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CORRESPONDENCE

Local desensitization and progression of [1]and its amelioration is associated with the influx of reg-

multiple fixed drug eruption ulatory T cells (Tregs) [S]. Herein, we report a case of FDE
due to acetaminophen (paracetamol), resembling ashy der-

matosis (AD), with local desensitization for both patch test

and an oral challenge test (OCT).
Fixed drug eruption (FDE) usually relapses at the same sites A 21-year-old woman presented with asymptomatic pig-
with each administration of the causative drug [1, 2]. How- ~ mented macules on her trunk and legs. The lesions initially
ever, there is a deviation from this characteristic sequence;  appeared on the trunk one year previously and new lesions
certain sites are not involved with subsequent flare, while ~ began to appear on the legs nine months later. Clinical
other sites are flared, creating a “wandering” appearance  presentation demonstrated numerous, ill-defined, ashy grey
[3, 4]. Accumulating evidence indicates that FDE occurs ~ macules on her trunk and legs (figure 1A). Histopatholog-
following activation of skin-resident memory T cells (Try) ~ ical examination of the abdominal lesion showed pigment
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Figure 1. A) Multiple, ill-defined, confluent, brown macules with varying size on the abdomen during the resting phase. These
lesions were refractory to both a patch test and an oral challenge test (OCT) with acetaminophen. B) Development of erythematous
macules (red arrows) around the brown macules (black arrows) on the left thigh, two hours after OCT with acetaminophen. C)
Histopathology of a brown macule on the abdomen in the resting stage showing increased pigmentation of the basal layer and
pigment incontinence. (D) A brown macule on the thigh in the resting stage displaying increased pigmentation of the basal layer
and pigmentary incontinence. (E) An erythematous macule on the thigh, 12 hours after OCT, displaying hydropic degeneration of
the basal layer, dyskeratotic keratinocytes, and perivascular infiltration of lymphocytes in the dermis (hematoxylin-eosin; original
magnification: x200). F, G) Change in the distribution of CD3+, CD4+, CD8+, and Foxp3+ cells, which correspond to regulatory
T cells (Tregs), in the lesional epidermis (F) and dermis (G) on the abdomen or thigh in the resting stage, and 12 hours after
OCT on the thigh. Numbers of CD3+, CD4+, CD8+ and Foxp3+ cells/mm epidermal length and mm? dermis were counted. The
data represent mean + SEM of measurements obtained from four sections from a single sample. Statistical comparison between
groups was performed using the Student’s t-test. Statistical significance was set at *p<0.05 and ***p<0.01.
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incontinence (figure 1C). She was taking acetaminophen
twice a month for the treatment of migraine over a five-
year period. Lymphocyte stimulation tests were negative
with acetaminophen (stimulation index [SI]: 1.17; positive
SI >1.8). Patch testing on the lesional pigmented macules
of the abdomen in response to acetaminophen (1, 10, and
20% in petrolatum) was negative. OCT with acetaminophen
(200 mg; half her single dose) was locally positive, with the
patient developing erythematous macules around the pig-
mented macules on her thighs, two hours later (figure 1B),
whereas the pigmented lesions on the abdomen remained
unchanged. Histopathological evaluation of the erythema-
tous lesion revealed hydropic degeneration of the basal
layer and dyskeratotic keratinocytes (figure IE). After a
year of follow-up, following avoidance of acetaminophen,
the pigmentation gradually faded.

Why did the erythematous macules appear only on the
thighs after OCT, whereas abdominal lesions showed local
desensitization for both OCT and the patch test? To date,
one case of FDE due to acetaminophen resembling AD has
been reported [6]. It is interesting that both this case and
our case were negative for patch tests on the pigmented
macules. We subsequently performed immunohistochem-
istry for CD3, CD4, CD8 and Foxp3 with specimens of the
abdomen and the thigh in the resting stage before or long
after OCT. For each sample, the mean number of intraepi-
dermal immunoreactive cells was quantified per millimetre
of epidermis and the number of dermal immunoreactive
cells was quantified per mm? of dermis in four sections
from a single sample.

No fundamental differences were found based on hema-
toxylin and eosin histological staining between those in
the abdomen and the thigh in the resting stage (figure 1D).
There was a significant decrease in the dermal infiltration
of CD3+ cells at the abdominal site in the resting stage
(36.7 + 3.8/mm?), compared with those in the lesion on
the thigh in the corresponding stage (67.4 & 13.3/mm?)
(p<0.05). However, there was no significant difference in
the number of dermal CD4+ or CD8+ cells between the
two sites. Dermal and epidermal infiltration of Foxp3™*
cells, which correspond to Tregs, was absent at the two
sites (figure 1F, G). These results suggest an unknown
pathogenesis, other than recruitment of Tregs, responsi-
ble for the local desensitization. Refractoriness of the FDE
lesions to OCT could also be explained by a long refractory
period of TRM, during which time TRM cannot respond
to the antigen in a transient manner [7]. The duration of
this refractory period may vary for each skin lesion. It is
also interesting to note that there was a certain amount of

CDS8+ cells in the dermis of the thigh in the resting stage
(32.2 £+ 17.6/mm?), in comparison to the small number of
epidermal CD8+ cells in the same sample (0.93 £ 0.7/mm)
(figure 1F, G). Although FDE is considered to be caused by
activation of CD8+ Try in the epidermis [1], our results
suggest that a dermal type of inflammation might play a
part in the pathogenesis of FDE with an unusual clinical
presentation.

Since this study was based on a sample from a single
patient, our conclusions are clearly limited. Nevertheless,
it is important to note that not all the sites of FDE are
reactive. i
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Monocytes are involved in the balance between regulatory T
cells and Th17 cells in severe drug eruptions
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Tregs, Th17 cells and monocyte subsets after onset of DiHS/DRESS and SJS/TEN,
and long after their clinical resolutions. We next examined whether pMOs and
cMOs could have a strong impact on the Th17/Treg differentiation and which
cytokines could be crucial for the interaction between Th17/Tregs and MO subsets,
by in vitro cocultures.
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10 and it did drive Treg expansions. After clinical resolution, pMOs producing IL-6
were alternatively recruited and contributed to the eventual shift from a Treg to
Th17 responses.

Conclusions and Clinical Relevance: The gradual shift from Treg to Th17 cell devel-
opment observed during the clinical course of DiHS/DRESS is mediated by the pre-
dominance of cMOs at the acute stage and alternatively recruited pMOs at the

resolution stage, respectively.
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1 | INTRODUCTION

Foxp3*CD4" regulatory T cells (Tregs) can inhibit the function of T
effector cells (Teff) at the site of microbial infections and allergic
inflammation, thereby limiting severe immunopathology.™* Numbers
and functions of Tregs, therefore, should be under control depending
on the phase of infections and inflammation, and the cytokine envi-
ronment. In addition, impaired function of Tregs has been shown to
contribute to the development of autoimmune diseases, such as type
1 diabetes mellitus,” multiple sclerosis,® systemic lupus erythema-
tous’ and acquired aplastic anaemia. It remains unknown, however,
when and how Tregs become impaired before or during very early
disease development.

In this regard, drug-induced hypersensitivity syndrome (DiHS)/
drug reaction with eosinophilia and systemic symptoms (DRESS), a
distinct phenotype of severe drug eruptions, offers a unique oppor-
tunity to link impaired Treg function to subsequent development of
autoimmune disease: this is because DiHS/DRESS is characterized by
expansions of fully functional Tregs associated with sequential reac-
tivations of latent herpesviruses at the acute stage, followed by sub-
sequent development of autoimmune manifestations occurring long
after clinical resolution, possibly reflecting a progressive loss of Treg
function.*?"12 Such a long time interval, however, makes it difficult
to link a loss of Treg function and autoimmune manifestations.®
Indeed, we are, at present, unable to determine which immunological
alterations are prerequisite for a progressive loss of Treg function
after resolution of DiHS/DRESS. Th17 and Treg cell differentiation is

4

plastic,'* and Tregs have the propensity to differentiate into Th17

1415 after exposure to 1L-6.2¢ In addi-

cells in the absence of TGF-p;,
tion, recent studies have also indicated that the expansion of Th17
cells is favoured by the progressive loss of Tregs leading to chronic
graft-vs-host disease (cGVHD),Y in which reactivations of her-
pesviruses can be typically observed in the same sequential order as
observed in DiHS/DRESS.*® Thus, we can postulate that resolution
of DIHS/DRESS may be accompanied by a shift away from Treg dif-
ferentiation towards Th17 cell differentiation.

We therefore performed a prospective longitudinal study on the
frequencies of Tregs and Th17 cells after onset of the disease and
long after clinical resolution. Prompted by recent reports on a close
interaction between Tregs and monocyte subsets,'? we also sought
to characterize monocyte populations during the course of DiHS/
DRESS, and determine whether monocyte subsets could have strong
impact on the Th17 and Treg cell differentiation. To determine
whether chronological changes in the balance of Tregs/Th17 cells
and monocyte subsets are closely related to each other in patients
with DiHS/DRESS but not in those with other severe drug eruptions,
patients with Stevens-Johnson syndrome (SJS)/toxic epidermal
necrolysis (TEN) were also examined as controls. We found that pre-
dominance of classical monocytes (cMOs) associated with depletion
of patrolling or proinflammatory monocytes (pMOs) observed in the
acute stage of DiHS/DRESS can serve to expand Tregs and, upon

resolution, pMOs alternatively recruited can drive a resultant shift
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away from a Treg to a Th17 response that is observed long after
clinical resolution of DiHS/DRESS. Our findings provide evidence
that the gradual shift from Treg to Th17 cell development is medi-
ated by the predominance of different subsets of monocytes occur-

ring during the prolonged latent period after clinical resolution.

2 | MATERIALS AND METHODS

2.1 | Subjects

Patients with DiHS/DRESS or SJS/TEN who visited our university
hospital between 2008 and 2016 were enrolled: they included the
acute stage and resolution stage of DiHS/DRESS and the acute stage
and resolution stage of SJS/TEN, respectively. Seventeen healthy
individuals were also included in our analyses as controls. The diag-
nosis of DiHS/DRESS and SJS/TEN was made based on their criteria,
respectively.'%?° Participant information is given in Table 1. This
study was followed the guidelines for the ethical conduct of human
research. This study was approved by the Ethical Committee of
Kyorin University (ref. No.H22-077-07: Analysis of pathogenesis and
risk factors for allergic inflammatory diseases/viral eruptions) and
written informed consent was obtained from all of the participants
prior to enrolment. This study was carried out in accordance with
Ethical Guidelines for Medical and Health Research Involving Human
Subjects by the Ministry of Education, Culture, Sports, Science and
Technology. The causative drugs, most of which were anticonvulsant
drugs (eg carbamazepine, lamotrigine) and non-steroidal anti-inflam-
matory drugs, were withdrawn when the diagnosis of drug eruptions
was made.

Blood and serum samples were obtained from these patients on
or near the day of the initial presentation before starting treatment,
and additional samples were subsequently obtained from these
patients on a biweekly (before resolution) or several monthly basis
(after resolution). Half of patients with DiHS/DRESS were treated
with systemic corticosteroids while the vast majority of patients with
SJS/TEN were treated with systemic corticosteroids. Samples
obtained within 10 days after onset were defined as the acute stage
samples while those obtained >37 days after onset were defined as
the resolution stage samples; those obtained 11-36 days after onset
were defined as the subacute stage samples: the resolution stage
samples were obtained from patients who had no longer received

oral prednisolone.

2.2 | Antibodies and reagents

Analysis of each lymphocyte and monocyte fraction of PBMCs was
performed using antibodies against human CD4 (SK3, BD Bio-
sciences, San Jose, CA), CD8 (Leu-2a, BD, New Jersey), CD14
(61D3, eBioscience/IM2580, Beckman Coulter, Pasadena, CA), CD16
(3G8, Biolegend, San Diego, CA, USA), CD19 (Leu-12, Beckman
Coulter), CD25 (2A3, BD), CD45RA (HI100, Biolegend), CD56
(Leu-19, HCD56, Biolegend), Foxp3 (PCH101, eBioscience, San
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TABLE 1 Clinical characteristics of DiIHS/DRESS, SJS/TEN patients and healthy controls

Age (y)
No. of cases mean * SEM P value*
DiHS/DRESS acute 31 538+ 9.3 0.042
DiHS/DRESS reso 21 51.7 + 11.6 0.051
SJS/TEN acute 18 474 + 18.5 0.078
SJS(12)TEN(6)
SJS/TEN reso 15 52.8 + 12.3 0.042
SJS(10)TEN(5)
Healthy controls 17 47.0 £ 10.1 N.A.

Sex

(male/female) Causative drug Treatment

13/18 Anticonvulsant N.A.
9/12 Anticonvulsant Corticosteroid (11)

intravenous fluids (10)

9/9 Anticonvulsant, NSAIDs N.A.
7/8 Anticonvulsant, NSAIDs Corticosteroid (15)
5/12

DiHS, Drug-induced hypersensitivity syndrome; DRESS, drug reaction with eosinophilia and systemic symptoms; N.A., not applicable; NSAIDs, Non-Ster-
oidal Anti-Inflammatory Drugs; reso, resolution; SEM, standard error of the mean; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.

Acute stage is <10 days from onset (before starting therapy).
Resolution stage is >37 days from onset.

*All P values are obtained by comparing with the age of healthy control. P values for categorical value were calculated by chi-square or Fisher's exact

test.

Diego), IL-17A (eBio64DEC17, eBioscience), HVEM/CD270 (eBioH-
VEM-122, eBioscience) and 7-amino-actinomycin D (BD Bioscience).
CD3" T cells and CD4" T cells were isolated using magnetic beads
(CD3 microbeads isolation kit; and CD4 T cell isolation kit, Miltenyi
Biotec, Bergisch Gladbach, Germany), respectively.

Antibodies used for the coculture of CD3" T cells and monocytes
included antibodies against human CD3 (HIT3a, BD Bioscience),
CD28 (37407, R&D, Minneapolis), IL-6 (MQ-213A5, Biolegend), IL-
10 (JES3-19F1, Biolegend) and IL-17A.

These cells were cultured in triplicate and in RPMI 1640 medium
(Sigma-Aldrich, St Louis) supplemented with 5% human AB serum
(Sigma-Aldrich), or with foetal calf serum.

2.3 | Flow cytometric assay

All samples were analysed using a FACS Calibur or FACS Canto Il
flow cytometer (BD Biosiences). To detect intracellular Foxp3
expression, anti-human Foxp3 staining kit (PCH101, eBioscience)
was used according to the manufacture's instructions. For intracellu-
lar IL-17A staining, cells harvested from stimulation cultures with
PMA and ionomycin for 4 h were incubated in lysing solution and
permeabilizing solution (BD Bioscience) and then incubated for
30 min with anti-IL-17A Ab.

2.4 | Identification of monocyte subpopulations

PBMCs were gated on the putative monocyte fraction, including a
portion of the adjacent lymphocytes, as demonstrated previously.*
Monocyte populations can be divided phenotypically, based on the
surface expression of CD14 and CD16, into CD14*CD16~ cMOs

and CD14%"CD16" pMOs.'?21:23

2.5 | Cocultures of CD3* T cells and monocytes

For coculture studies, CD149™CD16" pMOs and CD14* cMOs were
purified by sorting out the CD149™CD16* (purity > 93 + 1.5%) and

the CD14"" (purity > 92 + 2.1%), respectively. The FACS-sorted
pMOs or cMOs (5 x 10° cells/well) were cocultured with allogeneic
purified CD3" T cells (1.25 x 10° cells/well) derived from either
DiHS/DRESS patients or healthy individuals; in some experiments
these T cells were labelled with CFSE, according to manufacturer's
protocol (Biolegend), before coculture and the cocultures were stim-
ulated with CD3 and CD28 for 7 days in a 96-well plate and in
RPMI 1640 medium supplemented with 5% human AB serum (both
from Sigma -Aldrich). After harvesting, induction of IL-17A produc-
tion in CD4" T cells was performed by stimulating with PMA and
ionomycin for 4 hours at 37°C in a CO, incubator. The number or
frequency of CFSE"" cells in the IL-17A* cell fraction was measured

using flow cytometry.

2.6 | Immunohistochemical detection of pMOs in
skin lesions

Immunohistochemical detection of CD16 and paired immunoglobu-
lin-like type 2 receptor o (PILR-a) on pMOs in skin lesions was per-
formed using skin biopsy specimens from DiHS/DRESS and SJS/TEN
skin lesions, as previously described.* Immunoreactivity was detected
using AEC Liquid Substrate Chromogen (K3463, Dako). For detection
of CD16 and PILR-a, mAb to CD16 purchased from Novocastra
(2H7, Wetzlar, Germany) and mAb to PILR-a purchased from DEN-
DRITICS (3642, Dardilly, France) were used, respectively. Stained
sections were assessed in a blind fashion by two observers (Y.U. and
Y.M.) independently; there was no significant differences assessment
by the two. The numbers of infiltrated cells were quantified per
mm? of epidermis/dermis. For each specimen, at least three ran-

domly selected fields were assessed under x40 magnifications.

2.7 | Statistical analysis

Data are expressed as mean + SEM. Significance of differences
between the groups was determined using Student's t test, Welch's t
test and Fisher's exact probability test. To assess correlations,
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Spearman's correlation coefficient was wused. Significance was

defined as P value of 0.05 or less for all tests.

3 | RESULTS

3.1 | Alterations in lymphocyte subsets during the
acute stage of severe drug eruptions and after the
resolution

As we previously demonstrated,* the significant decrease in the fre-
quencies of CD56* NK cells and CD19* B cells (Figure S1) and the
marked increase in the frequencies of Tregs were specifically found
at the acute stage of DiHS/DRESS and returned to levels similar to
those in healthy controls upon clinical resolution (Figure 1). Absolute
numbers of each leucocyte fraction at the acute and resolution stage
of DiHS/DRESS and SJS/TEN are also shown in Table S1.

A recent study®* has demonstrated that Foxp3* Tregs could be
classified into functionally distinct subpopulations, CD45RA"Foxp3*
resting/natural occurring Tregs (rTregs), CD45RA Foxp3™™ activated/in-
duced Tregs (iTregs), both of which have potent suppressive function,
and CD45RA Foxp3* non-suppressive T cells (non-Tregs). We there-
fore investigated which subpopulations could be expanded during the
acute stage of DiHS/DRESS. As shown in Figure 2, the most remarkable
increase was found in the iTreg fraction at the same stage. Upon clinical
resolution, their frequency and number returned to values similar to
those in healthy controls. Such dramatic alterations were not observed
in patients with SJS/TEN throughout the observation period.

Because our recent studies**?2?° have suggested that a gradual
loss of Treg function occurring upon clinical resolution of DiHS/

(A)

Healthy Control DiHS/DRESS

DRESS would be a driving force in the subsequent development of
autoimmune disease, we hypothesized that resolution of DiHS/
DRESS could be associated with a shift away from Tregs to Th17
cell differentiation. Analysis of intracellular cytokine production by
various lymphocyte subsets showed that the frequencies of Th17
cells were significantly increased after resolution of DiHS/DRESS as
compared to those at the acute stage and healthy controls (Fig-
ure 3). In contrast, the frequencies of Th17 cells in patients with
SJS/TEN, at either the acute or resolution stage, were not signifi-

cantly different from those in healthy controls.

3.2 | Preferential depletion of pMOs at the acute
stage of DiHS/DRESS

On the basis of available evidence to suggest a close interaction

between Tregs and monocytes,'? 22

we sought to characterize
monocyte populations during the course of DiHS/DRESS. Human
blood monocytes are heterogeneous populations and can be sepa-
rated into distinct subsets: CD14"CD16"cMOs, and CD149™CD16*
non-classical pMO (Figure 52).2722 Among them, pMOs have been

26,27 and

reported to patrol the whole body for signs of infection
control peripheral Treg development in immune thrombocytopenia.l?
We therefore investigated whether MOs, particularly pMOs, would
be numerically or functionally impaired at the acute stage of DiHS/
DRESS characterized by sequential reactivations of latent her-
pesviruses.*?1218 Surprisingly, pMOs have been specifically depleted
from the circulation at the acute stage of DiHS/DRESS (Figure 4).
pMOs were not significantly altered at either the acute or resolution

stage of SJS/TEN as compared to those in healthy controls.

SJS/TEN

Resolution

Acute

Acute

Resolution

7.7

= CD25

(B)
2 NS

;\? r NS 1
w 20 - r 1 FIGURE 1 Expression of CD25 and
3 R S Foxp3 in CD4" cells from DiHS/DRESS,
': SJS/TEN patients and healthy controls. A,
é 15 1 Representative flow cytometry dot plots
< showing Foxp3*CD25" regulatory T cells
% 10 - (Tregs) in CD4* T cells. B, The mean
° frequencies of Tregs in CD4" T cells in
§ DiHS/DRESS at the acute stage (n = 31)
g 5 - and the resolution stage (n = 21) and SJS/
g - TEN patients at the acute stage (n = 18)
w and the resolution stage (n = 15) and

0- Healthy Acute Resolution Acute Resolution healthy controls (n = 17).'Data are

Control : mean * SEM. *, P < 0.05; NS, not
DiHS/DRESS SJS/TEN
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Healthy Control
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o 1 1

‘ ] 56 12.7] 75 50|
FIGURE 2 CD4*Foxp3* cells can be Fr.l:CD45RAFoxp3** (iTregs) Foxp3
divided into three functionally distinct Fr.lll: CD45RAFoxp3* (non-Tregs)
subpopulations defined by Foxp3 and
CDA45RA expression: CD45RA*Foxp3"* B) 5 Health |
rTregs (Fr.l), CD45RA Foxp3™™ iTregs (Fr.Il) c .eat y contro
and CD45RAFoxp3* non-Tregs (Fril). A, *x = DIHS/DRESS acute
Representative flow cytometry dot plots *% @ DiHS/DRESS resolution
showing each subpopulation of Tregs in ;\? 151 *% T SJS/TEN acute .
DiHS/DRESS and SJS/TEN patients at e o @ SJS/TEN resolution
different stages and healthy controls. B, E
The mean frequencies of subpopulations of - 10
Foxp3*CD25*Tregs in patients with DiHS/ &
DRESS at the acute stage (n = 31) and at 8
the resolution stage (n = 21) and SJS/TEN £
at the acute stage (n = 18) and the 5
resolution stage (n = 15) and healthy o
controls (n = 17). Results are expressed as = I
the mean + SEM. Fr., Fraction *,P < 0.05, 0 T NN
#% P < 0,01 Frl Fr 1l (iTregs) Fril

This selective depletion of pMOs with potent antiviral activity
may explain herpes simplex virus (HSV) reactivation observed at the
acute stage of DiHS/DRESS.2%2? Consistent with this view, pMOs
were found to preferentially express herpes virus entry mediator
(HVEM) and PILR-a, which specifically bind to glycoprotein B (gB)
and glycoprotein D (gD) of HSV, respectively® (Figure S3).

Recent studies have demonstrated that pMOs are involved in
the epidermal damage in SJS/TEN,®! while their role in the patho-
genesis of DiHS/DRESS is not known. We therefore investigated
whether preferential depletion of pMOs could be also observed in
the skin lesions of DiHS/DRESS. As shown in Figure S4, the frequen-
cies of pMOs in the skin lesions of DiHS/DRESS were generally
eightfold lower as compared to those in the SJS/TEN lesions: the
number of pMOs as evidenced by PILR-a expression was profoundly
reduced in the DiHS/DRESS lesions (9.0 + 1.4/mm>?; P < 0.01), while
pMOs were abundantly infiltrated into the epidermal tissue of SJS,/
TEN lesions (71.0 + 7.2/mm?), suggesting that no epidermal damage
in DIHS/DRESS lesions is largely attributable to depletion of pMOs.
These results indicate that pMOs capable of binding to HSV were
selectively depleted from skin tissues as well as the circulation at
the acute stage of DiHS/DRESS.

3.3 | Sequential analysis of Tregs and pMOs in
DiHS/DRESS

To demonstrate the relationship between Tregs and pMOs, we
undertook a sequential analysis of Treg and pMO frequencies on dif-
ferent occasions during the course of DiHS/DRESS. As shown in

Figure 5A-E, the mean frequencies of pMOs were at the nadir during
the first 1-2 week after onset (acute stage) and then remained fairly
constant during the subacute stage, day 11-36. The frequencies of
pMOs were gradually approaching to baseline levels observed in
healthy controls and achieved it on day 37 onward, during the reso-
lution stage. These dynamic changes in the frequencies of pMOs
were never observed in patients with SJS/TEN (data not shown). The
increase in pMOs was positively correlated with Th17 cells (r?=0.93;
P =0.0001) and negatively correlated with Tregs (r?=—0.81;
P = 0.0007) (Figure 5D,E).

3.4 | Potent ability of cMOs to expand iTreg
in vitro

To examine whether the dynamics of pMOs could have an impact
on Treg expansions, we initially defined the most efficient condi-
tions for expansion of Tregs stimulated with CD3 plus CD28 in
the presence of MOs. Freshly purified T cells from healthy con-
trols were cocultured with purified allogeneic MO subpopulations
obtained from either healthy controls or DiHS/DRESS patients at
the acute stage, and the cocultures were stimulated with CD3
plus CD28 for 7 days. As shown in Figure 6A, CD3 plus CD28
most efficiently stimulated iTreg proliferation as well as Teff pro-
liferation, when purified T cells from healthy controls and those
from DiHS/DRESS patients at the acute stage were used as
responder cells: proliferation of iTregs was detected by an
increase in the frequencies of Foxp3**CD45RA™ iTregs (Figure 6
and Figure S5).

255



USHIGOME ET AL

m iﬁ
2
C
y
<

[ * |
Q * *
< [ | |
2 4 ¢
©
o
-
+
q -
= 3
(&)
£
© 24 o
8 ®ozo
“ P (A —E—
N~ 1 ® ) ’ % [ ]
o ey
= * ®e® °
Geo )
0 T T T T T
HC A R A R
DiHS/DRESS SJS/TEN
FIGURE 3 Intracellular expression of IL-17A in CD4" T cells in

those patients and healthy controls. DiHS/DRESS patients (n = 12),
SJS/TEN patients (n = 9) and healthy controls (n = 9). HC, healthy
controls; A, acute stage; R, resolution stage. *, P < 0.05

The ability of cMOs to expand iTregs was significantly higher
than that of pMOs when cMOs from healthy controls were used
(Figure 6A,C). As shown in Figure 6B,D, cMOs obtained from DiHS/
DRESS patients at the acute stage had more potent ability to expand
iTregs than those from healthy controls and those from the resolu-
tion stage of DiHS/DRESS, and their potent ability was inhibited by
the addition of anti-IL-10 Ab (Figure S5). These results suggest that
cMOs obtained at the acute stage of DiHS/DRESS could serve to

expand iTregs via the release of IL-10.

We next examined whether pMOs recruited upon clinical resolu-
tion of DIHS/DRESS or their products could inhibit expansions of
iTregs obtained from DiHS/DRESS patients at the resolution stage.
Anti-IL-6 mAb significantly reversed the inhibitory effect of pMOs
on iTregs (Figure 6E). These results indicate that IL-6 derived from
pMOs recruited upon clinical resolution of DiHS/DRESS could serve

to inhibit expansions of iTregs.

3.5 | Potent ability of pMOs to increase the
frequency of Th17 cells

To assess whether the increase in the frequencies of Th17 cells
observed at the resolution stage of DiHS/DRESS was also mediated
by pMOs alternatively recruited upon clinical resolution, the CD3-sti-
mulated cocultures were further stimulated with PMA and ionomycin
for 4 h to detect intracellular expression of IL-17A. For analysis of
Th17 responses, we compared the potency of pMOs derived from
healthy controls to expand Th17 cells with that of pMOs recruited
upon clinical resolution of DiHS/DRESS, because our kinetic analysis
of Th17 cells demonstrated that the increase in the frequencies of
Th17 cells appeared to occur coincident with restoration of pMOs.

As shown in Figure 7, pMOs recruited upon clinical resolution of
DiHS/DRESS had much more potent ability to expand Th17 cells
than that of pMOs obtained from healthy controls. The frequencies
of CFSE'"Th17 cells were significantly decreased by the addition of
anti-IL-6 mAb at the start of the cocultures: the decrease by anti-IL-
6 mAb was more remarkable, when pMOs recruited upon clinical
resolution of DiIHS/DRESS were used, than those from healthy con-
trols. These results indicate that pMOs alternatively recruited upon
resolution of DiIHS/DRESS can drive Th cells to differentiate further
to a Th17 phenotype through the release of IL-6.

(A)
Healthy Control DiHS/DRESS SJS/TEN
p')llOs Acute Resolution Acute Resolution
© .
a 2 0.2 3.5
(&)
{ FIGURE 4 The frequencies of patrolling
_ monocytes (pMOs) in DiHS/DRESS and
r §0 . SJS/TEN patients at different stages and
) healthy controls. A, Preferential depletion
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- CD14 p A
of CD14“™CD16"pMOs at the acute stage

of DiHS/DRESS. Representative dot plots
showing the expression of CD16 vs CD14
in DIHS/DRESS and SJS/TEN patients, and
healthy controls. B, The mean frequency of
pMOs and classical monocytes (cMOs) in
CD14" cells from DiHS/DRESS patients at
the acute stage (n = 31) and the resolution
stage (n = 21), SJS/TEN patients at the
acute stage (n = 18) and the resolution
stage (n = 15) and healthy controls

(n = 17). Data are mean + SEM. HC,
healthy controls; A, acute stage; R,
resolution stage *, P < 0.05, ** P < 0.01
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4 | DISCUSSION

Clinical pictures and outcomes of DiHS/DRESS and SJS/TEN are gen-
erally thought to be fundamentally different despite the weight of
evidence for drug Ag-specific Teff as a common principal pathogenic
mediator in both diseases. DiIHS/DRESS is characterized by activation
of fully functional Tregs, whereas SJS/TEN is a pathogenic conse-
quence of aberrant activation of Teff driven by impaired suppressive
function of Tregs.* Thus, the difference between the two diseases
appears to reside within the Tregs rather than the Teff; nevertheless,
we could not exclude the possibility that some of Teffs could be also
different between the two diseases. Interpreted within the frame-
work of current knowledge on a possible interaction between Tregs

> Subacute >> Resolution >

and other immune cells, these findings suggest that impairment of
Treg-mediated immunosuppression differentially observed in the two
diseases could not be intrinsic to Tregs themselves but may be sec-
ondary to the paucity of signals necessary for Treg development. In
view of recent studies indicating that Treg development can be dif-

ferentially regulated by pMOs and cMOs,1?22

it is logical to ask
whether alterations in monocyte subsets could be responsible for
the expansions and subsequent loss of Tregs depending on the stage
of DiHS/DRESS.

In this study, we have demonstrated that selective depletion of
pMOs at the acute stage of DiHS/DRESS causes the relative increase
in the frequencies of cMOs with the potent ability to expand Tregs

through the production of IL-10, which may in turn direct Treg
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FIGURE 6 Potent ability of monocytes (MOs) to alter activated/induced regulatory T cells (iTregs) and the effect of anti-IL-10/IL-6
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pMOs from healthy controls (n = 10) and cMOs from healthy controls (n = 10) (left panel) and in cocultures of cMOs from healthy controls

(n = 10) or cMOs from DiHS/DRESS patients at the acute stage (n = 6) and the effect of anti-IL-10 mAb on iTregs (right panel). D,
Representative dot plots and frequencies of iTregs in cocultures of CD3'T cells from healthy control and cMOs from DiHS/DRESS patients at
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(n = 6) and the effect of anti-IL-6 mAb on iTregs. Results are expressed as the mean + SEM. *, P < 0.05; NS, not significant

expansions. However, pMOs alternatively recruited upon selective
depletion of “original” pMOs could contribute to the shift away from
a Treg to a Th17 responses that is observed during the resolution
stage of DiHS/DRESS, probably through their production of IL-6. In
view of the crucial role of pMOs for mediating innate host defence
responses,?®?’ their delayed recruitment into the host response
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would provide a temporal window for the establishment and spread
of invading pathogens. Nevertheless, alternatively recruited pMOs
have been shown to have “pathogenic” features characterized by
potent ability to produce IL-6: our ongoing studies on MOs obtained
from patients with Mycoplasma pneumoniae (MP) infection show that
MP MQOs, either cMOs or pMOs, have the impaired ability to expand
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diacetate succinimidyl ester (CFSE) " Th17 cells in cocultures of T
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resolution stage. B, The mean frequencies of CFSE™" Th17 cells in
cocultures of T cells from DiHS/DRESS patients at the resolution
stage (n = 6) and pMOs from either healthy controls (n = 10) or
DiHS/DRESS patients at the resolution stage (n = 6) and its
inhibition by anti-IL-6 mAb on iTregs. Results are expressed as the
mean = SEM.CFSE, *, P < 0.05

Tregs while enhancing Th17 development (unpublished data),
thereby driving the shift from a Treg to a Th17 response, as demon-
strated in pMOs recruited during the resolution stage of DiHS/
DRESS. Consistent with this view, recent studies have shown that
iTregs and Th17 cells are not at the final stage of their differentia-
tion and have the potential to convert into Th17 and Tregs, respec-
tively, depending on MO subsets.®? Nevertheless, no previous
studies have demonstrated the existence of such a close interaction
between Tregs/Th1l7 cells and MOs in a given disease setting.
Although a more complex scenario than that provided by our study
could exist in a number of diverse physiological and pathological

settings, this complex interaction should be a therapeutic target and
the outcome of the disease may depend on how we can control the
interaction.

A previous study proposed an inflammatory role for pMOs in the
pathogenesis of SJS/TEN.3! Although this study indicated that pMOs
can directly contribute to the pathological process by promoting epi-
dermal damage, pMOs may act, either singly or in concert with other
cells, to precipitate loss of Treg functions even if pMOs themselves
do not always cause sufficient tissue destruction. In contrast,
because pMOs are major effectors involved in the innate immune
response to viral infections,24?” their numerical and functional
defects would leave the host vulnerable to viral infections. In sup-
port of this view, a profound loss of this population was specifically
found in the acute stage of DiHS/DRESS and associated with
sequential occurrence of several herpesvirus reactivations.'%*®
Indeed, we demonstrate that PILR-a and HVEM, which can specifi-
cally bind to HSV gB and gD, respectively, are preferentially
expressed on pMOs, suggesting the importance of pMOs in mediat-
ing anti-viral role. Depletion of pMOs sensing HSV at the acute
stage of DiHS/DRESS would provide an explanation for why sequen-
tial reactivations of herpesviruses are specifically observed in
patients with DiHS/DRESS.

An intriguing question about this syndrome is why pMOs had
been depleted from the circulation at onset. It remains unknown
whether pMOs and cMOs represent two independent functional cell
types or whether pMOs could derive from cMOs in the presence of
macrophage colony-stimulating factor (M-CSF). If pMOs arise from
cMOs, one possibility is that depletion of pMOs in the acute stage
of DiIHS/DRESS would represent the blockade of the differentiation
of cMOs to pMOs due to the paucity of M-CSF. In support of this
possibility, our sequential analyses of serum cytokine levels after
onset of DiHS/DRESS demonstrated that serum levels of M-CSF
were significantly lower in the acute stage of DiHS/DRESS than
those in the acute stage of other severe drug eruptions (unpublished
data). Alternative possibility is that pMOs, which are suggested to
play an anti-viral role, could be exhausted by repeated reactivations
of herpesviruses, which may occur in an unrecognized fashion far
before onset of DiHS/DRESS. Another possibility is that pMOs
would be removed from the circulation by their preferential infection
with HSV because of their HVEM and PILR-a expression. Neverthe-
less, we could not totally exclude the possibility that part of pMOs
may have been trapped in the tissue microvasculatures before onset.

Th17 cells can be induced by IL-6 and TGF-B and propagated by
IL-23 and IL-21,%3 although Th17 cells and Tregs share a common
requirement for TGF-p in their differentiation requirements. Thus,
the relative amounts of IL-6 or TGF-f would determine whether
Th17 cells or Tregs emerge as the dominant phenotype: high IL-6
levels in the presence of low TGF-f levels could shift the Treg/Th17
balance towards a Th17 response. Our findings help to clarify the
role of monocyte subsets and their products, IL-6, on the Treg/Th17
balance (Figure S6). Alternatively, recruited pMO-mediated enhance-
ment of Th17 cell development was inhibited by anti-IL-6 mAb and
associated with the inhibition of Treg cell development. Our findings
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indicate that anti-IL-6 mAb may have a beneficial effect in patients
with DiHS/DRESS at the resolution stage, in which impaired Tregs
and increased Th17 cells play a key role in sustaining the inflamma-
tory responses, although we have to consider the potential side
effects. Consistent with this view, our ongoing studies on serum
cytokine levels at the initial presentation of severe drug eruption
show that the IL-6 levels are reliable biomarkers predictive of the
progression to SJS/TEN.3*

Corticosteroids have been shown to reduce various proinflam-
matory cytokine levels and expand Tregs.3>3® We therefore evalu-
ated the effect of systemic corticosteroids on pMO and Treg
frequencies during the course of DiHS/DRESS. The remarkable dif-
ference between corticosteroid-treated and non-corticosteroid-trea-
ted groups was found in pMO and Treg frequencies during the
subacute stage, days 11-36. Although expanded Tregs were con-
tracted and pMOs increased in frequency in both treatment
groups, the decrease in Treg frequencies and the restoration of
pMOs occurred much more rapidly in the non-corticosteroid-treat-
ment group than those in the corticosteroid-treated group (unpub-
lished data), suggesting that corticosteroids could serve to prevent
a rapid recovery of pMOs and a rapid contraction of Tregs, both
of which may result in the development of immune reconstitution
inflammatory syndrome (IRIS). In this regard, corticosteroids would
play an important role in potentially delaying a rapid recovery of
immune cells and successful management of DiHS/DRESS might
need a combination of biological agents targeting Tregs and pMOs
sequentially and concomitantly.

In conclusion, we found that MOs from the acute stage of DiHS/
DRESS are more prone to expand iTregs due to the relative increase
in ctMOs with the potent ability to expand iTregs to cMOs, whereas
those at the resolution stage are likely to induce Th17 cell develop-
ment due to reappearance of pMOs preferentially producing IL-6
(Figure S6) that may be different from the original population. Our
study supports the concept that the major therapeutic target for
severe drug eruptions is the MO subsets that can drive the shift

from a Treg to a Th17 development.
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syndrome/drug reaction with
eosinophilia and systemic symptoms
severity score: A useful tool for assessing
disease severity and predicting fatal
cytomegalovirus disease

Yoshiko Mizukawa, MD, PhD,* Kazuhisa Hirahara, MD, PhD,*" Yoko Kano, MD, PhD,*
and Tetsuo Shiohara, MD, PhD"
Tokyo and Saitama, Japan

Background: The prognosis of drug-induced hypersensitivity syndrome (DiHS)/drug reaction with
eosinophilia and systemic symptoms (DRESS) is highly unpredictable. Severe complications, either related
or unrelated to cytomegalovirus (CMV) reactivation, are a highly probable cause of death.

Objectives: The aim was to establish a scoring system for DiHS/DRESS that can be used to monitor
severity, predict prognosis, and stratify the risk of developing CMV disease and complications.

Methods: A retrospective analysis of 55 patients with DiHS/DRESS was performed. A composite score was
created using clinical data. DiHS/DRESS patients were also stratified into 3 groups based on the scores to
predict the risk of CMV reactivation and complications.

Results: This scoring system made it possible to predict CMV disease and complications. Scores =4 were
associated with the later development of CMV disease and complications, while no patients with scores <4
developed complications.

Limitations: This was a single-institution study with a relatively small patient cohort that lacked a
validation cohort.

Conclusions: Our scoring system may be useful for predicting CMV-related complications, and early
intervention with anti-CMV agents should be considered in patients with scores =4 or with evidence of

CMV reactivation. (J Am Acad Dermatol 2019;80:670-8.)

Key words: CMV reactivation; disease severity; drug-induced hypersensitivity syndrome (DiHS)/drug

reaction with eosinophilia and systemic symptoms (DRESS); prognosis; scoring system.

atients with drug-induced hypersensitivity
syndrome (DiHS)/drug reaction with eosin-
ophilia and systemic symptoms (DRESS)

may experience repeated exacerbations beyond the

point where the causative drug would be expected to
be eliminated from the body, " reflecting sequential
reactivations of herpesviruses. In particular, cyto-
megalovirus (CMV) reactivation occurring 3 to
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7 weeks after the onset of DiHS/DRESS may result in
uncontrolled viral replication that can lead to fatal
disease, including pneumonia, hepatitis, and gastro-
enteritis’; CMV disease could be regarded as the most
important factor for the prognosis of these patients.
In addition, complications such as myocarditis are
more common than are generally realized.”
Therefore, the severity of
clinical symptoms at onset
provides only a guide to
prognosis. Various clinical
symptoms and fatal compli-
cations that have traditionally
been regarded as being
either related or unrelated to
severe drug eruptions or
CMV  reactivation may
develop at various time
points after onset, indicating

CAPSULE SUMMARY

« The clinical course of drug-induced
hypersensitivity syndrome/drug reaction
with eosinophilia and systemic
symptoms is unpredictable.

« We developed a scoring system to
predict development of cytomegalovirus
disease and complications. Using this
scoring system, cytomegalovirus disease
and complications could be preventable
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DRESS'"'®) on clinical grounds. Inclusion criteria
were as follows: age >12 years and only patients
with no symptoms suggestive of DiHS/DRESS before
drug exposure in the medical record.

Composite score

A composite score was created using demo-
graphic data, medical his-
tory, and clinical variables
(Table Dj; this scoring was
constructed based on previ-
ously published and unpub-
lished data, including our
own, %% particularly on
the effect of age and clinical
variables on the develop-
ment of CMV disease and
Complications.i”” A score
of 1 was given whenever

difficulties to predict its prog- . allopurinol ~ was  given,
nosis." ©  Because these by F)rompt treatment with because allopurinol has
complications have been anticytomegalovirus agents. been regarded as one of the

underrecognized and are
often fatal if not promptly
treated,” ' there is a clear need to identify effective
parameters for assessing disease severity and pre-
dicting prognosis of the disease in the early stage.
Unfortunately, no previous studies have estab-
lished a scoring system by which severity and
treatment efficacy can be assessed and complications
can be predicted at any time. Our aim in this study
was to establish a scoring system for DiHS/DRESS
that would be useful for monitoring severity and
predicting patient prognosis, especially fatal compli-
cations. We hypothesized that DiHS/DRESS patients
who later go on to develop fatal complications differ
from those who can overcome these complications.

METHODS
Patients

Of patients admitted to our hospital for DiHS/
DRESS between 1998 and 2016, 55 patients (22 men,
33 women) were selected if information sufficient for
retrospective analyses was available from the med-
ical records (ethics approval number 125-01). The
mean age was 54.5 £ 20.0 years (range 14-88 years).
Clinical symptoms of DiHS/DRESS developed
44.0 £ 6.9 days (range 10 days to 1 year) after
starting the culprit drugs, and these drugs were
withdrawn 6.8 * 1.4 days (range 1-60 days) after
the onset of clinical symptoms. Most patients were
followed longitudinally for =1 year after clinical
resolution. The diagnosis of DiHS/DRESS was made
according to the criteria for DiHS (including atypical
DiHS'®) and DRESS (including probable and definite
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factors involved in disease

severity and renal insuffi-
ciency.'”* The severity score was determined
routinely on at least 2 occasions, at the early stage
(days 0-3 after the initial presentation, early score)
and at a later stage (2-4 weeks after the initial
presentation, late score).

Various other parameters, as shown in Table I,
were graded from —1 to 3 to measure disease
severity. The scores obtained at any time were
compared with the early score to assess whether
patients had progressive disease or were resolving.

All patients analyzed were CMV immunoglobulin
G—positive. CMV reactivation was defined as =20
genome copies in 10° peripheral leukocytes or the
detection of CMV-C10/11 antigenemia.”’ CMV dis-
ease was defined as having symptoms consistent
with an infection and an inflammatory condition,
temporally related to CMV reactivation, as previously
described.”” In contrast, complications were defined
as severe clinical symptoms, such as pneumonia,
peritonitis, and intestinal bleeding, either temporally
or clinically related or unrelated to CMV reactivation.
Complications were divided into 2 types, as
previously indicated: early-onset (=2 weeks after
the initial presentation) and late-onset (>2 weeks
after the initial presentation).” Most early-onset
complications were regarded as comorbidities;
most late-onset complications included myocarditis,
gastrointestinal bleeding, and pneumonia, which
could have generally been related to treatment.

The composite scores obtained were compared
between CMV™ cases and CMV~ cases with the
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Table 1. Composite scores for evaluating the severity of drug-induced hypersensitivity syndrome and drug
reaction with eosinophilia and systemic symptoms and predicting the disease outcomes

Parameters Grade/extent Score
Fixed
Age, y =40/41-74/=75 —1/0/2
Duration of drug exposure after onset, days 0-6/=7 0/1
Allopurinol exposure Yes 1
Variable
Pulsed prednisone* Yes 2
Skin involvement
Erythema, % BSA <70/=70/erythroderma 0/1/2
Erosion, % BSA <10/10-29/=30 0/1/3
Fever =38.5°C, days duration 0 or 1/2-6/=7 0/1/2
Appetite loss (=70% of regular food intake), days 0-4/=5 0/1
Renal dysfunction (creatinine), mg/dL <1.0/1.0-2.0/=2.1 or HD 0/1/3
Liver dysfunction (ALT), IU/L <400/400-1000/>1000 0/1/2
C-reactive protein, mg/dL =2/<2-<10/=10-<15/=15 —1/0/1/2

Each variable parameter was determined at early (days 0-3 after the initial presentation) and later times (2-4 weeks after the initial

presentation), and on an as-needed basis.

ALT, Alanine aminotransferase; BSA, body surface area; HD, hemodialysis.

*Intravenous methylprednisone use =500 mg/day for 3 days.

Mann-Whitney U test (Table II). Receiver operator
characteristic curves were used to test the perfor-
mance of the composite score to predict CMV
reactivation in DiHS/DRESS cases.

RESULTS
Early and late scores

Early scores usually represented the severity of
the disease before treatment. In contrast, because
approximately half of the patients received systemic
corticosteroids, late scores represented the severity
of the disease after starting corticosteroid and non-
corticosteroid treatment.

Of the 55 patients investigated for the presence of
CMV in sequential blood samples by polymerase
chain reaction (PCR) or antigenemia assay, 44
remained quantitatively CMV~ throughout the
period of surveillance. In CMV™ cases, CMV DNA
or antigenemia was initially detected at 27.2 days
(range 16-45 days) after the initial presentation.
CMV™ DiHS/DRESS cases were significantly older
and had more complications associated with a fatal
course (Table 11). CMV™ cases were found to run a
more severe and protracted course, as evidenced by
longer periods of hospitalization; CMV " cases had a
longer average hospital length of stay (56.9 = 6.1 vs
25.3 * 1.9 days, P < .01). There was no significant
difference in the DRESS score'” between them (data
not shown). Among variable laboratory parameters,
C-reactive protein levels at the initial presentation
were significantly linked to later development of
CMV reactivation (Supplemental Table I; available at
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http://www .jaad.org). Total doses of corticosteroids
used until 8 weeks after initial presentation were
higher in CMV® than CMV~ cases (Table ID),
although there was no significant difference. Most
importantly, either early or late scores were signifi-
cantly higher in CMV™" than CMV ™~ cases (Table 11),
even when an elderly population =60 years of age
and corticosteroid-treated cases after initial presen-
tation were analyzed (data not shown).

CMV-related and -unrelated complications
Five of 11 CMV ™" patients who were quantitatively
CMV PCR- or antigenemia-positive developed CMV
disease or complications, while the remaining 6
patients, who were quantitatively CMV PCR- or
antigenemia-positive, had no evidence of CMV dis-
ease and complications at any time (Table III). None
of the 44 CMV™ patients developed any late-onset
complications. CMV disease such as enterocolitis or
complications developed immediately after the
detection of CMV  reactivation (mean
33.2 * 6.2 days after the initial presentation) in all
cases, usually 2 to 28 days after the detection of CMV
reactivation (mean 10.0 * 4.8 days). CMV viral loads
were usually determined once every 2 weeks before,
during ganciclovir (GCV) or valganciclovir (VGCV)
therapy, and after cessation of anti-CMV therapy.
Anti-CMV therapy was initiated after positive PCR or
antigenemia results were obtained and was
continued until negative PCR or antigenemia results
were obtained. Treatment delay defined as an inter-
val of =3 days from the first positive PCR or
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Table II. Demographic and clinical characteristics of patients with CMV" and CMV~ drug-induced
hypersensitivity syndrome and drug reaction with eosinophilia and systemic symptoms

CMV* (n = 11) CMV  (n = 44)
Age, y, mean = SEM 73.3 £ 3.4* 498 + 29
Gender, M:F 7:4 16:28

Underlying disease (n) Arrhythmia (1), brain tumor (2), bullous

disease (1), cerebrovascular disease (1),

dementia (1), epilepsy (2), Guillain—Barre

syndrome (1), and hyperuricemia (3)
Causative drug (n) Allopurinol (2), carbamazepine (5),
dapsone (1), mexiletine (1),
phenytoin (1), and trimethoprim/
sulfamethoxazole (1)
6 (4-7)*
3 (1-5)*
429 = 8.1 days

Early score, median (IQR)
Late score, median (IQR)
Duration of causative drug
exposure before onset,
mean *= SEM
Hospitalization period,
mean *= SEM (range)
Total doses of systemic
corticosteroids before
initial presentation,
mean *= SEM (range) n]t*
Starting doses of systemic
corticosteroids after initial
presentation,
mean = SEM (range) [n]*
Total doses of systemic
corticosteroids until 8 weeks
after initial presentation,
mean *= SEM (range) [n]th$¢

56.9 = 6.1 days” (28-81 days)

673.3 + 600.8 mg (75-1875 mg) [3]

54.3 = 4.8 mg (40-80 mg) [9]F

1928.9 = 127.0 mg (1290-2470 mgq) [9]*

No. of cases with CMV 5%
disease/complications*
Mortality rate (no. of deaths)* 27.3% (3)*

Brain tumor (1), cerebrovascular
disease (2), epilepsy (12), fibromyalgia (1),
hyperuricemia (7), neuralgia (3),
psychological illness (17), and restless
legs syndrome (1)

Allopurinol (5), carbamazepine (27),
lamotrigine (9), and phenytoin (3)

2 (1-4)
—1(-2to 0)
443 *+ 8.1 days

25.3 = 1.9 days (6-54 days)

1203 + 64.5 mg (7.5-690 mg) [10]

455 + 5.1 mg (10-70 mg) [11]

1729.1 = 232.1 mg (260-3200 mg) [11]

0% (0)

CMV, Cytomegalovirus; CRF, chronic renal failure.

*P < .01.

No. of cases treated with corticosteroid before presentation.
*Fisher's exact test used.

$No. of cases undergoing corticosteroid therapy at 8 weeks.

antigenemia result until the initiation of antiviral
therapy was associated with the development of
CMV disease or complications. The interval was
longer in patients with complications than in those
without  complications  (10.3 * 6.1 vs
2.2 £ —0.2 days, P = .08). In case 5, CMV disease
or complications developed 2 days after cessation of
anti-CMV therapy. In cases 2 and 4, VGCV or GCV
was started after the development of complications.
All but case 1 received GCV or VGCV 2 to 28 days
after the detection of CMV reactivation. Fatal out-
comes were found exclusively in CMV™ cases,
especially those in whom GCV was initiated
=3 days after the detection of CMV reactivation,

intestinal
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while most cases in whom GCV or VGCV was started
within 2 days after detection recovered fully, indi-
cating a great need for starting GCV or VGCV
immediately. Importantly, all cases who later devel-
oped serious complications, such as pneumonia and

bleeding, had CMV reactivation

10.0 = 4.8 days before onset of the complications.
We next asked whether we could identify patients
who were at a greater risk of developing CMV
disease and complications by using the composite
score. Early or late scores =4 were associated with
the later development of CMV disease and compli-
cations (Table III). Receiver operator characteristic
curves confirmed that this composite score had the



Table III. Demographic and clinical characteristics of cytomegalovirus DNA™ cases with or without complications

Time to
initiation of

anti-CMV therapy

Duration of

Case no., Underlying CMYV, Time to CMYV reactivation (factors = Complications (day of after detection anti-CMV therapy
age, y/sex Causative drug disease(s) early late  C10/11* or DNA' thought to be the trigger) detection)/outcome of CMV (anti-CMV agents)
1, 88/F  Allopurinol Hyperuricemia 3 ND, 44 X 10 28 days (unknown) Pneumonia N/A N/A
(day 32)/death
2,79/M  Carbamazepine/ Guillain—Barre 6 5/4, ND 29 days (2 days after tapering  Peritonitis 3 days 8 days (VGCV)
allopurinol syndrome/ systemic corticosteroids) (day 31)/death
hyperuricemia
3,81/M  Allopurinol Hyperuricemia 5 4/2, ND 24 days (1 day after Intestinal bleeding 8 days 24 days (GCV)
discontinuation of IVIG) (day 28)/recovery
4, 74/M  Mexiletine Arrhythmia 3 149/112, 16 days (3 days after tapering Intestinal bleeding 28 days 22 days (GCV + IVIG)
3.7 X 10 systemic corticosteroids) (day 44)/death
5, 48/M  TMP/SMX Brain tumor 1 17/18, ND 19 days/31 days (2 days after  Intestinal bleeding 2 days/2 days 8 + 15 days* (VGCV)
tapering systemic (day 31)/recovery
corticosteroids/2 days after
discontinuation of VGCV)*
6, 67/F  Carbamazepine Epilepsy 6 7/3, ND 45 days (10 days after tapering No/recovery 2 days 15 days (VGCV)
systemic corticosteroids)
7, 83/F  Carbamazepine Dementia 3 1/2, ND 26 days (10 days after tapering No/recovery 2 days 8 days (VGCV)
systemic corticosteroids)
8, 80/F  Phenytoin Epilepsy 1 0/1,2.0 X 10 25 days (1 day after tapering No/recovery 2 days 21 days (VGCV)
systemic corticosteroids)
9, 63/M Carbamazepine Brain tumor 5 ND, 9.0 X 10 25 days (7 days after tapering  No/recovery N/A N/A
systemic corticosteroids)
10, 73/M Carbamazepine Cerebrovascular 0 2/1, ND 35 days (15 days after tapering No/recovery 3 days 8 days (VGCV)
disease systemic corticosteroids)
11, 70/M  Dapsone Bullous disease 0 4/2, ND 27 days (6 days after tapering  No/recovery 2 days 18 days (VGCV)

systemic corticosteroids)

Cases 1-5 indicate those with complications, either CMV-related or CMV-unrelated drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and systemic symptoms.
CMV, Cytomegalovirus; F, female; GCV, ganciclovir; IVIG, intravenous immunoglobulin; M, male; N/A, not applicable; ND, not done; TMP/SMX, trimethoprim/sulfamethoxazole; VGCV, valganciclovir.

*Data on the first positive of antigenemia (no. of CMV™ cells/slide).
Data on the first positive polymerase chain reaction study (=20 genome copies in 10° peripheral leukocytes).

*VGCV was administered from day 21 to day 28 (for 8 days) 2 days after detection of CMV reactivation, and from day 33 to day 47 (for 15 days), 2 days after intestinal bleeding, respectively.

$pulsed prednisone used before the initial presentation.
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Table IV. Risk stratification of drug-induced hypersensitivity syndrome/drug reaction with eosinophilia and

systemic symptoms cases based on the early score

Mild (1>) Moderate (1-3) Severe (4=)
(n=5) (n = 23) (n = 27)
No. of CMV™" cases® 0 1% 10 *
Late score, median (IQR) —2(=2to —1.5) -1 (—=1to0) 1 (0-5)1
No. of cases with CMV disease/complications’ 0 0 st
Mortality rate (no. of dead patients)" 0% (0) 0% (0) 11.5% (3)

Hospitalization period, days,
mean *= SEM (range)

Total doses of systemic corticosteroids
until 8 weeks after initial
presentation, mean * SEM (range)
[no. of cases]’/

WBC (cells/uL), mean = SEM

16.2 * 3.7 (9-27)

0 mg (0 mg) [0]

5740.0 = 1059.1

23.2 * 2.4 (6-65) 41.7 + 3.8" (14-81)

14592 = 247.8 mg*
(260-2170 mg) [6]

1973.2 £ 154.6 mg*
(620-3200 mg) [14]

8708.7 = 1521.8 10,388.9 £ 972.0

Plt (L), mean £ SEM 218 = 20 199 = 1.6 29.8 = 7.8
ALT (IU/L), mean £ SEM 115.0 £ 32.2 201.9 * 489 80.4 = 15.2
CRP (mg/dL), mean *= SEM 0.8 £ 0.2 29 £ 05 74 £ 1.1*
Early NLR, mean *= SEM 1.6 = 0.6 43 = 0.6 6.5 %13
Late NLR, mean = SEM 14 £ 0.2 21 *+03 3204

ALT, Alanine aminotransferase; CMV, cytomegalovirus; CRP, C-reactive protein; DiHS/DRESS, drug-induced hypersensitivity syndrome/drug
reaction with eosinophilia and systemic symptoms; IQR, interquartile range; NLR, neutrophil/lymphocyte ratio; WBC, white blood cell count.

*P < .05 (mild vs moderate, severe).

tp < .05.

SFisher's exact test.

INo. of cases undergoing corticosteroid therapy at 8 weeks.

potential to identify CMV disease and complications
in patients with DiHS/DRESS (Supplemental Fig 1).

Risk stratification of CMV reactivation

We next stratified disease severity into 3 groups
based on early scores to predict the risk of CMV
reactivation or CMV disease and complications
(Table 1V). Mild disease was defined as scores <1
(n = 5), moderate disease as scores 1 to 3 (n = 23),
and severe disease as scores =4 (n = 27). CMV
reactivation including CMV disease and complica-
tions occurred most frequently in the severe group:
CMV disease and complications developed exclu-
sively in the severe group. Median CRP levels were
significantly different among the 3 categories, with
the severe group having the highest. The average
hospital length of stay was also the longest in the
severe group. Mild and moderate disease groups had
no evidence of progression to overt CMV disease or
severe complications after 12 months of follow-up.
Adjusted analyses of variance across the 3 disease
severity groups showed that disease severity from
mild to moderate to severe was associated with
increasing periods of hospitalization and increasing
white blood cell counts and CRP levels. A diagnostic
and prognostic algorithm based on early and late
scores is proposed in Fig 1.
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DISCUSSION

Complications occurring during DiHS/DRESS
have been extensively described in previous
studies’ " and have received attention as the cause
of mortality in DiHS/DRESS. These complications
include myocarditis, Pneumocystis jirovecii pneu-
monia, sepsis, and gastrointestinal bleeding,”"* most
of which lead to significant morbidity and mortality if
unrecognized and untreated.””''** Therefore, the
establishment of a scoring system using routinely
obtained parameters by which disease severity and
treatment efficacy can be assessed at any time and
disease progression to more aggressive stage can be
predicted is urgently needed for the successful
management of DiHS/DRESS. By comparing the
composite score in the early phase (days 0-3) with
that at any time after starting therapy, the composite
score can provide clinicians with clues for optimizing
therapeutic efficacy and preventing treatment-
related relapse. Not only worsening of clinical
symptoms but also lack of improvement can be
also evaluated by comparing these scores on
different occasions. This scoring system might be
useful in predicting beneficial treatment results in
DiHS/DRESS (Table IID). In addition to the utility of
the scoring system for monitoring the extent of
disease severity, this report supports the potential
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Early score <1 1-3 4<
v
Mild cases Moderate cases Severe cases

* No needs for systemic

* Need for systemic

*Need for systemic

corticosteroids coricosteroids coricosteroids
(£50mg/day) (50mg</day)
L Increase or no Decrease
ate score change in scores in scores

CMYV reactivation

* Thorough investigation for

* Tapering corticosteroids
gradually (5-10mg/2weeks)

Tapering corticosteroids
gradually
(5-10mg/week)

CMV+

l

N CMV-

anti-CMV agents

Immediate treatment with

Thorough evaluation of
CMV reactivation

N

Thorough investigation
of progression to

y

autoimmune disease

A AI

Fig 1. Proposed flow diagram for the diagnosis and outcome prediction of drug-induced
hypersensitivity syndrome/drug reaction with eosinophilia and systemic symptoms based on
early and late scores. CMV, Cytomegalovirus; DiHS/DRESS, drug-induced hypersensitivity
syndrome/drug reaction with eosinophilia and systemic symptoms.

use of this scoring system for identifying individuals
with a likelihood of CMV reactivation and complica-
tions, either CMV-related or CMV-unrelated, with
fatal outcomes. Indeed, the present data show that
patients with an early or late score =4 were
significantly more likely to later develop CMV dis-
ease and complications; 5 of 26 patients with scores
=4 developed CMV disease and complications,
while no patients with a score <4 developed severe
complications.

The immunosuppressive effects of corticosteroids
are more pronounced in elderly patients, resulting in
an increased risk of CMV reactivation. Indeed, there
was a positive relationship between age of DiHS/
DRESS onset and the score (P <.01). Indeed, in these
patients, especially those treated with systemic
corticosteroids and elderly patients =60 years of
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age, frequent relapses and worsening of clinical
symptoms were observed with reduction of the
corticosteroid dose. In this regard, previously re-
ported cases suggest that the use of pulsed predni-
sone may be related to later development of CMV
reactivation.”"*" It is probable that a large reduction
of prednisone doses needed immediately after
pulsed prednisone may paradoxically induce a rapid
recovery of immune responses that could in turn
contribute to the development of CMVreactivation as
a manifestation of immune reconstitution inflamma-
tory syndrome.”” To prevent a rapid immune recov-
ery, we recommend that systemic corticosteroids be
initiated at a sufficient dose of 40 to 60 mg per day
prednisone equivalent in DiHS/DRESS and be fol-
lowed by a gradual dose reduction of prednisone at
least over >8 weeks (Fig 1). Tapering more gradually
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over a prolonged period is recommended to achieve
the optimum therapeutic result in patients with
DiHS/DRESS. "

As pointed out by Bourgeois et al,” the present
data also show that late-onset complications, such as
myocarditis, which occur months after the rash and
laboratory abnormalities have resolved and long
after withdrawal of the causative drug, are more
likely associated with fatal outcomes than early-
onset complications. In view of our finding that
CMV reactivation occurred 27.2 * 2.3 days after
onset while complications developed 33.2 =
6.2 days after onset in CMV ™" cases, most late-onset
complications would be caused by CMV reactivation.
Because previous studies indicated that CMV reac-
tivation could be the cause of several complications,
such as gastrointestinal bleeding,”'* renal dysfunc-
tion,” myocarditis,'” and sepsis,lz’15 it is likely that
fatal complications occurring in the late stage of
DiHS/DRESS could be preventable with anti-CMV
therapy. In support of this possibility, a delay in
initiating anti-CMV therapy after the first detection of
CMV reactivation was likely to reduce efficacy;
cessation of anti-CMV therapy was temporarily
associated with the development of CMV disease or
complications, as shown in case 5. Therefore, no
development of CMV disease and complications
during anti-CMV therapy and its transient resurgence
soon after cessation of anti-CMV therapy suggest that
anti-CMV therapy is effective in preventing the
development of not only overt CMV disease but
also complications that are generally regarded as
being CMV-unrelated. Because CMV is thought to
affect the other herpesviruses, such as Epstein—Barr
virus,”?* the present data concur with previous
observations that anti-CMV therapy may have been
also effective at curtailing the risk of other
herpesvirus-related complications; anti-CMV ther-
apy has been reported to exert beneficial anti-
Epstein—Barr  virus or human herpesvirus-6
effects,”"*> although the efficacy of anti-CMV ther-
apy against other members of the herpesvirus family,
either directly or indirectly, has not been compared.
Given that mortality in DiHS/DRESS is estimated to
be 10% among patients in previous studies,”” the
mortality rate of 5% in the present cohort appeared to
be the lowest, to the best of our knowledge,
reflecting a clear benefit of the prompt recognition
of CMV disease and appropriate management.

Our study is limited by its retrospective nature,
single-institution assessment, the lack of a validation
cohort, and the limited follow-up time, although it is
the largest longitudinal retrospective cohort study to
date in patients with DiHS/DRESS. Studies with large
numbers of patients with DiHS/DRESS pooled from
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multiple centers and long-term follow-up would be
of further significant value in assessing outcomes
associated with CMV reactivation.

In conclusion, our scoring system offers the
possibility of screening high-risk patients before
the development of CMV reactivation followed by
CMV-related or CMV-unrelated complications; this
scoring system can guide treatment options and help
predict outcomes. Patients with scores =4 at any
time are candidates for a more thorough clinical
evaluation of CMV reactivation.

REFERENCES
1. Shiohara T, Kano Y, Hirahara K, Aoyama Y. Prediction and manage-
ment of drug reaction with eosinophilia and systemic symptoms
(DRESS). Expert Opin Drug Metab Toxicol. 2017;13:701-704.

. Kano Y, Hirahara K, Sakuma K, Shiohara T. Several herpesvi-
ruses can reactivate in a severe drug-induced multiorgan
reaction in the same sequential order as in graft-versus-host
disease. Br J Dermatol. 2006;155:301-306.

. Shiohara T, Ushigome Y, Kano Y, Takahashi R. Crucial role of
viral reactivation in the development of severe drug eruptions:
a comprehensive review. Clin Rev Allergy Immunol. 2015;49:
192-202.

. Kardaun SH, Sekula P, Valeyrie-Allanore L, et al. Drug reaction
with eosinophilia and systemic symptoms (DRESS): an original
multisystem adverse drug reaction. Results from the prospec-
tive RegiSCAR study. Br J Dermatol. 2013;169:1071-1080.

. Asano Y, Kagawa H, Kano Y, Shiohara T. Cytomegalovirus
disease during severe drug eruptions: report of 2 cases and
retrospective study of 18 patients with drug-induced hyper-
sensitivity syndrome. Arch Dermatol. 2009;145:1030-1036.

. Bourgeois GP, Cafardi JA, Groysman V, Hughey LC. A review of
DRESS-associated myocarditis. J Am Acad Dermatol. 2012;66:
e229-e236.

. Miyashita K, Shobatake C, Miyagawa F, et al. Involvement of
human herpesvirus 6 infection in renal dysfunction associated
with DIHS/DRESS. Acta Derm Venereol. 2016;96:114-115.

. Kato M, Kano Y, Sato Y, Shiohara T. Severe agranulocytosis in
two patients with drug-induced hypersensitivity syndrome/
drug reaction with eosinophilia and systemic symptoms. Acta
Derm Venereol. 2016;96:842-843.

. Ikari T, Nagai K, Ohe M, et al. Multiple cavities with halo sign in
a case of invasive pulmonary aspergillosis during therapy for
drug-induced hypersensitivity syndrome. Respir Med Case Rep.
2017;21:124-128.

. Sekiguchi A, Kahiwagi T, Ishida-Yamamoto A, et al. Drug-
induced hypersensitivity syndrome due to mexiletine-
associated with human herpes virus 6 and cytomegalovirus
reactivation. J Dermatol. 2005;32:278-281.

. Shibuya R, Tanizaki H, Nakajima S, et al. DIHS/DRESS with
remarkable eosinophilic pneumonia caused by zonisamide.
Acta Derm Venereol. 2015;95:229-230.

. Arakawa M, Kakuto Y, Ichikawa K, et al. Allopurinol
hypersensitivity syndrome associated with systemic cyto-
megalovirus infection and systemic bacteremia. Intern Med.
2001;40:331-335.

. Giri PP, Roy S, Bhattyacharya S, et al. DRESS syndrome with
sepsis, acute respiratory distress syndrome and pneumo-
mediastinum. Indian J Dermatol. 2011;56:763-765.

. Kagoyama K, Makino T, Ueda C, et al. Detection of cytomeg-
alovirus in the gastric ulcer of a patient with drug-induced
hypersensitivity syndrome. JAAD Case Rep. 2015;1:215-218.


http://refhub.elsevier.com/S0190-9622(18)32585-4/sref1
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref1
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref1
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref2
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref2
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref2
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref2
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref3
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref3
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref3
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref3
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref4
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref4
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref4
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref4
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref5
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref5
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref5
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref5
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref6
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref6
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref6
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref7
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref7
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref7
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref8
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref8
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref8
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref8
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref9
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref9
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref9
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref9
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref10
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref10
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref10
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref10
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref11
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref11
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref11
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref12
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref12
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref12
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref12
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref13
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref13
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref13
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref14
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref14
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref14

678 Mizukawa et al

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Funck-Brentano E, Duong TA, Bouvresse S, et al. Therapeutic
management of DRESS: a retrospective study of 38 cases. J Am
Acad Dermatol. 2015;72:246-252.

Shiohara T, lijima M, Ikezawa Z, Hashimoto K. The diagnosis of
a DRESS syndrome has been sufficiently established on the
basis of typical clinical features and viral reactivations. Br J
Dermatol. 2007;156:1083-1084.

Bocquet H, Bagot M, Roujeau JC. Drug-induced pseudolym-
phoma and drug hypersensitiviity syndrome (drug rash with
eosinophilia and systemic symptoms: DRESS). Semin Cutan
Med Surg. 1996;15:250-257.

Kardaun SH, Sidoroff A, Valeyrie-Allanore L, et al. Variability in
the clinical pattern of cutaneous side-effects of drugs with
systemic symptoms: does a DRESS syndrome really exist? Br J
Dermatol. 2007;156:609-611.

Yang CY, Chen CH, Deng ST, et al. Allopurinol use and risk of
fatal hypersensitivity reactions: a nationwide population-
based study in Taiwan. JAMA Intern Med. 2015;175:1550-1557.
Chen YC, Chang CY, Cho YT, et al. Long-term sequelae of drug
reaction with eosinophilia and systemic symptoms: a retro-
spective cohort study from Taiwan. J Am Acad Dermatol. 2013;
68:459-465.

Wei CH, Chung-Yee Hui R, Chang CJ, et al. Identifying
prognostic factors for drug rash with eosinophilia and sys-
temic symptoms (DRESS). Eur J Dermatol. 2011;21:930-937.
Walsh S, Diaz-Cano S, Higgins E, et al. Drug reaction with
eosinophilia and systemic symptoms: is cutaneous phenotype
a prognostic marker for outcome? A review of clinicopatho-
logical features of 27 cases. Br J Dermatol. 2013;168:391-401.
Ng CY, Yeh YT, Wang CW, et al. Impact of the HLA-B* 58:01
allele and renal impairment of allopurinol-induced cutaneous
adverse reaction. J Invest Dermatol. 2016;136:1371-1381.
Takizawa Y, Inokura S, Tanaka Y, et al. Clinical characteristics of
cytomegalovirus infection in rheumatic disease: multicentre
survey in a large patient population. Rheumatology. 2008;47:
1371-1378.

Valadkhani B, Kargar M, Ashouri A, et al. The risk factor for
cytomegalovirus reactivation following stem cell transplanta-
tion. J Res Pharm Pract. 2016;5:63-69.

Bruminhent J, Thongprayoon C, Dierkhising RA, et al.
Risk factors for cytomegalovirus reactivation after liver

270

27.

28.

29.

30.

31.

32

33.

34.

35.

] AM AcAaD DERMATOL
MarcH 2019

transplantation: can pre-transplant cytomegalovirus anti-
body titers predict outcome? Liver Transpl. 2015;21:539-
546.

Ljungman P, Boeckh M, Hirsch HH, et al. Disease Definitions
Working Group of the Cytomegalovirus Drug Development
Forum. Definition of cytomegalovirus infection and disease in
transplant patients for use in clinical trials. Clin Infect Dis. 2017;
64:87-91.

Ormeci A, Akyuz F, Baran B, et al. Steroid-refractory inflam-
matory bowel disease is a risk factor for CMV infection. Eur Rev
Med Pharmacol Sci. 2016;20:858-865.

Kandiel A, Lashner B. Cytomegalovirus colitis complicating
inflammatory bowel disease. Am J Gastroenterol. 2006;101:
2857-2865.

Kalpoe JS, Kroes ACM, Jong MD, et al. Validation of clinical
application of cytomegalovirus plasma DNA load measure-
ment and definition of treatment criteria by analysis of
correlation to antigen detection. J Clin Microbiol. 2004;42:
1498-1504.

Kute VB, Vanikar AV, Shah PR, et al. Post-renal transplant
cytomegalovirus infection: study of risk factors. Transplant
Proc. 2012;44:706-709.

Shiohara T, Kurata M, Mizukawa Y, et al. Recognition of
immune reconstitution syndrome necessary for better man-
agement of patients with severe drug eruptions and those
under immunosuppressive therapy. Allergol Int. 2010;59:333-
343.

Khan N, Hislop A, Gudgeon N, et al. Herpesvirus-specific CD8 T
cell immunity in old age: cytomegalovirus impairs the
response to a coresident EBV infection. J Immunol. 2004;173:
7481-7489.

Razonable RR, Paya CV. Herpesvirus infection in transplant
recipients: current challenges in the clinical management of
cytomegalovirus and Epstein-Barr virus infection. Herpes. 2003;
10:60-65.

Morita D, Hirabayashi K, Katsuyama Y, et al. Viral load and
ganciclovir (GCV) consentratation in cerebrospinal fluid of
patients successfully treated with GCV or valGCV for
human herpesvirus 6 encephalitis/myelitis following um-
bilical cord blood transplantation. Transpl Infect Dis. 2016;
18:773-776.


http://refhub.elsevier.com/S0190-9622(18)32585-4/sref15
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref15
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref15
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref16
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref16
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref16
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref16
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref17
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref17
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref17
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref17
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref18
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref18
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref18
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref18
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref19
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref19
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref19
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref20
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref20
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref20
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref20
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref21
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref21
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref21
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref22
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref22
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref22
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref22
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref23
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref23
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref23
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref24
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref24
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref24
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref24
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref25
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref25
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref25
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref26
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref26
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref26
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref26
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref26
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref27
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref27
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref27
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref27
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref27
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref28
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref28
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref28
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref29
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref29
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref29
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref30
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref30
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref30
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref30
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref30
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref31
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref31
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref31
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref32
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref32
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref32
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref32
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref32
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref33
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref33
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref33
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref33
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref34
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref34
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref34
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref34
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref35
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref35
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref35
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref35
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref35
http://refhub.elsevier.com/S0190-9622(18)32585-4/sref35

] AM AcaD DERMATOL Mizukawa et al 678.el
Vorume 80, NUMBER 3

A Early score B Late score
A 1.00 1.00
0.90 0.90
0.80 0.80
0| 0704 0.70
=21 0.60 0.60
] 1 q
2| 0.50 0.50
(] E 4
S| 0.40 0.40
= 1 1
0.30 0.30
1 Cut off value:4 9 Cut off value:4
020 AUC 0.82 0.20 AUC 0.91
0.10 Sensitivity 90.1% 0.10 Sensitivity 63.7%
1 Specificity 61.4% 1 Specificity 93.8%
Lo e o L L B B I B L 0.0 =TT T T T T T T
0.00 0.20 040 060 0.80 1.00 0.00 020 040 060 080 1.00

False positive

Supplemental Fig 1. Receiver operating characteristic curves and diagnostic performance of
the predicted probability for detection of the later development of CMV disease and
complications based on early and late scores.
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Supplemental Table 1. Laboratory findings of
CMV™ and CMV™ cases at the initial presentation

CMV' (n=11) CMV (n = 44)

WBC (cells/puL), 9418 *+ 952 9225 *+ 992
mean = SEM
Lymphocytes (uL) 1170 = 166 1482 = 185
Eosinophils (uL) 1205 = 503 1454 *+ 359
Plt (L), 378 = 185 214 = 1.2
mean = SEM
Cr (mg/dL), mean = SEM 14 = 0.5 1.0 £ 0.2
ALT (IU/L), mean *= SEM 80.5 = 199 147.8 £ 40.1
CRP (mg/dL), 85 £ 2.1* 39 £ 06
mean = SEM
NLR, mean = SEM 58 £ 0.9 49 = 09

ALT, Alanine aminotransferase; CMV, cytomegalovirus; Cr,
creatinine; CRP, C-reactive protein; NLR, neutrophil/lymphocyte
ratio; WBC, white blood cell count.

*P < ,05.
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