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ABSTRACT

Drug-induced hypersensitivity syndrome (DIHS)/drug reaction with eosinophilia and systemic symptoms (DRESS)
is a severe adverse drug reaction characteristically associated with sequential reactivation of herpesviruses, such
as human herpesvirus 6 (HHV-6), Epstein-Barr virus (EBV), and cytomegalovirus (CMV). Since systemic corticos-
teroids are thought to result in viral reactivation due to their immunosuppressive effects, we clarified the influ-
ence of systemic corticosteroid therapy on viral reactivation in DIHS/DRESS. Viral DNA in peripheral whole blood
and serum slIL-2R level were measured during the disease course in twenty DIHS/DRESS patients. Six of seven
patients treated without corticosteroids experienced HHV-6 viremia associated with elevated serum slIL-2R levels.
In contrast, high-dose corticosteroids started within 1 week after onset tended to inhibit the occurrence of HHV-6
reactivation with remarkable suppression of serum sIL-2R level. Low-dose corticosteroids or late-start high-dose
corticosteroids did not suppress occurrence of HHV-6 viremia and the increase of sIL-2R levels. HHV-6 load in
the blood was clearly correlated with the serum slIL-2R level. On the other hand, increased CMV load were found
in patients treated with corticosteroids regardless of the start time. The frequency of detection of EBV DNA in
peripheral blood was similarly observed in all groups. In conclusion, high-dose corticosteroids started within 1
week tended to suppress HHV-6 reactivation through suppression of T cell activation. However, CMV proliferation
was promoted by corticosteroids regardless of the start time. These observations suggested that careful consid-
eration should be given to the dose and timing of administration of systemic corticosteroids in the treatment of

DIHS/DRESS.
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INTRODUCTION

Drug-induced hypersensitivity syndrome (DIHS)/drug reaction
with eosinophilia and systemic symptoms (DRESS) is a severe
adverse drug reaction, common features of which include
widespread skin eruption, high fever and organ involvements,
such as hematological abnormalities (leukocytosis, eosinophil-
ia, appearance of atypical lymphocytes), hepatitis and/or renal
disturbance, and lymphadenopathy.’? RegiSCAR and the
Japanese consensus group have proposed diagnostic criteria
for DRESS or DIHS, respectively."? The RegiSCAR scoring
system (DRESS score) classifies DRESS as definite, probable,
possible or no case by the symptoms and laboratory findings.?
Almost all DIHS cases diagnosed by the Japanese diagnostic
criteria are classified into definite or probable DRESS.

Drug-induced hypersensitivity syndrome/DRESS is associ-
ated with herpesvirus reactivation during the clinical course.
Human herpesvirus 6 (HHV-6) reactivation is exclusively
detected approximately 2-3 weeks after the onset of DIHS/
DRESS, but not in other severe adverse drug reactions.>*
Therefore, in the DIHS diagnostic criteria, the patients lacking
HHV-6 reactivation are diagnosed as atypical DIHS." In addi-
tion, a sequential reactivation of Epstein—Barr virus (EBV) and/
or cytomegalovirus (CMV) is detected in the peripheral blood
following HHV-6.%%% In several cases, CMV induces character-
istic symptoms such as gastroenteritis, hepatitis, pneumonitis
and mucocutaneous ulcer, which affects the outcome of DIHS/
DRESS severely.”

Although systemic corticosteroids are known to effectively
improve the symptoms of DIHS/DRESS,®° we observed that
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low-dose corticosteroids were not fully effective in improving
these symptoms and that late-start corticosteroids sometimes
resulted in a prolonged clinical course. Systemic corticos-
teroids are thought to suppress antiviral immune responses.
Ishida et al.® reported that corticosteroid therapy for DIHS/
DRESS increased HHV-6 and CMV load, compared with
patients treated without corticosteroids. However, the influence
of dose and start time of systemic corticosteroids on viral reac-
tivations in DIHS/DRESS has remained unclear. These obser-
vations prompted us to analyze the influence of systemic
corticosteroids on viral reactivation in DIHS/DRESS, focusing
on administration dose and start time.

METHODS

Twenty DIHS patients admitted to our hospital between 2002
and 2016 were analyzed. We measured HHV-6, EBV and CMV
viral DNA copy numbers in the blood of these patients using
quantitative real-time polymerase chain reaction*'®'" during
the disease course until remission. Serum samples were col-
lected within 1 week after onset (first appearance of skin erup-
tion), at 2, 3 and 4 weeks, and additionally when HHV-6 DNA
was detected in the blood. Serum soluble interleukin-2 recep-
tor (sIL-2R) levels were measured by chemiluminescent enzyme
immunoassay at SRL (Tokyo, Japan), and thymus and activa-
tion-regulated chemokine (TARC) concentration was measured
using an enzyme-linked immunosorbent assay kit (R&D Sys-
tems, Minneapolis, MN, USA). The procedures were approved
by the ethics committee of Ehime University Graduate School
of Medicine.

To assess the influence of corticosteroid therapy on viral
load and clinical course in DIHS, we divided the patients into
three groups according to the systemic corticosteroid dose
and administration start time. Group A received conservative
therapy without systemic corticosteroids. Patients treated with
systemic corticosteroids were further divided into two groups.
Group B received a high-dose corticosteroid (prednisolone
>1 mg/kg per day) within 1 week after the onset of disease.
Group C included patients treated with corticosteroid in other
ways: either high-dose corticosteroid but after 1 week of dis-
ease onset or low-dose corticosteroid regardless of administra-
tion start time. This is based on the observation that early
initiation of high-dose corticosteroid therapy before reaching a
peak of symptoms (2-3 weeks) was effective to improve the
disease course.

All data are presented as the mean + standard error of the
mean and were analyzed by Student’s t-tests for two-group
comparison or by anova followed by Bonferroni’s multiple com-
parison test. In all analyses, P < 0.05 was taken to indicate
statistical significance.

RESULTS

The 20 patients were divided into three groups: group A, seven
patients; group B, six patients; and group C, seven patients.
The numbers of white blood cells and eosinophils, appearance
of atypical lymphocytes, serum alanine transaminase and C-
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reactive protein did not differ significantly among the three
groups (Table 1). The average period of corticosteroid adminis-
tration was longer in group C as compared with that in group
B (P = 0.025). Relapse of skin rash was frequently observed in
group C. The average lengths of hospital stay were 31.3 days
(range, 13-48) in group A, 29.5 days (range, 16-49) in group B
and 39.3 days (range, 18-81) in group C.

To assess the disease severity, DRESS score,? the compos-
ite score” or serum TARC levels were evaluated (Table 2).
DRESS score provides a comprehensive disease severity,
while the composite score is constructed to evaluate disease
severity at any time. Serum TARC level has been used as a
parameter to predict the development of DIHS/DRESS and
reflects the disease severity.'>'® The composite scores and
serum TARC levels were determined at initial presentation. As
a result, DRESS score revealed that two probable cases whose
symptoms were milder than those of definite cases were
included in group A, but not in group B and C, although no
appreciable differences in the composite scores at initial pre-
sentation were found between the three groups. On the other
hand, TARC levels tended to be higher in group C patients
(11 166 + 4220 pg/mL) than those in group A and group B
patients (8213 + 3104 pg/mL, 7858 + 3208 pg/mL) without sta-
tistical significance.

In 14 of the 20 patients, HHV-6 DNA was detected in whole
blood at an average of 17.9 days (range, 13-25) after the onset
of disease. HHV-6 reactivation was observed in six of the
seven patients in group A and in six of the seven patients in
group C (Fig. 1). In contrast, HHV-6 reactivation was observed
in only two of the six patients in group B, with a lower HHV-6
load without the flaring of symptoms. It is of interest that HHV-
6 was detected for prolonged periods in three patients in group
C (cases 14, 17 and 18).

We evaluated T-cell activation by measuring sIL-2R in serum
samples, because HHV-6 proliferation is dependent on T-cell
activation.”™ In group A, high sIL-2R levels observed at
2 weeks decreased with no systemic corticosteroid administra-
tion (Fig. 2a). In group B, sIL-2R levels were significantly lower
than in group A and group C at 2 weeks after the onset of dis-
ease (Fig. 2b). The pattern of change in slIL-2R level in group C
was similar to that in group A. These findings suggest that
early administration of high-dose corticosteroids effectively
suppresses T-cell activation, but not low dose or late start of
corticosteroid administration. We assessed the relationship
between sIL-2R level and HHV-6 DNA copy number. As shown
in Figure 2(c), HHV-6 DNA copy numbers were correlated with
the serum sIL-2R levels.

Epstein-Barr virus DNA was detected in peripheral whole
blood during the disease course at an average of 20.3 days
after the onset. It was observed in three patients in group A,
four patients in group B and five patients in group C. Although
the detection rate of EBV DNA was almost similar among the
three groups, the detection period tended to be longer in
group B (cases 11 and 13) and group C (cases 14, 17 and 18)
(Fig. 1).

Cytomegalovirus DNA was detected in two patients in group
A, three patients in group B and five patients in group C at an
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Table 2. Assessment of disease severity

Viral reactivation and steroid therapy in DIHS

DRESS score

Composite score

Group Case no. Score Classification® Score Severity* TARC (pg/mL) (days after onset)
A 1 8 Definite 3 Moderate 2820 (6)
2 7 Definite 7 Severe 20 677 (12)
3 4 Probable 5 Severe 15 317 (14)
4 7 Definite 1 Moderate 2110 (14)
5 4 Probable 3 Moderate 1780 (12)
6 8 Definite 6 Severe 3864 (11)
7 6 Definite 1 Moderate 10 921 (6)
B 8 7 Definite 5 Severe 3330 (4)
9 7 Definite 1 Moderate 3330° (4)
10 8 Definite 2 Moderate 3136 (4)
11 8 Definite 3 Moderate 9670 (2)
12 6 Definite 2 Moderate 1620 (4)
13 7 Definite 1 Moderate 26 059° (6)
C 14 8 Definite 2 Moderate 24 550 (13)
15 8 Definite 3 Moderate 24 600° (13)
16 6 Definite 1 Moderate 2660° (14)
17 7 Definite 5 Severe 6320° (19)
18 7 Definite 2 Moderate 4740 (4)
19 6 Definite 6 Severe 9486° (12)
20 8 Definite 2 Moderate 5803 (13)

DRESS, drug reaction with eosinophilia and systemic symptoms; TARC, thymus and activation-regulated chemokine.
TScore <2, no case; score 2-3, possible case; score 4-5, probable case; score >5, definite case. Definite case is the most severe.

*Score <1, mild; score 1-3, moderate; score >4, severe.
§Sys’femic corticosteroids had been administrated before measurement.

average of 29.8 days after onset (Fig. 1). In group A, low CMV
load was detected with no clinical symptom. In contrast, high
CMV load was observed in group B and group C. Case 14 in
group C developed skin ulcers and gastric perforation associ-
ated with CMV infection. Case 12 (group B) and case 17
(group C) were treated with ganciclovir due to high levels of
pp65 antigenemia without clinical symptoms.

Sequential reactivation of HHV-6, EBV and CMV occurred in
one patient of group A, one in group B and four in group C.

DISCUSSION

To assess the disease severity between the three groups, two
scoring systems were used.?” The composite score has been
recently proposed by Mizukawa et al.” to assess the disease
severity at any time during the clinical course. It is scored by
patient baseline characteristics, clinical manifestation and labo-
ratory data. The scores at initial presentation were not different
between the three groups, which ranged from moderate to
severe in each group. DRESS score is assessed by clinical
manifestation and organ involvement observed throughout the
clinical course.? Although the scores did not differ significantly
between the three groups, group A contained two probable
cases, but not groups B and C. TARC has been demonstrated
as a potential marker of DIHS disease activity and for predic-
tion of HHV-6 reactivation.'' In group A and group B
patients, TARC levels were lower as compared with those of
group C. However, it should be noted that initial serum sam-
ples from group B patients were obtained within 7 days after

© 2020 Japanese Dermatological Association

the onset. TARC levels reflect mainly the activity of skin rash.'?
Case 1 (group A) and case 18 (group C) TARC levels markedly
increased from 2820 (day 6) to 19 217 pg/mL (day 13) and
from 4740 (day 4) to 32 483 pg/mL (day 9), respectively, in
parallel with the exacerbation of skin rash. On the other hand,
TARC levels of group B did not increase thereafter (data not
shown), which may be due to improvement of skin rash by
high-dose and early-start corticosteroid therapy. Serum TARC
levels and slIL-2R levels fluctuate similarly during the early
acute phase of DIHS/DRESS.'? Taken together, it is consid-
ered that milder cases were included in group A. Regardless,
HHV-6 reactivation was frequently observed in group A and
group C. CMV reactivation was the most frequently observed
in group C. These observations indicate that viral reactivation
in DIHS/DRESS is not defined only by the disease severity.

We did not use systemic corticosteroids in group A patients.
A systemic corticosteroid is usually used for treatment of
DIHS/DRESS, but is not indispensable.15 In two of the seven
patients (cases 1 and 7) who visited within 7 days after onset,
general condition was markedly improved by discontinuation of
causative drugs after admission. In another five patients who
consulted our hospital over 10 days after the onset, some
improvement in their skin manifestation and systemic symp-
toms had been observed at initial presentation. Group A
yielded information about the natural course of DIHS/DRESS.
Symptoms or laboratory findings peaked at 2-3 weeks after
onset of the disease without systemic corticosteroid therapy,
as reported previously.'® This may be explained by the state of
T-cell activation. High levels of sIL-2R were observed at
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Figure 1. Viral load in the blood. In each group, copy numbers of human herpesvirus 6 (HHV-6), Epstein-Barr virus (EBV) and cyto-
megalovirus (CMV) in blood measured by real-time polymerase chain reaction until disease remission. Arrowheads indicate the time

points at which administration of ganciclovir was started.

2 weeks after onset, and then decreased thereafter. Following
the peak of acute reaction, these patients frequently experi-
enced HHV-6 viremia, which induced the relapse of fever and/
or hepatitis within 1 month after onset, as described in our pre-
vious report.* Moreover, relapses of hepatitis, fever and skin
rash, or occurrences of neurogenic bladder dysfunction and

480

renal impairment, were observed in three of these patients
after the occurrence of HHV-6 reactivation. However, gradual
improvements and disappearance of symptoms were observed
in all patients without corticosteroid. EBV load and low CMV
load were detectable in three and two patients without clinical
symptoms, respectively.
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Figure 2. Change of soluble interleukin-2 receptor (sIL-2R) during the course of drug-induced hypersensitivity syndrome (DIHS)/drug
reaction with eosinophilia and systemic symptoms (DRESS), and correlation between sIL-2R levels and human herpesvirus 6 (HHV-
6) load. (a) In each group, sIL-2R levels were measured within 1 week, and at 2, 3 and 4 weeks after onset of the disease. (b)
Means of sIL-2R levels at 2, 3 and 4 weeks after onset of the disease were compared among each group. *P < 0.05, **P < 0.01. (c)
Serum sIL-2R levels measured when HHV-6 DNA was detected in the blood were correlated with HHV-6 load.

Interestingly, when a high-dose corticosteroid was started
within 1 week after disease onset, HHV-6 reactivation tended
to be suppressed. Although it remains unclear how HHV-6 is
reactivated from monocytes, reactivated HHV-6 infects CD4 T
cells through CD134,'® a receptor for HHV-6, and multiplies,
resulting in viremia. CD134 is expressed only in activated T
cells, and Miyagawa et al.’” clearly demonstrated that the
number of T cells expressing CD134 increased in the acute
phase of DIHS/DRESS. Our findings revealed that a high-dose
corticosteroid started within 1 week after onset effectively sup-
pressed T-cell activation. Under these conditions, reactivated
HHV-6 eventually loses its ability to proliferate after being reac-
tivated from monocytes.

In contrast, low-dose or late-start corticosteroids did not
suppress T-cell activation and occurrence of HHV-6 viremia.
Moreover, viral clearance from peripheral whole blood was
impaired in three patients (cases 14, 17 and 18), in which high
viral load continued for at least 3 weeks without clinical symp-
toms. Persistent HHV-6 infection in DIHS patients has been
reported, although the clinical significance and the mecha-
nisms remain unclear.'® EBV also tended to be detected for
longer periods in the same patients. Antiviral immune
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responses may be modulated by use of late-start high-dose
corticosteroids in DIHS/DRESS. We did not examine the viral
load after resolution of DIHS/DRESS, so further studies will be
necessary to assess the relationship between corticosteroid
therapy and persistent HHV-6 infection.

High CMV load was detected in group B and group C
patients treated with corticosteroids. Two patients in group A
also had CMV reactivation. However, it should be noted that
CMV load in these patients was at a low level. Previous study
also confirmed that low CMV load was detected in DIHS/
DRESS patients treated without systemic corticosteroids.® This
finding indicates that DIHS/DRESS has the potential to reacti-
vate CMV. It has been demonstrated that regulatory T cells
(Treg) are expanded at the acute phase of DIHS.'®2° Although
IL-2 activates T cells, it coincidentally increases the suppres-
sive activity of Treg based on high-level expression of high-
affinity IL-2 receptors on these cells.2' These mechanisms may
downregulate excessive T-cell activation spontaneously, and
may also induce further immunosuppression, causing viral
reactivation. While, the use of high-dose systemic corticos-
teroids is known to enhance the risk of CMV infection due to
its immunosuppressive effect in the various conditions.??2*
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Because CMV reactivation is the most important risk factor in
the prognosis of DIHS/DRESS,’, greater caution in use of corti-
costeroids is recommended.

Epstein-Barr virus DNA was detected in peripheral blood
during the disease course in 12 of 20 patients. The frequency
of detection of EBV DNA in peripheral blood was similarly
observed in all groups. However, the detection period tended
to be longer in patients treated with corticosteroids. The rela-
tionship between EBV DNA detection and clinical symptoms
was unclear. In case 9 of group B, low grade fever and cervical
lymphadenopathy was observed during the detection of EBV
DNA. Increase of EBV DNA in peripheral blood is caused by
proliferation of EBV in B cells or by increase of number of B
cells in which EBV latent. It may be useful to evaluate the
change of anti-viral capsid antigen immunoglobulin (Ig)G and
anti-diffuse and restricted early antigen 1gG, and to analyze
lymphocyte subsets of peripheral blood, although we did not
examine them. Notably, we find that CMV reactivation is
almost preceded by detection of EBV DNA. EBV reactivation
may be an indicator and a cause of the reactivation of CMV.
Further examination will be needed to discuss the implication
of EBV during the disease course of DIHS/DRESS.

In conclusion, our findings suggest that care is required in
the dose and timing of administration of systemic corticos-
teroids for the treatment of DIHS/DRESS. However, the size of
our patient population was limited, so further studies are
required.
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