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To the Editor

A 20-year-old man was admitted to a tertiary referral trauma center for management of 

wound sepsis and femoral stump osteomyelitis in the setting of recent below-knee 

amputation following a high-speed motorbike accident. He received multiple antimicrobials 

(Figure 1A) for bacteremia and fever (>38.3°C) and subsequently developed a blistering rash 

involving more than 30% of body surface area associated with a positive Nikolsky sign 

(Figure 1B), consistent with toxic epidermal necrolysis (TEN). Antimicrobial therapy was 

changed and he received intravenous immunoglobulin therapy, surgical debridement, and 

pulse steroid therapy with full recovery.

IFN-y release in response to overnight incubation with implicated antibiotics was measured 

by enzyme-linked immunospot assay (ELISpot) in triplicate as previously described1 on 

PBMCs from day 4 post-TEN onset (time point 1), with an unstimulated and positive control 

(anti-CD3 antibody; Mabtech, Victoria, Australia). PBMCs from time point 1 were stored at 

−80°C in liquid nitrogen before being used for IFN-γ release ELISpot 30 days after initial 

collection. One million PBMCs were incubated with 100 μg/mL of candidate drugs for 18 
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hours at 37°C. T-cell stimulation was assessed by measuring upregu-lation of the early 

activation marker CD137, a member of the TNF receptor family, on viable CD3+CD8+ T 

cells by flow cytometry. Four-digit HLA ABC DR DQ DP typing (Miseq, Illumina, San 

Diego, Calif) was performed in the American Society for Histocompatibility and 

Immunogenetics and National Association of Testing Authorities–accredited laboratories of 

the Institute for Immunology and Infectious Diseases.

IFN-γ ELISpot assay 4 days following clinical recognition of TEN onset showed positive 

responses only to the glycopeptide antibiotic teicoplanin (Figure 2A). In addition, at this 

same time point, only teicoplanin induced upregulation of the activation marker CD137 

(0.47% of total CD8+ T cells) (Figure 2B). Teicoplanin-specific responses were absent 5 and 

8.5 months post-TEN by both flow cytometry and IFN-γ ELISpot using the same 

methodology (data not shown). In healthy donors (controls), teicoplanin did not induce the 

upre-gulation of CD137+ CD8+ T cells by flow cytometry and failed to elict IFN-γ release 

on ELISpot when incubated with up to 100 μg/mL of teicoplanin (data not shown).

Patch testing was performed 6 months post-TEN onset using 0.005% vancomycin, 0.05% 

vancomycin, 4% teicoplanin, and 5% meropenem in white petroleum jelly. Negative 

responses to all drugs and controls (white petroleum jelly alone) were apparent after patch 

removal at 48 hours and 72 hours (no skin reaction at testing site). HLA class I/II typing 

showed the patient to carry HLA-A*01:01 and 02:02, HLA-B*37:01 and 41:01, HLA-

C*10:01 and 17:01, HLA-DPB1*10:01, HLA-DQA1*01:01 and 02:01, HLA-DQB1*02:02 

and 05:01, and HLA-DRB1*07:01 and 10:01.

We highlight a unique case of teicoplanin-induced TEN, without demonstrable ex vivo 
cross-reactivity with the glyco-peptide vancomycin. For this adverse drug reaction, multiple 

antibiotics with high likelihood of drug causality of epidermal necrolysis (Algorithm of drug 

causality of epidermal necrolysis [ALDEN]) scores were implicated. Indeed, based on 

ALDEN score and the usual latency period of Steven-Johnson syndrome (SJS)/TEN of 4 to 

28 days, meropenem may have been initially considered the most likely causative drug. 

Teicoplanin was discontinued before noted onset of blisters; however, this drug has a long 

half-life of 72 hours and would have been present in therapeutic concentrations at the time of 

TEN onset. Given the complexity of this patient's treatment, which involved multiple 

potential implicated antibiotics and negative patch testing, which has been previously noted 

to have poor sensitivity in SJS/TEN phenotypes, ex vivo IFN-γ ELISpot and flow cytometry 

were useful tools to identify the implicated causal antibiotic. IFN-γ ELISpot studies have 

demonstrated cytokine responses to drugs, up to 20 years after initial stimulation.2-4 Our 

results however highlight the potential waning of response with time. Using flow cytometry 

to demonstrate selective upregulation of CD137 on CD8+ T cells in the presence of 

teicoplanin suggests that live cell approaches are modalities to identify and characterize 

drug-specific activated T cells in SJS/TEN.

IFN-γ ELISpot has previously been used to assess hypersen-sitivity reactions to a limited 

number of antiinfectives.4–7 ELI-Spot has also been used to help confirm T-cell–mediated 

hypersensitivity against cephalosporins, piperacillin, ticarcillin, meropenem, amikacin, and 

aztreonam. The noted high specificity of this test would be useful to the clinician in the case 
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of a positive result. Further research is required to evaluate this testing and factors 

potentially impeding sensitivity.

Using a combination of clinical causality assessment and ex vivo data teicoplanin was 

implicated as the cause of SJS/TEN in this patient. As far as we are aware, this is the first 

reported combined use of IFN-γ ELISpot and flow cytometry to assign antimicrobial 

causality to TEN. Interestingly, and not readily explainable in our patient given the CD8+ T-

cell dependency of SJS/TEN and expected long-lasting memory T-cell response, a 

diminished drug-specific ex vivo response was noted over time, highlighting the potential 

importance of performing assays during the acute or early recovery phase of drug reactions. 

This diminishing response in the peripheral blood requires further explanation although it is 

intriguing to hypothesize that in the later recovery phase in at least some cases of SJS/TEN 

drug-specific skin, resident CD8+ T cells are housed at the dermal-epidermal junction and 

drug-specific effector memory CD8+ T cells may be rare or absent in the peripheral blood. 

Prolonged expression of CD8+CD137+ T cells in the periphery in the absence of drug 

reexposure may be related in part to chronic low-level viral stmulation that maintains the 

response.5,8 The absence of a positive patch test is likely to be related to the known poor 

sensitivity of this testing modality in SJS/TEN phenotypes,6 rather than the absence of 

resident effector CD8+ T cells.

Although confirmatory intravenous challenge with vancomy-cin was not performed, the 

patient tolerated oral beta-lactam antibiotics (amoxicillin, flucloxacillin). The use of cellular 

ex vivo techniques such as IFN-γ ELISpot and flow cytometry in the early recovery phase of 

antibiotic-associated delayed (T-cell–mediated) reactions have the potential to contribute to 

clinical drug causality assessments in severe cutaneous adverse reactions, as highlighted by 

Porebski et al7 who demonstrated the utility of granzyme-B ELISpot and flow cytometry for 

primarily non–antibiotic-associated SJS or TEN. TEN is a severe disease for which 

rechallenge is associated with significant risk, and currently available in vivo diagnostics 

such as skin testing show poor sensitivity. Therefore, as our case illustrates, ex vivo 
diagnostics such as flow cytometry and IFN-γ ELISpot are potentially useful combined 

adjunctive tools that deserve further validation in larger controlled studies.
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Clinical Implications

• There are major challenges defining drug causality in cases of severe 

cutaneous adverse reactions (SCAR) involving multiple antibiotics. We 

describe a case of toxic epidermal necrolysis (TEN) occurring in the setting of 

multiple antibiotics and the use of IFN-γ enzyme-linked immunospot assay 

and flow cytometry to clarify causality.
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FIGURE 1. 
Implicated drug timeline and clinical images for a case of teicoplanin-induced TEN. A, 

Antbiotic timeline: Implicated antibiotics with corresponding ALDEN scores.9 B, Pictorial 

presentation: Clinical photography at day 4 of TEN demonstrating widespread skin (positive 

Nikolsky sign) and ocular involvement (conjunctivitis). ALDEN, Algorithm of drug 

causality of epidermal necrolysis; APC, allophycocyanin; Vori, voriconazole. ALDEN score 

definitions9: less than 0, very unlikely; 0 to 1, unlikely; 2 to 3, possible; 4 to 5, probable; 6 

or more, very probable.
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FIGURE 2. 
IFN-γ ELIspot and flow cytometry results for a case of teicoplanin-induced TEN. A, IFN-γ 
ELIspot day 4 of TEN: Responses (spot-forming units [SFUs]/mL) were determined by 

subtracting the mean of the negative control wells from the mean of triplicate stimulated 

wells, with a positive result defined as more than 50 SFUs/million cells. Teicoplanin was the 

only antibiotic to stimulate strong consistent dose-dependent IFN-γ responses. B, Drug-

induced T-cell activation (flow cytometry): Teicoplanin was the only antibiotic to induce 

reproducible CD137 expression on CD8+ Tcells at day 4 of illness. APC, Allophycocyanin.
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