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ABSTRACT

Background: In an exploratory study to assess the potential to individualize T-cell diagnostics in
antibiotic-associated severe T-cell mediated hypersensitivity, we focused on drug reaction with
eosinophilia and systemic symptoms (DRESS) and the related cytokine outputs IL-4 and IL-5.

Methods: Patients with well-phenotyped RegiSCAR �4 DRESS, positive intradermal skin testing,
and a previous negative IFN-g Enzyme-Linked ImmunoSpot (ELISpot) assay were prospectively
recruited. We specifically performed an ELISpot assay with IL-4 and IL-5 cytokine outputs. As
comparative controls, these cytokine outputs were performed simultaneously in patients with a
positive ex vivo IFN-g release ELISpot result.

Results: Four antibiotic-associated DRESS cases were included. The IL-4 and IL-5 output ELISpot
assay demonstrated various results among these patients, with at least 1 cytokine present in all the
cases. As for the 2 controls with known positive IFN-g release, compared to the IFN-g secretion,
the cytokine output using IL-4 and IL-5 showed an increased positivity.

Conclusion: In patients where the early response has suggested a TH2 response such as DRESS,
IL-4 and IL-5 cytokine outputs could present an investigational advantage, including when IFN-g is
negative. In the future, larger prospective studies are required to understand the role of varied
cytokine outputs in T-cell-mediated hypersensitivities.

Keywords: Antibiotic hypersensitivity, T-Lymphocytes, Drug reaction with eosinophilia and sys-

temic symptoms, Enzyme-linked immunoSpot, Interferon-gamma
Ex vivo and in vitro diagnostics such as the presumed antibiotic-associated delayed immune-

enzyme-linked immunoSpot (ELISpot) assay have
been increasingly investigated as diagnostic tools in
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mediated adverse drug reactions (IM-ADRs).
Currently, the most experience is with interferon-g
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ID Patient Phenotype Systemic
steroidsa

Culprit
Drug Positive IDT

Blood
Sample
Latencyb

IFN-g IL-4 IL-5

1 M 44 DRESS
RegiSCAR 7

Yes Piperacillin-
tazobactam

PipTazo
Amoxicillin
Flucloxacillin
Benzylpen

20 PipTazo
150 mg/ml

PipTazo
1500 mg/ml

PipTazo
150 mg/ml

PipTazo
1500
mg/ml

PipTazo
150 mg/ml

PipTazo
1500
mg/ml

0 SFU 15 SFU 35 SFU 70 SFU 150 SFU 105 SFU

2 M 40 DRESS
RegiSCAR 6

No Amoxicillin Flucloxacillin 23 Amox
200 mg/ml

Amox
2000 mg/ml

Amox
200 mg/ml

Amox
2000
mg/ml

Amox
200 mg/ml

Amox
2000
mg/ml

0 SFU 6 SFU 0 SFU 490 SFU 785 SFU 0 SFU

3 M 52 DRESS
RegiSCAR 5

Yes Ceftriaxone Ceftriaxone 77 Ceftri
200 mg/ml

Ceftri
2000 mg/ml

Ceftri
200 mg/ml

Ceftri
2000
mg/ml

Ceftri
200 mg/ml

Ceftri
2.000
mg/ml

9 SFU 14 SFU 25 SFU 0 SFU 0 SFU 0 SFU

4 M 40 DRESS
RegiSCAR 4

Yes Amoxicillin Amoxicillin
Flucloxacillin
Benzylpen

6 Amox
200 mg/ml

Amox
2000 mg/ml

Amox
200 mg/ml

Amox
2000
mg/ml

Amox
200 mg/ml

Amox
2000
mg/ml

10 SFU 2 SFU 33 SFU 0 SFU 70 SFU 13 SFU

Table 1. Cytokine Output Results for the included cohort (N ¼ 4). Abbreviations: Amox, Amoxicillin; Benzylpen, Benzylpenicillin; Ceftri, Ceftriaxone; DRESS, drug reaction with eosinophilia and
systemic symptoms; F, female; Fluc, Flucloxacillin; IDT, intradermal testing; M, male; n/a, non-applicable; PenG, Penicillin G; Pip, Piperacillin; PipTazo, piperacillin-tazobactam; RegiSCAR, Registry of Severe
Cutaneous Adverse Reactions. Note 1: The value next to the drug name represents the tested concentration used in microgram/milliliter (mg/ml). Note 2: The number indicates the number of spot forming units
(SFU) determined by using the enzyme-linked immunospot (ELISpot) assay. A positive response was defined as equal to or greater than 50 spot-forming units (SFU)/million cells after background (unstimulated
control) removal, as per previously published definitions.8,9 These values are bolded in the table. aThe column indicates if patients were taking systemic steroids at the time of blood collection. bLatency is defined
in days and represents the time between the index date of the reaction (first DRESS features) and the blood sample.
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(IFN-g) as the output in the ELISpot release assay
platform for delayed IM-ADRs.1 This modality has
primarily been used in research-only settings, and
its sensitivity (52–91%) has limited its routine use.2

This exploratory study aimed to identify new
ELISpot cytokine targets beyond IFN-g, which
could be used to improve diagnostic sensitivity
based on IM-ADR-specific immunopathogenesis.
This study focuses on a specific antibiotic-
associated T-cell mediated IM-ADR, drug reaction
with eosinophilia and systemic symptoms (DRESS)
and the related cytokine outputs of IL-4 and IL-5.3

Patients with well-phenotyped RegiSCAR �4
DRESS associated with an identified culprit drug,
positive intradermal skin testing, and a previous
negative IFN-g ELISpot (as defined by < 50 spot
forming units (SFU)/million) were prospectively
recruited from two tertiary referral drug allergy
testing centers (Supplement Material - Methods).
We specifically targeted an ELISpot assay with IL-
4 and IL-5 cytokine outputs. As comparative
controls, these cytokine outputs were also per-
formed in patients with a severe cutaneous
adverse reaction (SCAR) with a positive ex vivo
IFN-g release ELISpot result and increased IL-4 or
IL-5 plasma cytokine. (Supplement Table 1).
Descriptive results are presented as frequency
(percentage) and median (interquartile range
[IQR]). The study was approved by the local
Research Ethics Committee, and the
investigators obtained written informed consent
from the participants.

Four DRESS cases met these enrollment criteria
and were included (Table 1). The culprit drugs
and the positive intradermal testing results for
the four patients can be visualized in Table 1.
Regarding the cases with the IL-4 and IL-5
output ELISpot assay, patients #1 and #2
showed �50 SFU/million. Patient 4 showed �50
SFU/million cells for IL-5 and �30 SFU/million
cells for IL-4. Patient 3 showed 25 SFU/million
cells for IL-4 but no positivity with IL-5.

The results for the ELISpot assay using IL-4 and
IL-5 cytokine outputs in patients with known
positive IFN-g release (controls) can be visualized
in Table 2. Compared to the IFN-g secretion, the
cytokine output using IL-4 and IL-5 showed an
increased number of SFU for these 2 patients. The
specific SCAR phenotype, the culprit drugs, the
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latency period, and the results for the specific cy-
tokines can be visualized in Supplement Table 1.

The heterogeneity of cytokines and chemokines
described across the spectrum of T-cell-mediated
hypersensitivity phenotypes is well-described. Cy-
tokines are secreted by key effector cells, including
T cells, in the SCAR setting and play a crucial role
in the mechanisms and clinical manifestations.4 By
understanding the role of key cytokines in the
immunopathogenesis of SCAR, we can tailor
diagnostics specific to disease
immunophenotypes and mediators. Elevated
levels of IL-4 and IL-5 have been well described
in DRESS.5 By performing the ELISpot using other
cytokines on known IFN-g ELISpot negative
patients with DRESS, we demonstrated that these
cytokines offered a potential advantage over the
traditional IFN-g output.

Our study is limited by the small number of
patients who presented an antibiotic-associated
reaction. The data was collected prospectively us-
ing data collection forms that can limit the avail-
able information regarding specific cases (eg,
available information regarding the prescription of
systemic corticosteroids but no information
regarding the specific dose or duration). Further,
the selection criteria also focused on positive IDT,
which can be a limitation in recruiting DRESS pa-
tients. From a laboratory technique perspective,
the used assays require further validation and the
inclusion of several types of controls, such as pa-
tients who tolerated antibiotics.

Although IFN-g cytokine output remains an
important and established investigational method
for the ELISpot assay targeting T-cell mediated
processes,6,7 in patients where the acute reaction
suggests a TH2 response such as DRESS, IL-4
and IL-5 cytokine outputs could present an inves-
tigational advantage for ex vivo testing when the
IFN-g ELISpot cannot provide diagnostic causality.
In the future, larger prospective studies are
required to understand the role of varied cytokine
outputs in T-cell-mediated hypersensitivities.
Abbreviations
DRESS, drug reaction with eosinophilia and systemic
symptoms, IFN-g, interferon-g, IL, interleukin, IM-ADRs,
immune-mediated adverse drug reactions, IQR, inter-
quartile range, ELISpot, Enzyme-Linked ImmunoSpot,
SCAR, severe cutaneous adverse reaction, SFU, spot
forming units.
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