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Drug-Induced Hypersensitivity Syndrome:
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Department of Dermatology, Kyorin University School of Medicine, Tokyo, Japan

Abstract
Drug-induced hypersensitivity syndrome (DIHS), also referred to as drug reaction with eosinophilia
with systemic symptoms, is a life-threatening multiorgan system reaction caused by a limited num-
ber of drugs such as anticonvulsants. This syndrome is characterized by fever, rash, lymphadenopa-
thy, hepatitis, and leukocytosis with eosinophilia. DIHS has several unique features that include the
delayed onset, paradoxical deterioration of clinical symptoms after withdrawal of the causative drug
and unexplained cross-reactivity to multiple drugs with different structures. Because of these fea-
tures and a lack of awareness of this syndrome, DIHS is undoubtedly underdiagnosed in many coun-
tries despite its worldwide distribution. The clinical variability in the presentation and course of
clinical symptoms of DIHS could now be interpreted as an indication that several herpesviruses reac-
tivate in a sequential manner independently in the different organs. Dramatic expansions of func-
tional regulatory T (Treg) cells observed in the acute stage would serve to induce such sequential
reactivations of herpesviruses while a gradual loss of Treg function occurring after resolution of DIHS
could increase the risk of subsequently developing autoimmune disease. Although systemic corti-
costeroids are the mainstay of treatment, it remains to be determined whether this treatment is
beneficial from a viewpoint of disease outcome and sequelae.

Copyright © 2012 S. Karger AG, Basel

Essentials in a Nutshell

o Drug-induced hypersensitivity syndrome (DIHS) is also referred to as drug
reaction with eosinophilia with systemic symptoms (DRESS)

» DIHS is a rare, but probably underdiagnosed adverse drug eruption with an
estimated incidence of 10 per million person-years

o DIHS is a severe life-threatening multi-organ system reaction caused by a limited
number of drugs the most frequent of which are anticonvulsants



« DIHS is characterized by fever, rash, lymphadenopathy, hepatitis, and
leukocytosis with eosinophilia

« The pathogenesis involves the reactivation of herpesviruses (HHV-6, HHV-7,
Epstein-Barr virus — EBV, cytomegalovirus - CMV), an oligoclonal expansion
of activated memory CD8+ T cells that can specifically recognize herpesvirus
antigens, and an expansion of Treg cells

Introduction

Severe drug eruptions encompass several distinct clinical entities, the most serious
being toxic epidermal necrolysis (TEN). TEN and DIHS represent the opposite ends
of a spectrum of severe drug eruptions: the two diseases differ in clinical presentation
as well as histological findings, prognosis and pathomechanisms, although the same
drugs can often cause these diseases. Although the incidence of DIHS was considered
to be less than that of TEN and Stevens-Johnson syndrome (S]S), whose incidence
ranges from 0.4 to 1.2 and 1.2 to 6 per million person-years, respectively [1], its inci-
dence continues to increase worldwide probably due to better recognition of this syn-
drome by doctors or improved population-based surveillance.

The first description of this syndrome is generally credited to Meritt and Putnam,
who in 1938 described the toxic symptoms caused by therapy with phenytoin and
noted that the symptoms could be divided into two cutaneous reactions: the first
one being a mild morbilliform eruption that healed when phenytoin was withdrawn
without relapses, and the other being a severe exfoliative dermatitis with fever and
eosinophilia [2]. By the time Chaiken et al. [3] described the systemic implications
of the second, the link with lymphadenopathy and multivisceral involvement such
as hepatitis was established. Since then, there had been many case reports describing
similar symptoms induced by relatively long-term therapy with various anticonvul-
sants, under several different names including phenytoin hypersensitivity syndrome,
based on names referring to the causative drug. Bocquet et al. [4] proposed the term
‘drug reaction with eosinophilia and systemic symptoms (DRESS)’ for this disorder
to distinguish it from other severe drug eruptions. This syndrome was independently
recognized as a new and distinct disorder in the late 1990s by us [5] and Hashimoto’s
group [6]: our reports describing an intimate relationship between the development
of this disorder and reactivation of HHV-6 rekindled interest in the disorder in Japan
[5, 6]. The clinical features, as the syndrome in its florid form is currently recognized,
were outlined in 2006 by a Japanese consensus group by the aid of a nationwide sur-
vey in Japan [7-9]. Although there has been much debate about the criteria and con-
siderable confusion about the name of this syndrome [7, 8, 10, 11], the clinical and
histological findings reported under the name of DRESS are not significantly different
from those reported under the name of DIHS. This review examines the laboratory
and key clinical aspects of DIHS. Particular focus is given to the role of herpesviruses
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in view of its recent inclusion in the diagnostic criteria for DIHS. Since this syndrome
was last reviewed in 2007 [12], considerably more data have become available on both
the immune responses involved and the long-term sequelae of the disease.

Epidemiology

DIHS is now diagnosed earlier in its clinical course than it was in the past thanks to
the diagnostic criteria. According to the previous study reported by Gennis et al. [13],
the incidence of DIHS is estimated to be between 1 in 1,000 and 1 in 10,000 exposures
to phenytoin. However, the frequency of DIHS could be increasing, because milder
forms of the disease are being recognized. The most recent and careful population-
based studies in Japan report an incidence of 10 per million person-years. In Japan
and EU, the incidence increases steadily with advancing age. Incidence rose sharply
from 5 per million during the time between 1991 and 2000 to 10 per million between
2001 and 2009. Although DIHS has been believed to have no age and sex predilec-
tion, women are about 1.3 times more likely to be affected than are men [Kaudaun,
unpubl. data] as demonstrated in patients with SJS and TEN. Our series of this syn-
drome showed no increased incidence of a personal or family history of atopy and
drug eruptions. About half of the patients have had a flu-like illness within the previ-
ous 4 weeks, suggesting viral infections as possible triggers for this syndrome.

Clinical Findings

The disease usually starts abruptly with cutaneous lesions or fever. In some cases,
there may be a prodrome with upper airway infection. The cutaneous lesions are ery-
thematous papules and patchy erythematous macules, which may be pruritic and can
become confluent. The individual lesions are often with hemorrhage and symmetri-
cally distributed on the face, trunk and extremities. Fever usually precedes the rash
by 1-2 days and temperature ranges from 38 to 40°C with spikes that may generate
concern regarding an underlying infection. The most characteristic cutaneous lesions
during the eariest phase of the disease are periorbital and facial edema with pinhead-
sized pustules [14], simulating acute generalized exanthematous pustulosis (AGEP).
Usually, patients develop these clinical symptoms more than 3 weeks after starting
therapy with a limited number of drugs, as shown in table 1. A dramatic deterioration
of clinical symptoms often occurs 3-4 days after withdrawal of the causative drug
(fig. 1), making the diagnosis of drug eruptions most difficult. The palms and soles
are usually spared, but can occasionally show a few lesions. When the causative drug
continues to be given after this syndrome has developed, the eruptions often general-
ize into severe exfoliative dermatitis or erythroderma. Blisters are occasionally pres-
ent but mainly limited to the wrists and probably related to dermal edema. Follicular
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Fig. 1. The patient’s clinical symptoms on the initial presentation (a) and 4 days after her initial pre-
sentation (b). A dramatic deterioration of the clinical symptoms is observed in association with an
increase in body temperature despite withdrawal of the causative drug.

Table 1. Diagnostic criteria for DIHS established by a Japanese consensus group [7]

Maculopapular rash developing >3 weeks after starting with a limited number of drugs
Prolonged clinical symptoms after discontinuation of the causative drug

Fever (>38°C)

Liver abnormalities (ALT >100 U/1)!

Leukocyte abnormalities (at least one present)

a Leukocytosis (>11 x 10%)

b Atypical lymphocytosis (>5%)

¢ Eosinophilia (>1.5 x 10%/1)

6 Lymphadenopathy

7  HHV-6 reactivation

“vi AW N =

The diagnosis is confirmed by the presence of the seven criteria above (typical DIHS) or of five of
the seven (atypical DIHS).
' This can be replaced by other organ involvement, such as renal involvement.

accentuation of the erythematous papules is a characteristic finding of DIHS [15].
Mucosal surfaces show a few lesions, particularly lips and oral mucous membranes,
more frequently than generally thought, although much less severe and hemorrhagic
than SJS/TEN.

Tender lymphadenopathy can be found in >70% of patients early in the course of
the illness, predominantly affecting the cervical, axillary, or inguinal nodes. Bilateral
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swelling of the salivary glands with severe xerostomia can be frequently seen early in
the course, suggesting that mumps virus may be reactivated before onset of this syn-
drome. Some patients may often complain of oral dryness which makes swallowing
of dry food difficult.

Two or more internal organs are involved in many patients with DIHS. Most fre-
quently involved organs are liver (70%) [12, 16-18], kidney (11%) [8, 12, 17, 18], and
lung [18]. If hepatitis is present, it is usually anicteric [8]. Hepatomegaly accompa-
nied by splenomegaly is a common finding. Which organs are prefentially involved
is likely to be determined in part by the drug used: hepatitis is often observed in
phenytoin-, minocycline-, or dapsone-induced DIHS [8, 17, 18], and kidney involve-
ment is frequently seen in allopurinol-induced DIHS [12, 18]. Thus, various organ
involvement emerges after an undefined period of critical illness of days to weeks:
resolution of symptoms in one organ may be often followed by a stepwise develop-
ment of other organ failures, despite withdrawal of the causative drugs. Such clinical
variability in the presentation and course of clinical symptoms allows for a delay in
diagnosis which may arouse suspicion of infection in doctors of first contact who
may not have seen patients with DIHS. As a result, unnecessary empirical antibiotic
therapy which could increase the risk of developing additional drug rashes may be
started. Indeed, patients with DIHS often show unexplained cross-reactivity to mul-
tiple drugs with different structures, including those used after onset of symptoms. In
some patients, to make matters worse, the fever often persists even for weeks despite
discontinuation of the causative drug.

Overlap with Other Severe Drug Eruptions

Clinical and histologic observations support the view that DIHS and SJS/TEN are
opposite clinical poles of a continuous spectrum of severe drug eruptions: a particu-
lar, predilection for mucosal surfaces is typically seen in SJS/TEN, but not in DIHS.
More than 30% of patients with DIHS, however, also possess mucous membrane
lesions, although less than those in SJS/TEN. Thus, there is considerable overlap
in the clinical manifestations of both conditions. Indeed, some of our patients with
DIHS had concurrent or sequential development of S]S-like mucosal and cutaneous
lesions. Most of them initially presented with clinical features typical of DIHS but
went on to develop SJS-like mucosal and cutaneous lesions: these patients initially
present with both clinical and immunologic findings, including HHV-6 reactiva-
tion, consistent with a diagnosis of DIHS, but whose subsequent clinical pattern has
evolved to become more typical of SJS/TEN. As we have recently demonstrated [19],
both conditions are mediated by activated effector T (Teff) cells that can recognize
drug antigen, but expansions of functional regulatory T cells are only observed in
the setting of DIHS: this expansion has a proven causal relationship with the clinical
symptoms and viral reactivations observed in DIHS. Thus, although the skin lesions
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of both clinical entities were thought to rarely change from one clinical type to the
other, it is important to understand that the conversion from DIHS to SJS/TEN is not
the rare event: in many cases, SJS/TEN is usually preceded by DIHS. In these cases,
occurrence of SJS-like lesions is delayed for a week after onset of clinical symptoms
consistent with DIHS: this delay may be diagnostic of identifying the patients with
DIHS evolving into SJS/TEN, because patients with widely distributed purpuric ery-
thematous macules rapidly progressing into blisters and erosions over a period of a
few days are likely to have SJS/TEN not associated with DIHS. Because these cases
indicate that specific factors determining the expression of a particular disease phe-
notype may vary with time, detailed kinetic information on these patients would be
helpful in determining disease expression.

Facial erythema and edema with pinhead-sized pustules as one of the relatively
early symptoms of DIHS are often indistinguishable from those observed in AGEP.
Clinicians who are less familiar with the clinical symptoms of DIHS and AGEP may
experience the difficulties in assigning a specific diagnosis to patients presenting
with facial erythema and edema associated with pustules. There is, however, consid-
erable evidence that the two are distinct conditions with divergent clinical features.
Nevertheless, the pattern of erythematous lesions in AGEP, initially with distribution
around the flexural areas, is very different from DIHS where lesions usually occur on
the face and upper trunk. The marked difference between the two can be also found
in their disease course after withdrawal of the causative drug: spontaneous resolution
of the pustules occurs in less than 15 days with characteristic desquamation [20],
while DIHS usually runs a chronic unremitting course. Clearly, the clinical pheno-
type of severe drug eruptions varies with time and definitive diagnostic categoriza-
tion is not always possible at the initial presentation.

Laboratory Findings

The peripheral blood usually shows marked leukocytosis with atypical lymphocytosis
or eosinophilia of various degree. In some patients, leucopenia or lymphopenia may
be seen, especially at the early stage of the illness [8, 12, 21]: this occasionally precedes
leukocytosis. While eosinophilia can be seen in 60-70% of the patients in our series
[8, 12], other recent studies reported that transient eosinophilia (95%) was far more
frequently present [Kardaun et al., submitted] than previously reported. Occasionally,
the number of monocytes is also increased, although this is a relatively late event as
compared with neutrophilia and lymphocytosis, both of which can often be seen in
the early stage of the disease. The increase in either CD4+ T cells or CD8+ T cells can
be seen in the early phase of the disease. According to our series of 12 patients (6 male
and 6 female, age range 25-70 years) with DIHS diagnosed and managed at our insti-
tution, CD4+ T-cell numbers initially increased at the early stage in >90% of these
patients [22]; this increase, however, was followed by a gradual decrease reaching

Drug-induced Hypersensitivity Syndrome 127



normal values by 2 months after onset. In some patients, the increase in CD8+ T
cell numbers was seen, although this difference was not reflected in clinical symp-
toms. A profound decrease in CD19+ B-cell numbers and CD56+ NK-cell numbers
was observed at their initial presentation [23]. The subsequent decrease in CD4+ T
cell numbers was usually coincident with improvements in clinical status. The degree
of the increase in CD4+ T cell numbers best correlated with the severity of clinical
symptoms, such as the extent of skin lesions and the magnitude of viral reactivations,
as mentioned later.

A dramatic decrease in serum IgG, IgA, and IgM levels is typically observed at
onset, and the lowest levels are usually detected a week after withdrawal of the caus-
ative drug [23]. Immediately 1-2 weeks after the nadir in their levels, the overshoot
in their levels can be observed, and they eventually return to normal upon full recov-
ery. Because these alterations in Ig levels during the course of the illness were never
observed in patients with SJS/TEN and AGEP, this finding can only be diagnostic of
DIHS when Ig levels are carefully measured at various points after onset. In some
patients, this decrease may be only apparent when compared with those levels after
full recovery, while those levels at onset may be within normal limits. Thus, it should
be noted that Ig levels at a single time point are not sufficiently enough to conclude
their decrease.

A marked increase in the serum alanine aminotransferase values can be seen in
up to 70% of patients. In some patients, y-glutamyl-transpeptidase, total bilirubin,
and alkaline phosphatase increase to a variable degree. Such liver abnormalities often
occur in association with the increase in circulating atypical lymphocytes, suggesting
that activated lymphocytes may contribute to liver damage. Various forms of renal
involvement have also been reported [24, 25}, ranging from tubulointerstitial nephri-
tis to granulomatous necrotizing angiitis. The mortality is likely to depend in part on
the degree of renal involvement rather than hepatic involvement.

Although in earlier studies HHV-6 was thought to be the only virus that was reac-
tivated in patients with DIHS [6], it has become clear that other herpesviruses, such
as EBV, HHV-7, and CMYV are also reactivated during the course of the disease [5,
26-28]. Our results of PCR analyses performed at various time points after onset
showed that various herpesviruses sequentially reactivate during the course of DIHS
in the order as demonstrated in graft-versus-host disease (GVHD) [27]: the cascade
of reactivation events initiated by EBV or HHV-6 extends, with some delay, to HHV-7
as well, and eventually to CMV, as shown in figure 2. Our clinical observations dem-
onstrated that reactivations of these herpesviruses can be detected coincident with
the onset of various clinical symptoms, such as liver abnormalities in some patients
while in other patients they occur without the evidence of overt clinical symptoms. In
order to demonstrate full cascades of reactivation events during the course of DIHS,
frequent sampling of blood at least on a weekly basis is needed, because the changes
in viral loads are so rapid. Thus, the true peak of viral loads can easily be missed on a
routine examination performed at a single time point on a routine basis.
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Fig. 2. The sequence of herpesvirus reactivation events observed in DIHS (upper) and GVHD (lower).
Modified from our previous paper [12]. VZV = Varicella zoster virus.

Diagnosis of Drug-Induced Hypersensitivity Syndrome

The diagnosis of DIHS is usually not difficult for dermatologists who are familiar with
clinical symptoms of DIHS, if a history of drug intake, particularly drugs listed in table
1, is sought in all patients presenting with fever, erythematous skin lesions predomi-
nating on the face and upper trunk, lymphoadenopathy, and other organ involve-
ment. The diagnosis, however, can be challenging for physicians who have seen such
patients before. There are a number of differential diagnostic considerations that may
usually play a greater role in atypical or very early cases: they include EBV- or CMV-
induced infectious mononucleosis (IM), measles, exfoliative erythroderma, a drug-
induced erythrodermic condition, Kawasaki syndrome, Kikuchi-Fujimoto disease,
and drug-induced pseudolymphomas. The clinical findings alone can be difficult to
differentiate from IM: IM occurs most commonly in teenagers or young adults, and
the eruption usually occurs 2-10 days after starting therapy with antibiotics which
rarely cause DIHS, while DIHS typically occurs 3 weeks to 3 months after starting
therapy with anticonvulsants in adults or elderly patients.

Although this syndrome had been recognized as a distinct disorder in the early
1960s, much of the confusion has resulted from the inconsistent and variable termi-
nology and the lack of a specific and sensitive diagnostic test. In this regard, we and
Hashimoto’s group independently demonstrated that HHV-6 can be reactivated at a
particular time point, 2-3 weeks after onset of rash in the vast majority of patients
regardless of treatment [5, 6]. Since then, a strong association between HHV-6
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Table 2. Drugs frequently causing DIHS/DRESS

« Carbamazepine - Dapsone

«  Phenytoin +  Salazosulfapyridine
«  Phenobarbital - Allopurinol

»  Zonisamide +  Minocycline

+  Mexiletine «  Abacavir'

+  Lamotrigine «  Nevirapine'

! These drugs cause systemic hypersensitivity reactions with some -
peculiar symptoms [12].

reactivation and this syndrome has been supported by a large number of independent
groups over the years in Japan. In 2006, we, a Japanese consensus group named the
Japanese Research Committee on Severe Cutaneous Adverse Reaction established a
set of criteria for diagnosis of this syndrome (table 2) and proposed the term ‘DIHS’
[7, 8]. DIHS is currently diagnosed by using the seven criteria in Japan: diagnosis of
typical DIHS requires all seven criteria, although, in many cases, the criteria for DIHS
are not all present on any given day. Our case series diagnosed by clinical and labora-
tory findings alone have shown that HHV-6 reactivation can be detected in the vast
majority of patients who satisfy the other six criteria. The concept of ‘atypical DIHS
can be used for patients with typical clinical presentations, in whom HHV-6 reactiva-
tion cannot be detected due to inappropriate timing of sampling or the lack of a spe-
cific test for detecting HHV-6 reactivation: the detection of HHV-6 reactivation can
be evidenced by the significant rise in HHV-6 IgG titers or HHV-6 DNA levels.

Recently, an international consensus group named RegiSCAR has proposed a
standardized scoring system for diagnosis [Kardaun et al., submitted], based on clini-
cal and biological characteristics in 117 cases prospectively enrolled from 2005 to
mid-2009. There is no fundamental difference in the clinical and laboratory findings
except for HHV-6 reactivation between this system and our criteria, although the
major concern is that, when this scoring system is used for diagnosis, the syndrome
may be overdiagnosed or underdiagnosed due to the lack of a specific diagnostic test
for HHV-6 reactivation. According to our experience, patients with clinical symp-
toms and laboratory findings consistent with those of DIHS but without the evidence
of HHV-6 reactivation have shown to exhibit a tendency toward milder disease [7].
In our case series, patients who had more than two episodes of worsening after initial
improvement, either treatment-related or -unrelated fluctuations, were more likely to
run a chronic, unremitting course, probably due to repeated reactivations of various
herpesviruses. The magnitude of HHV-6 reactivations as evidenced by the increase in
HHV-6 DNA levels is thought to reflect the severity of inflammatory responses that
occur in vivo in patients with DIHS. We recommend that HHV-6 testing be used to
confirm a clinical diagnosis rather than simply as a screening tool.
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The lymphocyte transformation test (LTT) [29] is a frequently used as a tool to
confirm a clinical diagnosis of allergic drug reaction and determine the causative
drug. We previously demonstrated that positive LT'T reactions were obtained at the
recovery stage but not the acute stage in DIHS, while in SJS/TEN and other types of
drug eruptions, positive LTT reactions were only obtained when the test was per-
formed at the acute stage [30]. Our analyses performed with the use of samples at var-
ious time points after onset showed that LTT reactions became positive from 5 weeks
onward after onset in the majority of patients, regardless of whether patients were
on therapy with prednisolone or not [30]. Because this finding was only observed
in patients with DIHS, the LTT is a reliable method to define the causative drug in
DIHS when the test is performed at the right timing. Ideally, this test should be done
as soon as possible after presentation and should be repeated after 2 months. Negative
LTT reactions at the acute stage could alternatively be interpreted as suggesting a
diagnosis of DIHS.

Pathology

The histologic picture of DIHS is not diagnostic. The common pathological findings
are superficial perivascular lymphocytic infiltrates and some extravasated erythro-
cytes and eosinophils. On rare occasions, DIHS may feature a lichenoid infiltrate with
apoptotic keratinocytes, a finding frequently seen in other drug eruptions such as ery-
thema multiforme type and SJS/TEN. Full-thickness epidermal necrosis and detach-
ment can only be seen in patients with DIHS evolving into SJS/TEN. The pattern of
inflammation in DIHS involves mixed infiltration composed of CD4+ and CD8+ T
cells with hemorrhage. In our earlier study, high levels of HHV-6 genome and viral
antigens were detected in infiltrating cells in the skin lesions taken at the early stage
[5], despite the absence of HHV-6 DNA in the blood simultaneously obtained from
the same patient. These results indicate that there exist other distinct, undefined com-
partments, such as skin, liver and lymph nodes, where herpesviruses can reactivate in
sequential order independent of the blood. This may be reflected in differences in the
nature of the localized immune process taking place in the target organs of DIHS.

Pathogenesis

Activated T cells seem to play an important role in DIHS, as suggested in other severe -
drug eruptions [19]. Previously, it was believed that DIHS merely represents an exag-
gerated, hyperinflammatory response with inflammation-induced viral reactivations
and subsequent organ injury [9]. According to this theory, reactivations of herpes-
viruses specifically observed in patients with DIHS are a consequence, not a cause,
of excessive activation of T cells. In this regard, we have suggested the existence of
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a more complex scenario: sequential reactivations of herpesviruses would occur far
earlier than onset probably due to protracted use of anticonvulsants, thereby causing
the generation and activation of virus-specific memory CD8+ T cells. However, recent
studies including our own have somewhat revised this theory and found that antiviral
T cells can directly influence the course of DIHS and regulatory T cells confer protec-
tive immunity in this setting. In view of the fact that the clinical symptoms of DIHS
remain dormant for prolonged periods after starting therapy with the causative drug,
there could exist some mechanisms, whereby antiviral CD8+ T cell responses can be
silenced to limit possible immunopathology before onset. If this balance mechanism
is eventually disturbed, a condition is set that leads to onset of the disease. According
to this scenario, memory T cells specific for a viral peptide presented in the context
of certain HLA-A or -B could play a central role in the pathogenesis of DIHS, and
drug antigens could serve to induce accidental activation of those virus-specific T
cells with cross-reactivity to drug antigens. Consistent with this scenario, Hung et al.
[31] provided evidence for a genetic predisposition in DIHS showing a strong asso-
ciation (100%) between allopurinol-induced DRESS and HLA-B*5801. Prospective
studies of 40 patients presenting with well-characterized DRESS by Picard et al. [32]
provide ample support for our scenario. They demonstrated that EBV, HHV-6, or
HHV-7 reactivation can be detected in 76% of patients with DRESS and that the cuta-
neous and visceral symptoms of DRESS are associated with an oligoclonal expansion
of activated memory CD8+ T cells that can specifically recognize one of viral anti-
gens derived from herpesviruses. Importantly, viral replication has been shown to be
enhanced by the causative drug, but not an irrelevant drug that has not been involved
in the occurrence of DRESS [32]. A likely interpretation of these findings, in consid-
eration of our own data, is that the cutaneous and visceral symptoms of DIHS can be
mediated by the activation and migration into the target organ of antiviral CD8+ T
cells resulting from sequential reactivation of herpesviruses.

If antiviral T cells play a central role in tissue injury, it is logical to ask by which
mechanism(s) these antiviral T cells can be silenced over a prolonged period of time
before onset. The most promising new insight into the protective mechanism(s)
comes from the work from our group investigating the role of regulatory T (Treg)
cells in patients with DIHS [19]. We have recently investigated whether Treg cell fre-
quency and function can influence the clinical manifestations and course of DIHS. In
this study, patients with TEN were also analyzed in comparison with DIHS. Dramatic
expansions of fully functional CD4+CD25+FoxP3+ Treg cells were specifically found
in the acute stage of DIHS [19]; in contrast, in TEN their capacity to migrate into
the skin and to suppress the activation of Teff cells was profoundly impaired dur-
ing the acute stage, although they are present in normal frequency in the blood.
These expanded Treg cells have been shown to inhibit drug-induced cytokine pro-
duction by Teff cells in vitro, indicating that the expanded Treg cells could serve to
inhibit activation of antiviral T cells for a prolonged period of time before onset of
DIHS, and induce sequential reactivations of herpesviruses. Our further unpublished
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observations show that the causative drug can trigger the expansion of Treg cells from
patients with DIHS. Our findings provide explanations for why the onset of DIHS is
delayed in relation to the introduction of the causative drug, and why severe epider-
mal damage cannot be detected in the skin lesions of DIHS despite activation of Teff
cells, why viral reactivations are induced, and why positive LT'T reactions cannot be
detected during the acute stage. In view of their ability to induce B cell death [33], a
decrease in serum Ig levels and B cell number specifically observed during the acute
stage would be explained by expansions of functional Treg cells. ‘

Surprisingly, the Treg cells gradually lose their original suppressing function when
contracted upon resolution of IDHS [19]. In contrast, a functional impairment of
Treg cells during the acute stage of TEN was restored upon resolution. This progres-
sive dysfunction of Treg cells specifically observed after resolution of DIHS could
be due to their exhaustion as a consequence of repeated activation of Treg cells in
response to excessive activation of Teff cells including antiviral T cells driven by a
high viral load in patients.

Complications and Long-Term Sequelae

Our series of patients and a review of the English literature have suggested the fol-
lowing features of the natural history of DIHS. Less than 10% of patients die within 1
year after onset, and autoimmune disease or production of autoantibodies occur as a
sequela of DIHS in 10% of surviving patients, regardless of whether they were treated
with systemic corticosteroids. Because they appear for several months to years after
the acute illness was resolved, it is difficult to find a link between preceding DIHS and
the subsequent autoimmune diseases unless special attention is given to a history of a
clinical illness compatible with DIHS. It should be recognized that they cannot nec-
essarily occur immediately after resolution of DIHS but rather occur after a disease-
free interval of several months to years and that there is the long prodromal period
preceding clinical onset of autoimmune diseases [34]. These autoimmune diseases
include type 1 diabetes mellitus [35-38], autoimmune thyroid disease [8, 12, 38],
sclerodermoid GVHD-like lesions [39] and lupus erythematosus [34, 40]. In a patient
who subsequently developed GVHD-like lesions, antinuclear antibody (ANA) was
negative during the course of DIHS and became detectable (1:40), coincident with the
development of alopecia: a dramatic increase in ANA (1:5,120) was eventually found
4 years after onset of DIHS, at her initial presentation to our Department because
of sclerodermoid GVHD-like lesions, indicating that the disease process of DIHS
may act as a trigger for the subsequent development of autoimmune disease [39].
Given the strong association between EBV infection and systemic lupus erythemato-
sus (SLE) [41, 42], it is likely that EBV reactivations occurring during the episode of
DIHS could profoundly influence the autoimmune sequelae of DIHS. Indeed, EBV
- reactivations were confirmed on two occasions, during the episode of DIHS and at

Drug-Induced Hypersensitivity Syndrome 133



the time of the presentation with clinical manifestations of SLE in our reported case
[34, 40]. In addition to the role of EBV reactivations, a gradual loss of Treg function
after resolution of DIHS [19] could increase the risk of subsequently developing auto-
immune disease.

Management of Drug-Induced Hypersensitivity Syndrome

Early recognition of clinical symptoms compatible with DIHS is essential in improv-
ing patient outcomes. Because paradoxical deterioration of clinical symptoms and
laboratory findings is often seen 3-4 days after withdrawal of the causative drug,
a concern of an underlying infection may be generated; and, as a result, empirical
treatment with antibiotics or nonsteroidal anti-inflammatory drugs may be initi-
ated, which often confuse or worsen the clinical picture probably due to unexplained
cross-reactivity to these drugs. The use of those drugs should be avoided, particularly
during the acute phase.

Systemic corticosteroids is the mainstay of treatment, particularly in the earlier
stages of the disease. Rapid resolution of rashes and fever occurs within several days
after starting a moderate dose of systemic corticosteroids (prednisolone, 40-50 mg/
day). Because marked deterioration of various clinical symptoms is frequently seen
with abrupt discontinuation or rapid tapering of corticosteroids, corticosteroid dose
should be reduced gradually even upon resolution of clinical manifestation: tapering
corticosteroids more gradually over a prolonged period of time (usually 6-8 weeks)
can help to limit the severe flare-ups. One should recognize that patients with DIHS
are at greater risk of subsequently developing the wide spectrum of immune reconsti-
tution syndrome (IRS) ranging from CMV disease to autoimmune disease [8, 12, 22,
34] (table 3), and the use of systemic corticosteroids represents an important factor
that increases the risk of disease progression to full manifestations of IRS upon the
withdrawal or reductions. Indeed, HHV-6 and CMV, but not EBV, viral loads were
significantly higher in patients with DIHS receiving systemic corticosteroids com-
pared with those without corticosteroid therapy [Ishida et al., submitted]. This find-
ing indicates that the degree and duration of HHV-6 and CMV reactivations would
be greatly influenced by the use of immunosuppressive drugs. Nevertheless, this effect
of corticosteroids on viral reactivations is likely to be an unanticipated consequence
of a tapering corticosteroid dose, because our frequent monitoring of viral loads in
patient with DIHS revealed that the increase in CMV viral loads coincided with a
tapering of corticosteroid dose [43]. Given the high risk of sequelae from CMV reac-
tivation in patients with DIHS [43], the direct anti-CMV medications with a gradual
reducing dose of corticosteroids may help to avoid disease progression to full mani-
festations of IRS [22].

The use of intravenous immunoglobulin (IVIG) has so far only been assessed in
some patients; however, our trials of combining treatments, giving IVIG (0.1 g/kg per
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Table 3. Reported clinical illness consistent with IRS in HIV-
negative hosts [22]

Tuberculosis
Cryptococcosis’
Herpes simplex’
Herpes zoster!
Hepatitis C virus
Hepatitis B virus
CMv?

Kaposi sarcoma
Sarcoidosis
Graves' disease
Hashimoto thyroiditis!
DIHS

!Infectious and autoimmune diseases often observed during the
course of DIHS or long after its resolution.

day for 3 days) together with systemic corticosteroids, have failed to show extra ben-
efit compared with corticosteroids alone. Because patients with moderate disease can
often recover from this syndrome by supportive care without the need of systemic
corticosteroids within 3 weeks, the use of systemic corticosteroids is not necessarily
recommended as a treatment option of DIHS. Particularly, a small dose (predniso-
lone, 10-20 mg/day) of systemic corticosteroids followed by small increments in dos-
age at short intervals should be avoided even for mild cases, because this may not be
sufficient to ameliorate clinical symptoms and may result in unnecessarily protracted
use of corticosteroids. Thus, although systemic corticosteroids have become accepted
as the gold standard treatment for DIHS, it remains to be determined whether treat-
ment with systemic corticosteroids is also beneficial from a viewpoint of disease out-
come and sequleae. Nevertheless, the benefit is greatest during the first 2-3 weeks
when treatment was given early. Likewise, there was also no significant improvement
in patients treated with corticosteroids for other important outcomes including time
to discharge, death and disability after 1 year. Our longitudinal PCR analyses of viral
loads in patients with DIHS justify the frequent monitoring of viral reactivations to
predict and improve the short-term or long-term outcome.

Conclusion

The development of an internationally standardized scoring system to clearly identify
patients with DIHS will be critical in treating those who had suffered from preventable
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morbidity and mortality. Considerations for the development of therapies that can
reduce the risk of long-term sequelae such as autoimmune disease would seem a rea-
sonable path to pursue.
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