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Abstract
Background
The use ofin vivo and ex vivo diagnostic tools for delayed immune-mediated askairug

reactions (IM-ADR) is currently ill defined.

Objective
To determine if the combination of skin testing fmdinterferony (IFN-y) enzyme-linked

immunoSpot assay (ELISpot) can aid diagnosis cfalatlergy phenotypes.

Methods

Patients with antibiotic-associated severe deldidDR hypersensitivity, including SJS and
TEN, DRESS, AGEP, GBFDE and severe MPE, were paisjedy recruited.In vivo testing
was completed to the implicated drug(s) amdvivo testing was performed with the patient’s
PBMC stimulated with the relevant antibiotic contcations for IFNy release ELISpot

measurement.

Results

Eighty-one patients met the inclusion with DRESS; (81.9%) accounting for the majority of
cases. Among the 63 (78%) who had an ELISpot gssdgrmed, 34 (54%) were positive to at
least one implicated antibiotic (median spot forgnumits/ million cells, 99.5; [IQR], 68-187)

with glycopeptide being a strong predictor of pegy (aOR 6.11 95% CI 1.74, 21.42). In
combination in vivo and ex vivo), 51 (63%) of those tested were positive to anlicaped

antibiotic. For DRESS and severe MPE associateti wénicillins and cephalosporins, this



86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

combination confirmed the culprit agent in 11/12tloé cases and in 6/7 for DRESS associated
with glycopeptides.

Conclusion

This study demonstrates that usingivo in combination withex vivo testingcan enhance the
diagnostic approach in these severe phenotypesdistiag with the identification of possible

culprit antibiotics.

Highlights box:

1. What is already known about this topic?

The use o&x vivo diagnostic tools for delayed immune-mediated asklverug reactions has the
advantage of carrying no risk of drug re-exposordtlie patient but is not available for routine
diagnostic use in most centers.

2. What does this article add to our knowledge?

This study shows that a combinationioivo (skin testing) anéx vivo (IFN-y release ELISpot)
diagnostic tools in severe delayed immune-mediatgtbiotic adverse drug reactions improves
causality assessment, in particular for DRESS glgptide associated reactions.

3. How does this study impact current management gielines?

Usingin vivo in combination withex vivo testingcan enhance the diagnostic approach in severe

phenotypes by assisting with the identificatiorpossible culprit antibiotics.

Key words:
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Severe cutaneous adverse reaction (SCAR); delayguersensitivity; T-cell mediated
hypersensitivity; adverse drug reaction (ADR); skasting; intradermal testing; interfergn-

enzyme-linked immunoSpot assayyitro diagnosticex vivo diagnostic.



111 Abbreviations:

112 AGEP - acute generalized exanthematous pustulosis

113 ALDEN - algorithm for assessment of drug causdbtyepidermal necrolysis
114 aOR - adjusted odds ratio

115 Delayed IM-ADR - delayed immune-mediated adversgydeaction
116 DRESS - drug reaction with eosinophilia and systesygimptoms
117 ELISpot - enzyme-linked immunoSpot assay

118 GBFDE - generalized bullous fixed drug eruption

119 IDT - intradermal testing

120 IFN-y - interferony

121 MPE - maculopapular exanthema

122 PBMC - peripheral blood mononuclear cells

123 PT - patch testing

124 RegiSCAR - registry of severe cutaneous adversgiosa

125 SCAR - severe cutaneous adverse reaction

126 SFU - spot forming units

127 SJS - Stevens-Johnson syndrome

128 TEN - toxic epidermal necrolysis



129 Introduction

130 Delayed hypersensitivities are a group of presumezkll mediated adverse drug reactions
131 (ADRs) that vary from isolated benign skin condioto severe cutaneous adverse reactions
132 (SCARs) that are associated with significant aeutg long-term morbidity and mortality (In
133 vivo skin testing, such as patch testing (PT) and éelagtradermal testing (IDT), diagnostic
134 approaches to severe delayed immune-mediated ADRkyed IM-ADR) are limited by
135 availability and variable sensitivity (2, 3). Fuioctal ex vivo assays include cytokine release
136 enzyme-linked immunoSpot (ELISpot) assay, an emgrdiagnostic tool which uses cytokine
137 release, typically IFNg after the patient’s peripheral blood mononuclealls (PBMC) are
138 stimulated with the suspected drug(s). This diagoasol, while having the advantage of
139 carrying no risk of drug re-exposure for the patiésnot available for routine diagnostic use in
140 most centers. The ELISpot assay has shown promi§g, @lthough its role in the diagnostic
141 approach to delayed IM-ADR is ill defined. We sough examine the utility ofn vivo andex
142  vivo testing using the IFN-ELISpot assay to determine drug causality in aodobf patients
143  with antibiotic-associated delayed IM-ADR.

144
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Methods

Patients with antibiotic-associated delayed IM-ADRscluding Stevens-Johnson syndrome
(SJS), toxic epidermal necrolysis (TEN), drug reactvith eosinophilia and systemic symptoms
(DRESS), acute generalized exanthematous pustyla§i&P), generalized bullous fixed drug
eruption (GBFDE) and severe maculopapular exanth@E), were prospectively recruited
from a tertiary referral drug allergy testing centretween L March 2017 and Z21July 2020 at
the Austin Health Hospital and Peter MacCallum @arentre Melbourne, Australia. Further,
cases may have been co-recruited to the Australd®egistry of Severe Cutaneous Adverse
Reactions (AUS-SCAR) — a prospective national stfiyTRN12619000241134) and some of
the cases might have been included in a previobfigation (7). The patients had a Naranjo
ADR score (8) of 5 or more and scored a minimunthi@ algorithm of drug causality for
epidermal necrolysis (ALDEN) score (9) of 4 or mdoe SJS and TEN; Registry of Severe
Cutaneous Adverse Reaction (RegiSCAR) score (18)avfmore for DRESS ; AGEP score (11)
of 2 or more for AGEP. Severe MPE was defined asxa@nsive cutaneous exanthem with more

than 50% of body surface area and RegiSCAR scoftof3 (possible), as previously defined

(7).

Patients were excluded based on previously puldlisingeria, including an alternative viral,
bacterial, or autoimmune etiology, evidenced by ame of the following: (1) positive
polymerase chain reaction for herpesvirus (HSV1é3jpmegalovirus, Ebstein-Barr virus or
enterovirus, (2) positiveMycoplasma species on polymerase chain reaction (respiratory
specimen or serology), or (3) detectable antinuceéigen antibody titer of more than 1:64 (4).

Patients were also excluded if their clinical pietwas consistent with an alternative diagnosis
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or if the skin biopsy (histopathology or direct imnofluorescence) was not consistent with a
drug reaction (4).

In vivo testing (PT or IDT) was performed to the implichtirug(s) at the clinician’s discretion
using previously published non-irritating concetitnas (12, 13). IDT was performed at least 6

weeks following the resolution of cutaneous man#esns, as per previous publications (4).

The ex vivo testing was performed in triplicate with the patie PBMC stimulated with the
relevant antibiotic concentrations in order to nieaghe CD4 and CD8 T-cell dose dependent
IFN-y release via ELISpot (4). Antibiotics used in th@&\lly release ELISpot assay were sourced
from local pharmacy if available in commercial axenous formulation or in a powder form
with subsequent dilution in the laboratory settimgpending on their solubility. PBMCs
(200,000 cells per well) were incubated with inigsted antibiotics at concentrations
representative of peak serum concentratidbisiak) and a level 10-fold higher tha@max.
Testing was also performed with a negative (undated) and positive control (anti-CD3
antibody; Mabtec®, Australia) in duplicate and healthy control (piiin-exposed nonallergic)
for all testing antibiotic concentrations. IRNsecretion was captured by the anti-lfldntibody
18-24 hours following antibiotic addition to patidPBMC, with detection antibody and enzyme
substrate being added just before plate reading.splot forming units (SFU) representing cells
that secrete IFN-were then identified and counted automaticallyhveih AID ELISpot Reader
(software version 7.0) (Mabte@). A positive response was defined as equal ortgreaan 50
SFU/million cells after background (unstimulatechitol) removal as per previously published

definitions (14, 15). Five tolerant controls, defthas patients assessed in the outpatient clinic
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that had tolerated a complete course (median teFdtohuration 10 days) of the antibiotic used

for ELISpot stimulation, were included in the study

Descriptive results are presented as frequencycéptage) and median (interquartile range).
Sensitivity was calculated for each diagnostic test phenotype. Fisher's Exact test was used
for comparison between phenotypes. Logistic regyassas used to determine predictors of a
positive diagnostic test (separatelyfan vivo and ex vivo, predictors: age, sex,
immunosuppression, phenotype, latency and culpuig)d Mixed effects logistic regression was
used to compare vivo positivity againstex vivo test positivity within the main subgroups of
reaction type and antibiotic. Variables with p <Bwere included in the multivariable model.
Statistical analyses were performed with Stata®Cl land figures representing ELISpot results
were generated using GraphPad Prism (7.0a, Mabintession). The study was approved by
Austin  Health Human Research Ethics Committee (HRBGUSTIN/75 and
HREC/50791/Austin-19) and the investigators obtdiveritten informed consent from the

participants.
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Results

Baseline demographicEighty-one patients with an antibiotic-associatethged IM-ADR met
the inclusion and exclusion criteridrigure 1). Their clinical characteristics, the clinical
investigations and the implicated antibiotics armmarized inTable 1, Table 2, and Table 3,
respectively. The phenotypes encountered were DRE3S51.9%) severe MPE (25; 30.9%),
AGEP (6; 7.4%), SJSITEN (7;7.9%) and GBFDE (1; 1.3Z%gure 1). The most common
implicated antibiotics for DRESS were penicilling4(42; 57.1%) and glycopeptides (22/42;
52.4%) {Table 3). Based on medical records review, penicillins eveonsidered causal in a
majority of SJS (4/6; 66.7%) and severe MPE (2088) cases and in all AGEP cases (6/6)
(Table 3).

Skin testing results (n vivo). The IDT and PT results per phenotype are summanz&dble 2
Among the 81 patients included, 68 (84%) undervw®iit and/or PT. The main reasons for not
performingin vivo testing was patient refusal or underling skin Sngror hypopigmentation in
the areas most appropriate for skin testing. Obéhskin tested, there was a non-statistically
significant higher rate of skin test positivity IDRESS compared with SJIS/TEN phenotypes,
although based on small SJIS/TEN numbers (14/222/960.163) Table 2). The median skin
test latency for the positive tests (N = 33) wag #ays (IQR, 85 - 422). No predictors of a
positive skin test (PT or IDT) were identifi€fable E2).

One patient (0.01%) with DRESS phenotype preseatedd systemic reaction (fever and mild
generalized skin eruption, but no evidence of DRE&&pse) 48 hours after intradermal skin
testing to beta-lactams that was performed 7 waéks the acute phenotype. No patients had a

relapse of their severe delayed IM-ADR.
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IFN-y release ELISpot assay response®x(vivo). The IFNy release ELISpot assay was
performed in 78% of the final cohort (63/81) and634(54%) were positive to at least one
implicated antibiotic (median SFU/ million cells9.8; interquartile range [IQR], 68-187)
(Figure E1). Nineteen (56%) were positive to more than ongbantic, 18 (53%) were only
positive to the highest antibiotic concentratiostéd, and 15 (44%) were positive to both
concentrations of the antibiotics tested. The med8MC collection latency for the positive
tests (N = 34) was 133 days (IQR, 32 - 401).

The IFNy release ELISpot assay results for all tested mtitls in patients with SCAR are
represented ifrigure E1 and the results stratified by phenotype are ilatstt inTable 2 There
was no difference iex vivo positivity with severe MPE compared with DRESSL{P(53%) vs
19/34 (56%); p = 1.00) and DRESS compared with @¥&hotypes (19/34 (56%) vs 3/5 (60%);
p = 1.00). The sensitivity of IFN+release ELISpot assay for DRESS was 56%. The fgpci
can be calculated at 100%, when considering theralgsof false positive results in the tolerant
control group FFigure E2).

Using the multivariable model, a glycopeptide imated in causality was a strong predictor of
IFN-y ELISpot test positivity (aOR 4.80, 95% CI 1.48,34 (Table EJ). Further, younger age
was also noted to be possibly associated with ipediEN-y ELISpot result (aOR 0.97, 95% CI
0.95, 0.99, p-value=0.041). None of the toleramtids exhibited a positive result (median

SFU/million cells, 0; IQR, 0-1.3Higure E2).

Agreement and utility of combinedin vivo and ex vivo testing. In the final cohort, 63%

(51/81) were positive to an implicated antibiotic eitherin vivo or ex vivo testing and 20%
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(16/81) were positive on both investigatiofislfle 2). The median latency to testing forvivo
testing was 129 days and 115 daysebovivo testing Table 1).

In those positive on both modalities, the same @)ugas implicated in 13/16 (81%) of patients.
In two patients, there were discrepant resulth@in vivo andex vivo assays. In these patients,
the implicated drugs shared the same antibiotisscéand shared the same penicillin beta-lactam
ring. In another case (1/16) the drug classes were diftdyut components of the same antibiotic
(exvivo positive for sulfamethoxazole and PT was posifibrerimethoprim).

For the most commonly encountered phenotype, DRES3%, (26/42) patients had a positive
vivo and/orex vivo test resultTable 2).

The overall sensitivity for combination testingsiin testing and ELISpot was 63%. Among the
22 patients with glycopeptide DRESS, 15/21 (71.4¢é)e positive to ELISpot and 7/8 (87.5%)
on IDT/PT (Table E4). For the 21 patients with a penicillin-cephalaspcassociated severe
MPE, 7/13 (53.8%) were positive on ELISpot and $4(23.3%) onin vivo testing Table E4).
The combination oéx vivo andin vivo testing confirmed the allergic diagnostic in 114fZhe
cases for DRESS and severe MPE associated witltiiesi and cephalosporins and 6/7 for
DRESS associated with glycopeptid&slfle E4). When compared with vivo testing,ex vivo
testing seems to be associated with more posiiselts for DRESS, while, on the contrary, skin
testing performed better for severe MPE; however ©dusmall sample size these results were

not statistically significantTable E5).
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Discussion

We present one of the largest cohorts of antibiag®ociated delayed IM-ADR, using combined
skin testing and the novel IFiNrelease ELISpot assay, building on a previouslyliphed pilot
study (4). The ability to identify the culprit abibtic has a significant clinical impact because
multiple antibiotics are implicated in patients WBCAR (38% in our cohort). Without precise
identification of the aetiological agent, theseiguas could potentially have to avoid multiple

antibiotic classes resulting in limited therapewaptions for current and future severe infections.

In vivo or ex vivo testing was positive in 63% of the cases, with lighest sensitivity in the

severe MPE phenotype (17/25 or 68%), which is simtid previous reports in this cohort of
delayed IM-ADR, albeit in potentially non-severeepbtypes (16, 17). Skin testing was positive
in 49% of patients, consistent with the range presiy reported (6.6-36.3% for MPE and 64-

100% for DRESS (3))

IFN-y release ELISpot contributed to the diagnostic ltesn 63% of patients, picking up an
additional 15 (19%) cases that were missed with &sting aloneTable E1). The sensitivity of
IFN-y release ELISpot assay for DRESS was 56%. Our ghasppreviously demonstrated a
sensitivity of 52% in patients with SCAR and spietly of 100% (4). In a cohort of 22 patients
with amoxicillin MPE, the sensitivity of the IFMELISpot was 91% (15/22) when the cut-off
ware more than 30 SFUA(QL6). Using this same reference value, the seityitivas 87.5%
(7/8) in a study involving 8 patients with hypersiinity to piperacillin (18). Overall, these data
demonstrate a reproducible sensitivity and spetifibat can be used as an adjunct to clinical

assessment, allowing practice improvement. Althowgtdid not observe any instances whare



293 vivo testing precipitated a recurrence of SCAR, the {Fihlease ELISpot assay is without
294 clinical risk and appears to have a good spedgffi@nd, in the most part, has good agreement
295 with positivein vivo (skin testing), when performed. This is also ral@vas skin testing in the
296 setting of DRESS should ideally be avoided in theo 3 months period following the acute
297 syndrome because of the risk of coincident DRE$&pse. We demonstrate that the likelihood
298 of a positive IFNy ELISpot result is higher in glycopeptide assodadelayed IM-ADR and in
299 younger patients — aiding future patient selectiion.our cohort, the combination of INJ-
300 ELISpot and skin testing for severe MPE and DREB&vad us to identify a culprit drug in
301 43/67 (64.2%) of the patients tested. When compainmvivo with ex vivo testing, INFy
302 ELISpot seems to be a more valuable tool for DRpB&notype while skin testing provided
303 more positive results for severe MPE. The resuislianited by the small study numbers and
304 with non-statistically significant confidence intats and p-valuesTéble E5).

305 We propose that IFN-release ELISpot can potentially be performed whrerivo testing is
306 considered unsafe or is not available to cliniciam&l where PMBCs could be sent to a
307 centralized specialized immunology laboratory.

308

309 Limitations of this study include the single regabrexperience in a predominantly Caucasian
310 population, the long latency period between thetrea date and the assessment date, and the
311 absence of universal drug challenge or provocdbompatients who had negative vivo andex
312  vivo testing.

313

314  Future directions that will be helpful to study aingprove the negative and positive predictive

315 values of combinatiomn vivo andex vivo approaches to antibiotic associated delayed IM-ADR
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include challenge studies to individual implicatatibiotics in those negative on combinad
vivo and ex vivo testing, following careful risk-benefit assessmessing a different cytokine
output for the ELISpot assay based on phenotyge @RESS — IL-5, AGEP — IL-8) and further
examination of the impact of latency period (actgesus convalescent bleed) may improve the
diagnostic utility. Furthermore, using HLA testifagy known risk alleles (e.g. HLA-A*32:01 for
vancomycin) and others as these become available bmaa viable approach to aid in risk
stratification and diagnosis, particularly in thase of antibiotic associated delayed IM-ADR

occurring in the setting of treatment with multigletibiotics (19).

We demonstrate the potential utility of nowglvivo diagnostics to supplement traditional skin
testing approaches in severe antibiotic allergyrgéacollaboration international networks are
required to develop and standardizeyivo diagnostic approaches such as IDT and PT combined
with ex vivo laboratory approaches and other approaches sugeragic testing to improve
medication safety post severe delayed IM-ADR. I ititerim, this study confirms that the use
of IFN-y release ELISpot for antibiotic-associated delapdeADR appears a useful adjunct to
standard clinical approaches in severe drug hypsiteaty where diagnostic approaches have

been traditionally limited.



333

334

335

336

Acknowledgement
We acknowledge the graphic design work of Al Chosfho helped with illustrations (Created
with BioRender.com). We thank the clinical nurseegglists, Wendy Stevenson, Belinda

Lambros and Rebecca Hall for their assistance rifopeingin vivo testing.



337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

References:

1. Lin YF, Yang CH, Sindy H, Lin JY, Rosaline HuVCTsai YC, et al. Severe cutaneous
adverse reactions related to systemic antibio@tis. Infect Dis. 2014;58(10):1377-85.

2. Barbaud A, Collet E, Milpied B, Assier H, Staum®, Avenel-Audran M, et al. A
multicentre study to determine the value and safétrug patch tests for the three main classes
of severe cutaneous adverse drug reactions. Brridddel. 2013;168(3):555-62.

3. Konvinse KC, Phillips EJ, White KD, Trubiano JBld dog begging for new tricks:
current practices and future directions in the dasgs of delayed antimicrobial hypersensitivity.
Curr Opin Infect Dis. 2016;29(6):561-76.

4. Trubiano JA, Strautins K, Redwood AJ, Pavlio&Keavinse KC, Aung AK, et al. The
Combined Utility of Ex Vivo IFN-gamma Release Enaainnked ImmunoSpot Assay and In
Vivo Skin Testing in Patients with Antibiotic-Assated Severe Cutaneous Adverse Reactions. J
Allergy Clin Immunol Pract. 2018;6(4):1287-96 el.

5. Bensaid B, Rozieres A, Nosbaum A, Nicolas JFaReF. Amikacin-induced drug
reaction with eosinophilia and systemic symptonredlsyme: delayed skin test and ELISPOT
assay results allow the identification of the citilgrug. J Allergy Clin Immunol.
2012;130(6):1413-4.

6. Kato K, Kawase A, Azukizawa H, Hanafusa T, Nakag Y, Murota H, et al. Novel
interferon-gamma enzyme-linked immunoSpot assaygusctivated cells for identifying
hypersensitivity-inducing drug culprits. J Dermagaii. 2017.

7. Trubiano JA, Chua KYL, Holmes NE, Douglas AP, Mtouris E, Goh M, et al. Safety
of cephalosporins in penicillin class severe daldygpersensitivity reactions. J Allergy Clin

Immunol Pract. 2020;8(3):1142-6 e4.



360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

8. Naranjo CA, Busto U, Sellers EM, Sandor P, RuRoberts EA, et al. A method for
estimating the probability of adverse drug readid@in Pharmacol Ther. 1981;30(2):239-45.
9. Sassolas B, Haddad C, Mockenhaupt M, Dunantigs, ¥, Bork K, et al. ALDEN, an
algorithm for assessment of drug causality in Stexd®hnson Syndrome and toxic epidermal
necrolysis: comparison with case-control analySIsn Pharmacol Ther. 2010;88(1):60-8.

10. Kardaun SH, Sekula P, Valeyrie-Allanore L, LY§sChu CY, Creamer D, et al. Drug
reaction with eosinophilia and systemic symptomRESS): an original multisystem adverse
drug reaction. Results from the prospective RegiRGAIdy. Br J Dermatol. 2013;169(5):1071-
80.

11. Sidoroff A, Halevy S, Bavinck JN, Vaillant LoRjeau JC. Acute generalized
exanthematous pustulosis (AGEP)--a clinical reagpiattern. J Cutan Pathol. 2001;28(3):113-9.
12. Barbaud A, Goncalo M, Bruynzeel D, Bircher Airgpean Society of Contact
Dermatitis. Guidelines for performing skin testg¢hwdrugs in the investigation of cutaneous
adverse drug reactions. Contact Dermatitis. 20(%)4321-8.

13. Brockow K, Garvey LH, Aberer W, Atanaskovic-Mavic M, Barbaud A, Bilo MB, et
al. Skin test concentrations for systemically adst@red drugs -- an ENDA/EAACI Drug
Allergy Interest Group position paper. Allergy. 3088(6):702-12.

14. Keane NM, Roberts SG, Almeida CA, Krishnan fip@ara A, Demaine E, et al. High-
avidity, high-IFNgamma-producing CD8 T-cell respesi$ollowing immune selection during
HIV-1 infection. Immunol Cell Biol. 2012;90(2):2234.

15. Keane NM, Pavlos RK, McKinnon E, Lucas A, RveBlyth CC, et al. HLA Class |
restricted CD8+ and Class Il restricted CD4+ T<ale implicated in the pathogenesis of

nevirapine hypersensitivity. AIDS. 2014;28(13):18%01.



383

384

385

386

387

388

389

390

391

392

393

394

395

396

16. Rozieres A, Hennino A, Rodet K, Gutowski MC,r8ta-Saad N, Berard F, et al.
Detection and quantification of drug-specific Tiséh penicillin allergy. Allergy.
2009;64(4):534-42.

17. Khalil G, EI-Sabban M, Al-Ghadban S, Azzi SaBMa S, Khalife S, et al. Cytokine
expression profile of sensitized human T lymphogyt#iowing in vitro stimulation with
amoxicillin. Eur Cytokine Netw. 2008;19(3):131-41.

18. El-Ghaiesh S, Monshi MM, Whitaker P, JenkinsviRng X, Farrell J, et al.
Characterization of the antigen specificity of Ttodones from piperacillin-hypersensitive
patients with cystic fibrosis. J Pharmacol Exp Tt2€12;341(3):597-610.

19. Konvinse KC, Trubiano JA, Pavlos R, James &fféh CM, Bejan CA, et al. HLA-
A*32:01 is strongly associated with vancomycin-indd drug reaction with eosinophilia and

systemic symptoms. J Allergy Clin Immunol. 2019.



397
398

399

400
401
402
403
404
405
406
407

409
410
411

TABLE 1: Baseline characteristics of patients

Characteristics

Patients (N = 81

Age (yeary), median (IQR 56 (31,85
Sex(F), N (%) 43 (53%
Caucasia, N (%) 69 (85%
Immunocompromise®, N (%) 33 (41%

Pre-existing skin disease or medical comorbid,

N (%)

Cardiovascular disea® (5; 6.2%
CPD (1; 1.2%)
Diabetes mellitu§(3; 3.7%)
Renal diseas®(4; 4.9%)
Neurological diseasg1; 1.2%)

Psychiatric history (6/77; 7.8%)

Age-adjusted CCI, median (IQ 53,6
Multiple implicated antibiotic, N (%) 31 (38%
Multiple implicated drug, N (%) 17 (21%
Number of allergy labels, median (IC' 2(1,3

Skin test latency (day median, (IQR?

128 (84.E, 41€)

PBMC collectior latency (days median (IQR®

115 (27, 400

Abbreviations: IQR, interquartile range; F, female; CCIl, Charlsmmorbidity index; CPD, chronic pulmonary

disease; PBMC, peripheral blood mononuclear cells.

&The immunocompromised category includes patierstsate known for any of the following conditionsartsplant
recipient, hematological or oncological malignar{ay the last 5 years), corticosteroid use of mdrant10 mg
prednisolone equivalent per day, connective tissueautoimmune condition and acquired immunodeficyen

syndrome.

b Cardiovascular disease includes myocardial infaangestive heart failure and peripheral vasctikease.
°Diabetes mellitus includes confirmed disease wittvithout end organ damage.

4Renal disease includes moderate or severe rereglsdis
®Neurological disease represents cerebrovasculeasts

fThe number of allergy labels refers to the prestixi) number of allergy labels prior allergy tegtin




412  9skin test latency and PBMC collection latency repre the time from onset of delayed immune-mediathcbrse
413  drug reaction to skin testing being performed (tstdst latency”) or PBMC collected (“PBMC collegtitatency”).
414  These variables were measured in days.

415



416 TABLE 2: Summary of clinical investigations based bphenotype (N = 81)

417

418

419
420
421
422
423
424

425

Phenotype | Number patients ICH - Status or EX vivo positive IDT positive PT positive Any test
N (%) Immunosuppression® | N/ N total (%) N/ N total (%) N/ N total (%) positive
N/ N total (%) N/ N total (%)
DRESS 42 (51.9% 14/42 (33.3% 19/34 (55.8% 14/35 (40% 0/9 (0% 26/42 (61.9%
Severe MP 25 (30.9% 14/25 (56% 9/17 (52.5%) 14/24 (58.3% 1/4 (25% 17/25 (68%
AGEF 6 (7.4% 0/6 (0% 2/5 (40% 3/6 (50% 0/1 (0% 476 (66.7%
SJ< 6 (7.4% 476 (66.7% 3/5 (60%) 0/3 (0% 0/3 (0% 3/6 (50%
GBFDE 1(1.2% 0/1 (0% 1/1 (100% 1/1 (100% 0/0 (0% 1/1 (100%
TEN 1(1.2% 1/1 (100% 0/1 (0% 0/0 (0% 0/0 (0% 0/1 (0%

Abbreviations: AGEP, acute generalized exanthematous pustuldS&SS, drug reaction with eosinophilia and systesyimptoms; GBFDE, generalized bullous fixed
drug eruption; ICH, immunocompromised host; IDTtradermal testing; MPE, maculopapular exanthema;aich testing; SJS, Stevens-Johnson syndrome; fixid

epidermal necrolysis.

&The immunocompromised host includes patients tieakimown for any of the following conditions: tratant recipient, hematological or oncological maigcy (in the last

5 years), corticosteroid use of more than 10 mdmiselone equivalent per day, connective tissugutsimmune condition and acquired immunodeficiesyaydrome.




426 TABLE 3: Implicated antibiotics based on phenotype

427
Phenotype Number Penicillins® Cephalosporin® | Carbapenem¢ | Glycopeptided Other®
patients N (%) N (%) N (%) N (%) N (%)
N (%)
DRESS 42 (51.9% 24 (57.1%) 16 (38.1%) 4(9.5% 22 (52.2%) 14(33.3%
Severe MP | 25 (30.9% 20 (8C%) 8 (32%) 2 (8%) 3(12% 8 (32%)
AGEF 6 (7.4% 6 (10(%) 3 (50%) 0 (0%) 0 (0%) 1(16.7%
SJ< 6 (7.4% 4(66.7% 2 (33.2%) 0 (0%) 0 (0%) 3(50%)
GBFDE 1(1.2% 1 (100% 1 (100% 0 (0%) 1 (100% 0 (0%)
TEN 1(1.2% 0 (0%) 1(100% 0 (0%) 0 (0%) 0 (0%)
428

429  Abbreviations: AGEP, acute generalized exanthematous pustulP&ESS, drug reaction with eosinophilia and systesgimptoms; GBFDE, Generalized
430  bullous-fixed drug eruption; MPE, maculopapularrtkema; SCAR, severe cutaneous adverse reactiSnS&vens-Johnson syndrome; TEN, toxic epidermal

431 necrolysis.
432

433 @ The penicillins category includes amoxicillin, awifiin, penicilin G, penicillin VK, flucloxacillin dicloxacillin, piperacillin/tazobactam and
434  amoxicillin/clavulanate.

435  °The cephalosporins category includes cephalexftrjiaene, cefepime and ceftazidime.

436  °The carbapenems category includes meropenem.

437  “The glycopeptide category includes vancomycin aiwbplanin.

438  °The other category includes allopurinol, trimethoprsulfamethoxazole, ciprofloxacin, clindamycirdaifampicin.
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456

FIGURE 1. Flow chart of patient phenotypes, inclugin and exclusion criteria

Abbreviations: AGEP, acute generalized exanthematous pustulddiis; allergic interstitial nephritis; DRESS, drugaction
with eosinophilia and systemic symptoms; ELISpobzyene-linked immunoSpot; FDE, fixed drug eruptioBBFDE,
generalized bullous-fixed drug eruption; IDT, imeamal testing; IFNg interferon gamma; MPE, maculopapular exanthema;

PT, patch testing; SCAR, severe cutaneous adveastion; SJS, Stevens-Johnson syndrome; TEN, émidermal necrolysis.

Notes:

1) In the patients reporting multiple allergy lahelve have reported the labels where timing wadircoed (excluding the
unspecified or unknown delay) as well as the lafmislelayed reactions (excluding the immediatellphf a patient presented
multiple delayed reactions, we have indicated tstraevere reaction.

2) In terms of skin testing, for the drug availalilean intravenous formulation, IDT was favoured fbhe non-SJS/TEN
phenotypes. PT was performed only for the SJS/THEBhptypes and when the drugs were not availableniintravenous
formulation.

3) Concerning the ex vivo testing, patients reediito participate in this study are requested @ @ reasonable amount of
blood for peripheral blood mononuclear cells (PBM&}raction. Some of the patients refused to gileed and, for some

patients, the PBMC cell viability was insufficient for ELISpot assay performance.



Total number of patients assessed at the allergy clinic (N =1,346)
01/03/2017 — 21/06/2020

Excluded non-delayed phenotypes (954; 71%)
..... » - Immediate reaction (512; 38%)
- Unspecified or unknown delay (442; 33%)

[ Delayed reaction (392; 29%) ]

----- »  Excluded phenotypes (302; 77%)
- Non-severe MPE (286; 73%)
« FDE (4; 1%)
- Drug fever (5; 1.1%)
« AIN (3; 0.7%)
- Immune complex (4; 1%)

----- »  Testing not completed (9; 2.2%)

[ SCAR and Severe MPE (81; 21%) ]

|
! ! } ! ! l

[ DRESS (42; 51.9%) ] [ Severe MPE (25; 30.9%) ] [ AGEP (6; 7.4%) ] [ SJS (6 7.6%) ] [ GBFDE (1; 1.2%) ] [ TEN (1; 1.2%) ]
IDT/PT/ELISpot IDT IDT/PT/ELISpot IDT IDT/PT/ELISpot IDT IDT/PT/ELISpot IDT IDT/PT/ELISpot IDT IDT/PT/ELISpot IDT
(N=2) (N = 35), (N=2) (N=24) (N=1) (N=6) (N=1) (N=3) (N=0) (N=1) (N=0) (N=0)
IDT/ELISpot PT IDT/ELISpot PT IDT/ELISpot PT IDT/ELISpot PT IDT/ELISpot PT IDT/ELISpot PT
(N=22) (N=9) (N=14) (N=4) (N=5) (N=1) (N=1) (N=3) (N=1) (N=0) (N=0) (N=0)




