT) Amoxicillif Immgdlate _and MPE; U/A
2008 samplé non-immediate
. . Consecutive . . .
Caubet JC, 2010  Switzerland 88 (50) Children ED sample slgE B-lactams Non-immediate MPE; U/A
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Macy E, 2010

Richter AG,
2011

Kopac P, 2012
Caubet JC, 2014
Barni S, 2015
Mori F, 2015
Rosenfield L,

2015

Mawhirt SL,
2016

Meng J, 2016

Confino-Cohen
R, 2017
Tannert LK,
2017

Ibariez MD,
2018

USA
UK
Slovenia
Switzerland
Italy

Italy

Canada

USA
UK
Israel

Denmark

Spain

150 (69.3) Adults
47" Adults
Children and
606 (75.9) adults
%6 Children
352 (50.3) Children
190 (47.9) Children
Children and
240 (72.9) adults
49° Adults
84 (66) 9
Children and
642 (51.4) adults
21 (71) Adults
732 (48.8) Children

Outpatients
Outpatients

Outpatients

Outpatients
and ED

Outpatients

Outpatients

Outpatients

Inpatients and
outpatients

Outpatients
Outpatients

Outpatients

Outpatients
and ED

Convenience
sample
Consecutive

samplé
Consecutive
samplé
Convenience
sample
Convenience
sample
Consecutive
sample

Convenience
sample

Convenience
sample
Consecutive

samplé
Consecutive

sample
Convenience

sample

Consecutive
samplé

Skin tests (SPT;
IDTY; sIgE
Skin tests (SPT;
IDT); sIgE
Skin tests (SPT;
IDT); sIgE

Skin tests (IDT)

Skin tests (SPT;
IDT%

Skin tests (SPT;
IDT); sIgE
Skin tests (SPT;

IDTY
Skin tests (SPT;
IDT%
Skin tests (SPT;
IDT); sIgE
Skin tests (IDT)

Skin tests
(IDT); slgE

Skin tests (SPT;
IDT); sIgE

Penicillins
Penicillins"
Penicillins
B-lactams

Amoxicillin

Amoxicillin "

B-lactams

Penicillins"
Penicillins
Penicillins

Penicillins

Penicillin;
amoxicillin-
clavulanate;

cloxacillin

Immediate and
non-immediate

Exclusion only of severe mucocutaneous
reactions, hemolytic anemia or nephritis
Immediate and U/A; rash; pruritus; other isolated
non-immediate reactions; anaphylaxis
Immediate and e

non-immediate

Non-immediate MPE; U/A

MPE; U/A

MPE; U/A,; others (including anaphylaxis
and undefined reactions)

Rash; pruritus; U/A; cardiovascular
reactions; others (including anaphylaxis
and unknown reactions)
Cutaneous or other isolated reactions;
mucocutaneous reactions; anaphylaxis

Non-immediate

Immediate and
non-immediate

Immediate and
non-immediate

Immediate

Immfedlate _and Rash; U/A; anaphylaxis; other/unknown
non-immediate

. . MPE (90%); U/A; other non-severe
Non-immediate i
delayed reactions
Immgdlate gnd Anaphylaxis; U/A; rash
non-immediate

Immediate and
non-immediate

Exclusion only of severe cutaneous
reactions or severe anaphylaxis

ED: Emergency department; IDT: Intradermal test®BvIMaculopapular exanthem; sIgE: Specific IgE; SBKin prick tests; U/A: Urticaria/angioedema; Ubhited Kingdom; USA: United States of America
2 For each primary study, only diagnostic tests whamscuracy could be calculated are listeBex discrimination not availableConsecutive sample consisting of all patients Withory of penicillin allergy and in
whom penicillin is indicated® Skin prick tests and intradermal tests were nesgnted separatefyiNot clearly specified for all patient‘sconsecutive sample consisting of all participarith Wistory/events
compatible with penicillin allergy; Information not availablé;Participants with reported cephalosporin allergyraut being counteiConsecutive sample consisting of all participaessed for penicillin allergy
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Table II. Results of the bivariate diagnostic randm-effects meta-analyses for penicillin allergy diagostic tests

Diagnostic test N AUC- Partial Summary measures (95% CI) Correlation E
9 studies sROC AUC-sROC Sensitivity Specificity LR" LR DOR coefficient®

Skin tests 20 0841 0.686 30.7% (18.9-45.8%)  96.8% (94.2-98.3%40.1 (4.9-18.6) 0.7 (0.6:0.8) 14.7(6.2-29.7) 683  382%

More than 50% participants 8 0.842 0.667 39.2% (14.6-70.0%)  93.5% (83.0-97.8%$.6 (2.1-16.0) 0.6 (0.3-0.9) 11.6(2.5-34.5)  0.545 45.5%

Generalized provocation test§ 4 0.694 0.480 41.2% (14.2-75.0%)  87.4% (54.0-97.6%)3.6 (1.4-8.5) 0.7 (0.4-0.9) 5.5(1.9-12.6) 1.000 6.4%

Consecutive samplé 6 0.655 0.449 23.3% (9.3-47.3%)  95.6% (83.8-98.9%p.5 (1.4-19.8) 0.8 (0.6-1.0) 8.7 (1.5-28.7) 0.416  5.586

Adult participants 5 0.677 0.228 24.2% (11.7-43.5%)  97.6% (94.1-99.09%02.2 (2.7-34.6) 0.8(0.6-0.9) 17.2(3.0-559) ODO 0%

Pediatric participants 5 0.857 0.338 31.5% (10.6-64.1%)  96.0% (87.8-98.7%J.9 (3.9-14.5) 0.7 (0.4-0.9) 11.8(5.0-23.8)  1.000 20.2%
f’e'ggt}ce)zt;;e({"’”"mmed'ate 7 0.926 0.396 44.2% (14.2-79.1%)  95.1% (88.3-98.099.7 (2.6-23.5) 0.6 (0.2-0.9) 21.4(3.0-76.7)  0.335 22.2%
Intradermal tests*® 10 0778 0.582 29.9% (15.0-50.8%)  95.1% (88.1-98.0%6.5 (2.6-13.6) 0.7 (0.5-0.9) 9.2 (3.2-21.1) 0.607 54.8%
'rggi‘gg;rsn)";‘,'f tests (non-immediate ¢ 0.939 0.404 43.1% (12.8-79.5%)  95.1% (90.9-97.5%9.7 (2.1-23.5) 0.6 (0.2-0.9) 23.0(2.3-941)  -@19 35.3%
Specific IgE 11 0760 0.420 19.3% (12.0-29.4%)  97.4% (95.2-93.6%7.7 (3.8-13.8) 0.8 (0.7-0.9) 8.8 (4.3-17.9) 1.000 85%

More than 50% participants 6 0.910 0.132 17.4% (8.7-31.0%)  97.6% (96.0-98.7%).9 (3.4-15.6) 0.8 (0.7-0.9) 9.7 (3.7-21.0) 1.000 %%
Specific IgE (immediate 4 0279 0262  26.2% (18.7-35.3%) 92.1% (64.7-98.7%5.2 (0.7-21.0) 0.8(0.7-1.2) 6.8(0.6-29.2)  -1.000 0%

reactions)®

AUC-sROC: Area under the curve of the summary xesedperating characteristic curve; Cl: Confidemterval; DOR: Diagnostic odds ratio; LR: Likelihdoatio; z=z-score
2 Correlation coefficient between sensitivity antbéapositive rate?, Sensitivity analysis restricted to studies in vihit least 50% of both patients with positive aadative results on index tests received a drug
provocation tesf Studies assessing a mix of participants with imatedand non-immediate reactions (excluding onlgehsith very severe index reactions), and testingitn index tests and DPT;Sensitivity

analysis restricted to consecutive samples of piatigpecifically reporting a history of penicillidiergy and testing for penicillin polylysine, mindeterminant mixture, benzylpenicillin and an aomianicillin; ®

Insufficient number of studies to perform sensijivinalyses as pre-specifiédyll participants had maculopapular exanthem dcaria/angioedema as their index reactfo®ptained with the Higgins estimator.
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Table Ill. Variables identified as associated withheterogeneity in the bivariate diagnostic random-décts meta-analyses for penicillin

allergy diagnostic tests

Variables associated with Variables associated with
Diagnostic test Variables associated with heterogeity * heterogeneity in summary sensitivity heterogeneity in summary
estimation” specificity estimation”
Skin tests Year (£=0.002); Middle Eastp=0.002) Year (z=-2.8=0.005) Middle East (z=-3.4=0.001)
Skin tests (non-immediate  Year (£=0.02); Europe=0.05); Middle East _ .
reactions) (p=0.02); Suspected drug testingr(.02) Year (2=-2.9p=0.004) )
Europe p=0.001); Middle Eastp=0.001); Europe (z=2.4p=0.02); Middle
Intradermal tests Suspected drug testing%0.02) ) East (z=-2.4p=0.02)
Intradermal tests (non- Year (£=0.010); Europep=0.05); Middle East Year (z=-2.7p=0.006) Reported allergy to
immediate reactions) (p=0.05); Suspected drug testing0.05) = P aminopenicillins (z=-2.2p=0.03)
Specific IgE® Adults (p=0.04) Emergency department (z=-2080.05)  Adults (z=-2.6p=0.009)

2 As assessed by the likelihood ratio t8%s assessed by meta-regressfdnsufficient number of studies assessing onlyigigeints reporting immediate reactions to perforetarregression;
Adults=Assessment of adult patients; Year=Publicayiear; z=z-score
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Table IV. Limitations of current evidence and key &pects for future studies

Limitations of current evidence Key requirements needed for future studies

- Inconsistent eligibility criteria often creatitgterogeneous patient - Definition of more homogeneous inclusion crigeio have less
mixes; patient variation;

- Inconsistent reporting of demographic and clihé=tails (e.g., timing - Standardization of testing protocols;

or clinical manifestations of index reactions); - Limitation selection bias through reporting ohsecutive

- Limited ability to assess accuracy of skin testd specific IgE for samples;

different clinical phenotypes or risk groups (excepn-immediate - Inclusion of comprehensive details of index remats (e.g.,
maculopapular exanthema or urticaria/angioedema); clinical manifestations and timing);

- Potential selection bias related to using druaypcation tests; - Presentation of results stratified by differezaetion

- Limited data from Latin America, Asia and Africa. phenotypes and risk groups OR publication of anongch

patient-level data.
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Figure legends

Figure 1. Preferred Reporting Items for SystematidReviews and Meta-Analyses

(PRISMA) flow diagram illustrating study selection process.

Figure 2. Summary ROC curves for the diagnostic pdormance of penicillin skin

tests (all reactions — A; non-immediate reactionsB), intradermal tests (all reactions
— C; non-immediate reactions — D), and specific Iguantification (all reactions —

E; immediate reactions — F):For each test, the summary ROC curve plots theeotise
predicted sensitivity against the false positive.raVithin it, the summary point indicates
the summary (“pooled”) sensitivity and specificitfythe respective test (its precision is
indicated by a 95% confidence region). Both the many point and the summary ROC
curve were calculated based on the diagnostic mespuesented in the included primary
studies. Between-studies variability is plottedtigh 95% prediction regions, which
indicate the region where we are most confidentébediagnostic performance lié%r
immediate reactions, we were not able to plot supR&®C curves, as we had not a
sufficient number of studies presenting valuedrioe positives, true negatives, false

positives and false negatives.

Figure 3. Estimates of the positive and negative pdictive values based on the
pooled sensitivity and specificity obtained by bivaate meta-analysis.Figure 3A
depicts the estimates of the positive predictideeacross a range of penicillin allergy
prevalences (univariate sensitivity analysis). FégBB depicts the probability
distributions (“Probability (%)”) of the positiver@dictive values obtained by means of
probabilistic sensitivity analyses. Figure 3C deptbe estimates of the negative
predictive value across a range of penicillin gjeprevalences (univariate sensitivity
analysis). Figure 3D depicts the probability dsitions (“Probability (%)”) of the
negative predictive values obtained by means dfgdvdistic sensitivity analyses.
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database searching
(n=3952)

Records identified through

A 4

Additional records identified
through other sources
(n=0)

A 4

Records after duplicates removed
(n=2565)

Records screened
(n=2565)

Records excluded
(n=2309)

Y

Full-text articles assessed for
eligibility
(n=256)

\4

|

Studies included in qualitative
synthesis

(n=105)

\ 4

Studies included in quantitative
synthesis (meta-analysis)
(n=105)

- Diagnostic accuracy meta-analysis (n=27)
- Individual diagnostic estimates meta-
analysis (n=105)

Full-text articles excluded (n = 151)

- No specific/sufficient information regarding
penicillins/B-lactams (n=46)
- Only assessed participants with previously confirmed
or excluded drug allergy (n=19)

- Authors did not perform drug provocation test (n=12)
- Participants had a specific disease/occupation (n==8)
- Index tests were not performed (n=6)

- Assessment of cephalosporin allergy only (n=5)

- Drug provocation test performed with a deliberately
different drug class (n=4)

- Assessment of an unrelated subject (n=10)

- Inclusion of the same participants who had also been
assessed in other studies (n=17)

- Full text not obtained (n=24)
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Online repository - Accuracy of penicillin allergy diagnostic tests: A systematic
review and meta-analysis

In this systematic review, we included 105 primstydies, of which 27 studies were included in batar
random-effects meta-analyses, while the remain@ee wnly quantitatively assessed by means of
individual diagnostic parameter estimates metayasig(a less robust approach in the context of meta
analysis of diagnostic studies). The main manusdegcribes the 27 studies included in bivariate
random-effects meta-analyses, as well as the sesiithose analyses. In this online repository, we
describe all included primary studies, and pretfenimethods and results for individual diagnostic
parameter meta-analyses.

Description of all included primary studies

The included studies were published between 196842808, and altogether assessed 31,761 participants
(Table E2¥'% Most studies had been performed in both chil@meh adultsrz45)* >/ 101115-17,22.24.25,27,29-
34,37,38,41,44,48,55,56,59,60,63-66,70,74,75,780781,87-90,92,98 lOSbut 30 assessed excluswely Ch”c?rgﬁ.Q
21,36,42,43,45,46,49-52,54,58,61,67-69,72,73,783786,91,96,101, lOZWhIIe 24 assessed eXC'USIVe'y

adult§ 12,13,18,23,28,35,39,40,47,53,57,62,71,82,845937999,100,103, lOz(nO information prOVIdEd by six studile‘lsﬁ 8,26, 8?

The percentage of females was of 57.1%, basedeorQistudies which provided information on
participants’ gender diStributiéﬁ,ll,lB,14,17-19,21,22,25,27,28,31,33-35,37»303448,51,52,55,57-60,62»66,69-73,75-80,82,83,85-

92,94,95,97-102,104,105

MOSt StudieS assessed Outpatiengjg)lﬁ,7,9—11,13,14,16-21,24-26,29,31-33,35-41,4361»4&50—54,56-60,62,63,65—68,70,71,73-
79,81,83—93,95,96,98-100,102—];06Vith a minority assessing inpatientF¢4f,7,8,12,23,30,34,42,63,64,80,82,843,%mergency
department patientsi£7)'94>°7839410L10%, participants from the general populatior1)®*. For 13
studie§*6:1°:22:27.284955.69.72.10/ha getting of assessed patients was not specifiee sampling method
was Consecutlve fOI‘ 62 Studﬁiégﬁ,ll-l&15,16,21,26,27,29,31-33,36-38,414426148,50,52-54,56»60,62,63,65,66,68-70,72,748733,85-
88,90.92,93,96.98.102.104 hile 41 studies adopted a convenience saffApfe417-202%
25,28,30,34,35,39,40,43,47,49,51,55,64,67,71,734739,91,94,95,97,99»101,103,1;06ne Study assessed a Cluster Sa?ﬁam

another one a volunteer sanfple

For most Studiemé52)1-5,7,8,10-12,16—18,22—31,33,35,38,41,47-49,5158564,66,70,80,84,85,90,93,94,97—103,,185ata were

presented for participants reporting to be alletgipenicillins (excluding othgi-lactam classes); in 43
studies, data were provided for reported allergyverall p-lactam§13:1419-21,32:34,37,39.40,43-46,50,52,54-
58,60,61,65,67,69,72,75,77-79,81-83,87-89,92. 9885, Ty sty dies only included participants with repdrallergy to
aminopenicilling®>36:4268.71.73.74.76.86 9\jinety-four studies provided information on tlype of reaction
participants reporté®131519.21-24.27-68,70-92.94-103105f thage, 31 studies presented discriminatadtses
for pal’ticipants reportlng |mmed|ate reaCtIAbH.SlG ,18,22-24,29,33,36,37,42,51,52,54-56,61%634/76,83,84,86,87,91,96,100, :1.01

and 26 for participants claiming non-immediate tioas">82%27:36.37:40-42,45,52,54,62,63,67.71-
73,76,79,83,90,91,100,101,105

Quality of all included primary studies is summadzn Figure E1 and Table E5.

Meta-analysis of individual diagnostic parameter eimates: Methods

In addition to bivariate random-effects meta-analyse performed individual diagnostic parameter
estimates meta-analysis. This allowed for obtaimiagled estimates with information from primary
studies in which only a subset of participants wangject to drug provocation test (DPT). For exampl
there were several studies in which DPT had ongnheerformed in patients with negative results on
their index tests, only allowing for retrieving tfrequency of true negatives and false negatives.

For each index test, we performed a quantitativetesis of its frequency of positive results, sivisy,
specificity, negative predictive value (NPV) andspiwe predictive value (PPV), using raw data
presented in Table E3. We performed random-effeettm-analyses (based on the restricted maximum
likelihood approach), using logit-transformed prajmms. Heterogeneity was assessed using-edue

of Cochran's Q statistics, atfstatistics: g-value <0.10 and alf>50% were considered to represent
substantia heterogeneity. To identify moderatoraldes, we performed meta-regression analyses
whenever we had more than 10 primary studies. @egstgables were the same assessed in meta-
regression for bivariate random-effects meta-aimlgee Main Manuscript). These variables were



initially individually assessed in univariable aysds. We then performed multivariable meta-regoessi
using Akaike Information Criteria for model seleefi® (with automated selection from all possible
candidate models). Subgroup analyses were alsorpegfl when there were more than three primary
studies. Exponentials of the coefficients and retipe confidence intervals were calculated and
interpreted as odds ratios.

Meta-analysis of individual diagnostic parameter eimates: Results

For all assessed diagnostic tests, Table E4 pseaeniimmary of the pooled frequency of positiveltes
and the separate pooling of sensitivity, specifiaind predictive values (estimates were based in al
studies, including those that did not simultaneppsbvide the number of true positives, true negesti
false positives and false negatives). Table E4 @ssents a summary of each multivariable meta-
regression model with the respective residual bgmeity. Complete results of all performed meta-
regression models and subgroup analyses can bereaph the App in the Online Repository.

Description of App

Online interactive app allowing for explorationtbé meta-analysis results for each penicillin gier
diagnostic test. Results of bivariate meta-analgsgsof single diagnosis measure meta-analysesafdr
diagnosis test can be accessed using the lefbsid&Vithin each page, an interactive table coirigin
raw data and the results of meta-analysis arealispl— data can be filtered by using the activddie
the top row of the interactive table; by doinggsers can perform subgroup analyses.

The page presenting the results for bivariate raatdysis contains a drop-down menu, allowing to
choose the diagnostic tests and reaction timingvfoch results are to be presented.

The pages presenting the results for single estsnaintain a drop-down menu allowing to choose the
diagnostic measure for which results are to begmtesl. In these pages, whenever there are mord.than
primary studies, it is possible to perform univhtaand multivariable meta-regressions — users may
select (and deselect) variables to include in megaession models by interacting with the bottofh-le
panel; meta-regression results appear on the battgrpanel.

Figure E1. Risk--of-bias graph. Review of authorsjudgments of each risk-of-bias and applicability
domain presented as percentages across all includstlidies.Regarding the possibility of bias (risk of
bias domains; top panel), primary studies weresifiad as being of low, unclear or high risk; rediag
the applicability of their results (applicabilitpchains; bottom panel), primary studies were clasbibf
being of low, unclear or high concern. A low risdkas/applicability concern corresponds to higher
quality. Judgements were performed according to QW&-2 criteria.



Table E1. Queries used for searching MEDLINE/PubMedWeb of Science and Scopus

Allergy element

Diagnostic Tests element

Diagnostic Accuracy element

Database Drug element
MEDLINE/Pub  antibiotic*[title/abstract]
Med penicillin*[text word]
beta-lactam*[text word]
drug*title]

allerg*[title/abstract]
hypersensitivity[title/abstract

]

skin test*[title/abstract]

cutaneous test*[title/abstract]

prick [title/abstract]

percutaneous [title/abstract]
puncture [title/abstract]
intradermalltitle/abstract]
patch[title/abstract]
epicutaneousititle/abstract]

in vitro test*[title/abstract]

in vitro allerg* test*[title/abstract]
ige([title/abstract]
immunoglobuline[title/abstract]
sige[title/abstract]

bat(title/abstract]

basophil*activation test[title/abstract]
Itt[title/abstract]
lymphocyt*transformation test[title/abstract]
provocation[text word]
challenge*[text word]

specificity[title/abstract]
false positivel[title/abstract]
false negativeltitle/abstract]
diagnosis[mesh subheading]
sensitivity[text word]
predictive value*[text word])
distinguish*text word]
differentiat*[text word]
enhancement[text word])
identif*[text word]
detect*[text word]
diagnos*[text word]
accura*[text word]
comparison[text word]

Web of Science TS=antibiotic*

TS=penicillin*
TS=beta-lactam*
TI=drug*

TS=allerg*
TS=hypersensitivity

TS=skin test*
TS=cutaneous test*
TS=prick

TS=percutaneous
TS=puncture
TS=intradermal

TS=patch
TS=epicutaneous

TS=in vitro test*

TS=in vitro allerg* test*
TS=IgE
TS=Immunoglobulin E
TS=sIgE

TS=BAT

TS=basophil* activation test
TS=LTT

TS=lymphocyt* transformation test
TS=provocation
TS=challenge*

TS=sensitivity
TS=specificity
TS=false positive
TS=false negative
TS=diagnos*
TS=predictive value*
TS=distinguish*
TS=differentiat*
TS=enhancement
TS=identif*
TS=detect*
TS=accura*
TS=comparison




Scopus

antibiotic* allerg* (TITLE-ABS)

antibiotic* hypersensitivity (TITLE-ABS)
penicillin* allerg* (TITLE-ABS)

penicillin* hypersensitivity (TITLE-ABS)
beta-lactam* allerg* (TITLE-ABS)
beta-lactam* hypersensitivity (TITLE-ABS)
drug* allerg* (TITLE)

drug* hypersensitivity (TITLE)

skin test* (TITLE-ABS)
cutaneous test* (TITLE-ABS)
prick (TITLE-ABS)
percutaneous (TITLE-ABS)
puncture (TITLE-ABS)
intradermal (TITLE-ABS)

patch (TITLE-ABS)
epicutaneous (TITLE-ABS)

in vitro test* (TITLE-ABS)

in vitro allerg* test* (TITLE-ABS)
IgE (TITLE-ABS)
Immunoglobulin E (TITLE-ABS)
sIgE (TITLE-ABS)

BAT (TITLE-ABS)

basophil* activation test (TITLE-ABS)

LTT (TITLE-ABS)

lymphocyt* transformation test (TITLE-ABS)

provocation (TITLE-ABS)
challenge* (TITLE-ABS)

sensitivity (TITLE-ABS)

specificity (TITLE-ABS)

false positive (TITLE-ABS)

false negative (TITLE-ABS) diagnos* (TITLE-ABS)
predictive value* (TITLE-ABS) distinguish* (TITLE-BS)
differentiat* (TITLE-ABS) enhancement (TITLE-ABS)
identif* (TITLE-ABS)

detect* (TITLE-ABS)

accura* (TITLE-ABS)

comparison (TITLE-ABS)




Table E2. Description of studies included in the sfematic review

N participants

Participants’ age

Drugs participants

Reference Country (% females) group Setting Sampling method Performed tests’ reported to be allergic Timing of reactions
Brown BC, 1964 USA 1085° ¢ Outpatients Consecutive sampfe Skin tests (IDT) Penicillins €
Resnik SS, 1965 USA 16 (0) Adults Not specified Volunteer sample irests (IDT) Penicillins €
Levine BB, 1968 USA 218° ChléfgSlTSand Patients (not specified)  Consecutive sampfe Skin tests (SPT; IDT Penicillins Immediate and non-immediate
Wide L, 1971 Sweden 23 ¢ Patients (not specified) Convenience sample Skits ¢DT); sIgE Penicillins Immediate
Warrington RJ, 1978 Canada 253° ChléfgSlTSand Inpatients and outpatients Convenience sample Skin tests (SPT; IDT Penicillins Immediate and non-immediate
Basomba A, 1979 Spain 8P ¢ Patients (not specified) Convenience sample Skin tests (SPT; IDT); slgE B-lactams Immediate and non-immediate
Sullivan TJ, 1981 USA 290 (53.8) Ch'gjlr:sand Inpatients and outpatients Consecutive sampfe Skin tests (SPT; IDT) Penicillins €
Van Arsdel PP, 1986 USA 97" ¢ Inpatients Consecutive samflle Skin tests (SPT; IDT Penicillins €
Graff-Lonnevig V, 1988 Sweden 298" Children Outpatients Convenience sample Skin tests (SPT) B-lactams Immediate and non-immediate
Blanca M, 1990 Spain 288 Ch|£jrjlrt1$and Outpatients Convenience sample Skin tests (IDGE sl Penicillins Immediate and non-immediate
Surtees SJ, 1991 UK 132 (57.6) Chlllddrslrtlsand Outpatients Consecutive sampfe SlgE Penicillins Immediate
Sogn DD, 1992 USA 825° Adults Inpatients Consecutive sample Skin tests (SPT; IDT Penicillins Immediate and non-immediate
Gadde J, 1993 USA 776 (45.4) Adults Outpatients Consecutive sampfe Skin tests (SPT; IDT B-lactams Immediate and non-immediate
Juchet A, 1994 France 45 (44) Children Outpatients Convenienceplam Skin tests (SPT; IDY B-lactams €
Romano A, 1995 Italy 60° ChlélddrleSand Patients (not specified)  Consecutive sample Skin tests (SPT; IDT); slgE Aminopenicillins Non-immediate
Sastre J, 1996 Spain 576° Ch|£jrjlrt1$and Outpatients Consecutive sample Skin tests (SPT; IDT Penicillins Immediate
Children and . . . . A~ . . .
Macy E, 1997 USA 348 (44.0) adults Outpatients Convenience sample Skin tests (SPT; IDT) Penicillins Immediate and non-immediate
Cederbrant K, 1998 Sweden 17 (82) Adults Outpatients Convenience sampl  Skin tests (SPT; IDT); sIgE Penicillins Immediatel non-immediate
Hervé M, 1998 France 112 (43.8) Children Outpatients and ED Convenience sample Skin tests (SPT; IDT); slgE B-lactams Immediate and non-immediate
Loza Cortina C, 1998 Spain 76 Children Outpatients Convenience sample Skin (&8%F; IDT); sIgE B-lactams €
Pichichero ME, 1998 USA 247 (46.2) Children Outpatients Consecutive sampfe Skin tests (SPT; IDT Penézgwgli?pocﬁiﬂgm; Immediate and non-immediate
. Children and ) - . - . . .
Blanca M, 2001 Spain 81 (67) adults Patients (not specified) Convenience sample slgE niclls Immediate and non-immediate
Forrest DM, 2001 Canada 72° Adults Inpatients Convenience sample Skin tests Penicillins Immediate
Lebel B, 2001 France 17 Chlﬁjrj:sand Outpatients Convenience sample Skin tests (IDT) ichtkms | Immediate
; ) . Children and . . . . A~ e
Lépez Tiro JJ, 2001 Mexico 24 (88) adults Outpatients Convenience sample Skin tests (SPT; IDT) Penicillins
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Romano A, 2002

Solensky R, 2002

Torres MJ, 2002
Borch JE, 2006

Wong BBL, 2006
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del Real GA, 2007
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Spain
Italy

USA

Spain
Denmark
Canada
France
Italy

USA
France

Portugal
France

Israel
Australia
Spain
Spain
Thailand
Israel
Portugal

Switzerland
Portugal
USA

Denmark

USA
Spain
South Korea
France
UK

958
259 (72.6)

58 (62)

330°
13
91 (36)
973
122 (57.4)

596 (53.5)
11 (46)
16

1218 (69.8)

169 (62.7)

29 (69)
18

23 (478)
4!]
166 (47.0)
67 (81)

88 (50)
161 (40.4)
150 (69.3)

580 (76.6)
60°
16’
6 (17)
1431 (44.7)
47°

c

Children and
adults

Adults

Children and
adults
Children and
adults
Children and
adults
Children and
adults
Children and
adults
Children and
adults
Adults

Children

Children and
adults
Children and
adults
Adults
Adults
Children and
adults
Children
Children
Children and
adults
Children

Children
Adults
Children and
adults
Children
Children
Children

Children
Adults

Outpatients
Patients (not specified)

Patients (not specified),
hospital staff and students

Outpatients
Inpatients
Outpatients
Outpatients
Outpatients

Inpatients
Outpatients
Outpatients

Outpatients

Outpatients

Outpatients
Outpatients

Outpatients

Inpatients
Outpatients

Outpatients

ED
Outpatients
Outpatients

Outpatients

Patients (not specified)
Outpatients
Outpatients
Outpatients
Outpatients

Consecutive sample

Consecutive sample
Convenience sample

Consecutive sample
Convenience sample

Consecutive sample
Consecutive sample

Consecutive sample

Convenience sample
Convenience sample

Consecutive sample
Consecutive sample

Consecutive sample

Convenience sample
Convenience sample

Consecutive sample

Consecutive sample
Convenience sample

Consecutive sample

Consecutive sample
Conseewsamplé
Convenience sample

Consecutive sample

Convenience sample
Consecutive sanfple
Convenience sample
Consecisévaple
Consecutive sampfe

Skin tests (SPT; IDT)
Skin tests (IDT)

Skin tests (SPT; DT

Skin tests (SPT; IDT
Skin tests (SPT; IDT)
Skin tests (SPT; IDy
Skin tests (SPT; IDT)
slgE

Skin tests (SPT)IDT
SlgE
Skin tests (SPT; IDT)

Skin tests (SPT; IDy

Skin tests (IDT)

Skin tests (SPT; IDT)
Skin teBfE) (

Skin tests (SPT; IDT)

Skin tests (SPT)
Skin tests (SPT; IDT

Skin tests (SPT; IDT); slgE

SlgE
Skin tests (SPT; IDT); slgE
Skin tests (SPT; IDY; slgE

slgE

Skin tests (SPT; IDT)
Skin tests (SPT; IDT); slgE
Skin tests (IDT)

Skin tests (SPT; IDT)
Skin tests (SPT; IDT); sIgE

Penicillins
Penicillins

Penicillins (but not
exclusively amoxicillin
or ampicillin)

Penicillins
Penicillins
Penicillins
B-lactams
Penicilling

B-lactams

Penicillins
Amoxicillin/amoxicillin-
clavulanaté

B-lactams

Penicillins

B-lactams
B-lactams

Penicillins

Amoxicillih
B-lactams

B-lactams

B-lactams
B-lactams
Penicillins

Penicillins
Penicillins

B-lactams
Penicillins

B-lactams
Penicillins

€

Non-immediate

Immediate and non-immediate

Immediate

Immediate and non-immediate

Immediate and non-immediate

Immediate and non-immediate

Immediate

Immediate and non-immediate
Immediate and non-immediate

Immediate and non-immediate

Immediate and non-immediate

Immediate and non-igtiate

Immediate and non-immediate
Non-immediate

Non-immediate

Immediate and non-immediate
Immediate and non-immediate

Immediate and non-immediate

Non-immediate
Immediate and non-immediate
Immediate and non-immediate

Immediate and non-immediate

Immediate and non-immediate
Immediate and non-immediate
Immediate
Immediate and non-immediate
Immediate and non-immediate



Seitz CS, 2011
Celik GE, 2012

Garcia Nufiez I, 2012

Hjortlund J, 2012
Iglesias-Souto J, 2012

Kopac P, 2012

Soto L, 2012

Erkocoglu M, 2013
Hjortlund J, 2013

Macy E, 2013
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Ferré-Ybarz L, 2015
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2016
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Germany

Turkey

Spain

Denmark
Spain

Slovenia

Spain

Turkey
Denmark

USA
USA
Kuwait

Australia
Switzerland
France
USA
Canada

Germany
Spain
Italy

Spain

Spain
Italy

Canada
Canada
Serbia

USA

22
80 (83)

1032

405 (68.6)
756 (45.0)

606 (75.9)

226 (69.9)

70°
342 (70.2)

500 (63.4)
146 (60.3)
124 (68.6)

341 (79.8)
96°
9d
778 (47.2)
563 (51.3)

37 (82)
783 (52.4)
352 (50.3)

267

100 (52.0)
190 (47.9)
240 (72.9)

306 (51.0)
1026 (48.9)

228 (60.1)

Children
Children and
adults
Children and
adults
Adults

Children
Children and
adults
Children and
adults
Children

Adults
Children and
adults
Children and
adults
Children and
adults
Children and
adults
Children

Children

Children
Children and
adults
Adults

Children
Children
Children and
adults
Children and
adults
Children
Children and
adults
Children and
adults

Children

Children and
adults

Outpatients

Patients (not specified)

Outpatients

Outpatients
Outpatients

Outpatients

Outpatients

General population
Outpatients

Inpatients and outpatients

Inpatients
Outpatients

Outpatients
Outpatients and ED
Outpatients
Patients (not specified)
Outpatients

Outpatients
Patients (not specified)
Outpatients

Outpatients

Outpatients
Outpatients
Outpatients

Outpatients
Outpatients

Inpatients

Consecutive saniple

Convenience sample

Consecutive sample

Consecutive sampfe
Consecutvepe’

Consecutive sample

Consecutigamplé

Cluster sample
Consecutarape’

Consecutive sampfe
Convenience sample
Consecutive sample

Consecutive sample
Convenience sample

Consecutive sanfple
Consecutive sampfe

Consecutive sample

Convenience sample
Consecutive sample
Convenience sample

Consecutive sample

Consecutive sample
Consecutiample”

Convenience sample
Consecutive sample
Consecutive sample

Consecutive samfile

Skin tests (SPT; IDT: sIgE
Skin tests (SPT; IDy

Skin tests (SPT; IDT

Skin tests (SPT; IDT); slgE
Skin tests (SPT; IDT

Skin tests (SPT; IDT); slgE

Skin tests (SPT; IDT: sigE

Skin tests (SPT; IDT); slgE
Skin tests (SPT; IDT); slgE

Skin tests (SPT; IDT)
Skin tests (SPT; IDT)
Skin tests (SPT; IDT); slgE

Skin tests (SPT; IDT
Skin tests (IDT)
Skin tests (SPT; IDT)
Skin tests (SPT; IDy
Skin tests (SPT; IDT)

Skin tests (IDT); sIgE
Skin tests (SPT; IDT); slgE
Skin tests (SPT; IDT

Skin tests (SPT; IDT)

Skin tests; sIgE
Skin tests (SPT; IDT); slgE
Skin tests (SPT; IDT

Skin tests (IDT)
Skin tests (IDT)

Skin tests (SPT; IDT)

B-lactams

B-lactams

B-lactams

B-lactams
B-lactams

Penicillins

B-lactams

B-lactams
Penicillins

Penicillins
Penicillins
B-lactams

Penicillins

B-lactams
Amoxicillin/famoxicillin-
clavulanaté

B-lactams

Penicillins
Ampicillin
B-lactams
Amoxicillin

Amoxicillin/famoxicillin-
clavulanate

B-lactams
Amoxicillin

B-lactams
B-lactams
B-lactams

Penicillins

Immediate and non-immediate

Immediate

Immediate

Immediate and non-immediate
Immediate and non-immediate

Immediate and non-immediate

Immediate and non-immediate

Immediate
Immediated non-immediate

Immediate and non-immediate

Immediate and non-immediate

Immediate and non-immediate

Immediate and non-immediate
Non-immediate
Immediate and non-immediate
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Immediate and+immediate

Non-immediate
Immediate and non-immediate
Non-immediate

Immediate

Immediate and non-immediate
Immediate and non-immediate

Immediate and non-immediate

Immediate and non-immediate

Non-immediate

Immediate and+immediate



Chiriac AM, 2016

King EA, 2016
Manuyakorn W, 2016
Mawhirt SL, 2016
Meng J, 2016
Mill C, 2016

Moreno E, 2016
Mota I, 2016
Ratzon R, 2016
Confino-Cohen R, 2017
Faitelson Y, 2017

Fazlollahi MR, 2017

Juri MC, 2017
Marwood J, 2017
McDanel DL, 2017
Misirlioglu ED, 2017
Ramsey A, 2017

Soria A, 2017

Sundquist BK, 2017

Tannert LK, 2017
Vyles D, 2017

Ibafiez MD, 2018

Marraccini P, 2018
Moussa Y, 2018

Sedlackova L, 2018

France

USA
Thailand
USA
UK
Canada

Spain
Portugal
Israel
Israel
Israel

Iran

Argentina
Australia
USA
Turkey
USA

France

USA

Denmark
USA

Spain

Italy
Canada
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Republic
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49°
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50 (62)
642 (51.4)

133 (47.4)

51 (57)

178°
103 (54.4)
161 (64.6)
346°
50 (54)

325 (64.0)

37 (51)

21 (71)
100 (35.0)

732 (48.8)

G
194 (66.5)

24 (79)

Children and
adults
Adults

Children
Adults
c
Children

Children and
adults

Children and
adults

Children and
adults

Children and
adults

Children

Children and
adults
Adults

Adults
Adults
Children
Adults

Children and
adults

Adults

Adults
Children

Children

Adults
Adults
Children and
adults

Outpatients

Inpatients
Outpatients and ED
Inpatients and outpatients
Outpatients
Outpatients

Outpatients
Outpatients
Outpatients
Outpatients
Outpatients

Outpatients

Outpatients
ED
Outpatients
Outpatients
Inpatients

Outpatients

Outpatients

Outpatients
ED

Outpatients and ED

Outpatients
Outpatients

Patients (not specified)

Consecutive sampfe

Consecutive saniple
Consecutive sampfe

Convenience gamp
Consecutive sample
Consecutivepkdmn

Consecutive sampfe
Consecutive sample

Convenience sample
Consecutive sample

Convenience sample

Consecutive sample

Consecutive sampfe
Convenience sample

Convenience sample
Consecutive sample

Convenience sample

Consecutive sample

Convenience sample

Convenience $amp
Convenience sample

Cantbez samplé

Convenience sample
Consecutimgpk

Convenience sample

Skin tests

Skin tests (SPT; IDT)
Skin tests (SPT; IDT)
Skin tests (SPT; IDY
Skin tests (SPT; IDT); slgE
Skin tests (SPT; IDT)

Skin tests (SPT; IDT

Skin tests (SPT; IDT)

Skin tests (SPT; IDy
Skin tests (IDT)
Skin tests (SPT)

Skin tests (IDT)

Skin tests
kin gests (SPT; IDT)
Skin tests (SPT; IDT)
Skin tests (SPT; IDT)
Skin tests (SPT; IDy

Skin tests (SPT; IDT)

Skin tests (SPT; IDT)

Skin tests (IDT); slgE
Skin tests (SPT; IDT)

Skin tests (SPT; IDT); slgE

Skin tests (SPT; IDY; slgE
Skin tests (SPT; IDT

Skin tests; sIgE

B-lactams

B-lactams
B-lactams
Penicillins
Penicillins
Amoxicillin

B-lactams
B-lactams
B-lactams

Penicillins

Amoxicillinfamoxicillin-
clavulanate

B-lactams

Penicillins
Penicillins

B-lactams

B-lactams
Penicillins

Penicillins

Penicillin; amoxicillin/
amoxicillin-clavulanate
Penicillins
Penicillins
Penicillin; amoxicillin-
clavulanate; cloxacillin
Penicillins
B-lactams
Penicillin; amoxicillin/
amoxicillin-clavulanate

Immediate and non-immediate

Immediate and non-immediate
Immediate and non-immediate
Immediate
Immediate and non-immediate
Immediate

Immediate

Immediate and non-immediate

Immediate and non-immediate

Non-immediate

Immediate and non-immediate

Immediate and non-immediate

€

Immediate and non-immediate
Immediate and non-immediate
Immediate
Immediate and non-immediate

Immediate and+immediate

Immediate and non-immediate

Immediate am@h-immediate
Immediate and non-immediate

Immediate and non-immediate

Immediate and non-immediate

€

Non-immediate

2 For each primary study, only diagnostic tests whascuracy could be calculated are listeBex discrimination not availableinformation on patients’ age group not
available® Consecutive sample consisting of all patients Wigtory of penicillin allergy and in whom penidilis indicated ¢ Information not provided; Skin prick tests
and intradermal tests were not presented sepat&t€lgnsecutive sample consisting of all participaessed for penicillin allergy! Consecutive sample consisting of all
participants with history/events compatible witmigdlin allergy;' Participants with reported cephalosporin allergy ot being countedlConsecutive sample consisting of

all patients observed by seven clinical speciatifes hospital.



Table E3.Description per study of (i) the number of participants performing each diagnostic index test and drug provocation tés(with their respective results),
and (ii) of the corresponding diagnostic measuresénsitivity, specificity and predictive values)

A. Skin tests
A d N participants Participants with positive skin tests Participantswith negative skin tests PPV NPV
Reference dru s/jv:tiz Srfneinants performing skin Total N No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) %) (%)
g tests (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
416 669
Brown BC, 1964 PPL 1085 (38.3) 383 9 24 61.7) 669 0 0 - - 27.3 -
Resnik SS, 1965 PPL 16 6 (38) 0 0 6 10 (62) 0 0 10 - 62.5 0 100
Levine BB, 1968* PPL; MDM 218 32 (14.7% 21 8 & (8];182)3 0 1 184 88.9 98.4 72.7 99.5
Wide L, 1971 PPL; PEN-G 23 9 (39) 9 0 0 14 (61) 0 0 14 - - - 100
Warrington RJ, PPL; MDM; Unspecified 224
1978 aminapenicillins 253 29 (11.5) 23 0 6 (88.5) 55 2 167 0 96.5 0 98.8
Basomba A, 1979 PPL; PEN-G; AMP 81 65 (80) 65 0 0 16 (20) 8 2 6 - - - 75.0
. PPL; MDM; PEN-G; 144 146
Sullivan TJ, 1981 AMP: CAR: CEF 290 (49.7) 144 0 0 (50.3) 63 3 80 - - - 96.4
Van ?;Z%e' PP, PPL; MDM 97 12 (19 12 0 0 79 (89 12 2 65 ; ; ; 97.0
Graﬁ"'l‘;%rée"'g V. PEN-G; PEN-V 298 0 (0) ; - - 298 (100) 1 30 267 - - ; 89.9
Blanca M, 1990* PPL; MDM; AMX; AMP 278 36 (12.9) 34 2 0 (5;121) 1 19 222 9.5 100 100 92.1
Sogn DD, 1992* PPL; MDM 825 e 138 4 4 g 90 7 559 36.4 99.3 50.0 98.8
’ ’ @r.7} (79.5}
Gadde J, 1993 PPL; MDM 776 55 (7.9 55 0 0 (Joog)a 51 34 615 - - - 94.8
Juchet A, 1994 PPL; MDM 45 17 (38) 17 0 0 28 (62) 17 2 9 - - - 81.8
Romano A, 1995* PPL; MDM; PEN-G; AMP 60 33 (55) 15 18 0 27 (45) 11 0 16 100 100 100 100
PPL; MDM; PEN-G; 505
" ; 5 ;
Sastre J, 1996 AMX 576 71 (12.3) 69 2 0 87.7) 0 5 500 28.6 100 100 99.0
PPL; MDM; PEN-G; 288
Macy E, 1997 AMX 348 60 (17.2) 60 0 0 (82.8) 73 13 202 - - - 94.0
Cederbrant K, PPL; MDM; PEN-G; PEN-
1998+ V: AMP: CLO: BAC 17 4 (24) & 1 0 13 (76) 2 5 6 16.7 100 100 54.5
Hervé M, 1998  ©°0 MDN(':;SMX; AMX- 108 39 (36.1) 39 0 0 69 (63.9) 17 6 46 - - - 88.5
Loza Cortina C, PPL; MDM; PEN-G;
1998 AMX: AMP 21 4 (19) 1 3 0 17 (81) 1 1 15 75.0 100 100 93.8
Pichichero ME, . . ) 194 ) ) )
1998 PPL; MDM; PEN-G 247 53 (21.5) 53 0 0 (78.5) 0 5 189 97.4



Forrest DM, 2001*
L6pez Tiro JJ, 2001

Novalbos A, 2001

Romano A, 2002*
Solensky R, 2002
Torres MJ, 2002

Borch JE, 2006
Wong BBL, 2006

del Real GA, 2007

Rebelo Gomes E,
2007

Goldberg A, 2008*
Nolan RC, 2008

Padial A, 2008
Rodriguez-Alvarez
M, 2008

Tantikul C, 2008*

Hershkovich J, 2009

Silva R, 2009

Chambel M, 2010

Macy E, 2010
Kamboj S, 2011

Moral L, 2011
Na HR, 2011
Ponvert C, 2011
Richter AG, 2011*

Unspecified
PPL; MDM; PEN-G
PPL; MDM; PEN-G;
AMX °©
PPL; MDM; PEN-G;
AMX; AMP
PPL; MDM; PEN-G
MDM; PEN-G; AMX;
AMP
PPL; MDM; PEN-G; AMP
PPL; MDM; PEN-G; AMP

PPL; PEN-G

Unspecified

PPL; MDM; PEN-G;
AMX; AMP
PPL; MDM
MDM; PEN-G; AMX;
AMP; CLO; Unspecified
cephalosporins
PPL; MDM; Unspecified
penicillins; AMX; AMP;
Unspecified
cephalosporins
AMX; LEX

PPL; MDM; PEN-G

PPL; MDM; AMX; AMP;
Suspected drug
PPL; MDM; Unspecified
penicillins; AMX; AMX-
CLV; CXM

MDM; AMX

PEN-G; AMP; Unspecified

cephalosporins
PPL; MDM; Unspecified
penicillins; Suspected dru¢
Suspected drug

Suspected drug
PPL; MDM; AMX ¢

72
24

958

259
58
330

13
91

596

16

169
29

18

23

166

67

47

150

60

16

1431
47

4 (6)
23 (96)

38 (4.0)

105
(40.5)
5 (9)
203
(61.5)
1(8)
16 (18)

49 (8.2}
0 (0)

73 (43.2)
4 (14)

2 (11)

14
1 (25)
4(2.4)

6 (9)

8 (17)

6 (4.0)
4(7)
0 (0)
2 (40)
99 (6.9)
8 (17)

23
38

100

203

16
49

99

© o © N

1

68 (94)
1 (4)
920
(96.0)
154
(59.5)
53 (91)
127
(38.5)
12 (92)
75 (82)
527
(88.4

16 (100)

96 (56.8)
25 (86)

16 (89)

22 (95.7)

3 (75)
162
(97.6)

61 (91)

39 (83)
144
(96.0)
56 (93)

16 (100)

3 (60)
1332
(93.1)
39 (83)

7

29

38

237

28

16

60 0 98.4 0

917 - - -

122 400 976 400
48 - . ;
40 . - ;

12 - - -
70 - - -

285 - - -
15 - - -

90 636 600  10.4
21 - - -

17 - - -

3 100 100 100
156 - - -

29 - - -

137 - - -
52 - - -

16 - - -
0 40.0 - 001
1204 5 5 5
28 16.7 96.6 50.0

10

98.4

99.7

97.6
98.0
44.9

100
97.2

98.3

93.8

95.7
84.0

81.0

100
96.3

93.9

96.7

97.9

92.9

100

91.6

84.8



Seitz CS, 2011

Celik GE, 2012

Garcia Nufiez |,
2012

Hjortlund J, 2012

Iglesias-Souto J,
2012

Kopac P, 2012

Soto L, 2012

Erkocgoglu M, 2013

Hjortlund J, 2013
Macy E, 2013

Rimawi RH, 2013
Al-Ahmad M, 2014

Bourke J, 2014
Caubet JC, 2014*

Colas H, 2014

Fox SJ, 2014

Picard M, 2014

Trautmann A, 2014
Zambonino MA,
2014

Barni S, 2015*

Blanca-Lopez N,
2015
Ferré-Ybarz L, 2015
Rosenfield L, 2015*

Unspecified
PPL; MDM
PPL; MDM; PEN-G;
AMX-CLV; AMP

PEN-G; AMP

PPL; MDM; PEN-G;
AMX; CFZ
PPL; MDM; Suspected
drug

Unspecified

PPL; MDM; PEN-G;
AMX; AMP; CEC;
Unspecified
cephalosporins

PPL; MDM
PPL; MDM; AMX

PPL; PEN-G

PPL; MDM; AMX; AMP
PPL; MDM; PEN-G;
AMX; CRO; CFZ;
Indicated drug
PPL; MDM; AMX; CXM '
Unspecified penicillins;
Unspecified
cephalosporins

PPL; PEN-G; AMX

PEN-G

PEN-G; AMP; CRO
PPL; MDM; AMX; AMX-
CLV; CXM

AMX

PPL; MDM; AMX; CLV

PPL; MDM; AMX; CXM ¢
PPL; MDM; PEN-G;

22
80

1004

405

756

274

226

70

342

500

146
124

341

96

90

778

563
37
781

352

261

82
240

1(5)
24 (30)

79 (7.9F
21(5.2)
19 (2.5)

14 (5.1)

39 (17.3)

3(4)

35 (10.2)
4(0.8)
1(0.7)

44 (35.5)

42 (12.3)
14 (15)

2(2)

66 (8.8)

185
(32.9)
10 (27)

4 (0.5)
3(0.9)

29 (11.1)

34
17 (7.1)

1
24

21

19

14

39

35

44

42

66

185
10

29

14

0

21 (95)
56 (70)
898

(89.4)
384

(94.8)
737

(97.5)
260

(94.9)
187

(82.7)

67 (96)

307
(89.8)
496
(99.2)
145
(99.3)
80 (64.5)

299
(87.7)

82 (85)
88 (98)

703
(90.4%

378
(67.1)

27 (73)

777
(99.5)

349
(99.1)

232
(88.9)

79 (96)

223

0
16

44

46

16

23

46

21

50

14

18

56

23

11

12

35 - - -
875 - - -

294 - - -

734 - - -

239 - - -

137 - - -

62 - - -

241 - - -

492 - - -

145 - - -
78 - - -

292 = = =

75 50.0 91.5 50.0

355 - - -

357 - - -
26 - - -
721 - - -

312 8.0 99.7 66.7

221 = = =

76 - - -
210 7.7 99.1 333

100
B7

97.4

86.5

99.6

91.9

97.2

100

82.8

99.2

100
98.7

97.7

91.5

97.7

96.2

95.2
96.3
92.8

93.1

95.3

98.7
94.6



Abrams EM, 2016

Atanaskovic-
Markovic M, 2016

Chen JR, 2016

Chiriac AM, 2016

King EA, 2016
Manuyakorn W,
2016

Mawhirt SL, 2016*

Meng J, 2016*
Mill C, 2016
Moreno E, 2016

Mota I, 2016

Ratzon R, 2016
Confino-Cohen R,
2017~
Faitelson Y, 2017
Fazlollahi MR, 2017

Juri MC, 2017
Marwood J, 2017
McDanel DL, 2017
Misirlioglu ED,
2017
Ramsey A, 2017

Soria A, 2017
Sundquist BK, 2017

Tannert LK, 2017
Vyles D, 2017

Suspected drug
PPL; PEN-G; AMP
PPL; MDM; PEN-G;

AMX; AMP; Suspected

drug"
PPL; MDM; PEN-G

PPL; MDM; AMX; AMP;

Suspected drug
PPL; PEN-G
PEN-G; AMX-CLV;

AMP; Suspected drug

PPL; MDM; Drugs
received on DPT
PPL; MDM; PEN-G;
AMX
PPL; PEN-G
PPL; MDM; PEN-G;
AMX
PPL; MDM; PEN-G;
AMX; CLV; CXM;
Suspected drug
Suspected drug
PPL; MDM; PEN-G;

AMX; Suspected drug

PEN-G; AMX
PPL; MDM; AMX

Unspecified
PPL; MDM; AMX
PPL; PEN-G
PPL; MDM; PEN-G;

AMX-CLV; Suspected

drug
PPL; PEN-G

Unspecified penicillins;
AMX; AMX-CLV; OXA,;

CLO
PPL; MDM
Suspected drug
PPL; MDM

106

1026

228

2821
50
126

49

84
17
1779

219

50
642

128
44

178

103

140

346

50

259

37

100

1(0.9)

61 (5.9)

4(1.8)

466
(16.5)
0(0)

12 (9.5)
4(8)

22 (26)

1(6)
403
(22.7)

30 (13.7)

0 (0)
34 (5.3)

0 (0)
8 (18)

33 (18.5)
16 (15.5)
0 (Of
28 (8.1)
2 (47
33(12.7)
0 (0)

21 (100)
3 (3.0)

61

466

12

19

403

28

33

0

(92.9)
105
(99.1)

965
(94.1)

224
(98.2)
2355
(83.5)
50 (100)
114
(90.5)

45 (92)

62 (74)

16 (94)
1376
(77.3)

189
(86.3)

50 (100)
400
(62.3)

128 (100)
36 (82)
145
(81.5)
87 (84.5)
139
(99.3

318
(91.9)
47 (945
226
(87.3)
37 (100)

0 (0)
97 (97.0)

10

22

18

120

19

0

19

171

10

16
42

40
10

13

100

946

223

2184
49
104

37

60

1322

184

47
350

118
13

114

81

19

301

28

218

36

97

97.4 0
95.2 0
- 100
92.6 6.7
- .358
97.0 0

95.2

98.0

99.6

92.7
®8.
91.2

88.1

96.8

96.9

97.4

94.0
89.7

92.2
92.9

89.8

96.4

100

94.7

100

96.9

100

100



PPL; MDM; PEN-G; PEN-

AR *
Ibafiez MD, 2018 G AMX: AMX-CLV 726
Marraccini P, 2018 PPL; MDM; AMX 26
Moussa Y, 2018 PPL 194
Sedlackova L, 2018 " MDM; PEN-G; 21

AMX-CLV
A.1. Skin tests (immediate reactions)

15 (2.1)
1(4)
4(2.1)

5 (24)

0

0

711
(97.9)
25 (96)
190
(97.9)

16 (76)

6

30

681
24
139

9.1

98.3

20.0

95.8
96.0
95.2

90.0

N participants

Participants with positive skin tests

Participants with negative skin tests

Reference dru s/;“dsstiz S;Srf;gants performing skin Total N No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) TOZ;/ ,ZIOZ;/
9 tests (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
Wide L, 1971 PPL; PEN-G 23 9 (39) 9 0 0 14 (61) 0 0 14 - - - 100
PPL; MDM; PEN-G; 505
Sastre J, 1996 AMX 576 71 (12.3) 69 2 0 (87.7) 0 5 500 28.6 100 100 99.0
PPL; MDM; PEN-G; PEN-
Cederbrant K, 1998 V: AMP: CLO: BAC 8 2 (25) 2 0 0 6 (75) 1 4 1 - - - 20.0
MDM; PEN-G; AMX; 203 127
Torres MJ, 2002 AMP 330 (61.5) 203 0 0 (38.5) 38 49 40 - - - 44.9
Rebe'goeogmes = Unspecified 2 0 (0) - - - 2 (100) 0 0 2 - - - 100
PPL; MDM; AMX; AMP; 131
Bousquet PJ, 2008 Suspected drug 205 74 (36.1) 74 0 0 (63.9) 0 20 111 - - - 84.7
Tantikul C, 2008 AMX; LEX 2 0 (0) - - - 2 (100) 0 0 2 - - - 100
Na HR, 2011 Suspected drug 5 2 (40) 0 0 3 (60) 3 0 40.0 - 100 0
Ponvert C, 2011 Suspected drug 162 43 (26.5) 43 0 0 (3'3:}95) 0 7 112 - - - 94.1
Seitz CS, 2011 Unspecified 10 0 (0) - - - 10 (100) 0 10 - - - 100
Celik GE, 2012 PPL; MDM 80 24 (30) 24 0 0 56 (70) 16 5 35 - - - 87.5
Garcia Nufiez |, PPL; MDM; PEN-G; 898
2012 AMX-CLV: AMP 1004 79 (7.9§ 79 0 0 (89.4)° 0 23 875 - - - 97.4
PPL; MDM; PEN-G;
AMX; AMP; CEC;
Erkogoglu M, 2013 Unspecified 70 3(4) 3 0 0 67 (96) 5 0 62 - - - 100
cephalosporins
Hjortlund J, 2013 PPL; MDM 36 5 (14) 5 0 0 31 (86) 11 19 - - - 63.3
Macy E, 2013 PPL; MDM; AMX 52 1(2) 1 0 0 51 (98) 0 1 50 - - - 98.0
Zambonino MA, PPL; MDM; AMX; AMX-
2014 CLV: CXM 64 2(3) 2 0 0 62 (97) 0 5 57 - - - 91.9
Blanca-Lopez N, . . . 232 ) ) )
2015 PPL; MDM; AMX; CLV 261 29 (11.1) 29 0 0 (88.9) 0 11 221 95.3
Mori F, 2015 AMX 38 3(8) 2 1 0 35(92) 0 2 33 33.3 100 100 94.3
Manuyakorn W, PEN-G; AMX-CLV; 40 9 (23) 9 0 0 31 (78) 0 6 25 - - - 80.6

13



2016
Mawhirt SL, 2016
Mill C, 2016
Moreno E, 2016
Faitelson Y, 2017

Misirlioglu ED,
2017

Tannert LK, 2017

AMP; Suspected drug
PPL; MDM; Drugs
received on DPT
PPL; PEN-G
PPL; MDM; PEN-G;
AMX
PEN-G; AMX
PPL; MDM; PEN-G;
AMX-CLV; Suspected
drug
Suspected drug

49
17
1779
6

346

17

4(8)

1(6)
403
(22.7)
0 (0)

28 (8.1)

17 (100)

3 0
0 1
403 0
28 0
7 6

4

1

45 (92) 3 5 37
16 (94) 0 16 0
1376
77.3) 12 42 1322
6 (100) 0 0 6
318
©1.9) 0 17 301
0 (0) . z .

60.0

A.2. Skin tests (non-immediate reactions)

N participants

Participants with positive skin tests

Participantswith negative skin tests

Reference dru s/;“j:ti S;Srﬁgants performing skin Total N No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) ?OZ;/ T(;);/
g tests (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
Romano A, 1995* PPL; MDM; PEN-G; AMP 60 33 (55) 15 18 0 27 (45) 11 0 16 100 100 100 100
Cederbrant K, PPL; MDM; PEN-G; PEN-
1998 V: AMP: CLO: BAC 9 2 (22) 1 1 0 7 (78) 1 1 5 50.0 100 100 83.3
PPL; MDM; PEN-G; 105 154
5 3 5 5
Romano A, 2002 AMX: AMP 259 (40.5) 100 2 3 (59.5) 29 3 122 40.0 97.6 40.0 97.6
Rebe'goGogmes E. Unspecified 14 0(0) - - - 14 (100) 0 1 13 - - - 92.9
PPL; MDM; AMX; AMP; 587
Bousquet PJ, 2008 Suspected drug 658 71 (10.8) 71 0 0 (89.2) 0 36 551 - - - 93.9
MDM; PEN-G; AMX;
Padial A, 2008 AMP; CLO; Unspecified 18 2 (11) 0 2 0 16 (89) 0 16 0 111 - 100 0
cephalosporins
PPL; MDM; Unspecified
Rodriguez-Alvarez  penicillins; AMX; AMP; _ _ )
M, 2008 Unspecified 23 1(4) 1 0 0 22 (96) 1 4 17 81.0
cephalosporins
Tantikul C, 2008* AMX; LEX 2 1 (50) 0 1 0 1 (50) 0 0 1 100 100 100 100
Ponvert C, 2011 Suspected drug 1269 56 (4.4) 56 0 0 (2251:) 17 104 1092 - - - 91.3
Seitz CS, 2011 Unspecified 12 1(8) 1 0 0 11 (92) 0 0 11 - - - 100
Hjortlund J, 2013 PPL; MDM 235 24 (10.2) 24 0 0 (53%3) 9 36 166 - - - 82.2
Macy E, 2013 PPL; MDM; AMX 296 3(1.0) 3 0 0 (53%) 3 290 - - - 99.0
Caubet JC, 2014* PPL; MDM; AMX; CXM f 96 14 (15) 0 7 7 82 (85) 0 7 75 50.0 91.5 50.0 91.5
Trautmann A, 2014 PEN-G; AMP; CRO 37 10 (27) 10 0 27 (73) 0 1 26 - - 96.3
Zambonino MA, PPL; MDM; AMX; AMX- 717 2 (0.3) 2 0 0 715 0 51 664 - - - 92.9
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2014
Barni S, 2015*

Atanaskovic-
Markovic M, 2016

Manuyakorn W,
2016
Confino-Cohen R,
2017~
Faitelson Y, 2017

Sedlackova L, 2018

CLV; CXM
AMX

PPL; MDM; PEN-G;
AMX; AMP; Suspected
drug"

PEN-G; AMX-CLV;
AMP; Suspected drug
PPL; MDM; PEN-G;
AMX; Suspected drug
PEN-G; AMX
PPL; MDM; PEN-G;

AMX-CLV

352

1026

86

642
101
21

3(0.9)

61 (5.9)

3(4)

34 (5.3}
0 (0)
5 (24)

61

3

4

5

2

0

28

0

(99.7)
349
(99.1)

965
(94.1)
83 (96)

400
(62.3}
101 (100)

16 (76)

14

6

23

19

4

40

10

1

312

946

79

350
91
9

8.0

4.8

99.7

92.6

66.7

6.7

93.1

98.0

95.2

89.7
90.1
90.0

B. Skin prick tests

Participants with negative skin prick tests

N participants

Participants with positive skin prick tests

Reference dru S’?j;i Sr;eigants performing skin Total No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) TOZ;/ 'ZLZ;/
g prick tests N (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
Basomba A, 1979 PPL; PEN-G; AMP 81 31 (38) 31 0 0 50 (62) 35 5 10 - - - 66.7
. PPL; MDM; PEN-G; 256
Sullivan TJ, 1981 AMP: CAR: CEF 290 34 (12) 34 0 0 (88.3) 173 3 80 - - - 96.4
Graﬁ"‘l‘;%%ev'g Vi PEN-G; PEN-V 298 0(0) ; ; ; 298 (100) 1 30 267 ; ; ; 89.9
Romano A, 1995  PPL; MDM; PEN-G; AMP 18 0 (0) - - - 18 (100) 0 18 0 - - - 0
PPL; MDM; PEN-G; 342
Macy E, 1997 AMX 348 6 (1.7) 6 0 0 (98.3) 127 13 202 - - - 94.0
PPL; MDM; PEN-G; PEN-
Cederbrant K, 1998 V: AMP: CLO: BAC 17 1(6) 0 1 0 16 (94) 5 5 6 16.7 100 100 54.5
p PPL; MDM; AMX; AMX- 105
Hervé M, 1998 CLV 108 3(2.8) 3 0 0 (97.2) 53 6 46 - - - 88.5
Lopez Tiro JJ, 2001 PPL; MDM; PEN-G 24 12 (50) 12 0 0 12 (50) 11 1 0 - - - 0
PPL; MDM; PEN-G; 950
Novalbos A, 2001 AMX © 958 8 (0.8) 8 0 0 (99.2) 30 3 917 - - - 99.7
PPL; MDM; PEN-G;
Borch JE, 2006 AMP: AMX 13 0 (0) - - - 13 (100) 1 0 12 - - - 100
PPL; MDM; AMX; AMP; 21 952
Bousquet PJ, 2007 Suspected drug 973 2.2) 21 0 0 (97.8) 120 69 763 - - - 91.7
Rebe'go(ggmes E, Unspecified 16 0(0) . - ; 16 (100) 0 1 15 . . - 93.8
Nolan RC, 2008 PPL; MDM; AMX 29 0 (0) - - - 29 (100) 4 4 21 - - - 84.0
Rodriquez-Alvarez PPL; MDM; Unspecified
Y penicillins; AMX; AMP; 23 0 (0) - - - 23 (100) 2 4 17 - - - 81.0

M, 2008

Unspecified
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Tantikul C, 2008
Silva R, 2009

Chambel M, 2010

Kamboj S, 2011
Moral L, 2011

Ponvert C, 2011
Richter AG, 2011
Hjortlund J, 2012

Kopac P, 2012

Erkocgoglu M, 2013

Hjortlund J,2013

Macy E, 2013
Rimawi RH, 2013

Al-Ahmad M, 2014

Colas H, 2014

Picard M, 2014

Zambonino MA,
2014
Blanca-Lopez N,
2015

Mori F, 2015

Chen JR, 2016

King EA, 2016
Manuyakorn W,

cephalosporins
AMX; LEX
PPL; MDM; AMX; AMP;
Suspected drug
PPL; MDM; Unspecified
penicillins; AMX; AMX-
CLV; CXM
PEN-G; AMP; Unspecified
cephalosporins
PPL; MDM; Unspecified
penicillins; Suspected dru¢

Suspected drug
PPL; MDM; AMX ¢
PEN-G; AMP; AMX

PPL; MDM; Suspected
drug
PPL; MDM; PEN-G;
AMX; AMP; CEC;
Unspecified
cephalosporins
PPL; MDM; PEN-V;
AMX
PPL; MDM; AMX
PPL; PEN-G

PPL; MDM; AMX; AMP

Unspecified penicillins;
Unspecified
cephalosporins

PEN-G

PPL; MDM; AMX; AMX-
CLV; CXM

PPL; MDM; AMX; CLV
AMX

PPL; MDM; PEN-G

PPL; PEN-G
PEN-G; AMX-CLV;,

67

47

60

16

1431
47
405

274

70

342

500
146

124

90

563

781

261

190

228

50
126

1 (25)
3 (5)

0 (0)

309
0(0)

2(0.1)
1(2)
1(0.2)

6 (2.2)

2 (3)

1(0.3)

0(0)
0(0)
15
(12.1)

0(0)

1(0.2)
1(0.1)
9 (3.4)
1(0.5)

4(1.8)

0 (0)
4(3.2)

3 (75)
64 (95)

47 (100)

57 (95)

16 (100)

1429
(99.9)
46 (98)
404
(99.8)
268
(97.8)

68 (97)

341
(99.7)
500 (100)

146 (100)

109
(87.9)

90 (100)

562
(99.8)
780
(99.9)
252
(96.6)
189
(99.5)
224
(98.2)

50 (100)

122

0
31

187

20

12

111

46

19

18

56

11

17

31

29

52

16

1204
35
294

241

62

241

492
145

78

86

357

721

221

160

223

49
104

100

100

100

16

100
93.9

96.7

92.9

100

91.6
85.4
86.5

92.7

100

82.8

99.2
100

98.7

97.7

95.2

92.8

95.3

90.4

99.6

98.0
91.2



2016 AMP; Suspected drug (96.8)
Meng J, 2016 G MADM'\Q(; FIENRE, 84 4 (5) 4 0 0 80 (95) 18 2 60 - - - 96.8
Mill C, 2016 PPL; PEN-G 17 1 (6) 0 1 0 16 (94) 0 16 0 5.9 - 100 0
PPL; MDM; PEN-G; 214
Mota I, 2016 AMX; CLV; CXM; 219 5 (2.3) 5 0 0 25 5 184 - - - 97.4
(97.7)
Suspected drug
Faitelson Y, 2017 PEN-G; AMX 128 0(0) - - - 128 (100) 0 10 118 - - - 922
Marwood J, 2017 PPL; MDM; AMX 103 2 (L.9) 2 0 0 (3311) 17 3 81 - - - 96.4
McDanel DL, 2017 PPL; PEN-G 140 0 (0) - - - (91932)a 120 0 19 - - - 100
- PPL; MDM; PEN-G;
IS (E2), AMX-CLV: Suspected 346 4(1.2) 4 0 0 e 24 17 301 ; ; ; 94.7
2017 drog (98.8)
Unspecified penicillins; 14 245
Soria A, 2017 AMX; AMX-CLV; OXA; 259 14 0 0 20 7 218 - - - 96.9
cLO (5.4) (94.6)
Sundgquist BK, 2017 PPL; MDM 37 0 (0) - - - 37 (100) 1 0 36 - - - 100
Vyles D, 2017 PPL; MDM 100 3(3.0) 0 0 3 97 (97.0) 0 0 97 - 970 0 100
» PPL; MDM; PEN-G; PEN- 725
Ibafiez MD, 2018 " = (LS iy 726 1(0.1) 0 1 0 ©6.9) 0 32 693 3.0 100 100 956

B.1. Skin prick tests (immediate reactions)

Assessed N participants Participants with positive skin prick tests Participants with negative skin prick tests

Reference druas/determinants performing skin Total No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) TOZ;/ 'ZLZ;/
g prick tests N (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
PPL; MDM; PEN-G; PEN-

Cederbrant K, 1998 Vi AMP: CLO: BAC 8 0 (0) - - - 8 (100) 3 4 1 - - - 20.0
Rebe'go(ggmes E, Unspecified 2 0(0) . ; - 2 (100) 0 0 2 . . - 100
Tantikul C, 2008 AMX; LEX 2 0 (0) - - - 2 (100) 0 0 2 - - - 100
Ponvert C, 2011 Suspected drug 162 2(1.2) 2 0 0 (;86%) 41 7 112 - - - 94.1

PPL; MDM; PEN-G;
AMX; AMP; CEC;
Erkogoglu M, 2013 Unspecified 70 2(3) 2 0 0 68 (97) 6 0 62 - - - 100
cephalosporins
Hjortlund J,2013 PPL; ME,\'/\I";( PEN-V; 36 0(0) - ; ; 36 (100) 6 11 19 ; ; . 63.3
Macy E, 2013 PPL; MDM; AMX 52 0 (0) - - - 52 (100) 1 1 50 - - - 98.0
Zambonino MA, PPL; MDM; AMX; AMX-
2014 CLV: CXM 64 1(2) 1 0 0 63 (98) 1 5 57 - - - 91.9
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Blanca-Lopez N,
2015
Mori F, 2015
Manuyakorn W,
2016
Mill C, 2016
Faitelson Y, 2017

Misirlioglu ED,
2017

PPL; MDM; AMX; CLV 261

AMX 38
PEN-G; AMX-CLV;

AMP; Suspected drug &Y
PPL; PEN-G 17
PEN-G; AMX 6

PPL; MDM; PEN-G;

AMX-CLV; Suspected 346

drug

252

9 (3.4) 9 0 0 (96.6) 20 11 221 . . - 95.3
1(3) 1 0 0 37 (97) 1 3 33 - - - 91.7
4 (10) 4 0 0 36 (90) 5 6 25 = = - 80.6
1 (6) 0 1 0 16 (94) 0 16 0 5.9 - 100 0
0 (0) 0 0 6 6 (100) 0 0 6 = 100 = 100
342
4(1.2) 4 0 0 ©8.8) 24 17 301 - - - 94.7

B.2. Skin prick tests (non-immediate reactions)

N participants

Participants with positive skin prick tests Participants with negative skin prick tests

Reference dru s/;“j:ti S;Srﬁgants performing skin Total No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) ?OZ;/ T(;);/
g prick tests N (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
Romano A, 1995 PPL; MDM; PEN-G; AMP 18 0 (0) - - - 18 (100) 0 18 0 - - - 0
PPL; MDM; PEN-G; PEN-
Cederbrant K, 1998 V: AMP: CLO: BAC 9 1(11) 0 1 0 8 (89) 2 1 5 50.0 100 100 83.3
Rebe'go(ggmes B Unspecified 14 0(0) - - - 14 (100) 0 1 13 - - - 92.9
PPL; MDM; Unspecified
Rodriguez-Alvarez  penicillins; AMX; AMP; ) _ ) ) ) )
M, 2008 Unspecified 23 0 (0) 23 (100) 2 4 17 81.0
cephalosporins
Tantikul C, 2008 AMX; LEX 2 1 (50) 0 1 0 1 (50) 0 0 1 100 100 100 100
Ponvert C, 2011 Suspected drug 1269 0(0) - - - (1120%% 73 104 1092 - - - 91.3
. PPL; MDM; PEN-V; 234
Hjortlund J,2013 AMX 235 1(0.4) 1 0 0 (99.6) 32 36 166 - - - 82.2
Macy E, 2013 PPL; MDM; AMX 296 0 (0) - - - 296 (100) 3 3 290 - - - 99.0
Zambonino MA, PPL; MDM; AMX; AMX-
i CLV: CXM 717 0 (0) - - - 717 (100) 2 51 664 - - - 92.9
Mori F, 2015 AMX 152 0 (0) - - - 152 (100) 11 14 127 - - - 90.1
Manuyakorn W, PEN-G; AMX-CLV;
2016 AMP; Suspected drug e 0@ ) ) ) Rl S & & ) ) ) 2
Faitelson Y, 2017 PEN-G; AMX 101 0 (0) - - - 101 (100) 0 10 91 - - - 90.1

C. Intradermal tests

N participants

Participants with positive intradermal tests Partidpants with negative intradermal tests

Reference dru s’;“dsstiz S;i::;gants performing Total No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) TOZ;/ 'ZLZ;/
g intradermal tests N (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
416 669
Brown BC, 1964 PPL 1085 (38.3) 383 9 24 61.7) 669 0 0 - - 27.3 -
Resnik SS, 1965 PPL 16 6 (38) 0 0 6 10 (63) 0 0 10 - 62.5 0 100
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Wide L, 1971
Basomba A, 1979

Sullivan TJ, 1981

Blanca M, 1990*
Romano A, 1995*
Macy E, 1997

Cederbrant K,
1998*

Hervé M, 1998
L6pez Tiro JJ, 2001
Novalbos A, 2001

Romano A, 2002*
Borch JE, 2006

Bousquet PJ, 2007

Rebelo Gomes E,
2007

Goldberg A, 2008*
Nolan RC, 2008

Padial A, 2008

Rodriguez-Alvarez
M, 2008

Silva R, 2009

Chambel M, 2010

Kamboj S, 2011

Moral L, 2011

PPL; PEN-G
PPL; PEN-G; AMP
PPL; MDM; PEN-G;

AMP; CAR; CEF

PPL; MDM; AMX; AMP

PPL; MDM; PEN-G; AMP
PPL; MDM; PEN-G;
AMX
PPL; MDM; PEN-G; PEN-
V; AMP; CLO; BAC
PPL; MDM; AMX; AMX-
CLV
PPL; MDM; PEN-G
PPL; MDM; PEN-G;
AMX ¢
PPL; MDM; PEN-G;
AMX; AMP
PPL; MDM; PEN-G; AMP
PPL; MDM; PEN-
G;AMX; AMP; Suspected
drug

Unspecified

PPL; MDM; PEN-G;
AMX; AMP
PPL; MDM
MDM; PEN-G; AMX;
AMP; CLO; Unspecified
cephalosporins
PPL; MDM; Unspecified
penicillins; AMX; AMP;
Unspecified
cephalosporins
PPL; MDM; AMX; AMP;
Suspected drug
PPL; MDM; Unspecified
penicillins; AMX; AMX-
CLV; CXM
PEN-G; AMP; Unspecified
cephalosporins
PPL; MDM; Unspecified
penicillins; Suspected drug

23
80

256

278
60
342

13

105
20
950

259
13

952

16

169
29

18

23

64

47

60

16

9 (39)
55 (69)
110
(43.0)
36
(12.5)
33 (55)
54
(15.8)

4 (31)

36
(34.3)
19 (95)

3.2)
105

(40.5)
1(8)

120
(12.6)

0(0)

73
(43.2)
4 (14)

2 (11)

1(4)

309

8 (17)

4(7)

0 (0)

55
110

34
15
54

36
19
30

100

120

14 (61)
25 (31)
146
(57.0)
242
(84.0)
27 (45)
288
(84.2)

9 (69)

69 (65.7)

1(5)
920
(96.8)
154
(59.5)
12 (92)

832
(87.4)

16 (100)

96 (56.8)
25 (86)

16 (89)

22 (96)

61 (95)

39 (83)

56 (93)

16 (100)

19
63

11
73

17

13

29

28

19

13

69

16

14

81

222
16
202

46

904

122
12

763

15

90
21

17

31

29

52

16

9.5
100

50.0

100
100

100

100
100

100

10.4

100

19

100
66.7

97.6

92.1
100
94.0

85.7

88.5

99.7

97.6
100

91.7

93.8

95.7
84.0

81.0

93.9

96.7

92.9

100



Na HR, 2011
Ponvert C, 2011
Richter AG, 2011*
Hjortlund J, 2012

Kopac P, 2012

Erkogoglu M, 2013

Hjortlund J, 2013
Macy E, 2013
Rimawi RH, 2013

Al-Ahmad M, 2014
Caubet JC, 2014*

Colas H, 2014

Picard M, 2014

Trautmann A, 2014
Zambonino MA,
2014
Blanca-Lopez N,
2015

Mori F, 2015*
Abrams EM, 2016

Atanaskovic-
Markovic M, 2016

Chen JR, 2016
King EA, 2016
Manuyakorn W,
2016
Meng J, 2016

Suspected drug

Suspected drug
PPL; MDM; AMX ¢

PEN-G; AMP

PPL; MDM; Suspected
drug
PPL; MDM; PEN-G;
AMX; AMP; CEC;
Unspecified
cephalosporins
PPL; MDM; PEN-G;
AMP; DCX; MEC

PPL; MDM; AMX
PPL; PEN-G

PPL; MDM; AMX; AMP

PPL; MDM; AMX; CXMf
Unspecified penicillins;
Unspecified
cephalosporins

PEN-G

PEN-G; AMP; CRO
PPL; MDM; AMX; AMX-
CLV; CXM

PPL; MDM; AMX; CLV

PPL; PEN-G; AMP

PPL; MDM; PEN-G;
AMX; AMP; Suspected
drug"

PPL; MDM; PEN-G
PPL; PEN-G
PEN-G; AMX-CLV;,
AMP; Suspected drug
PPL; MDM; PEN-G;

1431
47
360

268

70

342

500

146

109
96

90

562

37
780

252

189

106

1026
224
50

122
80

2 (40)
97
(6.8)
8 (17)
20
(5.6)

8 (3.0)

1)

35
(10.2)

4(0.8)

1(0.7)

29
(26.6)
14 (15)

2(2)

184
(32.7)
10 (27)

3 (0.4)

20
(7.9)

8 (4.2)
1(0.9)
61
(5.9)

0 (0)
0 (0)

8 (6.6)
18 (23)

97

20

35

184
10

20

18

o Pk o b

o P o ©

0

3 (60)
1334
(93.2)
39 (83)
340
(94.4)
260
(97.0)

69 (99)

307
(89.8)
496
(99.2)
145
(99.3)

80 (73.4)
82 (85)

88 (98)

378
(67.3)
27 (73)
777
(99.6)
232
(92.1)
181
(95.8)
105
(99.1)

965
(94.1)

224 (100)

50 (100)
114
(93.4)

62 (78)

19

16

o

o

111

46

19

50

18

56

11

14

19

10

1204
28
294

241

62

241

492

145

78
75

86

357

26
721

221

159

100

946
223
49
104
60

40.0

16.7

100

50.0

20

91.6
84.8
86.5

92.7

100

82.8

99.2

100

98.7
91.5

97.7

95.2

96.3
92.8

95.3

91.9

95.2

98.0
99.6
98.0
91.2
96.8



Mill C, 2016
Mota I, 2016
Confino-Cohen R,

2017*
Fazlollahi MR, 2017

Marwood J, 2017
McDanel DL, 2017

Misirlioglu ED,
2017

Soria A, 2017

Sundquist BK, 2017

Tannert LK, 2017
Vyles D, 2017
Ibafiez MD, 2018*

AMX '

PPL; PEN-G
PPL; MDM; PEN-G;
AMX; CLV; CXM;

Suspected drug
PPL; MDM; PEN-G;
AMX; Suspected drug

PPL; MDM; AMX

PPL; MDM; AMX

PPL; PEN-G

PPL; MDM; PEN-G;
AMX-CLV; Suspected
drug

Unspecified penicillins;
AMX; AMX-CLV; OXA;

CLO
PPL; MDM

Suspected drug
PPL; MDM

PPL; MDM; PEN-G; PEN-

G; AMX; AMX-CLV

C.1. Intradermal tests (immediate reactions)

17

214

642

44
101

140

342

259

37

21

97
726

1(6)

25
(11.7)

34
(5.3F
8 (18)
14
(13.9)

0(0)

24
(7.0)

23
(8.9)

0 (0)
21
(100)
0 (0)
15
(2.1)

25

14

24

23

0

28

12

16 (94)

189
(88.3)

400
(62.3)
36 (82)

87 (86.1)

139
(99.3)

318
(93.0)
236
(91.1)
37 (100)
0 (0)

97 (100)
711
(97.9)

10
22

120

11

16

40

30

184

350
13
81

19

301

218

36

97
681

5.9

4.8

9.1

- 100
92.6 6.7
= 58.3
98.3 20.0

97.4

89.7
92.9
96.4

100

94.7

96.9

100

100
95.8

N participants

Participants with positive intradermal tests

Participants with negative intradermal tests

Reference dru S’?j;i Srfneigants performing Total No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) T"I/DO;/ ’E‘;};/
g intradermal tests N (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
Wide L, 1971 PPL; PEN-G 23 9 (39) 9 0 0 14 (61) 0 0 14 - - - 100
PPL; MDM; PEN-G; PEN-
Cederbrant K, 1998 "' o <SR G 5 2 (40) 2 0 0 3 (60) 1 1 1 - - - 50.0
PPL; MDM; PEN-G;

Lebel B, 2001 AMX: AMP 17 12 (71) 12 0 0 5 (29) 0 5 0 - - - 0
Rebe'goGogmes E, Unspecified 2 0(0) 0 0 0 2 (100) 0 0 2 ; ; ; 100
Na HR, 2011 Suspected drug 5 2 (40) 0 2 0 3 (60) 0 3 0 40.0 - 100 0

41 121
Ponvert C, 2011 Suspected drug 162 (25.3) 41 0 0 (74.7) 2 7 112 - - - 94.1
PPL; MDM; PEN-G;
Erkogoglu M, 2013 AMX; AMP; CEC; 70 1(0) 1 0 0 69 (99) 7 0 62 - - - 100

Unspecified
cephalosporins
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PPL; MDM; PEN-G;

Hjortlund J, 2013 AMP: DCX: MEC 36 5(14) 5 0 0 31 (86) 1 11 19 - - - 63.3
Macy E, 2013 PPL; MDM; AMX 52 1(2) 1 0 0 51 (98) 0 1 50 - - - 98.0
Zambonino MA, PPL; MDM; AMX; AMX-
2014 CLV: CXM 63 1(2) 1 0 0 62 (98) 0 5 57 - - - 91.9
Blanca-Lopez N, . . . 20 232 _ _ )
2015 PPL; MDM; AMX; CLV 252 (7.9) 20 0 0 (92.1) 0 11 221 95.3
Mori F, 2015 37 2(5) 1 1 0 35 (95) 0 2 33 33.3 100 100 94.3
Manuyakorn W, PEN-G; AMX-CLV;
5016 AMP: Suspected drug 36 5 (14) 5 0 0 31 (86) 0 6 25 - - - 80.6
Mill C, 2016 PPL; PEN-G 17 1 (6) 0 1 0 16 (94) 0 16 0 5.9 - 100 0
o PPL; MDM; PEN-G;
Misirlioglu ED, ' o ! 24 318 ) ) )
2017 AMX-CLV; Suspected 342 (7.0) 24 0 0 (93.0) 0 17 301 94.7
drug
Tannert LK, 2017 Suspected drug 17 (11070) 7 6 4 0 (0) 0 0 0 - - 60.0 -

C.2. Intradermal tests (non-immediate reactions)

N participants Participants with positive intradermal tests Participants with negative intradermal tests

Reference dru s?jesti Sr?neigants performing Total No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) TOZ;/ ’E{;);/
g intradermal tests N (%) performed (TP) DPT (FP) N (%) performed DPT (FN) DPT (TN)
Romano A, 1995* PPL; MDM; PEN-G; AMP 60 33 (55) 15 18 0 27 (45) 11 0 16 100 100 100 100
Cederbrant K, PPL; MDM; PEN-G; PEN-
1998+ V: AMP: CLO: BAC 8 2 (25) 1 1 0 6 (75) 1 0 5 100 100 100 100
PPL; MDM; PEN-G; 105 154
o ; : ;
Romano A, 2002 AMX: AMP 259 (40.5) 100 2 & (59.5) 29 3 122 40 97.6 40.0 97.6
Rebe'goGO;’mes E, Unspecified 14 0(0) 0 0 0 14 (100) 1 13 ; ; ; 92.9
MDM; PEN-G; AMX;
Padial A, 2008 AMP; CLO; Unspecified 18 2 (11) 0 2 0 16 (89) 0 16 0 111 - 100 0
cephalosporins
PPL; MDM; Unspecified
Rodriguez-Alvarez  penicillins; AMX; AMP;
M, 2008 Unspecified 23 1(4) 1 0 0 22 (96) 4 17 81.0
cephalosporins
Ponvert C, 2011 Suspected dru 1269 2 56 0 0 ) 17 104 1092 - - - 91.3
, p 9 @) (95.6) '
. PPL; MDM; PEN-G; 24 211
Hjortlund J, 2013 AMP: DCX: MEC 235 (10.2) 24 0 0 (89.8) 9 36 166 - - - 82.2
Macy E, 2013 PPL; MDM; AMX 296 3(1.0) 3 0 0 (53%) 0 3 290 - - - 99.0
Caubet JC, 2014* PPL; MDM; AMX; CXM 96 14 (15) 0 7 7 82 (85) 7 75 50.0 915 50.0 915
Trautmann A, 2014 PEN-G; AMP; CRO 37 10 (27) 10 0 0 27 (73) 0 1 26 - - - 96.3
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Zambonino MA,
2014

Mori F, 2015*

Atanaskovic-
Markovic M, 2016

Manuyakorn W,
2016
Confino-Cohen R,
2017*

PPL; MDM; AMX; AMX-
CLV; CXM

PPL; MDM; PEN-G;
AMX; AMP; Suspected
drug"

PEN-G; AMX-CLV;
AMP; Suspected drug
PPL; MDM; PEN-G;
AMX; Suspected drug

D. Specific IgE quantification

717

152

1026

86

642

2(0.3)
6 (3.9)

61
(5.9)
3(4)

34
(5.3

2 0
3 2
61 0
& 0
4 2

28

715

©90.7) 0 51
(ngi) 8 12
(ggji) 0 19
83 (97) 0 4
(64293)0 10 40

664

126

946

79

350

14.3

4.8

99.2

92.6

66.7

6.7

92.9

91.3

98.0

95.2

89.7

Participants with positive IgE

Participants with negative IgE

Reference dru S';“j:; S;Srﬁgants l\ér;;grrrtrl]ci:]palntsE Total N No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) ?OZ;/ T(;);/
g P 919 (%) performed (TP) DPT(FP) N (%) performed  DPT(FN)  DPT (TN)

Wide L, 1971 PEN-V 23 9 (39) 9 0 0 14 (61) 0 0 14 - - - 100
Basomba A, 1979 PEN-G; PEN-V 81 37 (46) 37 0 0 44 (54) 33 2 9 ; ; ; 81.8
Blanca M, 1990 PEN-G: AMX; AMP 288 28 (9.7) 26 2 0 (5303) 19 19 Do 95 100 100 921
Surtees SJ, 1991 PEN-G; PEN-V 132 4 (3.0) 4 0 0 (;72%) 0 128 ; ; ; 100
Romano A, 1995 PEN-G; PEN-V 18 18 (100) 0 18 0 0(0) 0 0 0 - - 100 -

Cedlegg;a*”t K PEN-G; PEN-V 17 7 (41) 5 2 0 10 (59) 0 4 6 333 100 100  60.0

Hervé M, 1998 U”Spec'm’xpe"'c”"”s; 109 16 (14.7) 16 0 0 93 (85.3) 41 6 46 - - ; 88.5
Lozal%%g'”a < Unspecified 28 0(0) \ - - 28 (100) 2 4 22 ; ; - 84.6
Blanca M, 2001* Suspected drug 81 12 (15) 0 12 0 69 (85) 0 39 30 235 100 100 435
Bruscal, 2007+ TENGi iﬁ';‘v; AMX; 122 24 (19.7) 0 24 0 98 (80.3) 0 68 30 261 100 100 306
Fontaine C, 2007  PEN-G: AMX; AMP; CEC 11 0(0) - - - 11 (100) 0 0 11 - - - 100

Silva R, 2009 PEN-G; /'i,\EA';‘,'V? AMX; 67 11 (16) 11 0 0 56 (84) 23 2 31 - - - 93.9
Caubet JC, 2010*  PEN-G; PEN-V; AMX 88 2(2) 0 0 2 86 (98) 0 6 80 0 97.6 0 93.0
Chambel M, 2010 PEN-G: PEN-V; AMX 106 2(1.9) 2 0 0 (;gi) 74 1 29 - - - 96.7

Macy E, 2010 PEN-G; PEN-V: AMX 150 4(2.7) 0 0 4 (;;‘63) 6 3 137 0 97.2 0 97.9

Holm A, 2011 PEN-G; i,'\EANP'V; AMX; 580 0(0) - - - 580 (100) 0 14 566 - - - 97.6

Moral L, 2011 PEN-G: AMX 16 0(0) - - - 16 (100) 0 0 16 - - - 100
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Richter AG, 2011*
Seitz CS, 2011

Hjortlund J, 2012
Kopac P, 2012*
Soto L, 2012
Erkocoglu M, 2013
Hjortlund J, 2013
Al-Ahmad M, 2014

Trautmann A, 2014

Zambonino MA,
2014

Ferré-Ybarz L, 2015

Mori F, 2015*
Meng J, 2016
Tannert LK, 2017*

Ibafiez MD, 2018*
Marraccini P, 2018

Sedlackova L, 2018

PEN-G; PEN-V; AMX
PEN-G; PEN-V; AMX;
AMP
PEN-G; PEN-V; AMX;
AMP
PEN-G; PEN-V; AMX;
AMP

PEN-G; PEN-V; AMX

PEN-G; PEN-V; AMX;
AMP; CEC
PEN-G; PEN-V; AMX;
AMP

Unspecified penicillins

PPL; PEN-G; PEN-V;
AMX; AMP

PEN-G; AMX

PEN-G; PEN-V; AMX;
CLV; AMP
PEN-G; PEN-V; AMX;
AMP
PEN-G; PEN-V; AMX
PEN-G; PEN-V; AMX;
AMP

PEN-V; AMX

PEN-G; PEN-V; AMX;
AMP; CEC
PEN-G; PEN-V; AMX;
AMP

47

405

606

226

70

342

124

37

66

82

38
16
21

732

37

24

1(2)
0 (0)

44 (10.9)

49 (8.1)
5(2.2)
0(0)

9 (2.6)
1(0.8)
0(0)
2(3)
2(2)

3(8)
3 (19)
5 (24)

8 (1.1)
9 (24)

1(4)

44

45

1

46 (98)
8 (100)

361
(89.1)
557
(91.9)
221
(97.8)

70 (100)

333

(97.4)
123

(99.2)

37 (100)
64 (97)
80 (98)
35 (92)
13 (81)

16 (76)

724
(98.9)

28 (76)

23 (96)

21

131

80

42

44

10

6 34
0 8
46 294
21 405
4 137
0 62
50 241
1 78
1 26
5 57
1 76
2 33
2 5
5 4
34 690
1 24
1 9

33.3

28.6

2.9

100

80.0

99.0

100

66.7

12.5

85.0
100

86.5

95.1

97.2

100

82.8

98.7

96.3

91.9

98.7

94.3
71.4
44.4

95.3

96.0

90.0

D.1. Specific IgE quantification (immediate reactios)

Assessed

N participants

Participants with positive IgE

Participants with negative IgE

PPV

NPV

Reference . : Total N No DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) o o
drugs/determinants performing Ig& (%) performed DPT(FP) N (%)  performed  DPT(FN)  DPT (TN) (%) (%)
Wide L, 1971 PEN-V 23 9 (39) 9 14 (61) 0 0 14 - - - 100
Surtees SJ, 1991 PEN-G; PEN-V 132 4 (3.0) 4 0 (;'72%) 0 0 128 - - - 100
Cederbrant K, 1998 PEN-G; PEN-V 8 4 (50) 3 4 (50) 0 3 1 25.0 100 100 25.0
Blanca M, 2001 Suspected drug 26 11 (42) 15 (58) 15 0 42.3 - 100 0
Brusca I, 2007 PEN-G; PEN-V; AMX; 122 24 (19.7) 0 98 (80.3) 0 68 30 26.1 100 100 30.6
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Seitz CS, 2011
Erkocoglu M, 2013

Hjortlund J, 2013

Zambonino MA,
2014

Mori F, 2015

Tannert LK, 2017

AMP
PEN-G; PEN-V; AMX;

AMP 8
PEN-G; PEN-V; AMX; 70
AMP; CEC

PEN-G; PEN-V; AMX; 36
AMP

PEN-G; AMX 66

PEN-G; PEN-V; AMX; 38
AMP

PEN-G; PEN-V; AMX; 17
AMP

D.2. Specific IgE quantification (non-immediate reations)

0(0) - - -
0 (0) - - -
4 (11) 4 0 0
2(3) 2 0 0
3(8) 2 1 0
4 (24) 2 1 1

8 (100) 0 0 8
70 (100) 8 0 62

32 (89) 2 11 19
64 (97) 2 5 57

35 (92) 0 2 33
13 (77) 5 5 3

33.3

16.7

100

75.0

100

50.0

100

100

63.3

91.9

94.3

37.5

Participants with positive IgE

Participants with negative IgE

Reference dru s?jesltiz Srfneigants ’\ér?g:;ﬁ:]part; Total N No DPT Positive DPT Negative Total No DPT Positive Negative  Sn (%) Sp (%) T"I/DO;/ ’E‘;};/
g P 99 (%) performed (TP) DPT (FP) N (%) performed  DPT(FN)  DPT (TN)
Romano A, 1995 PEN-G, PEN-V 18 18 (100) 0 18 0 0(0) R - R R R 100 R
Cederbrant K, 1998 PEN-G; PEN-V 9 3(33) 2 1 0 6 (67) 0 1 5 500 100 100 833
Blanca M, 2001 Suspected drug 25 1(4) 0 1 0 24 (96) 0 24 0 4.0 - 100 0
Caubet JC, 2010  PEN-G; PEN-V; AMX 88 2(2) 0 0 2 86 (98) 0 6 80 0 97.6 0 93.0
. PEN-G; PEN-V: AMX; 223
Hjortlund J, 2013 AP 235 12 (5.1) 12 0 0 ©4.9) 21 36 166 - - - 82.2
PPL; PEN-G; PEN-V;
Trautmann A, 2014 AVX: AMP 37 0(0) - - - 37 (100) 10 1 26 - - - 96.3
Tannert LK, 2017 " °NG iﬁ';’v; A 2 0 (0) - - - 2 (100) 2 0 0 - - - -
Sedlackova L, 2018 T ENG: EENP'V: AMX; 24 1(4) 1 0 0 23 (96) 13 1 9 ; ; . 90.0

DPT: Drug provocation test; FN: False negative; Ffse positive; NPV: Negative predictive valueVPPositive predictive value; Sn: Sensitivity; [pecificity

Determinants: AMP: Ampicillin; AMX: Amoxicillin; BAC: Bacampicillin; CAR: Carbenicillin; CEC: Cefaclor; CEF: Cephtiim; CFZ: Cefazolin; CLO: Cloxacillin;

CLV: Clavulanate; CRO: Ceftriaxone; CXM: Cefuroxini2CX : Dicloxacillin ; LEX: Cephalexin; MDM: Peniltin minor determinant; MEC : Mecillnam ; OXA: Oxdlin;
PEN-G: Penicillin G; PEN-V: Penicillin V; PPL: Peillin major determinant
* Assessed in the bivariate random-effects metdyaiza

aThe percentages of participants with positive aagative results do not add up to 100%, as someipants had equivocal/undetermined test restilts:130 participants,
ampicllin, cefazolin, cefuroxime and ceftriaxonerevalso tested;In some patients, cefazolin, cefuroxime and aeftine were also testetFlucloxacillin and
benzylpenicillin were tested in some patiefi27 participants had negative results in the listtslsts but positive results when retest&ephalosporins were tested if
suspected Penicillin G, amoxicillin-clavulanate and ampitillere tested in some patieritsfter the first 100 participants, tests were opéyformed with the suspected
drug;' Flucloxacillin and clavulanate if suspected
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Table E4. Summary of meta-analysis and meta-regreiss results for individual diagnostic measures of gnicillin allergy tests

A. Skin tests

Pooled meta-analytic value (95%Cl) [% Q Multivariable meta-regression model

Cochranp value] Variables in the model (OR; 95%Cl) [p value] Residual heterogeneity

- Year of publication (1.0; 0.9-1.0) [<0.001]

- Europe (region) (0.6; 0.4-1.2) [0.15]

- North America (region) (0.3; 0.2-0.6) [<0.001]

- Reported Allergy to Penicillins (1.4; 0.9-2.1)10]

- Year of publication (0.9; 0.9-1.0) [<0.001]

- Europe (region) (0.4; 0.2-1.0) [0.04]

- North America (region) (0.2; 0.1-0.7) [0.01]

- Reported Allergy to Penicillins (0.5; 0.2-0.9)(8]

- Middle East (region) (0.9; 0.9-0.9) [<0.001]

- Cephalosporins testing (0.9; 0.9-1.0) [0.02]

- Year of publication (1.0; 1.0-1.0) [0.11]

- North America (region) (0.6; 0.4-0.9) [0.02]

- Middle East (region) (0.2; 0.1-0.3) [<0.001]

- Reported Allergy to Penicillins (0.8; 0.5-1.1)(9]

- North America (region) (1.0; 1.0-1.1) [<0.001]

NPV 93 95.8% (95.0-96.5%) [91.3%; <0.001] - Number of tested drugs/determinants (1.0; 1.9{D.05] 1=88.2%; <0.001
- Suspected Drug Testing (1.0; 1.0-1.0) [0.15]

N studies

% positive results 95 10.4% (8.3-13.2%) [98.7%); <0.001] 1=97.9%; <0.001

Sensitivity 23 27.9% (18.2-42.7%) [89.6%; <0.001] 1>=54.6%; 0.02

Specificity 22 95.8% (93.2-98.6%) [99.0%; <0.001] 12=68.4%; <0.001

PPV 27 50.2% (38.4-65.7%) [80.8%; <0.001] 1>=25.6%; 0.18

A.1. Skin tests (immediate reactions)

Pooled meta-analytic value (95%CI) [ Q Multivariable meta-regression model

N studies - .
Cochranp value] Variables in the model (OR; 95%ClI) [p value] Residual heterogeneity
- Europe (region) (2.1; 1.0-4.2) [0.04]
% positive results 25 16.6% (11.4-24.2%) [98.0%; <0.001] : gg:ce??;iggas(ar;g;enzz(%51%15_:;;?0[%53 1°=94.4%; <0.001
- Suspected Drug Testing (2.2;1.1-4.1) [0.02]
Sensitivity 5 25.6% (13.5-48.9%) [0%; 0.44] -2 -2
Specificity 3 99.9% (99.6-100%) [0%; 0.51] = =
PPV 6 73.8% (57.0-95.6%) [0%; 0.87] -2 -?
NPV 24 90.4% (85.7-95.4%) [98.4%; <0.001] -0 -b

A.2. Skin tests (non-immediate reactions)

Pooled meta-analytic value (95%Cl) [% Q Multivariable meta-regression model
Cochran p value] Variables in the model (OR; 95%Cl) [p value] Residual heterogeneity

% positive results 21 6.7% (3.4-12.9%) [97.8%; <0.001] - Year of Publication (0.9; 0.8-1.0) [0.008] 1°=96.5%; <0.001

N studies




- North America (region) (0.2; 0.001-2.4) [0.19]
_c

Sensitivity 8 33.0% (15.4-70.9%) [90.7%; <0.001] =€
Not performed. No substantial heterogeneity wasaletl when performing subgroup analysis (i) of3fstudies assessing only
Specificity 7 95.9% (92.7-99.2%) [79.3%; <0.001] participants reporting allergy to aminopenicilli{@9.7%; 95%CI=99.0-100%°=0%; p=0.64), or (ii) of the 2 studies in which

cephalosporin allergy was tested (91.3%; 95%C|=83.5%:;|°=0%; p=0.63)
Not performed. No substantial heterogeneity wasaetl when performing subgroup analysis (i) ofalstudies assessing only
adult patients (80.9%; 95%CI=52.7-100%0%; p=0.83), (ii) of the 3 studies assessing only ckitd{58.7%; 95%CI=39.9-
PPV 8 61.6% (42.1-90.3%) [71.5%; 0.001] 86.2%:;1°=0%; p=0.66), (iii) of the 4 studies assessing a converdesample (66.7%; 95%CI=49.1-90.6%5:0%; p=0.58), (iv) of
the 3 studies assessing only participants repodiieggy to aminopenicillins (96.8%; 95%CI=90.0-%80%=0%; p=0.54), or (v)
of the 3 studies in which cephalosporin allergy vessed (66.8%; 95%Cl=46.4-96.29%;15.3%; p=0.37)
- Middle East (region) (1.0; 0.9-1.0) [0.04]
NPV 21 93.4% (91.4-95.5%) [87.8%; <0.001] - Consecutive testing (1.0; 1.0-1.1) [0.07] 1=62.0%; 0.001
- Aminopenicillins testing (1.1; 1.0-1.1) [0.001]

B. Skin prick tests

Pooled meta-analytic value (95%Cl) % Q Multivariable meta-regression model

N studies - -
Cochranp value] Variables in the model (OR; 95%Cl) [p value] Residual heterogeneity
- Year of publication (0.9; 0.9-1.0) [<0.001]
- - Europe (region) (0.3; 0.1-0.7) [0.005] >
0, 0, A 0, (/3 = 04"
% positive results 47 2.0% (1.3-3.2%) [89.5%; <0.001] - North America (region) (0.3: 0.1-1.0) [0.06] 1°=78.1%; <0.001
- Consecutive sampling (0.4; 0.2-1.1) [0.08]

L Not performed. No substantial heterogeneity wasaletl when performing subgroup analysis of theiBiss assessin
Sensitivity 4 14.6% (3.2-65.6%) [73.8%: 0.003] outh;tients (7.0%: 95%CI:2.4—20.6%S0%' p10.44) P g orbarp ANy ’
Specificity 4 98.8% (96.1-100%) [40.7%; 0.28) -2 -2

PPV 5 71.9% (48.4-100%) [0%: 0.77] -2 -2
- Year of publication (1.0; 1.0-1.0) [0.04]
NPV 47 94.8% (93.6-96.1%) [93.1%; <0.001] - North America (region) (1.0; 1.0-1.1) [0.001] 1=87.0%: <0.001

- Cephalosporins testing (1.0; 1.0-1.1) [0.16]
B.1. Skin prick tests (immediate reactions)

N studies Pooled meta-analytic value (95%Cl) [% Q Multivariable meta-regression model
Cochranp value] Variables in the model (OR; 95%Cl) [p value] Residual heterogeneity
" - Australia and Far East (region) (6.1; 2.2-16(8pQ1] 2
0, 0, - 0, 0/ =09%"
% positive results 14 3.3% (1.9-5.5%) [34.3%; 0.17] - Reported Allergy to Aminopenicillins (2.5: 1.145.0.03] 1°=0%; 0.96
Sensitivity 1 5.9% (0.9-39.4%) -d -d
Specificity 1 92.9% (75.6-100%) = =4
PPV 1 75.0% (33.7-100%) -d -d
NPV 14 95.1% (92.9-97.3%) [45.8%; 0.001] - Adults (age group) (0.7; 0.5-0.9) [0.002] 1220.1%; 0.13

- Consecutive sampling (1.0; 1.0-1.0) [0.03]
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B.2. Skin prick tests (non-immediate reactions)

Pooled meta-analytic value (95%ClI) [% Q
Cochran p value]

- Number of tested drugs/determinants (1.0; 1.0{D.04]

Multivariable meta-regression model

Variables in the model (OR; 95%Cl) [p value]

Residual heterogeneity

1.0% (0.3-3.7%) [71.0%; <0.001]

67.8% (33.9-100%) [0%; 0.62]
90.1% (71.6-100%) [0%; 0.64]
75.0% (42.6-100%) [0%; >0.99]

91.4% (88.0-95.0%) [88.9%; <0.001]

Pooled meta-analytic value (95%Cl) [% Q
Cochran p value]

- Year of publication (0.8; 0.7-0.9) [<0.001]

- Europe (region) (0.04; 0.01-0.2) [<0.001]

- Consecutive testing (0.1; 0.01-0.4) [0.003]
_a

a

a

- Adults (age group) (0.9; 0.8-1.0) [0.001]
- North America (region) (1.1; 1.1-1.1) [<0.001]

Multivariable meta-regression model

1>=0%; 0.48

1=4.9%; 0.18

Variables in the model (OR; 95%Cl) [p value]

Residual heterogeneity

N studies
% positive results 12
Sensitivity 2
Specificity 2
PPV 2
NPV 12
C. Intradermal tests
N studies
% positive results 59
Sensitivity 13
Specificity 11
PPV 16
NPV 57

10.1% (7.2-14.1%) [98.9%; <0.001]

25.2% (14.4-43.8%) [86.9%; <0.001]
91.1% (83.5-99.4%) [99.5%; <0.001]

47.2% (32.5-68.5%) [86.9%0.001]

95.2% (94.1-96.3%) [91.3%; <0.001]

C.1. Intradermal tests (immediate reactions)

Pooled meta-analytic value (95%ClI) [% Q

- Year of publication (0.; 0.9-1.0) [<0.001]
- Europe (region) (0.5; 0.3-1.1) [0.08]
- North America (region) (0.2; 0.1-0.5) [0.001]
- Convenience Sample (1.6; 0.9-2.9) [0.12]

b
- Europe (region) (1.3; 1.1-1.5) [0.008]
- North America (region) (0.8; 0.5-1.3) [0.35]
- Middle East (region) (0.3; 0.2-0.7) [0.005]
- Convenience Sample (2.6; 1.6-4.3) [<0.001]
- Cephalosporins Testing (0.3 0.1-0.5) [<0.001]
- Reported Allergy to Penicillins (0.3; 0.2-0.4)0[€01]
- North America (region) (1.0; 1.0-1.1) [0.03]
- Suspected Drug Testing (1.0; 1.0-1.0) [0.24]

Multivariable meta-regression model

12=97.4%; <0.001

b

1=99.1%; 0.006

12=0%; 0.77

12=86.1%; <0.001

N studies - .
Cochranp value] Variables in the model (OR; 95%ClI) [p value] Residual heterogeneity
- Europe (region) (3.2; 2.2-4.7) [<0.001]
- - Convenience Sample (10.4; 7.3-14.9) [<0.001] >
9 16 15.0% (8.1-27.6%) [96.3%; <0.001 ) . 1°=0%,; 0.65
AR o ( 01 s I - Cephalosporins Testing (0.1; 0.03-0.4) [0.002] °
- Reported Allergy to Beta-lactams (2.9; 1.9-48).p01]
Sensitivity 3 24.8% (9.1-67.5%) [28.7%; 0.22] -8 -2
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Specificity 1 98.5% (94.6-100%) = R
PPV 4 71.9% (53.1-97.3%) [0%; 0.84] -2 -2
- Europe (region) (1.0; 0.9-1.0) [0.002]
NPV 15 95.4% (93.4-97.5%) [38.0%; <0.001] - Australia and Far East (region) (0.9; 0.7-1.00¢) 12=0.4%; 0.02
- Suspected Drug Testing (1.0; 0.9-1.0) [0.009]

C.2. Intradermal tests (non-immediate reactions)

Pooled meta-analytic value (95%CI) [ Q Multivariable meta-regression model

N studies - - - -
Cochranp value] Variables in the model (OR; 95%Cl) [p value] Residual heterogeneity

- Children (age group) (0.1; 0.04-0.3) [<0.001]
- Adults (age group) (0.2; 0.1-0.8) [0.02]
% positive results 16 7.5% (3.9-14.4%) [97.6%; <0.001] - North America (region) (0.03; 0.01-0.2) [<0.001] 1?=87.9%; <0.001
- Middle East (region) (0.1; 0.04-0.6) [0.009]
- Convenience Sample (3.1; 1.1-8.6) [0.03]

Sensitivity 7 31.4% (14.1-69.8%) [90.0%; <0.001] -¢ -¢
Not performed. No substantial heterogeneity wasaetl when performing subgroup analysis (i) ofalstudies assessing only
Specificity 6 95.8% (92.8-99.0%) [75.3%; 0.001] participants reporting allergy to aminopenicilli{@9.1%; 95%CI=97.6-100%?=0%; p=0.61), or (i) of the 2 studies assessing a

convenience sample (91.5%; 95%C|=85.8-97.B%0%; p=0.99)
Not performed. No substantial heterogeneity wasaletl when performing subgroup analysis (i) ofafstudies assessing only
adult patients (80.9%; 95%CI=52.7-1008%0%:; p=0.33), (ii) of the 2 studies assessing only ckitd(54.5%; 95%CI=35.2-

0, - 0, 0,
PPV ! 57.6% (35.9-92.2%) [80.1%0.001] 84.5%;1°=0%; p=0.56), (iii) of the 3 studies assessing a convadesample (66.8%; 95%Cl=46.4-96.2%:15.3%;p=0.37), or
iv) of the 2 studies assessing only participagporting allergy to aminopenicillins (97.1%; 95%88:2-100%1?=0%; p=0.43
(iv) gonly p paeporting )% p p
- Adults (age group) (1.0; 0.9-1.0) [0.14] >
9 o 0 0 = 0/
NPV 16 93.4% (90.9-95.9%) [91.2%; <0.001] - North America (region) (1.1: 1.0-1.1) [0.16] 1°=84.9%; <0.001
E. Specific IgE
N studies Pooled meta-analytic value (95%CI) [ Q Multivariable meta-regression model
Cochranp value] Variables in the model (OR; 95%Cl) [p value] Residual heterogeneity
- Year of publication (1.0; 0.9-1.0) [0.003]
% positive results 34 6.8% (4.3-10.9%) [96.6%; <0.001] - Europe (region) (5.1; 1.1-24.7) [0.04] 1=93.8%; <0.001
- Consecutive Testing (0.4; 0.1-1.1) [0.07]
Sensitivity 11 22.9% (17.8-29.5%) [0%; 0.29] -b -b
Specificity 11 99.1% (98.5-99.7%) [19.2%; 0.54] -b -b
PPV 12 96.9% (93.0-100%) [0.1%; 0.15] -b -b
NPV 33 89.7% (85.1-94.6%) [98.5%; <0.001] =[SO (G ei) (O O ) (00l 12=88.9%; <0.001

- Suspected Drug Testing (0.5; 0.4-0.6) [<0.001]

E.1. Specific IgE (immediate reactions)

Nstudies  Pooled meta-analytic value (95%CINE Q Multivariable meta-regression model




Cochranp value] Variables in the model (OR; 95%Cl) [p value] Residual heterogeneity
- Consecutive History (6.2; 2.4-16.2) [<0.001]
% positive results 11 13.5% (6.8-26.7%) [88.3%; <0.001] - Convenience Sample (13.5; 5.2-35.1) [<0.001] 1°=0%; 0.73
- Reported Allergy to Penicillins (3.4; 1.5-7.9)(§04]
a

Sensitivity 5 31.0% (21.5-44.8%) [23.5%; 0.50] - -a
Specificity 4 98.3% (95.4-100%) [0%; 0.72] =& G

PPV 5 97.3% (92.5-100%) [0%; 0.77] -2 -2

NPV 11 73.1% (55.6-96.0%) [99.6%; <0.001] - Aminopenicillins Testing (0.5; 0.4-0.6) [<0.001] 12=35.1%; 0.001

- Reported Allergy to Penicillins (0.5; 0.4-0.6)01€01]

E.2. Specific IgE (non-immediate reactions)

N studies Pooled meta-analytic value (95%CI) [ Q Multivariable meta-regression model
Cochranp value] Variables in the model (OR; 95%Cl) [p value] Residual heterogeneity
- Not performed. No substantial heterogeneity wasaletl when performing subgroup analysis of thei8iss in which
0, 0, o 0, 0%
% positive reslts 8 9.4% (3.1-28.3%) [92.3%; <0.001] aminopenicillins allergy was tested (4.6%; 95%C8=2.4%:;1°=0%; p=0.56)
Sensitivity 3 13.4% (2.4-74.2%) [57.7%; 0.09] -€ -€
Specificity 2 97.4% (94.2-100%) [0%; 0.62] -2 -2
PPV 4 96.8% (90.0-100%) [0%; 0.45] -2 -2
Not performed. No substantial heterogeneity wasaletl when performing subgroup analysis (i) of4fstudies assessing a
i %:; 95%Cl= - %p= ; : . o
NPV 6 89.6% (83.0-96.8%) [62.8%: 0.001] convenience sample (94.9%; 95%CI=88.6-100%40).01%;p=0.04), (iii) of the 4 studies assessing participapecifically

reporting allergy to a penicillin (82.7%; 95%CI=887.9%:;1?=0.05%;p=0.05), or (iii) of the 2 studies assessing onltipgants
reporting allergy to aminopenicillins (95.6%; 95%89.1-100%j°=0%:; p=0.55)
NPV: Negative predictive value; PPV: Positive potide value? Meta-regression not performed (<10 primary stydies heterogeneity is not substantfaNo variable
selected for inclusion in a multivariable modé¥eta-regression not performed (<10 primary studies) subgroup analysis did not identify any subgnaith non-

substantial heterogeneifyResults calculated based on a single primary sfiMgta-regression and subgroup analyses not perfofde=pite substantial heterogeneity) due
to a small number of included primary studies (<3).
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Table E5. Risk-of-bias summary for the included pnnary studies according to QUADAS-2 criteria.
Green, yellow and red dots correspond, respectivelyo low, unclear and high risk of bias

Risk of bias Applicability Concerns

Study Patient Index Reference 22\3’ Patient Index Reference

Selection Test Standard Timing Selection Test Standard
Brown BC o o ] o [ o o
Resnik SS o L [ o o ]
Levine BB* ® o L ] [ [ o
Wide L o L L [ ] o
Warrington RJ* ® o o L [ [ o
Basomba A o o o
Sullivan TJ o ] o [ [ o
van Arsdel PP o L o [ o o
Graff-Lonnevig V ® ] L o o
Blanca M (1990)* o [ [ ) o )
Surtees SJ o o [ o o ]
Sogn DD* ® o o [ o o
Gadde J o L [ o o o
Juchet A o o o o
Romano A (1995 ® ® o [ ) () o
Sastre J* o o L [ [ o
Macy E (1997) ® ® [ ) [ ) o o
Cederbrant K* o [
Herve M ® o o [ o o
Loza Cortina C* o L o ]
Pichichero ME ® o o [ [ o
Blanca M (2001)* L ] [ [ ® o ()
Forrest DM* o o
Lebel B ® L [ o [
Lopez Tiro JJ o L L o o [ )
Novalbos A ® ® o o o
Romano A (2002)* o o L [ o [ ]
Solensky R ® ® o ] L [ o
Torres MJ ® o L [ [ o
Borch JE o ] L o o
Wong BBL o L [ () ®
Bousquet PJ (2007) o ® L L [ e [
Brusca I* ® o ([
del Real GA L L o o ( J ()
Fontaine C o ] o o o
Rebelo Gomes E ® o ] [ o
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Bousquet PJ (2008)

Goldberg, A*

Nolan RC

Padial A

Rodriguez-Alvarez M

Tantikul C*

Hershkovich J

Silva R

Caubet JC (2010)*

Chambel M

Macy E (2010)*

Holm A

Kamboj S

Moral L

Na HR

Ponvert C

Richter AG*

Seitz CS

Celik GE

Garcia Nunez |

Hjortlund J (2012)

Iglesias-Souto J

Kopac P*

Soto L

Erkocoglu M

Hjortlund J (2013)

Macy E (2013)

Rimawi RH

Al-Ahmad M

Bourke J

Caubet JC (2014)*

Colas H

Fox SJ

Picard M

Trautmann A

Zambonino MA

Barni S*

Blanca-Lopez N

Ferre-Ybarz L

Mori F*
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Rosenfield L* o o L o o
Abrams EM L [ o [ ([ ]
Atanaskovic-Markovic M ® o L [ [
Chen JR ® L [ L (]
Chiriac AM o ] o o
King EA [ o o o
Manuyakorn W o ] o [ ]
Mawhirt SL* ® o ) )
Meng J* ® o [ o
Mill C o [ [ ] [ [ ) o o
Moreno E ® o ] [ o
Mota | o o o o o [ [
Ratzon R o o o [} ()
Confino-Cohen R* ® o L ] [ [ o
Faitelson Y o o o [ o o
Fazlollahi MR ® o ® ) o )
Juri MC ® [ L (] Y
Marwood J ® o [ o [ o
McDanel DL o [ o o
Misirlioglu ED L [ o o o o
Ramsey A ® ® L ] [ o [
Soria A ® L o [ o o o
Sundgquist BK o o [ o o ]
Tannert LK* o L o L o o
Vyles D o o o o o [ )
Ibanez MD* o ] L [ o o
Marraccini P o L L [ [ o
Moussa Y ® L [ o o

[ o [ ([ [ o

Sedlackova L

* Studies included in bivariate random-effects rretalyses
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