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Introduction

Erythema multiforme (EM)

Abstract

BACKGROUND: Erythema multiforme (EM) is an acute mucocutaneous syndrome characterized by typical and/or
atypical target lesions on the skin. The etiology is still not clear, but EM may be related to infection or medication.
Clinically, there are cases of EM with atypical target lesions with generalized distribution without, or with minimal,
mucosal lesions. The causes remain unknown. However, T helper cells 1 (Th1) may play an important role in EM.

AIMS: The aim of the study was to investigate serum concentrations of some Th1-derived cytokines in generalized
EM or generalized EM -like eruptions.

METHODS: This was a sectional and descriptive study conducted at the National Hospital of Dermatology and
Venereology, in Hanoi, Vietnam, from April 2017 to August 2019. There were 33 EM patients, and 32 healthy
controls (HCs) participated. Serum interleukin (IL)-2, interferon-gamma (IFN-y), and tumor necrosis factor-alpha
(TNF-0) levels were measured using the fluorescence covalent microbead immunosorbent assay (ProcartaPlex
Immunoassay Panels kit, Thermo Fisher Scientific, USA). The Mann—Whitney U-test was used to compare the
serum IL levels of the two groups. Differences were considered to be statistically significant at p < 0.05.

RESULTS: The mean age of the EM patients was 42.2 + 17.5 years, ranging from 19 to 76 years old. Men accounted
for 30.3%, women accounted for 69.7%. There were 22 patients with <1 week of onset, accounting for 66.7%;
11 patients with 1 week and those with more than 1 week accounted for 33.3%. There were 60.6% of patients
using drugs before the onset. Most patients had pruritus (97%), and all had diffusely distributed skin lesions. Only
15.2% of the patients had mucosal lesions. There are 30.3% of patients with fever. The serum IFN-y concentration
of the EM group was 5.35 + 9.88 pg/mL, higher than that of the HCs group (0.35 + 0.77 pg/mL), the difference was
statistically significant with p = 0.01 (Mann-Whitney U). The concentrations of IL-2 and TNF-o. of the HCs were
24.32 +27.94 pg/mL and 109.74 + 126.73 pg/mL, respectively, higher than those of the EM group (3.37 + 5.94 pg/mL
and 5.86 + 11.88 pg/mL, respectively). The difference was statistically significant with p < 0.001. Age did not correlate
with serum concentrations of cytokines in the EM group.

CONCLUSION: In generalized EM, serum concentrations of IFN-y are statistically significantly higher than those
of HCs but serum concentrations of IL-2 and TNF-a. were lower. There is no correlation between age and serum
concentrations of cytokines in generalized erythema multiform.

distribution, and prominent mucosal erosions). In
mucosal EM majus, there are no or minimal skin lesions,
but prominent mucosal erosions, the cause may be

is an acute Mycoplasma pneumoniae [5], [6], [7]. In drug-induced

mucocutaneous eruption first described by von Hebra
in 1860 as erythema exudativum multiforme [1]. It is
characterized by typical and/or atypical target lesions
on the skin. Mucosal sites such as the mouth, eyes,
nose, and genital region may also be affected. The
etiology is still not fully understood, but EM may be
related to infectious conditions or medications. Among
infections, herpes simplex virus (HSV) is considered
the most common agent, and the term “HSV-related
EM” is used [2], [3], [4]. In HSV-related EM, the disease
can be divided into EM minus (typical targets, acral
skin, and lip involvement, and no mucosal erosions)
and EM majus (typical targets, acral skin involvement,
and mucosal erosions) [1], [4]. In addition, there are
cases of atypical EM majus (giant targets, central

EM, the skin lesions usually distribute generalized with
atypical target lesions [1]; however, in some cases,
mucocutaneous lesions are limited [8], [9].

The underlying mechanisms of EM associated
with  HSV have been thoroughly investigated [1].
However, whether these same mechanisms apply
to EM caused by other factors is uncertain. While
complete, infectious HSV has never been isolated from
lesions of HSV-associated EM; numerous studies using
PCR assays have reported the presence of HSV-DNA
fragments in skin lesions [3]. These DNA fragments,
including the viral polymerase (Pol) gene, are found
in basal keratinocytes and lower spinous cell layers,
where they are responsible for synthesizing which viral
Pol protein. HSV-specific T cells, including cytotoxic
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cells, are recruited to the site of infection, followed by a
non-specific inflammatory response from autoreactive
T cells. The cytokines produced in these cells result
in a delayed hypersensitivity-like appearance in the
histopathologic evaluation of biopsy sections of EM
lesions [1].

It has been proposed that autoreactive T cells
are triggered by viral antigen-positive cells containing
the HSV-DNA polymerase gene [10], [11]. These
cells generate and transport HSV-DNA fragments
through peripheral blood mononuclear cells, mainly
macrophages, and CD341 Langerhans cell precursors,
presumably through the vascular route. Inflammatory
responses are initiated by viral gene expression in the
skin, which leads to the recruitment of HSV-specific
CD41 Th1 cells. Interferon-gamma (IFN-y) generated by
this response upregulates cytokines and chemokines
that amplify cutaneous inflammatory events, both by
increasing sequestration of circulating leukocytes,
monocytes, and natural killer cells and by recruiting
autoreactive T cells to the epidermis [10], [11].

Clinically, there are cases of EM with
atypical target lesions with generalized distribution
without, or with minimal, mucosal lesions, the causes
remain unknown. The question is if they have the
same mechanism through Th1 as mentioned above.
Therefore, this study was conducted to investigate
serum concentrations of some Th1-derived cytokines in
generalized EM or generalized EM-like eruptions.

Methods

Study design and ethical clearance

This cross-sectional and descriptive study
was approved by the Ethical Review Committee on
Research Involving Human Subjects, Hanoi Medical
University (Number 04NCS17, dated February 8,2018).
Written consent was obtained from all participants. It
was conducted at the National Hospital of Dermatology
and Venereology, in Hanoi, Vietnam, from April 2017 to
August 2019.

Patients

In total, 33 patients with generalized EM were
enrolled. Diagnostic criteria for EM: Having atypical
and/or typical target lesions on the skin with or without
mucosal lesions. According to the current classification,
typical target lesions consist of at least three concentric
components: (1) a dusky central disk or blister;
(2) more peripherally, an infiltrated pale ring; and (3) an
erythematous halo. Notalllesions of EM are typical; some
display two rings only (raised atypical targets). In some
patients with EM, most lesions are violaceous vesicles

overlying a just slightly darker central portion, encircled
by an erythematous margin. Larger lesions may have
a central bulla and a marginal ring of vesicles [1], [4].
The skin lesions distribution generalized, not only on the
acral sites. The patients had their vital signs, systemic
symptoms, mucosal lesions, and the number of target
lesions on the skin examined. Inclusion criteria were
age more than 17 years old, generalized target lesions
on the skin with or without mucosal lesions, the causes
were infectious, drug-induced, or unknown. Exclusion
criteria were human immunodeficiency virus positivity
and cases of multi-organ failure and sepsis. In addition,
32 healthy controls (HCs) participated in this study as
control groups.

Analysis cytokines

For both generalized EM patients and HCs,
the blood was taken at 1 point (before the treatment of
EM). All blood samples were left to coagulate at room
temperature for 10—20 min, then centrifuged for 20 min
at a speed of 2000-3000 r.p.m. Finally, serum was taken
and stored at —80°C until proceeding with the cytokine
measurement. We measured serum IFN-y, interleukin
(IL)-2, and tumor necrosis factor-alpha (TNF-o)
levels using the fluorescence covalent microbead
immunosorbent assay (ProcartaPlex Immunoassay
Panels kit, Thermo Fisher Scientific, USA).

Statistical analysis

Data entry and analysis were conducted
using SPSS software version 20.0 (IBM, Armonk, NY,
USA). The Mann—Whitney U-test was used to compare
the two groups’ serum levels of IFN-y, IL-2, and
TNF-a. Differences were considered to be statistically
significant at p < 0.05.

Results

There were 33 patients with diffuse EM
participating in the study. The mean age of the patients
was 42.2 + 17.5 years, ranging from 19 to 76 years
old. Men accounted for 30.3%, women accounted for
69.7%. There were 22 patients with <1 week of onset,
accounting for 66.7%; 11 patients with 1 or more than
1 week, accounting for 33.3%. There were 60.6% of
patients using drugs before onset. Most patients had
pruritus (97%), and all had diffusely distributed skin
lesions. Only 15.2% of the patients had mucosal lesions.
There are 30.3% of patients with fever. The majority of
patients had more than 50 skin lesions (typical/atypical
targets, papules). About 54.5% of patients have
increased white blood cell count (Table 1).
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Table 1: Characteristics of participants (n = 33)

Characteristic Result %
Age, year

Mean + SD 422+175

Range 19-76
Gender, n (%)

Female 23 (69.7)

Male 10 (30.3)
Time of onset, n (%)

<1 week 22 (66.7)

>1 week 1" (33.3)
Using medicines before the onset, n (%)

Yes 20 (60.6)

No 13 (39.4)
Itching, n (%)

Yes 32 (97)

No 1 (3)
Distributing skin lesions, n (%)

Generalized 33 (100)
Mucosal lesions, n (%)

Yes 5 (15.2)

No 28 (84.8)
Fever, n (%)

Yes 10 (30.3)

No 23 (69.7)
Number of target lesions, n (%)

20-50 3 9.1)

>50 30 (90.9)
Elevated white blood cell counts, n (%)

Yes 18 (54.5)

No 15 (45.5)

The serum IFN-y concentration of the EM
group was 5.35 £ 9.88 pg/mL, higher than that of the
HCs group (0.35 + 0.77 pg/mL), the difference was
statistically significant with p = 0.01 (Mann—Whitney
U-test). The concentrations of IL-2 and TNF-a of the
HCs group were 24.32 + 27.94 pg/mL and 109.74 +
126.73 pg/mL, respectively, higher than those of the
EM group (3.37 + 5.94 pg/mL and 5.86 + 11.88 pg/mL,
respectively), the difference was statistically significant
with p < 0.001 (Table 2).

Table 2: Serum concentrations of IFN-y, IL-2, and TNF-a in the
EM and HCs groups

Cytokine (pg/mL) EM group HCs group p-value*
IFN-y 0.01
Mean + SD 5.35+9.88 0.35+0.77
Range 0.07-39.29 0.07-2.97
Median 0.07 0.07
IL-2 0.000
Mean + SD 3.37+5.94 24.32+27.94
Range 2.34-36.46 2.34-79.63
Median 2.34 3.51
TNF-o
Mean + SD 5.86 + 11.88 109.74 £ 126.73 0.000
Range 1.26-50.74 1.26-446.45
Median 1.26 56.6

*Mann-Whitney U-test.

In the EM group, serum cytokine levels did not
differ by sex and by disease duration (Tables 3 and 4)
and were not correlated with age (Figures 2-4). The

Table 3: Serum levels of IFN-y, IL-2, and TNF-a in female and
male patients

Cytokine (pg/mL) Female (n = 23) Male (n = 10) p-value*
IFN-y >0.05
Mean + SD 5.13+10.43 5.86+9
Range 0.07-39.29 0.07-20.85
Median 0.07 0.07
IL-2 >0.05
Mean + SD 3.82+7.11 234+0
Range 2.34-36.46 2.34-2.34
Median 2.34 2.34
TNF-o >0.05
Mean + SD 6.51+12.84 435+9.78
Range 1.26-50.74 1.26-32.2
Median 1.26 1.26

*Mann-Whitney U-test.

Table 4: Serum levels of IFN-y, IL-2, and TNF-a according to
time of onset

Cytokine (pg/mL) <1 week (n =22) 21 week (n = 11) p-value*
IFN-y >0.05
Mean + SD 7.13+11.48 1.79+3.85
Range 0.07-39.29 0.07-10.32
Median 0.07 0.07
IL-2 >0.05
Mean + SD 3.89+7.27 234+0
Range 2.34-36.46 2.34-2.34
Median 2.34 2.34
TNF-o >0.05
Mean + SD 8.16 + 14.09 1.26+0
Range 1.26-50.74 1.26-1.26
Median 1.26 1.26

*Mann-Whitney U-test.

serum concentrations of IFN-y, IL-2, and TNF-o in
female patients were 5.13 + 10.43 pg/mL; 3.82 +
7.11 pg/mL; and 6.51 + 12.84 pg/mL, respectively. The
serum concentrations of IFN-y, IL-2, and TNF-o in male
patients were 5.86 + 9 pg/mL; 2, 34 pg/mL, and 4.35
+ 9.78 pg/mL, respectively. The serum concentrations
of IFN-y, IL-2, and TNF-a in patients with an onset of
<1 week were 7.13 + 11.48 pg/mL; 3.89 + 7.27 pg/mL,
and 8.16 + 14.09 pg/mL, respectively, not statistically
significantly different from those of patients with an
onset of 1 week or more.

Discussion

In this study, there were 33 EM patients with
diffuse skin lesions, distributed in the trunk, arms, and
legs, with a large number of lesions (typical/atypical
target images) (Figure 1). The time from the onset of
the disease to the time the lesion spread was quite fast,
with 66.7% of patients with less than a week. Among
these patients, 60.6% had a history of using medication
before the onset of the disease, notably allopurinol,
antibiotics, and traditional medicine. There were
39.4% of patients with no history of using medication
or infectious conditions. All patients in the study had
no documented HSV infection before disease onset.
Most patients presented with pruritus at the skin lesion.
Mucosal lesions are characteristic of severe EM,
however, in this study, despite extensive skin lesions,
only a small percentage of patients had mucosal
lesions, mainly oral mucosa with 15.2%.

Classically, cases of EM having diffuse skin
lesions are oftendrug-induced[1], but many patients have
no history of prior use of medication or clinical signs of
infections (HSV, M. pneumoniae). In general, the etiology
of EM is still not fully understood [1]. There have been
several recent reports of EM or diffuse EM-like reactions
following COVID-19 vaccination [10], [11], [12], [13],
[14], [15], [16]. Moreover, the disease may be idiopathic,
and of unknown etiology [1].

Caproni et al. showed that skin biopsies of
Stevens-Johnson syndrome (SJS)/toxic epidermal
necrolysis (TEN) expressed all cytokines, TNF-c,
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Figure 1: (a-c) A male patient with generalized EM had a lot of typical or atypical target lesions on the skin without mucosal lesions. He

participated in this study

IFN-y, IL-2, IL-5, IL-13, CCR3 (C-C chemokine receptor
type 3), CXCR3 (C-X-C motif chemokine receptor 3),
and CXCR4, stronger than EM skin samples. All skin
samples of SJUS/TEN and EM expressed cytokines
than healthy human skin samples. Comparison of
Th1- or Th2-derived cytokines showed a dominant Th1
response in EM, the imbalance between Th1 and Th2
was not significant in SIS/TEN. TNF-a was strongly
expressed in skin lesions of SIS/TEN, which may be
related to epidermal necrosis. IFN-y plays an important
role in both EM and SJS/TEN [17].

In our study, IFN-y serum levels were higher in
the EM group than in the HCs group. This is consistent
with the pathogenesis of EM disease, in which the
Th1-mediated response plays a key role, releasing a
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Figure 2: The correlation between serum concentration of IFN-y and
the age. (r = -0,238; p > 0.05)
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Figure 3: The correlation between serum concentration of IL-2 and
the age (r = 0,08; p > 0.05)

lot of IFN-y. Its turn, IFN-y upregulates cytokines and
chemokines. They amplify cutaneous inflammatory
events by increasing circulating leukocytes, monocytes,
and natural killer cells and recruiting of autoreactive
T-cells to the epidermis. Th1 cells produce IFN-y
under stimulation of IL-12, and IL-18 [18]. Natural killer
cells produce IFN-y under the influence of cytokines
released by macrophages, including IFN-y, IL-12, and
IL-18. IFN-y has antiviral activity but is less potent than
Class 1 of IFNs (IFN-a). The main physiological role
of IFN-y is to regulate immune responses, helping
to biosynthesize many proteins that are essential
in the presentation of antigens to T cells, including
glycoproteins of both human leukocyte antigen
Class | and class Il. These changes increase antigen
presentation to TCD4+ and TCD8+ cells. IFN-y is also
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required for macrophages to complete their resistance
ability to microorganisms [19].

In this study, serum levels of IL-2 and TNF-o
were higher in the HCs group than in the EM group. IL-2
is produced mainly by Th1 cells; it is a growth factor
for Th1 and stimulates Th2 proliferation. Increased IL-2
levels indicated increased Th1 cell activity. Typically,
the immunopathology of allergic diseases involves Th2
and its cytokines. However, in chronic allergic diseases
(such as asthma, atopic dermatitis, and allergic contact
dermatitis), the Th cell response is quite complex,
involving the active interaction of both Th1 and Th2 cells.
IL-2 is a potent cytokine that attracts eosinophils and
stimulates T cells to increase IL-5 production but inhibits
memory CD8 + cells. Meanwhile, IL-15 helps this cell
clon to proliferate and differentiate [19]. Akkurt et al.
study (2014) showed the hat serum IL-2 concentration
of the EM group (32 patients) was 13.65 pg/mL, higher
than that of the HCs group [20]. This result is different
from our study.

TNF-a is a potent pro-inflammatory cytokine
that plays a role in many infectious and non-infectious
diseases. A lot of cells secrete this cytokine, including
immune cells (macrophages, mast cells, and T cells) and
non-immune cells (epithelial and airway smooth muscle
cells, keratinocytes) [21]. Initially, TNF-a. was considered
to have two biological effects: Hemorrhagic necrosis of
malignancies and anti-inflammation. In addition, it is an
important mediator of inflammatory skin conditions, with
almost all inflammatory dermatosis producing TNF-a,
even when the skin is exposed to ultraviolet light. When
stimulated by TNF-o, Langerhans cells migrate to the
lymph nodes, sensitizing naive T cells [19]. In contrast
to viral-associated EM, drug-induced EM is associated
with TNF-a, perforin, and granzyme B, which cause
the epidermal necrolysis seen in the disease with the
involvement of CD8+ T cell attacks [10], [11].

Conclusion

In generalized EM, serum concentrations of
IFN-y are statistically significantly higher than those of
HCs but serum concentrations of IL-2 and TNF-a were
lower. There is no correlation between these ages and
serum concentrations of these cytokines in generalized
EM. Th1-derived cytokines may have a role in the
physiopathology of generalized E, particularly IFN-y.
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