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Capsule Summary:   45 

All fifteen patients with HLA-A*32:01 restricted vancomycin-induced DRESS, 46 

showed negative ex vivo responses to dalbavancin however two showed cross-reactivity to 47 

teicoplanin and telavancin.  Adjunctive diagnostic testing should be considered to detect 48 

potential cross-reactivity amongst glycopeptides. 49 

 50 
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 53 

To the Editor:  54 

Vancomycin is a glycopeptide antibiotic used to treat resistant gram-positive 55 

infections.  It is  associated with a life-threatening, delayed T-cell–mediated reaction, drug 56 

reaction with eosinophilia and systemic symptoms (DRESS) presenting with fever, rash, 57 

hematological abnormalities, lymphadenopathy and organ involvement that occurs 2-6 weeks 58 

after vancomycin initiation.1  We demonstrated that HLA-A*32:01 is strongly associated 59 

with vancomycin-induced DRESS in European populations.2  All glycopeptide antibiotics 60 

contain a heptapeptide core structure and cross-reactivity should be considered when treating 61 

patients who have had a previous hypersensitivity reaction to vancomycin (Supplemental 62 

Figure E1).3  Cross-reactivity remains controversial as some patients presenting with 63 

teicoplanin-induced DRESS showed subsequent tolerability to vancomycin4-7 and patients 64 

with teicoplanin-induced DRESS confirmed by positive intradermal skin test had a negative 65 

skin test to vancomycin.8 66 

To examine the immunological cross-reactivity amongst four glycopeptide antibiotics 67 

including vancomycin, teicoplanin, dalbavancin and telavancin, adults >18 years with a 68 

probable diagnosis of vancomycin DRESS defined by a corresponding Naranjo adverse drug 69 

reaction (ADR) score of ≥5 (probable ADR), a RegiSCAR score of ≥4 (probable DRESS) 70 

and who carried HLA-A*32:01, the recently described risk allele for vancomycin-induced 71 

DRESS, were recruited between January 2010 and September 2019 through drug allergy 72 

clinics and inpatient facilities at participating institutions (Vanderbilt University Medical 73 

Center in Nashville, Tennessee; Austin Health, Peter MacCallum Cancer Centre, Fiona 74 

Stanley Hospital and Royal Perth Hospital in Perth, Western Australia, Australia).  All 75 
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patients provided informed consent for collection of saliva and blood to be stored as DNA 76 

and peripheral blood mononuclear cells (PBMCs). 77 

Interferon-gamma (IFN-γ) release in response to overnight incubation with implicated 78 

drugs was performed by ELISpot assay (3420-2H; Mabtech, Stockholm, Sweden) in triplicate 79 

from thawed PBMCs (rested overnight) and included negative (unstimulated) and positive 80 

(anti-CD3 Mabtech antibody, staphylococcal enterotoxin B, and/or cytomegalovirus pp65) 81 

controls.  Control PBMCs from glycopeptide unexposed HLA-A*32:01 positive and negative 82 

individuals were also used.  PBMCs plated at 200,000 cells/well were incubated with 83 

vancomycin, teicoplanin, dalbavancin, telavancin and other implicated drugs at 84 

concentrations representative of maximum serum concentrations, as well as those 10-fold 85 

higher and 10-fold lower (Figure 1).  A positive response was defined as more than 50 spot-86 

forming units (SFU)/million cells after background removal as per previous definitions.9  87 

High-resolution 4-digit HLA-A, HLA-B, HLA-C, HLA-DP, HLA-DR, and HLA-DQ typing 88 

was performed by using sequence-based typing with previously published protocols.2 89 

Fifteen patients who met the clinical inclusion criteria for vancomycin-induced 90 

DRESS syndrome were enrolled into this study.  The demographics, clinical characteristics, 91 

DRESS history are described in Supplemental Table E1 and full HLA typing of all in 92 

Supplemental Table E2. 93 

All vancomycin DRESS cases exhibited a dose-dependent positive IFN-γ ELISpot 94 

response to vancomycin (Figure 1, Supplemental Table E3) and all had a clear negative 95 

response to both concentrations of dalbavancin (Figure 1).  Three cases overall showed cross-96 

reactivity with 3 showing a positive response to telavancin and 2 of these also demonstrating 97 

a positive IFN-γ ELISpot response to teicoplanin.  One of the two patients who had positive 98 

IFN-γ ELISpot responses to vancomycin, teicoplanin and telavancin (Patient ID 15, 99 

Supplemental Table E3) was intradermally skin tested to both vancomycin and teicoplanin 100 
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and showed positive responses to both (Supplemental Figure E2), which was not seen in 101 

glycopeptide unexposed controls (n=5) and 3 patients (Patient ID 9, 10, and 11) with HLA-102 

A*32:01 positive vancomycin DRESS who showed positive delayed intradermal testing and 103 

IFN-γ ELISpot to vancomycin but negative IFN-γ ELISpot and intradermal testing to 104 

teicoplanin.  Patients ID 1,3 and 5 also tolerated ingestion challenges with medications 105 

concurrently administered at the time of vancomycin DRESS. 106 

In samples with sufficient cell numbers, PBMCs were tested against other 107 

concurrently administered medications potentially implicated in DRESS development 108 

(Supplemental Figure E3).  IFN-γ ELISpot was also performed on PBMCs from non-HLA-109 

matched healthy donors (n=5) and a HLA-A*32:01 positive vancomycin naïve control (n=1); 110 

all exhibiting a negative response to all four drugs (data not shown).  111 

Vancomycin is implicated in up to 40% of antibiotic-related DRESS cases.1  The 112 

prevalence of vancomycin DRESS appears to be increasing and  it is the second most 113 

common cause of DRESS overall reported to the FDA Adverse Event Reporting System 114 

(FAERS) between 1999 and 2019, https://open.fda.gov/data/faers/ (accessed March 2, 2020).  115 

HLA-A*32:01 has recently been reported as a genetic risk factor for vancomycin-induced 116 

DRESS in the European population, within which the allelic prevalence is approximately 117 

6.8%.2  Due to the high prevalence of the risk allele, the high incidence of vancomycin-118 

induced DRESS and the potential cross-reactive risk with dalbavancin given its extremely 119 

long half-life of 14 days, the detection of cross-reactivity to alternative glycopeptide 120 

antibiotics is very important for reducing the risk of DRESS and providing patients with 121 

future therapeutic options.  Our study is reassuring in demonstrating that 100% of 122 

vancomycin DRESS cases with IFN-γ ELISpot responses showed a negative IFN-γ ELISpot 123 

response to dalbavancin, suggesting no or very low cross-reactivity between vancomycin and 124 

dalbavancin.  Dalbavancin differs from vancomycin through a structural modification of the 125 
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lipophilic side chain which enhances its binding affinity to the cell membrane and prolongs 126 

its half-life.3  Approximately 87 % (13/15) and 73% (8/11) of vancomycin DRESS cases 127 

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

DRESS cases demonstrated immunological cross-reactivity to teicoplanin, and telavancin 129 

using ELISpot, supported by a positive intradermal skin test to teicoplanin in the one patient 130 

where this was performed.  Of note, one of these two patients had a short interval between 131 

original reaction and IFN-γ ELISpot assay (Patient ID 8, Supplemental Table E1).  132 

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

synthetic lipoglycopeptide derived from a glycopeptide structure more similar to teicoplanin.  134 

In addition to the long lipophilic side chain of dalbavancin that extends its half-life and 135 

improves affinity for the D-Ala-D-Ala target in the bacterial cell wall, dalbavancin lacks the 136 

acetylglucosamine group of teicoplanin.  Intriguingly the two patients (Patient ID 8, 15, 137 

Supplemental Table E2 & E3) with shared ex vivo cross-reactivity amongst vancomycin, 138 

teicoplanin and telavancin shared the same class II HLA haplotype. 139 

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

class II HLA molecules in particular shared by the patients that exhibited cross-reactive 141 

specificities, we used molecular docking (AutoDock Vina).  Vancomycin, teicoplanin and 142 

telavancin were predicted to bind HLA-DQ (DQA1*01:01, DQB1*05:03) with estimated ΔG 143 

values of -7.7, -7.4 and -7.2 kcal/mol, respectively whereas dalbavancin was predicted to bind 144 

only weakly (Figure 2).  Teicoplanin and telavancin may hence bind class II HLA as the 145 

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

have experienced vancomycin DRESS.  This could suggest a new model for cross-reactivity 147 

including recognition of drug/class II HLA complexes by CD8+ T cells matured by positive 148 

selection by HLA-A*32:01 or alternatively, CD4+ T cells may recognize teicoplanin and 149 

telavancin in the context of class II HLA molecules such as DQ. 150 
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A limitation of our study is the lack of in vivo and rechallenge cross-reactivity data.  151 

We cannot be certain that the clinical phenotype of patients with prior vancomycin DRESS 152 

and ex vivo cross-reactivity to teicoplanin and telavancin and positive delayed intradermal 153 

skin testing in the one patient performed would also be DRESS, however, given the structural 154 

similarity of these drugs and the half-life of dalbavancin of greater than 1 week,  rechallenge 155 

of these individuals would not be ethical unless the clinical need outweighed any risk.  156 

This study is the first evidence that elucidates a risk for potential immunological 157 

cross-reactivity pattern between vancomycin, teicoplanin and newer glycopeptide antibiotics 158 

in patients with previous DRESS induced by vancomycin.  The lack of apparent cross-159 

reactivity is reassuring for dalbavancin, particularly given the long half-life of this 160 

lipoglycopeptide, however, clinicians should be aware of the low but detectable risk of cross-161 

reactivity in particular amongst teicoplanin, telavancin and vancomycin in the HLA-A*32:01 162 

restricted vancomycin DRESS.  Our study suggests that ex vivo IFN-γ ELISpot assay or skin 163 

tests in combination with HLA typing could be performed to risk-stratify patients with a 164 

history of previous vancomycin DRESS for potential risk of cross-reactivity between 165 

vancomycin, teicoplanin, and telavancin to aid in making decisions for future treatment.  The 166 

shared class II HLA haplotype amongst two patients with cross-reactivity between 167 

vancomycin, teicoplanin and telavancin and virtual docking of these drugs to HLA class II 168 

suggest a potential novel mechanism for cross-reactivity following sensitization that deserves 169 

further exploration. 170 
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Figure legends 225 

Figure 1. IFN-γ release ELISpot results using PBMCs from 15 potential vancomycin DRESS 226 

patients after 20 hours of incubation with vancomycin, teicoplanin, dalbavancin, and 227 

telavancin (Telavancin stimulation was tested on 11 cases).  Means of the triplicates are 228 

plotted.  Error bars indicate interquartile range of the median ELISpot results from all cases 229 

after background subtraction.  A positive response was defined as >50 SFU/million cells after 230 

background removal.  Two patients (Patient ID 8 and 15) showed cross-reactivity between 231 

vancomycin, teicoplanin and telavancin and one patient (Patient ID 7) showed potential 232 

cross-reactivity between vancomycin and telavancin at 500 µg/mL (see Supplemental Table 233 

E3 for details). 234 

 235 

Figure 2. Prediction of binding interactions between vancomycin, teicoplanin, 236 

telavancin and HLA-DQ.  A model of HLA-DQ (DQA1*01:01 in green, DQB1*05:03 in 237 

beige) is shown.  AutoDock Vina was used for molecular docking with vancomycin (red), 238 

teicoplanin (cyan), telavancin (yellow).  Molecular docking of vancomycin, teicoplanin and 239 

telavancin with class II HLA molecules, HLA-DR, -DQ and -DP sequences were obtained 240 

from the HLA/IMGT database (http://www.ebi.ac.uk/ipd/imgt/hla/allele.html).  Atomic 241 

homology models were generated with SWISS-MODELLER based on the most closely 242 

related crystal structures.  The class II HLA complex models were then geometry minimized 243 

by using PHENIX.  Vancomycin, teicoplanin and telavancin were docked into the HLA-244 

A*32:01 model with AutoDock Vina.  The scoring grid dimensions were 40 × 40 × 40 Å 245 

centered on a site corresponding to the Cα of the fifth peptide amino acid position (P5). 246 

Vancomycin was docked, with exhaustiveness set to 40.  The top 9 scoring orientations were 247 

determined and compared.  PyMOL was used to generate molecular graphics (PyMOL 248 

Molecular Graphics System, version 1.8; Schrödinger, Cambridge, Mass). 249 






