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Capsule Summary:

All fifteen patients with HLA-A*32:01 restricted wv@omycin-induced DRESS,
showed negativex vivo responses to dalbavancin however two showed ceassivity to
teicoplanin and telavancin. Adjunctive diagnos#isting should be considered to detect

potential cross-reactivity amongst glycopeptides.
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Tothe Editor:

Vancomycin is a glycopeptide antibiotic used t@atmesistant gram-positive
infections. Itis associated with a life-threatgy delayed T-cell-mediated reaction, drug
reaction with eosinophilia and systemic symptomBRESS) presenting with fever, rash,
hematological abnormalities, lymphadenopathy agaminvolvement that occurs 2-6 weeks
after vancomycin initiation. We demonstrated that HLA-A*32:01 is strongly asated
with vancomycin-induced DRESS in European poputetfoAll glycopeptide antibiotics
contain a heptapeptide core structure and crossivig should be considered when treating
patients who have had a previous hypersensitie#gtion to vancomycin (Supplemental
Figure E1)® Cross-reactivity remains controversial as sontiepes presenting with
teicoplanin-induced DRESS showed subsequent taligyab vancomyciff” and patients
with teicoplanin-induced DRESS confirmed by postimtradermal skin test had a negative
skin test to vancomycih.

To examine the immunological cross-reactivity angirigur glycopeptide antibiotics
including vancomycin, teicoplanin, dalbavancin &sldvancin, adults >18 years with a
probable diagnosis of vancomycin DRESS defined bgreesponding Naranjo adverse drug
reaction (ADR) score ¢f5 (probable ADR), a RegiSCAR score>gf (probable DRESS)
and who carried HLA-A*32:01, the recently describvesk allele for vancomycin-induced
DRESS, were recruited between January 2010 an@@bpt 2019 through drug allergy
clinics and inpatient facilities at participatingstitutions (Vanderbilt University Medical
Center in Nashville, Tennessee; Austin Health, PdecCallum Cancer Centre, Fiona

Stanley Hospital and Royal Perth Hospital in Péestern Australia, Australia). All
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patients provided informed consent for collectidisaliva and blood to be stored as DNA
and peripheral blood mononuclear cells (PBMCs).

Interferon-gamma (IFN) release in response to overnight incubation wanblicated
drugs was performed by ELISpot assay (3420-2H; BEbtStockholm, Sweden) in triplicate
from thawed PBMCs (rested overnight) and includegative (unstimulated) and positive
(anti-CD3 Mabtech antibody, staphylococcal entedioi®, and/or cytomegalovirus pp65)
controls. Control PBMCs from glycopeptide unexgbk A-A*32:01 positive and negative
individuals were also used. PBMCs plated at 20D ¢¥ls/well were incubated with
vancomycin, teicoplanin, dalbavancin, telavancid ather implicated drugs at
concentrations representative of maximum serumertgnations, as well as those 10-fold
higher and 10-fold lower (Figure 1). A positivespense was defined as more than 50 spot-
forming units (SFU)/million cells after backgrouremoval as per previous definitiohs.
High-resolution 4-digit HLA-A, HLA-B, HLA-C, HLA-DR HLA-DR, and HLA-DQ typing
was performed by using sequence-based typing witvigusly published protocofs.

Fifteen patients who met the clinical inclusiorteria for vancomycin-induced
DRESS syndrome were enrolled into this study. démographics, clinical characteristics,
DRESS history are described in Supplemental Tablartel full HLA typing of all in
Supplemental Table E2.

All vancomycin DRESS cases exhibited a dose-depermussitive IFNy ELISpot
response to vancomycin (Figure 1, SupplementaleélgB) and all had a clear negative
response to both concentrations of dalbavanciru(Ei@). Three cases overall showed cross-
reactivity with 3 showing a positive response favancin and 2 of these also demonstrating
a positive IFNy ELISpot response to teicoplanin. One of the tabgmts who had positive
IFN-y ELISpot responses to vancomycin, teicoplanin atel/ancin (Patient ID 15,

Supplemental Table E3) was intradermally skin tésdeboth vancomycin and teicoplanin
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and showed positive responses to both (SupplemEigtate E2), which was not seen in
glycopeptide unexposed controls (n=5) and 3 pati@Patient ID 9, 10, and 11) with HLA-
A*32:01 positive vancomycin DRESS who showed pusitielayed intradermal testing and
IFN-y ELISpot to vancomycin but negative IRN=LISpot and intradermal testing to
teicoplanin. Patients ID 1,3 and 5 also toleragestion challenges with medications
concurrently administered at the time of vancomy2RESS.

In samples with sufficient cell numbers, PBMCs wiested against other
concurrently administered medications potentiattplicated in DRESS development
(Supplemental Figure E3). IFNELISpot was also performed on PBMCs from non-HLA-
matched healthy donors (n=5) and a HLA-A*32:01 pesivancomycin naive control (n=1);
all exhibiting a negative response to all four drgdata not shown).

Vancomycin is implicated in up to 40% of antibietilated DRESS casésThe
prevalence of vancomycin DRESS appears to be isicrgand it is the second most
common cause of DRESS overall reported to the Fld#efAse Event Reporting System
(FAERS) between 1999 and 2019, https://open.fdédgoa/faers/ (accessed March 2, 2020).
HLA-A*32:01 has recently been reported as a genedicfactor for vancomycin-induced
DRESS in the European population, within whichdHelic prevalence is approximately
6.8%2 Due to the high prevalence of the risk allele, tiigh incidence of vancomycin-
induced DRESS and the potential cross-reactivewitdk dalbavancin given its extremely
long half-life of 14 days, the detection of crosgaetivity to alternative glycopeptide
antibiotics is very important for reducing the reskDRESS and providing patients with
future therapeutic options. Our study is reasguinndemonstrating that 100% of
vancomycin DRESS cases with IFNELISpot responses showed a negative VHR:ISpot
response to dalbavancin, suggesting no or verycloss-reactivity between vancomycin and

dalbavancin. Dalbavancin differs from vancomytirough a structural modification of the



126  lipophilic side chain which enhances its bindinfyrétfy to the cell membrane and prolongs
127 its half-life3 Approximately 87 % (13/15) and 73% (8/11) of vamycin DRESS cases

128  showed no cross-reactivity to teicoplanin and tetenn, respectively. Two vancomycin

129 DRESS cases demonstrated immunological crossvégdt teicoplanin, and telavancin
130 using ELISpot, supported by a positive intraderskah test to teicoplanin in the one patient
131  where this was performed. Of note, one of thesegatients had a short interval between
132  original reaction and IFN-ELISpot assay (Patient ID 8, Supplemental Tablg E1

133  Telavancin is a semi-synthetic derivative of vangoim and that dalbavancin is a semi-

134  synthetic lipoglycopeptide derived from a glycopégtstructure more similar to teicoplanin.
135 In addition to the long lipophilic side chain oflldavancin that extends its half-life and

136  improves affinity for the D-Ala-D-Ala target in tHeacterial cell wall, dalbavancin lacks the
137  acetylglucosamine group of teicoplanin. Intriguyntine two patients (Patient ID 8, 15,

138  Supplemental Table E2 & E3) with shaeedvivo cross-reactivity amongst vancomycin,
139 teicoplanin and telavancin shared the same claskAl haplotype.

140 To determine if vancomycin, teicoplanin and telasrarhave the potential to bind

141  class Il HLA molecules in particular shared by paients that exhibited cross-reactive

142  specificities, we used molecular docking (AutoDa&tka). Vancomycin, teicoplanin and
143  telavancin were predicted to bind HLA-DQ (DQA1*01;dQB1*05:03) with estimatedG
144  values of -7.7, -7.4 and -7.2 kcal/mol, respectiwehereas dalbavancin was predicted to bind
145  only weakly (Figure 2). Teicoplanin and telavaneiay hence bind class Il HLA as the

146 molecular basis for cross-reactive T cell respoiséd_A-A*32:01 positive patients who

147  have experienced vancomycin DRESS. This couldestggnew model for cross-reactivity
148 including recognition of drug/class 1l HLA complexby CD8+ T cells matured by positive
149  selection by HLA-A*32:01 or alternatively, CD4+ Elts may recognize teicoplanin and

150 telavancin in the context of class Il HLA molecusegh as DQ.
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A limitation of our study is the lack of in vivo dmechallenge cross-reactivity data.
We cannot be certain that the clinical phenotyppatfents with prior vancomycin DRESS
andex vivo cross-reactivity to teicoplanin and telavancin poditive delayed intradermal
skin testing in the one patient performed would &le DRESS, however, given the structural
similarity of these drugs and the half-life of daiancin of greater than 1 week, rechallenge
of these individuals would not be ethical unlessdhnical need outweighed any risk.

This study is the first evidence that elucidateslafor potential immunological
cross-reactivity pattern between vancomycin, tdmap and newer glycopeptide antibiotics
in patients with previous DRESS induced by vancamyd he lack of apparent cross-
reactivity is reassuring for dalbavancin, particiylgiven the long half-life of this
lipoglycopeptide, however, clinicians should be eavaf the low but detectable risk of cross-
reactivity in particular amongst teicoplanin, tedagin and vancomycin in the HLA-A*32:01
restricted vancomycin DRESS. Our study suggesisextvivo IFN-y ELISpot assay or skin
tests in combination with HLA typing could be perfeed to risk-stratify patients with a
history of previous vancomycin DRESS for potentisik of cross-reactivity between
vancomycin, teicoplanin, and telavancin to aid @king decisions for future treatment. The
shared class Il HLA haplotype amongst two pati@rntls cross-reactivity between
vancomycin, teicoplanin and telavancin and virtlatking of these drugs to HLA class Il
suggest a potential novel mechanism for cross4keyciollowing sensitization that deserves

further exploration.

Nontaya Nakkam, Phi¥, Andrew Gibson, Phf) Effie Mouhtouris, BSt Katherine
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Figurelegends
Figure 1. IFN-y release ELISpot results using PBMCs from 15 paémnancomycin DRESS
patients after 20 hours of incubation with vancomyteicoplanin, dalbavancin, and
telavancin (Telavancin stimulation was tested orddes). Means of the triplicates are
plotted. Error bars indicate interquartile ran§i¢he median ELISpot results from all cases
after background subtraction. A positive respamas defined as >50 SFU/million cells after
background removal. Two patients (Patient ID 8 Ahshowed cross-reactivity between
vancomycin, teicoplanin and telavancin and onespa{iPatient ID 7) showed potential
cross-reactivity between vancomycin and telavaatiB00 pg/mL (see Supplemental Table

E3 for details).

Figure 2. Prediction of binding inter actions between vancomycin, teicoplanin,

telavancin and HLA-DQ. A model of HLA-DQ (DQA1*01:01 in green, DQB1*05:08
beige) is shown. AutoDock Vina was used for mal@cdocking with vancomycin (red),
teicoplanin (cyan), telavancin (yellow). Molecutiocking of vancomycin, teicoplanin and
telavancin with class Il HLA molecules, HLA-DR, -D&nhd -DP sequences were obtained
from the HLA/IMGT database (http://www.ebi.ac.uldipngt/hla/allele.html). Atomic
homology models were generated with SWISS-MODELL#ERed on the most closely
related crystal structures. The class Il HLA coaxpinodels were then geometry minimized
by using PHENIX. Vancomycin, teicoplanin and telagin were docked into the HLA-
A*32:01 model with AutoDock Vina. The scoring giditmensions were 40 x 40 x 40 A
centered on a site corresponding to tleo€Cthe fifth peptide amino acid position (P5).
Vancomycin was docked, with exhaustiveness seftolhe top 9 scoring orientations were
determined and compared. PyMOL was used to generalecular graphics (PyMOL

Molecular Graphics System, version 1.8; SchrodinGambridge, Mass).
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