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Abstract Cutaneous adverse drug reactions (cADRs) encom-
pass many types of clinical presentations, ranging from benign
maculopapular eruption (MPE) to severe cutaneous adverse
reactions (SCARs). The relationship between viral reactiva-
tion and drug eruptions has been widely observed and has
provided a new direction for researchers to explore. In recent
years, a number of studies have focused in particular on se-
quential human herpes virus (HHV) reactivation in drug reac-
tion with eosinophilia and systemic symptoms (DRESS), and
these studies have provided crucial evidence demonstrating
that clinical presentations can be closely related to the dynam-
ics of viral activity. The DRESS patients with long-term se-
quelae tended to present with viral activation, including se-
quential changes in serum cytokines, chemokines, and im-
mune cells. Moreover, other cADRs might also be influenced
by the reactivation of different viruses. In this study, we dis-
cuss recent progress in understanding the role of viral reacti-
vation in cADRs and the possible pathomechanism underly-
ing the drug-induced immune response.
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Introduction

Cutaneous adverse drug reactions (CADRs) encompass many
types of clinical presentations, ranging from benign
maculopapular eruption (MPE) to severe cutaneous adverse
reactions (SCARs), including Stevens—Johnson syndrome
(SJS), toxic epidermal necrolysis (TEN), drug reaction with
eosinophilia and systemic symptoms (DRESS), acute gener-
alized exanthematous pustulosis (AGEP), and generalized
bullous fixed drug eruption (GBFDE) [1]. The underlying
mechanisms leading to the unique clinical features and poten-
tially life-threatening effects of SCARs have raised great in-
terest among dermatologists and immunologists. Many stud-
ies have demonstrated that these idiosyncratic responses may
be caused by complex immunological interactions among spe-
cific causative agents, T lymphocytes [2, 3], viral reactivation
[4e], and the given patient’s genetic background [5].

The relationship between drug eruptions and viral infection
or reactivation can be traced back to ampicillin-induced drug
rash in patients with infectious mononucleosis [6], as well as
the increased tendency of HIV-infected patients to develop
drug eruptions [7]. In 1997, a case report first pointed out
the association between human herpes virus 6 (HHV-6) and
phenobarbital-induced hypersensitivity syndrome and reac-
tive hemophagocytic syndrome [8]. The systemic hypersensi-
tivity syndrome seen in that patient was identified as a case of
DRESS, which is also sometimes known as drug-induced hy-
persensitivity syndrome (DIHS). Some clinical findings of
DRESS/DIHS that are similar to those of viral infections
(e.g., infectious mononucleosis) provide clues that associate
the syndrome with viral reactivation. Since the aforemen-
tioned case report, sufficient evidence has accumulated to
show the reactivation of herpes viruses, including HHV-6,
Epstein—Barr virus (EBV), cytomegalovirus (CMV), herpes
simplex virus (HSV), and varicella-zoster virus (VZV), in
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different cutaneous drug eruptions [9¢]. Among all the
cADRs, viral reactivation has most often been considered to
play an important role in DRESS/DIHS [10e¢]. In this article,
we will review the available evidence on the clinical and re-
search aspects of viral reactivations in DRESS/DIHS and oth-
er cADRs.

Clinical Presentation of DRESS/DIHS

Before the identification and naming of DRESS in 1996 [11],
this drug-induced systemic syndrome was given a variety of
names based on the specific drugs that caused it, including
anticonvulsant hypersensitivity syndrome [12], dapsone hy-
persensitivity (sulfone syndrome) [13], and allopurinol hyper-
sensitivity syndrome [14]. This systemic hypersensitivity syn-
drome had been repeatedly reported as consisting of general-
ized rash with exfoliation, fever, lymphadenopathies, hemato-
logic abnormalities, and visceral involvement until specific
diagnostic criteria were proposed by, respectively, the
RegiSCAR group [15] and a Japanese group [9e, 16].
Currently, the diagnosis of “DIHS” is more frequently made
using the Japanese criteria. The major difference between the
two diagnostic systems is the presence of HHV-6 reactivation,
which was defined as one of the criteria in the Japanese system
[9e, 16]. This important difference indicates a topic worth
discussing: the role of viral reactivation in DRESS/DIHS.
The symptoms of DRESS/DIHS typically begin 2—6 weeks
after drug exposure [10+], but a long latency of onset is not
uncommon for allopurinol-induced DRESS/DIHS [17].
Patients with typical symptoms are initially characterized by
facial edema, generalized morbilliform eruption, and multiple
lymphadenopathies. The rash later turns into large, coalescing
erythematous patches and infiltrated plaques with different de-
grees of purpuric discoloration [10e]. Internal organ involve-
ment distinguishes DRESS/DIHS from other SCARs. The most
frequently involved organs are the liver and kidneys, with sig-
nificant higher rates of involvement for those organs compared
with those for the lung, central nervous system, and heart.
Furthermore, eosinophilia and atypical lymphocytosis are com-
monly present in the blood [18]. Other laboratory findings in-
clude decreased B cell counts, hypogammaglobulinemia [19,
20], and hyperferritinemia [21]. It is frequently observed that a
patient might experience initial paradoxical worsening in the
first week after withdrawal of the culprit drug, as well as epi-
sodes of exacerbation in the following week [22]. Long-term
follow-up of patients with DRESS/DIHS has revealed that sev-
eral chronic complications may develop many years after reso-
lution of the disease, such as autoimmune diseases and organ
dysfunction [23+]. Histologically, diffuse or superficial lympho-
cytic infiltration characterizes the cutaneous lesions of DRESS/
DIHS patients. Other features indicating different extents of
inflammation include epidermal spongiosis, interface dermatitis
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with basal vacuolar degeneration or lichenoid infiltration, vari-
ous degrees of dyskeratosis, and plump endothelial cells occa-
sionally accompanied by red blood cell extravasation [10ee].
Recently, one study showed that those patients who exhibit
severe dyskeratosis on a skin biopsy examination tend to have
more serious systemic involvement. Infiltrations of eosinophils
or atypical lymphocytes, however, are not correlated with the
severity of peripheral eosinophilia or atypical lymphocytosis
[24]. Because pathological findings may be nondiagnostic, his-
tological differential diagnosis between DRESS/DIHS, MPE,
and viral exanthem still relies on clinical history and symptoms.

Viral Reactivations in DRESS/DIHS

After the first report of HHV-6 infection in a case of
phenobarbital-induced hypersensitivity syndrome and reac-
tive hemophagocytic syndrome in 1997 [8], two independent
Japanese groups reported reactivation of HHV-6 in DIHS
cases in 1998 [25, 26]. They also provided direct evidence
showing the presence of HHV-6 DNA in peripheral blood
mononuclear cells and skin lesions. Since then, many reports
have identified the presence of HHV-6 in biopsy specimens
taken from involved organs, including the liver [27], kidney
[28], and lymph nodes [29, 30]. The rate of HHV-6 reactiva-
tion in patients with DRESS/DIHS has been investigated in
several large case series. According to the results of studies
with larger numbers of patients, the reactivation rate of HHV-6
ranges from 21.7 to 100 % [4ee, 15, 31ee, 32-34, 35¢¢]. It has
also been demonstrated, however, that severe DRESS/DIHS
cases tend to have a relatively high viral reactivation rate of up
to 85.7 % [15]. Furthermore, the reactivation of HHV-6 has
often been observed to occur concurrently with severe disease
presentation and a tendency towards disease flaring [4ee, 33].
In one study, increased replication of HHV-6 DNA was re-
vealed by quantitative polymerase chain reaction (QPCR) to
occur at around 2—-3 weeks after the onset of skin rash, often
coincident with the clinical symptoms of recurrent fever or
hepatitis, and then followed by an elevation of anti-HHV-6
immunoglobulin G (IgG) titer [33]. While many studies have
underlined the fundamental importance of HHV-6 in DRESS/
DIHS, reactivation of several other herpes viruses, including
EBV, CMV, and HHV-7 have also been observed in patients
with DRESS/DIHS [15, 31ee, 32-34, 35¢¢, 36]. The reactiva-
tion rates of different herpes viruses found by different studies
are summarized in Table 1. One report showed the sequential
activation of herpes viruses in four patients, starting with
HHV-6 or EBV, followed by EBV or HHV-7, and then follow-
ed finally by CMV [36]. Recently, our group and Shiohara’s
group confirmed the dynamic reactivations of herpes viruses
in SCAR patients and highlighted the differences in the reac-
tivation patterns among different types of SCARs. Both stud-
ies confirmed that HHV-6 reactivation was specific for
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Table 1  Herpes virus reactivation among different case series of DRESS/DIHS
Oskay et al./ Tohyama et al./ Eshki et al./ Picard et al./ Ishida et al./ Chen et al./
Turkey [34] Japan [33] France [15] France [32] Japan [35¢¢] Taiwan [4e°]
Patient No. 23 100 15 40 34 23
Diagnostic Anticonvulsant See notes” RegiSCAR RegiSCAR JSCAR RegiSCAR
criteria hypersensitivity Severe cases®
syndrome®
Viral DNA qPCR for HHV-6 and Serum qPCR Serum or blood Serum and PBMC Blood qPCR for Serum and PBMC qPCR
detection HHV-7 for HHV-6 qPCR for HHV-6 qPCR for HHV-6, HHV-6, EBV, for HHV-6, HHV-7,
HHV-7, EBY, and CMV EBV, and CMV
and CMV
Anti-virus IFA for HHV-6 and HHV-7 IFA for HHV-6 ND IFA for HHV-6 ND ELISA for HHV-6
antibodies
ELISA for HSV, VZV, ELISA for CMV IIFA for EBV
CMV, EBV, HHV-6, and EBV
HHV-7 and HHV-8
HHV-6 5/23 (21.7 %) 62/100 (62 %) 6/7 (85.7 %) 17/40 (45 %) 100%* 10/23 (43.5 %)
EBV 0 % ND ND 16/40 (42 %) <10 % patients with 17/23 (73.9 %)
increased EBV DNA
CMV 0 % ND ND ND 17.6 % 10/23 (43.5 %)

# Anticonvulsant hypersensitivity syndrome (AHS) was defined as the combination of fever, rash, and systemic involvement of any internal organ
(lymphadenopathy, hepatitis, hematologic abnormalities (eosinophilia, atypical lymphocytes) periorbital orofacial swelling, genital edema, myalgia,
arthralgia, nephritis, pharyngitis, pulmonary manifestations, etc.) occurring in patients who were treated with oral or parenteral anticonvulsant drugs that
are known to cause this reaction

bDiagnostic criteria: (i) at least one systemic symptom such as fever, hematological abnormality (leukocytosis, eosinophilia, and/or appearance of
atypical lymphocytes), or liver dysfunction was observed; (ii) culprit drugs were anticonvulsants (carbamazepine, phenytoin, phenobarbital, or
zonisamide), allopurinol, dapsone, salazosulfapyridine, or mexiletine, which are the major causative drugs of DIHS in Japan; (iii) Stevens—Johnson
syndrome and toxic epidermal necrolysis were excluded

¢ Severe cases of DRESS were defined by the presence of at least one of two criteria: (1) admission to the intensive care unit (ICU) and (2) death due to

DRESS

9YHHV-6 reactivation was considered as one of the diagnostic criteria

ND not determined, /F4 indirect immunofluorescence assay, £LISA enzyme-linked immunosorbent assay, PBMC peripheral blood mononuclear cell,

gPCR quantitative polymerase chain reaction

DRESS/DIHS, while EBV and CMYV reactivations could be
observed in various CADRs [4ee, 35¢¢]. It is well known that
HHVs share an important characteristic of being able to re-
main in a latent or persistent state in the human host [9¢, 10ee].
Furthermore, reactivation of herpes viruses usually occurs
during periods of immunosuppression and may cause clinical
symptoms or diseases [37]. Because of the varied severity of
DRESS, topical potent or very potent corticosteroids may be a
treatment option for patients with mild disease [38]. Systemic
corticosteroid therapy, as the current mainstay of treatment for
DRESS/DIHS, has been investigated for its effect on HHV
reactivation in patients with DRESS/DIHS. In our recent
study, we did not find any significant relationship between
viral reactivation and the dosage of systemic corticosteroids
[4ee]. With regard to viral reactivation, higher viral reactiva-
tion rates and viral loads of HHV-6 and CMV, followed by
prolonged durations of viral reactivation, have been observed
in DRESS/DIHS patients receiving corticosteroids [35¢]. In
contrast, patients in a steroid-treated group showed lower ex-
pression levels of EBV DNA than patients in a non-steroid
treated group [35¢¢]. Because EBV has been associated with
the pathogenesis of autoimmune diseases, it was speculated
that using corticosteroids in the treatment of DRESS/DIHS
may provide potential preventive and protective effects
against the development of autoimmune sequelae [35¢¢]. As

such, slowly tapering off corticosteroids over a long period of time
while monitoring viral loads has been recommended [39].
Because clinical trials to prove the safety and efficacy of systemic
corticosteroids in treating DRESS/DIHS are still lacking, further
study is needed to confirm the aforementioned hypothesis regard-
ing their potential protective effects against autoimmune sequelae.

The Roles of Viral Reactions
and the Immunopathogenesis of DRESS

The question whether viral reactivation is an initiator of
DRESS/DIHS or a consequence caused by the drug-induced
immune response has been debated. In recent years, many
studies have sought to dissect the role of viral reactivation in
the pathogenesis of DRESS/DIHS. It has been shown, for
example, that the atypical lymphocytes in DRESS/DIHS pa-
tients are predominantly composed of CD8+ T cells [22], with
significantly higher counts as compared to patients with SJS/
TEN [40]. In addition, changes in cytokine levels have been
observed in smaller numbers of DRESS/DIHS patients, with
those patients exhibiting elevated levels of the inflammatory
cytokines tumor necrosis factor (TNF)-o and interleukin (IL)-
6 before or during HHV-6 reactivation [41, 42]. A significant-
ly higher level of interferon (IFN)-y in patients with DRESS/
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DIHS has also been detected in comparison with SIS/TEN
cases [40]. Although these findings seem to be consistent with
the concept that HHV-6 reactivation is a consequence of ex-
aggerated drug-induced immunological effects, the wide
range of days between symptom onset and blood collection
makes interpretation difficult. Meanwhile, we have recently
reported that significantly lower levels of many proinflamma-
tory cytokines and chemokines, including IL-1f3, IL-2, IL-6,
IFN-y, and TNF-«x, were observed less than 10 days after skin
rash onset in DRESS patients with HHV-6 reactivation when
compared to those without HHV-6 reactivation. Significant
elevation of these mediators was detected after HHV-6 reacti-
vation, while increased levels of CXCL10 preceded the viral
reactivation [4e]. CXCL10, also known as interferon gamma-
induced protein 10, is secreted by different cell types in pe-
ripheral tissue, including keratinocytes and hepatocytes, in
response to IFN-y [43]. It has been shown to facilitate the
recruitment of antiviral specific cytotoxic T lymphocytes into
the target tissue [44]. From the observation of other diseases,
CXCL10 has been associated with interface dermatitis and the
pathogenesis of viral infections, which may be protected or
promoted by the chemokine [43, 45].

The concept of viral reactivation and antiviral response in
DRESS/DIHS was further explored by the identification of an
anti-EBV CDS8+ T lymphocyte. Samples were taken from ten
patients with carbamazepine, minocycline, oxcarbazepine,
sulfamethoxazole, or sulfasalazine-induced DRESS/DIHS,
and nearly half of the amino acid sequences of TCRf3 com-
plementarity determining region 3 (CDR3) detected from cir-
culating CD8+ T lymphocytes showed homology with CDR3
of EBV-specific CD8+ T lymphocytes. These expanded
CD8+ T lymphocytes showing the same T cell repertoire were
found in the skin lesions, livers, and blood of the patients, and
their presence in these locations may have caused the symp-
toms of DRESS/DIHS. Furthermore, EBV-transformed B
lymphocytes generated from patients’ peripheral blood mono-
nuclear cells (PBMCs) and treated with common causative
agents of DRESS/DIHS can increase their production of
EBV [32]. These findings indicate that EBV may participate
in the pathogenesis of DRESS/DIHS at an earlier stage. At this
point, then, the following questions still exist. (1) In which
stage do the drug-activated T cells cross-activate the viral-
specific T lymphocytes? (2) Can oligoclonal expansion of
viral-specific T cells also be detected with regard to HHV-6
or CMV? Further study is needed to address these questions.

Some studies have looked for explanations of the unique
manifestations in DRESS/DIHS cases, such as late onset, B
cell depletion, hypogammaglobulinemia, and the sequential
reactivation of HHVs. It is worth noting that the decrease in
B-lymphocyte counts and serum total immunoglobulin levels
is often detected in the early stage of DRESS/DIHS [40].
Recently, the immunomodulatory function of regulatory T
cells (Treg) has been implicated in DRESS/DIHS [3]. In that
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study, functional Treg expansion was detected at the acute
stage of DRESS/DIHS. During the acute stage, the number
of Treg cells was more abundant in the skin of DRESS/DIHS
cases then that in TEN cases. Then, upon resolution, it was
observed that the Treg cells lost their suppressive function [3].
In accordance with the findings of a previous study, one case
of DIHS showed that HHV-6-infected cells from the lymph
node were CD3 (+), CD4 (+), CD25 (+), and FoxP3 (+),
resembling the surface markers of Treg cells [29]. On the other
hand, the novel role of plasmacytoid dendritic cells (pDCs) in
the antiviral response and autoimmunity has also been impli-
cated in DRESS/DIHS. A study on pDCs in DIHS patients
showed changes in the number of pDCs at about 3 to 4 weeks
after disease onset, with a decrease of pDCs in peripheral
blood but an increase of their expression in skin specimens
[46]. Because the function of pDCs in regulating B cell
growth and differentiation has been well-established in
healthy people [47], this reduction of pDCs in the peripheral
blood may be a possible reason for B cell depletion and
hypogammaglobulinemia in DRESS/DIHS patients. The al-
teration of Treg cells and pDCs may provide an explanation
for the clinical uniqueness of DRESS/DIHS and the further
development of autoimmune sequelae [39]. However, due to
the technical impracticability in blood sampling before symp-
tom onset and the lack of an animal model for DRESS/DIHS,
further well-designed research studies will be necessary to
uncover the precise mechanisms involved.

Viral Reactivations and Long-Term Outcomes
of DRESS

In our long-term follow-up study of DRESS/DIHS patients,
we found that the overall cumulative incidence of long-term
sequelae was 11.5 % [23+]. Recently, Kano et al. published the
results of a multicenter survey conducted by the Asian
Research Committee on Severe Cutaneous Adverse
Reactions (ASCAR) [48¢]. In accordance with our previous
observations, the most frequently encountered chronic sequela
was autoimmune thyroiditis, including Graves’ disease and
Hashimoto’s thyroiditis, followed by type 1 diabetes mellitus
(DM) and long-term dialysis resulting from the worsening of
pre-existing renal failure. The interval between the onset of
DRESS/DIHS and the development of type 1 DM was around
1 to 2 months, while the time interval for the detection of
autoimmune thyroiditis varied from 2 months to 3 years.
Other autoimmune diseases, such as systemic lupus erythema-
tosus, autoimmune hemolytic anemia, alopecia areata, and
vitiligo were also observed in the cohort as late complications
[48¢]. As mentioned above, the DRESS/DIHS patients with
long-term sequelae tended to present with viral activation,
including sequential changes in serum cytokines, chemokines,
and immune cells [4ee, 48¢]. In contrast to the results of long-
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term follow-ups of DRESS/DIHS patients, the long-term se-
quelae of SJS/TEN patients have shown different patterns of
chronic complications. Patients who have recovered from
SJS/TEN commonly experience complications such as ocular
and cutaneous sequelae but experience autoimmune sequelae
less frequently [49]. The distinct patterns of viral reactivations
and cytokine profiles may partly cause the clinical difference
between DRESS/DIHS and SJS/TEN.

The Roles of Viral Reactivation in Other cADRs

Compared with DRESS/DIHS, SJS/TEN is less frequently
associated with viral infection or reactivation. Only sporadic
cases of SJS/TEN associated with viral infection have been
reported, including cases involving varicella-zoster virus
(VZV), HSV, EBV, HHV-6, and Merkel cell polyomavirus
[50-53].

In our own recent report, we collected data from 17 SJS/
TEN, 13 MPE, 5 GBFDE, and 4 EMM patients [4¢¢]. All the
patients survived the acute stage except for one SIS/TEN
overlap patient who died of shock and multiple organ failure
with a severity of illness score (SCORTEN) of 5 at day 1 of
hospitalization. We found that EBV reactivation was detected
in patients distributed in all the cADR groups. Specifically, the
EBYV reactivation rates were 29.4 % for SIS/TEN, 53.8 % for
MPE, 80 % for GBFDE, and 50 % for EMM. The CMV
reactivation rates, meanwhile, were 11.8 % for SJS/TEN and
0 % for the other cADRs. Only two patients (1 SIS patient on
day 5 and 1 DRESS/DIHS patient on day 94) had HHV-7
reactivation, which was not associated with clinical aggrava-
tion of their symptoms [4e¢]. In a retrospective cohort study
from Japan, increased EBV viral load was more frequently
observed in SJS/TEN cases than in DRESS/DIHS cases (40
vs. <10 %, respectively) [35¢]. However, there was no corre-
lation between the EBV viral load and the clinical severity of
SJS/TEN. The tendency to maintain an increased level of viral
load after clinical resolution of the disease was also only found
in patients with SJS/TEN. In contrast to the Japanese study
[35¢¢], our own observations of viral reactivation among dif-
ferent cADRs did not observe similar changes in EBV reacti-
vation [4e¢]. Even though the discrepancy between the results
of the two studies may have resulted from different definitions
of reactivation and other variations between the two laborato-
ries, we assumed that EBV reactivation may not be universally
associated with SIS/TEN. AGEP is commonly caused by
drugs, with drugs being implicated in more than 90 % of cases
[54]. 1t is characterized by the acute onset of numerous
nonfollicular pustules arising from diffuse erythematous base,
fever, and leukocytosis. The duration between drug adminis-
tration and symptom onset is typically short, around 2448 h,
and the skin eruptions are often resolved within 1 week after
drug discontinuation [55]. Viral reactivation, as an

infrequently encountered cause, was rarely reported in pa-
tients with AGEP. The offending viruses included enterovirus,
EBV, CMV [54], and parvovirus B19 [56, 57]. Because of
their rarity, the precise mechanisms of reactivations of these
viruses remain unknown.

Conclusion

Over the past two decades, the rapid accumulation of new
evidence has contributed to our understanding of the role of
viral reactivation in the clinical manifestations and pathogen-
esis of drug eruptions. The close relationship between viral
reactivation and DRESS/DIHS provides us with new insights
into the multifactorial nature of drug hypersensitivity.
However, further research is still needed to explore the link
between initial drug-induced T cell activation, viral reactiva-
tion, and antiviral response.
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