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An association between drug treatment for viral infections and severe cutaneous adverse reactions has been noted. We
investigated six patients diagnosed with Stevens–Johnson syndrome (SJS) and toxic epidermal necrolysis (TEN) after
being prescribed acetaminophen for suspected viral illnesses. Multiplex analysis was performed to measure cytokine
levels in sera before and after treatment. IL-2Ra levels significantly decreased during the convalescence phase.
Although acetaminophen is relatively safe, the drug can trigger SJS/TEN in patients with suspected viral infections.
T-cells and monocytes may be key components of the link between viral infection and acetaminophen-induced SJS/
TEN.
[Immune Network 2016;16(4):256-260]
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INTRODUCTION
Cutaneous adverse drug reactions (ADR) range from
trivial manifestations, such as morbilliform eruptions,
to severe life-threatening reactions, including Stevens–
Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN). SJS/TEN is characterized by severe epithelial
detachment of both the skin and mucosal membranes.
SJS/TEN is caused by drugs, infections, vaccination,
malignant disorders, and radiotherapy (1,2). The principal
drugs inducing SJS/TEN are antibacterial sulfonamides,
beta-lactam antibiotics, anticonvulsants, non-steroidal
anti-inflammatory drugs, and allopurinol (1,2). SJS/TEN
can also be developed by interactions between drugs and
viral infections.

Viruses interact with the immune system and can trigger
severe cutaneous adverse reactions (SCAR) in several
ways (3). Viral infections can influence drug metabolism,
drug presentation to lymphocytes by dendritic cells, and
production of cytokines/chemokines during the course of
mounting an effector response by the infected host (3).
Cells of the innate immune system (principally dendritic
cells) are activated by a variety of signals, including
pathogen-associated-molecule patterns and bacterial and
viral genomes via Toll-like receptors. Mature antigenpresenting cells activated in this manner effectively
initiate T-cell responses (3). The CD137 protein expressed
by monocytes co-operates with CD137L of CD8+ T-cells
to expand the numbers of the latter cell type, which play a
major role in the development of SJS/TEN (4).
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In the present study, we report six SJS/TEN patients
that are suspected to be developed by interaction between
acetaminophen and viral infection. The cytokine/
chemokine levels of activated T-cells and monocytes
were measured in an effort to identify the possible serum
biomarker that helps evaluating the therapeutic response
or prognosis of SJS/TEN.

MATERIALS AND METHODS
Study subjects

Between December 2010 and January 2011, six patients
were referred to the Allergy Clinic of Ajou University
Hospital for treatment of fever and blistering lesions of
the skin and mucosal membranes. Based on their drug
exposure histories preceding the onset of symptoms and
clinical presentations including erythematous macules
progressing to vesicles/bullae and mucositis, we diagnosed
one case of SJS and five cases of TEN (5).
We listed all drugs taken within 8 weeks prior to the
development of SCAR and acetaminophen was considered
to be the major culprit drug regarding the duration of
medication intake or the latent period. All patients had
taken acetaminophen for 3~7 days.
This study was approved by the Institutional Review
Board of the hospital and written informed consent was
obtained from the all subjects.

Viral markers

Complete differential blood cell counts, serologic study of
cytomegalovirus (CMV), Epstein-Barr virus (EBV), and
human immunodeficiency virus (HIV) were performed.
Polymerase chain reaction (PCR) assays for influenza
virus and CMV were also conducted.
Multiplex analysis for measuring cytokines

The serum levels of the following cytokines/chemokines
were measured: regulated on activation normal T-cell
expressed and secreted (RANTES), tumor necrosis
factor- a (TNF- a ), monocyte chemotactic peptide-1
(MCP-1), macrophage migration inhibition factor (MIF),
interleukin-2 receptor a (IL-2Ra), and interleukin-10 (IL10). Sera were obtained before and after treatment and
all tests were performed using a Bio-Plex ProTM Assays
multiplex platform (Bio-Plex; Bio-Rad Laboratories,
Hercules, CA, USA).

RESULTS
Clinical manifestations of the 6 patients with SJS/TEN
probably induced by acetaminophen ingestion

The mean severity-of-illness score for TEN (SCORTEN)
(6) was calculated within the first 24 h after admission
(Table I). All patients had constitutional symptoms
suggestive of viral infection before commencement of
acetaminophen treatment. One patient with SJS (Patient 1)

Table I. Clinical characteristics of the study subjects

Age
Medications patients used
before symptoms
Latent period (days)
SCORTEN
Viral markers
Initial WBC (per ml)
Minimal neutrophil (per ml)
Maximal monocyte (per ml)
Initial monocyte (%)
Peak monocyte (%)
Initial CRP
Skin detachment (% of BSA)
Cumulative steroid dose (mg)
IVIG treatment
Length of hospital stay (days)

Pt. 1

Pt. 2

Pt. 3

Pt. 4

Pt. 5

Pt. 6

41
AAP, DC

77
AAP,
Mosapride
7
3
5500
527
615.6
8
29
8.11
100
890
Yes
67

26
AAP, DC,
Cimetidine
4
1
7200
610.8
893.2
3.2
15.8
3.34
100
1570
Yes
29

21
AAP

39
AAP, ACC,
Artemisia herb
3
1
3400
73.8
1550
1.1
67
9.03
100
1025
Yes
19

76
AAP, ACC,
Almagate
7
2
8700
1182.3
1296.3
14.9
23.6
9.24
78
1505
Yes
36

7
N/A
Influenza
5700
2865.2
354
1.4
6.4
0.02
10
250
No
3

3
1
6200
1639.2
1361.7
3.9
22
2.78
100
935
Yes
18

AAP, acetaminophen; DC, dihydrocodeine; ACC, acetylcysteine; SJS, Stevens-Johnson Syndrome; TEN, toxic epidermal necrolysis; SCORTEN,
severity-of-illness score for toxic epidermal necrolysis; WBC, white blood cell; CRP, C-reactive protein; BSA, body surface area; IVIG, intravenous
immunoglobulin; Pt., patient; N/A, not available. Data are presented as mean±standard deviation (range) or n (%).
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was confirmed to be infected with influenza virus. All of
the five patients with TEN showed monocytosis or marked
neutropenia within 1 week after admission. All patients
were prescribed corticosteroids, and five TEN patients
received intravenous immunoglobulin (IVIG) (2.0 g/
kg). Oseltamivir was prescribed to treat influenza for SJS
patient. Although one patient was admitted to the ICU,
there was no mortality.

are shown in Fig. 1. Among 6 chemokines what we
measured in the sera from the patients, only IL-2Ra was
significantly decreased from the baseline. The levels of IL10 and TNF-a showed a tendency to be decreased in the
recovery phase as compared with the baselines, however,
because of small numbers of subjects, no statistical
significance was obtained.

Changes in serum cytokines/chemokine levels before and
after treatment

DISCUSSION

The initial and recovery phase cytokine/chemokine levels

Some reports on possible interactions of viruses and

Figure 1. Comparison of serum cytokine levels before and after treatment in patients with Stevens–Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN). *p<0.05. RANTES, regulated on activation normal T-cell expressed and secreted; TNF-a, tumor necrosis factor-a; MCP-1,
monocyte chemotactic peptide-1; MIF, macrophage migration inhibition factor; IL-2Ra, interleukin-2 receptor a; IL-10, interleukin-10 (Normal
range: RANTES, 100.0~2282.0 pg/ml; TNF-a, 6.0~98.0 pg/ml; MCP-1, 2.0~48.0 pg/ml; MIF, 6.0~2003.0 pg/ml; IL-2Ra, 28.0~594.0 pg/ml; and
IL-10, 0.4~2.0 pg/ml).
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drugs in terms of induction of non-immediate cutaneous
ADRs have appeared. Ampicillin-induced maculopapular
exanthema developing in patients with infectious
mononucleosis, and the increased risks of development
of SCAR in AIDS patients, are well-known examples
of such interactions (7). In the absence of concurrent
viral infection, the suspect drugs did not stimulate T-cell
proliferation in patients showing SCAR (8). Although
drugs are widely accepted to be leading causes of SJS/
TEN, acetaminophen is generally recognized to be safe,
and rarely associated with development of SCAR (9).
Based on the previous studies that noted viral infection
can have synergistic immunologic effect on adverse drug
reaction and previously reported drug lists with a risk to
induce SJS/TEN (9,10), we report the six cases of SJS/
TEN whose major culprit was acetaminophen. Although
changes in pharmacokinetics during viral infections and
drug- and drug-metabolites-related toxicity has been noted
in virally infected cells (7,10), however, immunological
and pharmacological interactions between viruses and
drugs remain to be elusive. Considering that flu was
epidemic at that time in Korea, marked monocytosis,
neutropenia, and a positive influenza PCR observed in
their initial laboratory tests suggested that those patients
were under viral infection which could make further
activate their immune system against the causative
drug (11,12). Typically, mean latent period between the
exposure to culprit drugs and onset of the adverse drug
reactions is 4~28 days (9,10,13). However, the reported
latency times of TEN cases are varied depending on the
causative drugs, combined medications, and conditions
of the patients (10). Kim et al. reported that two cases
of TEN associated with acetaminophen ingestion under
upper respiratory tract infection (14). Similarly with our
cases, TENs were developed within 2 to 3 days after
medication with acetaminophen in the previous report
(14). Taken together, we can speculate that although the
acetaminophen is an unusual offending drug of SJS/TEN,
it is prone to cause SJS/TEN when it comes with viral
infection.
Cytotoxic T-cells/monocytes play important roles in
SJS/TEN development via Fas/Fas ligand, perforin,
granzyme, granulysin and soluble apoptosis-inducing
factors (e.g. TNF-a, IFN-g) (4). MIF and IL-2Ra trigger
T-cell proliferation (2,15), in addition, RANTES and
MCP-1 exert potent chemotactic effects on T-cells/
monocytes (16) and play role in SJS/TEN. In contrast, IL10 generated by T-regulatory cells plays a predominantly
anti-inflammatory role by inhibiting the recognition
function of dendritic cells (17). In the previous studies,
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the levels of TNF-a, IL-2Ra, and IL-10 were increased in
the sera of TEN patients (17), in addition, the RANTES
level was significantly upregulated in the lesions caused
by SCAR (18). MIF was suggested to be used to identify
the drug adversely affecting TEN patients (19). In the
present study, we found that the IL-2Ra level decreased
significantly after treatment. Two patients (Patient 2 and
5) with remarkable decline in IL-2Ra levels visited our
hospital 7 days after the onset of their skin lesions, in
contrast, the remaining four visited within 2 days. This
finding may explain why only two patients showed a
greater decline in IL-2Ra levels. Patient 2 admitted to
the ICU who stayed for the longest duration (67 days)
showed the highest IL-2Ra level at baseline whereas
the SJS patient (Patient 1) who stayed for the shortest
duration (3 days) had the lowest IL-2Ra level at baseline.
Additionally, the baseline MCP-1 levels were found
to have strong positive correlations with IL-2Ra and
MIF levels (r =0.829, p=0.042, respectively) in the same
individuals. These data are consistent with a previous
study (17) that reported that more severe forms of SCAR
resulted in higher production of inflammatory cytokines.
Our data collectively suggest that longer periods before
appropriate treatment can increase IL-2Ra levels, thereby
prolonging hospital stays. Taken together, measuring the
IL-2Ra levels may be helpful to evaluate the therapeutic
response and predict the prognosis of SCAR. Although
it is possible that viral infections may interact with
commonly administered medications or their metabolites
to cause SCAR, much larger epidemiologic studies will
be needed to prove these associations. Therefore, further
studies, including larger numbers of patients, are required
to elucidate the exact relationship of IL-2Ra, MCP-1 and
MIF levels with clinical prognosis.
In conclusion, although acetaminophen is relatively safe,
the drug can trigger SJS/TEN in patients with suspected
viral infections. A large scale study regarding the role
of measuring inflammatory cytokine/chemokine levels
of activated T-cells/monocytes in evaluating therapeutic
response and predicting the prognosis of SJS/TEN is
warranted.
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