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course of prednisolone (40, 30, 20 mg/day). When
prednisolone was tapered to 15 mg/day, erythema-
tous macules and plaques recurred, initially over the
trunk, with a high-grade fever. Despite apparent signs
of deterioration of her erythema, oral prednisolone
continued to be tapered. As a result, the erythema-
tous macules rapidly increased in number and pro-
gressed to involve the entire body. She was
eventually referred to us and the diagnosis of TEN
was made. She developed numerous targetoid
lesions over the entire body with bullous lesions. On
admission to our department, her respiratory status
remained stable and the pneumonia had cleared
radiologically. Ophthalmologic investigation docu-
mented a bilateral mild conjunctivitis. Touching her
skin lesions caused painful sloughing and bleeding.
Although her prednisolone dose was increased to
50 mg/day, the low fever persisted and epidermal
detachment of more than 80% of the body surface
with widespread macules was noted. On the 8th hos-
pital day, conventional PP was initiated. The fever
resolved within 24 h and within 3 days skin lesions
had sufficiently improved; the patient received one
session of two exchanges over 7 days. On day 16,
she made an excellent recovery with almost resolu-
tion of the skin lesions (Fig. 4). Although culture and
direct molecular detection by polymerase chain reac-
tion were unavailable, results of serological studies of
this patient disclosed a significant rise in M. pneumo-
niae PA and CF antibodies and positive immuno-
globulin (Ig)M antibody, consistent with an active
Mycoplasma infection. She remained free of symp-
toms for 6 months without any treatment.

Case 4

A 48-year old woman with ulcerative colitis pre-
sented with 4 days' history of fever and a rash that
began on her breast and then spread to the extremi-
ties and face. She had been treated with sala-
zosulfapyridine. One day before admission, she
experienced high fever, generalized erythematous
raised atypical targets and small blisters in the
center of these lesions. On physical examination,
she had bilateral corneal erosions, eroded lips with
overlying hemorrhagic crust and oral ulceration with
overlying white exudates. These lesions progressed
over 2 days to become a widespread, confluent
erythema, with a positive Nikolsky’s sign. She was
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Figure 4. Clinical appearance 2 days before conventional
plasmapheresis (PP) (a) and 2 days after conventional PP (b)
in case 3.
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treated with pulsed corticosteroids. Over the next
few days, her condition slightly improved but new
erythematous lesions occurred. The patient was
again treated with pulsed corticosteroids. The skin
lesions improved, showing re-epithelization and
never progressed to extensive full thickness skin
detachment. Later, the dosage of prednisolone was
gradually tapered and the remainder of her hospital
course was uneventful.

These four patients underwent serial laboratory
measurements and blood samples were obtained just
before the first PP and after the last PP (cases 1-3), or
before and after pulsed corticosteroids (case 4). Serial
blood samples were immediately centrifuged and
sera were stored at -80°C. All samples were tested
simultaneously for IL-6, -8, -10 and TNF-u levels
using cytometric bead arrays (CBA; BD Biosciences,
San Diego, CA, USA) according to manufacture’s
protocol.

CORRELATION BETWEEN DISEASE
INTENSITY AND SERUM CYTOKINE
LEVELS

Cases 2 and 3 showed a striking clinical response to
conventional PP; both were able to return to normal
lifestyle 2 weeks after PP, although case 2 had an
episode of sepsis due to a double lumen catheter-
related line infection. Case 1 improved gradually for
up to 2 weeks. Thus, case 1 showed much less strik-
ing benefit from the treatment; initial improvement
was delayed and the short-lived rebound of the skin
lesions was found. The most rapid and remarkable

Table 1. Laboratory findings before and after treatment

PP as an intervention strategy tor TEN

improvement was observed in cases 2 and 3,
although they had the most extensive disease. In
contrast, cases 1 and 4 treated with DFPP and puised
corticosteroids, respectively, showed a relatively
delayed improvement with occasional formation of
new lesions; these lesions had healed completely just
8 weeks after treatment. Oral prednisolone could be
tapered more slowly in cases 1 and 4, than that in
cases 2 and 3.

During PP treatment, blood counts and coagulant
factors were measured. There was no remarkable
changes in white blood cell and platelet numbers,
coagulation factors and other clinical variables in
cases 2 and 3, before and after conventional PP,
although the C-reactive protein level after the PP
showed a slight reduction. In contrast, a dramatic
increase in white blood cell numbers was noted after
DFPP in case 1. The fibrinogen levels dropped to 5%
of the initial value and it took 3 days to return to nor-
mal levels. IgG, A and M levels fell to approximately a
fourth of pretreatment concentrations but showed a
slower recovery due to their resynthesis (Table 1).

As shown in Figure 5, the serum levels of IL-6, -8
and TNF-« were significantly increased before PP in
these patients as compared with those in healthy
controls. Conventional PP had a dramatic beneficial
effect at reducing these pro-inflammatory cytokine
levels in cases 2 and 3, while the unexpected
increase in TNF-2 and IL-8 levels was observed in
case 1 after DFPP. This increase positively correlated
with an increase in white blood cell number. In con-
trast, in case 4 treated with pulsed corticosteroids, a
significant decrease in TNF-z levels was noted, but

Case 1 (DFPP) Case 2 (PP) Case 3 (PP) Case 4 (mPSL)

before — after before — after before — after before — after
WBC 5.1 16.1 8.2 6.9 12.7 14.9 1.9 1.9
PT 100 17.0 95.0 99.0 94.0 85.0
APTT 32.5 168.8 33.7 32.6 36.3 38.0
TP 5.7 3.4 6.4 6.5 5.2 5.3 6.1 6.0
Alb 2.6 2.8 3.0 3.3 2,5 32 2.8 2.7
AST 53 15 46 30 9 14 37 24
ALT 111 26 43 37 15 1 50 64
CRP 3.2 0.8 2.5 1.9 1.6 0.5 13.4 3.1
IgG 1480 393 1616 1298 1048 871 1435 1549

WBC, white blood cell; PT, prothrombin time; APTT, activated partial thromboplastin time; TP, total protein: Alb, albumin; AST, aspariate
aminotransferase; ALT, alanine aminotransferase; CRP, C-reactive protein; 1gG, immunoglobulin G; DFPP, double-filtration plasmapheresis; PP,

plasmapheresis; mPSL, methylprednisolone.
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Figure 5. Alteration of serum cytokine levels before and after plasmapheresis (PP) or pulsed corticosteroids. DFPP, double-
filtration plasmapheresis; IL, interleukin; TNF, tumor necrosis factor.

its level remained high, as compared with that in
healthy controls. Cases 1, 3 and 4 had elevated levels
of IL-10 after DFPP, conventional PP and pulsed cor-
ticosteroid therapy, respectively. Although there was
no statistically significant correlation between IL-10
levels and the extent of clinical improvement, the
IL-10 levels tended to increase coincident with clinical
resolution.

COMPARISON BETWEEN CONVENTIONAL
PP AND DFPP

Although observational studies and case series sup-
port the use of either conventional PP or DFPP as the
treatment of severe and refractory TEN, no attempts
have been made to compare the efficacy of DFPP
with that of conventional PP. Based on our results
presented here, conventional PP appears to be more
efficacious in TEN than DFPP. Treatment with con-
ventional PP is beneficial during the first 2 weeks, but
the benefit is likely to be greatest when treatment is
given early. Thus, conventional PP can replace DFPP
as the preferred treatment for severe TEN. However,
concern has also been expressed for many years that
FFP used as the replacement solution in conventional
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PP is a blood product and poses a risk of contamina-
tion with infectious organisms despite testing and
antiseptic measures to kill or filter them. A catheter-
related line infection is a more common complication
than is generally realized. However, the risk of a cath-
eter-related line infection in conventional PP is com-
parable to that in DFPP. Indeed, case 2 developed
sepsis despite its remarkable efficacy, after conven-
tional PP. This type of infection was not observed in
other cases. The major disadvantage, and the pri-
mary reason why DFPP has not been employed in a
widespread manner in TEN, are that many pro-inflam-
matory cytokines responsible for the development
of TEN cannot be sufficiently depleted by DFPP
because their molecular weights are smaller than the
pore size of membrane filters used for DFPP; this is in
sharp contrast to pemphigus vulgaris, in which the
removal of pemphigus antibodies by DFPP is a rea-
sonable therapeutic approach.’®?° Therefore, pro-
inflammatory cytokines sufficiently removed by DFPP
include monocyte colony-stimulating factor (M-CSF)
but not IL-1, IL-6 and TNF-=. In support of this possi-
bility, Kodama et al.?' reported that serum levels of
IFN-y, TNF-2, IL-1B, IL-6, and GM-CSF did not
decrease after DFPP was started while G-CSF and
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M-CSF gradually decreased. Indeed, after the DFPP
treatment in case 1, no decrease in any cytokine level
was discovered, while slight clinical improvement
were found. On the contrary, the highest levels of IL-8
and TNF-x occurred immediately after the DFPP,
suggesting the rebound production or release of
these cytokines. In view of the fact that either IL-8 or
TNF-o can be secreted by neutrophils that accumu-
late in the circulation after DFPP, the unexpected
increase in these cytokine levels might reflect ongo-
ing in vivo activation of neutrophils during the process
of DFPP. Interestingly, similar, although less remark-
able, increase in leukocytes have been reported to
occur immediately after blood transfusion but not
after plasma infusion.??

Because it has been shown that direct contact of
blood mononuclear cells with the filter membrane
and adherence of platelet to the membrane leads to
not only cytokine production but also complement
activation,?® the unexpected increase in white blood
cell number after DFPP would result from serum
complement activation. Given the ability of neutroph-
ils to respond to these cytokines, the unexpected
increase in these cytokine levels after the DFPP
appears to result from an in vivo positive feedback
mediated by the rebound synthesis of these cyto-
kines by activated neutrophils. Altematively, macro-
phages would be the major source of these
cytokines. However, because these cytokine levels
eventually decreased 2 days after the DFPP in
patients with bullous pemphigoid (unpubl. data, T.
Shiohara, 2010), the rebound of cytokine production
would be short-lived. The rebound in cytokine levels
after DFPP, but not conventional PP, indicates that
the use of FFP during the process of conventional PP
would serve to prevent neutrophil or macrophages
from secreting more cytokines. Because, in DFPP,
original blood cell components initially separated
are reconstituted with the processed plasma and
replacement solution and returned to the circulation,
this process may stimulate neutrophils and macro-
phages to additionally release these cytokines. Thus,
the rebound of cytokine production after DFPP is
likely to be the reason why its onset of action is usu-
ally delayed after the DFPP and why DFPP is less effi-
cacious in TEN than conventional PP. These results
explain why the therapeutic efficacy of DFPP is not
high as compared with conventional PP, although

© 2011 Japanese Dermatological Association
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theoretically it can selectively reduce toxic sub-
stances from the circulation.

EFFECTS OF CONCOMITANT USE OF
CORTICOSTEROIDS ON EFFICACY OF PP

Our results indicate that either conventional PP or
DFPP modulates the balance between inflammatory
and anti-inflammatory cytokines, because the IL-6
levels decreased while the IL-10 level increased after
PP except for case 2. Because our patients received
50 mg/day prednisolone during the period of PP
(cases 1-3), we cannot exclude the possibility that
the combination therapy of PP and prednisolone is
key in modulating the cytokine balance in favor of
the relative IL-10 dominance. In patients treated with
conventional PP, the concomitant use of predniso-
lone together with FFP may serve to prevent the
rebound of cytokine production that occurs normally
after DFPP. The additional benefit of conventional PP
with the use of FFP as the replacement solution is that
there is no significant change in leukocyte popula-
tions and coagulation factors while efficiently reduc-
ing the levels of inflammatory cytokines.

The rebound of pro-inflammatory cytokine produc-
tion associated with increased white blood cell
counts we observed immediately after DFPP may
explain some of the less significant effects of DFPP
than those of conventional PP, although DFPP may
benefit selected patients with TEN. Because our
study indicates that dosage of oral prednisolone was
able to rapidly be tapered after conventional PP, we
suggest that conventional PP may be an effective
adjunct treatment modality in severe and refractory
TEN by rapidly reducing inflammatory cytokines with-
out inducing their rebound production. Nevertheless,
a mere comparison of treatment efficacy in this study
is problematic and might be misleading because only
a small number of patients were treated and there
were differences in the age of the patients and in the
severity of the reactions when the treatment started.
According to our data, decreases in pro-inflammatory
cytokine levels and increases in IL-10 levels would
be a promising marker to identify individuals respon-
ding to PP, although this finding will have to be con-
firmed in larger cohorts. To predict the therapeutic
improvement, monitoring of serum cytokine levels
may be useful and allow case-by-case therapeutic
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management. Because extreme caution on proce-
dural complication such as line infection is needed,
this methaod should only be used as a last resort in
patients with TEN refractory to conventional treatments.

OTHER COMBINATION THERAPY WITH PP

Plasmapheresis is usually used for TEN patients
refractory to high doses of corticosteroids. Several
immunosuppressive agents are also used to treat
these TEN patients; they include cyclosporine, tacrol-
imus, and anti-TNF-a antibodies or soluble TNF
receptors to neutralize TNF-x. These agents have
been shown to be effective in the treatment of TEN
patients.®?* Although adding PP to these drugs
would also decrease disease severity, there is little
available information on this combination therapy.

A tyrosine kinase inhibitor, such as imatinib (Glee-
vec; Novartis Pharmaceuticals, Basel, Swiss), which
is used clinically for patients with chronic myeloid leu-
kemia, would also be effective in reducing inflam-
mation of TEN by reducing TNF-x production.?®
Because this kinase inhibitor has been shown to
reduce TNF-a production by human monocytes in
response to lipopolysaccharide but not suppress pro-
duction of an anti-inflammatory cytokine IL-10, it is
likely that TEN patients may benefit from this tyrosine
kinase inhibitor. Statins can be also used to reduce
inflammation in patients with TEN as an adjunct treat-
ment added to PP, because of their widespread use
and long-term safety record.

CONCLUSIONS

In Japan, PP is now only used as a last resort in TEN
patients who are not responding to the standard
therapy, high doses of corticosteroids. It remains
unknown, therefore, whether PP alone could prevent
severe inflammation in TEN. Although the risk of
transmission of endogenous unknown viruses to the
patients through FFP have not been totally eliminated,
it appears that PP has found a place in the treatment
of TEN. Another drawback of PP is a catheter-related
line infection that could be treated with antibiotics.
Nevertheless, the benefits of PP outweigh these risks:
PP appears be a much more effective option for treat-
ment of severe and/or recalcitrant TEN than any other
treatments, such as pulsed corticosteroids and IVIG,
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although the exact mode of action remains unknown.
Our data raise the possibility that serum cytokine lev-
els, such as TNF-a, IL-6 and IL-10, before and after
PP can serve as predicting markers for its therapeutic
efficacy, a hypothesis that requires further testing.
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Cutaneous
Granulomatous
Reaction After Herpes
Zoster in Drug-
Induced
Hypersensitivity
Syndrome

To the Editor:

In the August 2009 issue of this
Jjournal, Dr Fernando et al. published
a case in the section of Extraordinary
Case Report titled “Drug-induced
hypersensitivity syndrome (DIHS) with
superficial granulomatous dermatitis—
a novel finding.”' We read this article
with great interest. In this article, the
authors described an impressive case
with carbamazepine-induced hypersensi-
tivity syndrome showing unique histo-
pathological findings. The authors
speculated that the superficial granulo-
matous dermatitis observed in the spec-
imen obtained from the rash may have
been caused by the persistence of
antigenic stimulation from the continued
ingestion of carbamazepine in this
patient.

Recently, we also observed similar
histopathological findings in a patient
with  carbamazepine-induced  hyper-
sensitivity syndrome after a herpes zos-
ter infection. A 69-year-old woman had
been treated with carbamazepine 400 mg
daily for postherpetic neuralgia. After
10 weeks, a maculopapular rash devel-
oped on her left arm. The eruption
progressed to diffuse erythema over the
trunk and was associated with a high-
grade fever. The eruption on her left arm
where the herpes zoster lesions had
previously developed was remarkably
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more accentuated than the right arm.
Carbamazepine was discontinued, and
she was admitted to the hospital with
suspected DIHS. Physical examination
revealed facial edema and lymphadenop-
athy, Mucosal involvement was not
observed. Laboratory studies revealed
leukocytosis with eosinophilia and slight
liver dysfunction. Anti-varicella zoster
virus (VZV) IgG titer was 121 as de-
termined by an enzyme immunoassay.
Anti-human herpesvirus 6 IgG increased
from a titer of 40 on admission to a titer
of 1280 11 days after admission. A skin
biopsy of an erythematous lesion taken
from the abdomen showed an accumu-
lation of histiocytic and lymphocytic
cells in the upper dermis accompanied
by a few eosinophils (Fig. 1A). Granu-

lomatous reactions were observed
around the hair follicles and vessels.
Positive ~ immunohistochemistry ~ for

CD68 confirmed the predominance of
histiocytes in the infiltrate (Fig. 1B).
Immunohistochemical ~staining using
a monoclonal antibody against glycopro-
tein 1(gp1) of VZV (Millipore, Temecu-
la, CA.) was carried out because an
association between VZV antigens and
granuloma formation in hematological
disorders has been previously reported.?
Strong positive staining was detected in
the eccrine sweat glands of the specimen
(Fig. IC). Positive lymphocyte trans-
formation test for carbamazepine was
obtained at the resolution stage of the
disease. Based on these results, the
patient was diagnosed as carbamaze-
pine-induced hypersensitivity syndrome.
She steadily improved with IV fluid
resuscitation for dehydration. A brief
description of the clinical course of this
patient has been previously published.?

The histopathological findings in
drug eruptions such as Stevens-Johnson
syndrome and toxic epidermal necrolysis
are characterized by the specific histo-
logical patterns. On the other hand,
there are no characteristic features in
DIHS. Common histopathological
findings taken from an erythematous
lesion in patients with DIHS include
superficial ~perivascular lymphocytic
infiltrates accompanied by few eosino-
phils. In some patients, there is
liquefaction degeneration of the basal
cell layer with a lichenoid infiltrate.

Am | Dermatopathol « Volume 0, Number 0, Month 2011

Immunohistochemical staining demon-
strates a predominance of . T cells.*
Granulomatous reactions in DIHS have
rarely been detected.

The causative drugs of DIHS in-
clude aromatic anticonvulsants such as
carbamazepine, phenytoin, and pheno-
barbital. Interestingly, Magro et al® re-
ported that such anticonvulsants could
induce interstitial granulomatous drug
reaction characterized by histiocytic
infiltration in the connective tissue.
Fernando et al' speculated that granulo-
matous inflammation may have resulted
from sustained exposure to carbamaze-
pine, which is a known causative drug of
interstitial granulomatous drug reaction.’
Considering that carbamazepine is the
most commonly implicated drug for
DIHS,® and that granulomatous reactions
have rarely been observed in patients
with DIHS, it is likely that factors
other than the protracted administration
of carbamazepine contributed to the
development of granulomas in DIHS.

Interestingly, in the present patient,
VZV reactivation preceded the develop-
ment of DIHS. With respect to the
association between VZV and granuloma
formation, the previous documents have
demonstrated that granulomatous reac-
tions are frequently observed in patients
with hematological disorders as the
postherpetic granuloma.” In this setting,
the average interval between the herpes
zoster infection and the appearance of
granulomas is 6 months; the altered
immune reactions have been suggested
to be responsible for the development of
granuloma. In the present patient, the
granulomas appeared 3 months after the
onset of herpes zoster, a time frame that
is similar to the postherpetic granuloma.
In addition, the immunological altera-
tions such as decrease in peripheral
B-cell counts and reduction in serum
immunoglobulin levels are detected at
the onset of DIHS.® It is, therefore, likely
that they have some similar underlying
pathomechanisms in common. Thus, the
preceding herpes zoster infection that
might have disseminated zoster lesions
could have played an important role
for the development of granulomatous
reactions in our patient.

In summary, our case raises the
possibility that VZV reactivation might
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FIGURE 1. A, A histiocyte infiltrate accompanied by

lymphocytes in the upper dermis (hematoxylin-eosin stain, original

magnification X200). B, The infiltrate was mainly composed of CD68-positive cells (original magpnification, X200).
C, Immunohistochemical detection of glycoprotein 1 of VZV in eccrine sweat glands (original magnification, x400).

contribute to the subsequent develop-
ment of granuloma in patients with DIHS.
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Abstract
Although influenza vaccine is thought to
be effective and safe, it occasionally causes
systemic reactions such as toxic epidermal
necrolysis, bullous pemphigoid, lichen pla-
nus (LP), etc. The period of increased risk of
developing these events was different de-
pending on the immune responses induced
by the vaccination. We report 3 cases of LP
which appeared after an influenza vaccina-
tion. Our cases indicate that the period of in-
creased risk of developing vaccine-related
LP was concentrated within 2 weeks after
vaccination, and that the vaccine alone rep-
resents a triggering factor necessary for im-
mune alteration sufficient for the develop-
ment of LP. Because these adverse events
tend to develop over a predictable time
course, the time of onset may give an impor-
tant clue to the diagnosis of vaccine-related
diseases. We suggest that a history of recent
vaccination should be sought in all patients
presenting with linear LP.

Copyright © 2010 S. Karger AG, Basel

Introduction

The small risk associated with vaccina-
tion is more important among otherwise
healthy adults, in whom the magnitude of
benefit from vaccination is relatively lower
than in those at increased risk for severe
influenza and its complications as a result
of age or underlying medical conditions.
An influenza vaccine often causes local re-
actions, such as induration and erythema
at the injection site, and occasionally sys-
temic reactions; the latter reactions in-
clude toxic epidermal necrolysis (TEN),
bullous pemphigoid, lichen planus (LP)
and so on [1-10]. The association between
these reactions and the influenza vaccine,
however, has not been widely recognized.
We report 3 cases in whom LP appeared
within 2 weeks after influenza vaccina-
tion.

Case Reports

Case 1

A previously healthy 71-year-old wom-
an received an inactivated influenza vac-
cine (Kaketsuken Astelas) in the left arm.
Seven days after the injection, erythema-
tous-to-purple, slightly raised papules de-

veloped on her left buttock. The eruption
gradually spread downwards to part of her
thigh (fig. 1a), forming a linear distribu-
tion. The linear skin lesions appeared to
follow the lines of Blaschko or a dermato-
mal distribution. There was no oral in-
volvement or rashes at the injection site.
Hepatitis serology workup revealed nega-
tive hepatitis B surface antigen, and posi-
tive hepatitis C virus (HCV) antibodies.
HCV RNA viral load counted 3,100 kIU/
ml. She had had 3-yearly influenza vacci-
nations; in the 3 years, 1 week after the
vaccination, she had always developed
herpes zoster at different sites, clearly
crossing dermatomal distributions. We
therefore measured varicella zoster virus
IgG titers on 2 occasions, at the initial pre-
sentation and more than 3 weeks after the
initial presentation; however, no signifi-
cant increases were detected. On clinical
examination, the lesions were mainly lo-
cated on the left leg in a striking linear
pattern extending from the left buttock
down the posterior aspect of the thigh and
the leg. A skin biopsy specimen obtained
from the lesion showed hyperkeratosis,
apoptotic cells, exacytosis in the epider-
mis, liquefaction at the dermoepidermal
junction and band-like mononuclear cell
infiltration in the upper dermis (fig. 1b).
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Fig. 1. a Erythematous, slightly raised papules from the left side of the hip to the lower part of the thigh in
case 1. b Histological findings of the raised papule in the lower part of the thigh. Slightly hyperkeratotic epider-
mis with a lichenoid inflammation in casel. HE. Original magnification: x100.

Fig. 2. Itchy, erythematous papules on the
left leg in case 2.

Lichen Planus Occurring after Influenza
Vaccination

Routine laboratory tests were within nor-
mal ranges. On the basis of the clinical
and histological findings, we diagnosed
this case as linear LP. After a month of
treatment with topical corticosteroid (di-
flucortolone valerate), the eruption grad-
ually resolved and finally disappeared,
leaving slight pigmentation. The patient
had had a recurrence in the same area |
week after the influenza vaccination in
the next year.

Case 2

A 70-year-old woman received the in-
activated influenza vaccine. Two weeks
after the injection, itchy, erythematous
papules developed on the left leg (fig. 2).
The lesions gradually increased in num-
ber and size, following the lines of Blasch-
ko or a dermatomal distribution. No oral
lesions were observed. Neither hepatitis B
virus (HBY) nor HCV infection was de-
tected. A skin biopsy showed a lichenoid
tissue reaction consistent with LP. Ac-
cording to the histological and clinical
findings, we diagnosed this case as linear
LP. The patient was treated with topical
corticosteroid (clobetasol propionate). Af-

ter 6 months, the eruption was completely
suppressed.

Case 3

A 46-year-old woman received the
inactivated influenza vaccination. Two
weeks after the injection, lacy white
plaques and erosions on both buccal mu-
cosae appeared and spread. She had nei-
ther dental alloys nor dental fillings. She
had not received any medical treatment for
any diseases before the injection. A test for
oral fungal infection was negative. HBV
or HCV infection testing was negative. A
biopsy specimen obtained from the buc-
cal mucosa showed basal cell liquefaction
with band-like lymphocytic cell infiltra-
tion, consistent with oral LP. During the
follow-up period of 1 year, the eruption
had gradually disappeared with topical
corticosteroid (dexamethasone).

Discussion

Because there are no general criteria
forattributing adverse events to a vaccine,
these events should be assessed on a case-

Dermatology 2010;221:296-299
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Fig. 3. Various skin diseases develop over
a predictable time course after influenza
vaccination,

by-case basis. An adverse event can gen-
erally be said to be caused by a vaccine if
there is a clear temporal relation between
vaccination and the adverse event, or if it
is associated with a special clinical syn-
drome such as Guillain-Barré syndrome
and influenza vaccine [11). Many reports
have documented the occurrence of LP
after administration of different types of
HBV vaccines [12-14]; the time interval
between the injection and the develop-
ment of LP lesions ranges from a few days
to 3 months. The torm observed in HBV-
induced LP is usually eruptive. Mucous
membranes may or may not be involved;
no alterations to the nails have been re-
ported. As far as we know, 27 cases of LP
developing after vaccination have been
documented in the English literature.
Among them, all cases but 1 were LP fol-
lowing HBV vaccination. One potential
mechanism is molecular mimicry. Ac-
cording to this theory, HBV vaccines pos-
sess antigenic determinants that can also
be recognized by the host immune sys-
ten. Evidence in support of such cross-
reactive immune responses Dbetween
shared antigenic vaccine epitopes and ke-
ratinocytes has previously been provided
[12-14]. In contrast, LP occurring after
influenza vaccination has only been re-
ported in 1 case [10]. Given the frequency
of individuals having been vaccinated
against influenza in many parts of the
world, the risk of the development of LP
as a result of vaccination with current in-
activated influenza vaccines would be ex-
tremely low.

Gianotti-Crosty
syndrome

| 13 {
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nodosum ,
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On the other hand, there are numerous
reports of various skin diseases that de-
veloped after influenza vaccine injection
[1-10]; they include TEN, Sweet’s disease,
erythema nodosum, Gianotti-Crosti syn-
drome, vasculitis, bullous pemphigoid,
pemphigus and LP (fig. 3): the period of
increased risk of developing these adverse
events was different depending on the im-
mune responses induced by influenza
vaccination. Vaccine-associated diseases
previously reported can be divided into 3
groups: very early (approx. 48 h), early (ap-
prox. 2 weeks) and late (>2 weeks), de-
pending on the time interval between vac-
cination and the development of the dis-
eases. For example, the onset of Sweet’s
syndrome is concentrated primarily 12-
48 h after the vaccination [1-3]. Erythema
nodosum and TEN tend to appear within
1 week after the vaccine [8, 9]. [n contrast,
the onset of bullous pemphigoidand pem-
phigus is mainly observed 1-3 months af-
ter vaccination [4-6}. This delay would
represent the latent period that is needed
to synthesize autoantibodies, although
this association has not been supported by
arecent study |15]. Interestingly, our 3 pa-
tients developed LP within 2 weeks after
the influenza vaccine, indicating that the
period of increased risk of developing vac-
cine-related LP is concentrated primar-
ily within the 2 weeks after vaccination,
which is consistent with the result of the
previous report [10]. Thus, it scems un-
likely that the appearance of LP in our cas-
es is coincidental. The time of onset of
these adverse events may give an impor-
tant clue about the diagnosis of vaccine-
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related diseases. Qur findings can also be
interpreted to indicate that the vaccine-
related risk of developing LP may be much
lower than the risk after the correspond-
ing natural infection. [f so, careful atten-
tion should be paid to the possibility that
predisposed individuals may develop LP
within 1-2 weeks after natural infection
with influenza,

Although specific vaccine components
that have been implicated in the adverse
events include the vaccine itself, residual
egg proteins and other additions, specific
testing of these vaccine components was
unavailable for these patients. Therefore,
the possibility remains to be excluded that
allergic reactions to either of these compo-
nents could in part have contributed to the
development of LP in predisposed individ-
uals.

There is a continuing controversy as to
whether LP is associated with HCV infec-
tion |16). Indeed, case 1 was paositive for
HCV infection, although the other 2 were
negative. These findings suggest that vac-
cination or HCV alone is not sufficient for
the development of LP, but only represents
a triggering factor necessary for immune
system alteration. It is therefore possible
that influenza vaccines acting synergisti-
cally with anti-HCV immune responses
may have contributed to the development
of LP in case 1. An alternative explanation,
which we favor, is that LP may have oc-
curred at the site of a previous asymptom-
atic zoster eruption despite a lack of his-
tory of herpes zoster at the site, in view of
our findings in cases | and 2 that the le-
sions exhibited a striking linear pattern

Sato/Kana/Shichara



suggestive of a dermatomal distribution.
In support of this possibility, case 1 had 3
episodes of herpes zoster at different sites
1 week after the vaccination, although this
patient did not have serological evidence of
previous herpes zoster. Nevertheless, be-
cause the absence of serological evidence
does not necessarily exclude the possibility
of previous herpes zoster, we still infer that
subclinical reactivations of varicella zoster
virus subsequent to influenza vaccination
may be involved in the occurrence of LP in
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Summary

Background. Similar drugs (e.g. anticonvulsants) have been implicated in the
development of two distinet forms of severe cutaneous drug reactions. Stevens~Johnson
syndrome (8]S)/toxic epidermal necrolysis (TEN) and drug-induced hypersensitivity
syndrame (DIHS)/drug rash with cosinophilia and systemic symptoms (DRESS).
Aim. To investigate immunological alterations and underlying viral infections that
could contribute to the variability in the clinical presentations of these discases.
Methods. We retrospectively analysed clinical variables, serum immunoglobulin
levels. numbers of circulating white blood cells, lymphocytes and their subsets, serum
levels of several cytokines, and underlying viral infections in both drug reactions, using
samples obtained at onset from 9 patients with SJS/TEN and 19 patients with
DIHS/DRESS.

Results, There were significant differences between the two drug eruptions in the
duration of drug intake before onsel, the levels of 1gG, IgA and IgM, the numbers of
circulating white blood cell, lvmphocyte, CD3+ T cell and CD8+ T cells, the serum
levels ol interferon-y, and the titres of anti-herpes simplex virus IgG at onset.
Conclusions. The difference in the pattern of immune responses shaped in part by
previous and underlying viral infections at the time of drug exposure could cause a
marked deviation in the pathological phenotype of severe drug cruptions. Elacidating
these host factors may provide a basis for therapeutic approaches in patients with
severe drug reactions,

Introduction

Certain drugs, such as anticonvulsants, cause both

response, including the dose und duration of drug
intake, and the physiological state and genetic back-
ground of the patient.” However, the effect of a history

drug—induced hypersensitivity syndrome (DIHS)/drug
rash with cosinophilia and systemic symptoms
(DRESS)'™ and Stevens—Johinson syndrome (S]S)/1oxic
epidermal necrolysis (TEN) in different individuals.’
Many factors can contribute to this variation in drug
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of previous and/or persistent viral inlections on
subsequent development of drug reactions has received
little attention. We recently found that reactivation of
human herpesvirus (HI3V)-6 contributes to the devel-
opment of DIHS/DRESS. 'Y Regarding the pathogen-
etic basis for HIIV-6 reactivation, we have also provided
evidence that DIHIS/DRESS can result when long-term
use of drugs such as anticonvulsants, allopurinol and
salazosulfapyridine causes a decrease in serum immu-
noglobulin levels in susceptible patients, thereby facil-
itating virus reactivation.**'" To assess whether the
host’s immune response at the time of onset and any

Journal compilation © 2010 British Association of Dermatologists « Clinical and Expenimental Dermatology, 35, 863-868 863
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underlying viral infections are linked to the variability
in the disease course and outcome, we examined clinical
and laboratory data of patients with SJS/TEN and
DI IS/DRESS,

Methods

The study was approved by the institwlional review
board al Kyorin University School of Medicine, and
informed consent was obtained from all subjects.

Subjects

Data on all patients with a diagnosis of SJS/TEN or
DIHS/DRESS who were treated in our hospital between
1998 and 2006 were retrospectively reviewed. Crileria
for diagnosis of $]S/TEN were widespread erythematous
macules or purpuric macules with irregular shape and
size, detachment of skin from > 10% of the body surface
area,'’ and involvement of at least one mucous
membrane. Criteria for diagnosis of DIHS/DRESS were
high fever, a widespread maculopapular and/or diffuse
erythematous eruption, lymphadenopathy. leacocytosis
with atypical lymphocytosis and/or cosinophilia, and
liver dysfunction.'? There were 9 and 19 patients who
satisfied the full criteria for SJS/TEN and for DIHS/
DRESS, respectively, and for whom there were suflicient
laboratory data, and these were selected for the study.

To identily the causative drug, lymphocyte transtor-
mation tests (L1°1') were performed using several suspect
drugs selected from the multiple drugs taken, based on
the temporal relationship between the history of drug
intake and the clinical course. However, the timing of
testing has been shown 1o be a crucial factor in the value
ol LTT, with testing required within 1 week alter onset
in S)S/TEN and 5-8 weeks after onset in DIHS/
DRESS.' ! Patients with DIHS/DRESS underwent testing
for serum anti-HHV-6 [gG antibody titres and PCR
assays for HHV-6 DNA levels in leucocytes: testing was
carried out on sequential blood samples obtained al
2-weekly intervals after onset. HHV-6 reactivation was
defined by a > 4-fold increase in anti-HHV-6 [gG anti-
body titres or detection of HHV-6 DNA in leucocytes.

Almost all blood samples taken for tlow cytometry
and analyses of serum immunoglobulins, cytokine levels
and viral antibodies were usually obiained within
1 week after disease onset, before treatment with
systemic  corticosteroids was started, bul one blood
sample in each group was obtained after treatment with
syslemic corticosteroids had begun,

Serum 1gG, IgA and IgM levels in the first samples
tiken from 9 patients with S]S/TEN and 11 patients

with DIHS/DRESS at disease onsel were determined by
turbidimetric  immunoassay. Expression of surface
markers, such as CD3, CD4, CDE. CD19 and CP536 on
peripheral blood monoenuclear cells (PBMC) obtained
fromi nine palients in each group was assessed by flow
cytometry (FACS Calibur; Becton Dickinson, San Jose,
CA. USA} with Paint-a-Gate software (Becton Dickin-
san}. as described previously,'*!'?

Serum interferon (IFN)-y, tumour necrosis factor
(INF)-2, interleukin (IL1-2, {L-4 11-3 and [1-10 were
retrospectively measured in the first samples taken {from
6 patients with S)S/TEN and 10 patients with DIHS/
DRESS at disease onset and stored at —80 °C until
tested. The serum  levels were measured using a
cytometric bead array kit (Becton Dickinson) according
to the manufacturer's instructions; simultancous quan-
tification of these cytokines was made possible using this
multiplexed flow cytometric assay, 17

Antibodies to hepatitis B {(HHBV) and C (HCV) viruses
and to human immunodeficiency virus (HIV) were
examined for all patients in both groups at lirst
sampling. Anti-1iBVe {precore protein) and anti-lBVs
(surface antigen) antibodies were further examined in
patients with severe liver dysfunction. Antibody titres
for human T-cell leukaemia virus (ITLV)-1 and herpes
simplex virus (118V) were also examined by the enzyme
immunoassay in 3 and 9 patients with SJS/1TEN and in
7 and 10 patients with DIFS/DRESS, respectively.

Statistical analysis

Results are expressed as the mean £ SEM of measure-
ments obtained from 6 to 11 samples that were
available for cach examination. Statistical comparison
between the two groups was performed using the
Student t-test, with P < (.05 considered significant,

Resuits

The main clinical data including the underlying illness,
causative drugs and the duration of drug inlake before
the onset of symptoms are summarized in Table 1. An
association with anticonvulsants was more common in
patients with DIHIS/DRESS (15719 patients: 78.9%}
than in patients with SJS/TEN (4/9: 44.4%;) although
this was not signilicant (Table 1), No significant dilfer-
entce between the two groups was found for age, gender
or associated medical ilness. Duration of drug intake
before the onset was much shorter in patients with
SIS/TEN than in those with DIHS/DRESS (13.8 +
8.7 days vs. 349 % 8.3 days., P <0.05) (Table ).
Resolution of the eruption occurred in all patients with

@ 2010 The Author(s)
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Table 1 Characteristics of patients.

Type of drug eruption SIS/TEN
Patients, n 9
Gender, M/F 4/5

Age, years; mean * SD (range) 64.0 + 6.41 (54-87)

Underlying illness

pneumonia

Time to onset, days; mean + SD# 13.8 + 8.7~

Causative drugs (no. of patients)

Epileptic fits, herpes zoster,
hyperuricaemia, pharyngitis,

Aciclovir (1), amoxicillin (1),
bucolome (1), carbamazepine (1),
diclofenac (1), minocycline (1),

DIHS

19

13/6

51.8 + 16.3t (26-73)

Arrhythmia, brain tumour and aneurysm,
cerebral infarction, delusional condition,
epileptic fits, hyperuricaemia, neurosis,
psychiatric disease, rheumatoid arthritis,
schizophrenia

349 + 8.3*

Allopurinol (1), carbamazepine (7), dapsone (1),
mexiletine (1), phenobarbital (4), phenytoin (3),
salazosulfapyridine (1), zonisamide (1)

phenobarbital (1), phenytoin (2)

DIHS. drug-induced hypersensitivity syndrome; S]S. Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis. *P < 0.005: fnot
significant: fduration between the first drug intake and onset of skin rashes.

SJS/TEN within 4 weeks of discontinuing the causative
drug. and no recurrences were seen for several months.
By contrast, 18/19 patients with DIHS/DRESS had a
slow resolution, requiring approximately 6 weeks, and
patients had disease {lares for weeks or even months
after stopping the drug.

Serum IgG, IgA and IgM levels were significantly lower
in patients with DIHS/DRESS than in patients with
SJS/TEN: mean £ SD values were 813.2 £49.2 mg/dL,

123.5 + 66.6 mg/dL and 52.6 £ 28.6 mg/dL, respec-

tively for DIHS/DRESS compared with 1256.2 +
114.4 mg/dL (P < 0.001), 262.1 £ 53.1 mg/dL (P <
0.05) and 87.9 + 7.6 mg/dL (P < 0.05), respectively,
for SJS/TEN. The numbers of circulating white blood
cells, lymphocytes and CD3+ T cells were significantly
lower in patients with SJS/TEN than in patients with
DIHS/DRESS, although most of the results were within
the normal ranges (Figs 1a,b). The numbers of CD19+ B
cells were less than the normal range in 7/9 patients with
DIHS/DRESS and in 5/9 patients with S|S/TEN. The
numbers of CD8+ T cells were significantly higher in
patients with DIHS/DRESS than in those with SJS/TEN,
and the mean value in patients with SJS/TEN was below
the normal range (Fig. lc¢). By contrast, the numbers
of CD36+ natural killer (NK) cells in patients with
DIHS/DRESS were lower than in those with SJS/TEN
(data not shown), but the difference was not significant.
These alterations returned to normal after full recovery in
both groups (data not shown).

Mean IFN-y levels were significantly higher in
patients with DIHS/DRESS (105.1 #+ 19.1 pg/mL) than
in those with SJS/TEN (36.7 + 14.6 pg/mL) (P < (0.05)
(Fig. 2). Mean IL-5 levels were also higher in patients

@ 2010 The Author(s)

with DIHS/DRESS (176.0 + 93.8 pg/mL) than in those
with SJS/TEN (5.4 £ 2.6 pg/mL), but the difierence
was not significant. By contrast, no significant difference
was seen in serum levels of TNF-a, [L-10 (Fig. 2). IL-4 or
[L-2 (data not shown) between the two groups. How-
ever, there was no significant correlation between these
cytokine levels and the severity of symptoms, such as
liver dysfunction: nevertheless, high levels of IL-5 were
seen in patients with long-term carriage of HCV and
HBV regardless ol the type of drug eruption. As shown
in Fig. 2, the characteristic features of DIHS/DRESS are
mainly associated with increased serum levels of IFN-v.

Patients from both groups were examined for evi-
dence ol viral infections. In total, 2/7 examined patients
with DIHS/DRESS were positive for anti-HTLV-1 anti-
bodies, and 3/5 examined patients with DIHS/DRESS
were positive for anti-HBs antibodies. Epstein—-Barr virus
(EBV) DNA was detected at onset in peripheral blood
samples from 7/9 patients with SJS/TEN and 3/10
with DIHS/DRESS (Table 2). No HIV infection was
detected in any of the patients in either group. One
patient with S§JS who was positive for anti-HCV
antibodies also had high levels of serum IgG. High
levels of anti-HSV IgG titres (> 70) were detected by
enzyme immunoassay in all but 1 patient with SJS/TEN
(8/9 patients examined), but only in 3710 patients
with DIHS/DRESS (Fig. 3). Nevertheless, of note, none
of the patients with high levels of anti-HSV titres had a
known clinical episode of the oral or genital herpes. No
relationship was seen between HSV seropositivity and
clinical parameters such as serum Ig levels, CD3+ T cell
numbers, (D19+ B cell numbers or disease outcome in
either group.
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Figure 1 Comparison of cicculating cell numbers at onsel between
Stevens—Johnson syndrome (S]S)/toxic epidermal necrolysis (TEN)
and drug-induced hypersensitivity syndrome (DIHS). (a) White
bload cell: {b) lymphocyte, CD3+ T cell and CD1Y+ B cell:

(€) CD4+ T cell and CD8+ T cell, *P < 0,05 **P < 0.005.

Discussion

One of the most obvious differences found between these
two diseases at time of onset was the imbalance in the
composition of circulating T and B cells. In SJS/TEN, a
dramatic decrease in circulating T-cell and B-cell num-
bers was detected, which was associated with a decrease
in white blood cell counts: by contrast, in DIHS/DRESS
the decrease was confined to the B-cell compartment. In
view of the observation that the decline in the number of
lymphocytes in SJS/TEN was relatively nonselective
with respect to T and B cells, the increased adhesion to
endothelial cells and subsequent transendothelial migra-
tion into the skin sites due to upregulation of lympho-
cyle selectin ligands, integrins and chemokine receptors
seen in SJS/TEN™ may be the cause of the decrease in
the number of T and B cells in blood. Thus, the decline in
lymphocyte numbers in SJS/TEN may reflect their
accumulation in the inflamed skin sites.

By contrast, increased tissue migration probably does
not explain the decreased B-cell proportion in DIHS/
DRESS. Considering that a profound decrease in serum Ig
levels was also seen at the time of DIHS/DRESS onset and
that B cells were rarely detected in the skin lesions
(unpublished observations). a gradual loss in B-cell
numbers should have occurred through preferential cell
death long before the onset of clinical symptoms. We
propose that this loss in the B cells and possibly NK cells,
together with a dramatic decrease in serum immuno-
globulin levels, is likely Lo be the basis for the subsequent
reactivation of HHV-6 and other herpesviruses that has
been reported to oceur in patients with DIHS/DRESS.*'?

Our cytokine data in patients with DIHS/DRESS are
consistent with previous reports showing increased IFN-y
and I1-5 production.'” Such patterns did not result from
differences in therapeutic regimens, because most of the
patients had not received prednisolone before sampling
{only one patient in each group had been treated before
sampling). In most cases of DIHS/DRESS, serum levels
of IFN-y, TNF-o and [1.-5 were related to those of IL-10,
suggesting that the increase in [L-10 production results
from the overproduction of these proinflammatory
cytokines and [L-5. These results indicate that increased
production of IL-10 could reflect an appropriate
response that serves to limit the pathogenic effects of
these proinflammatory cytokines.

Another important factor that influences the patho-
logical phenotype is the presence of underlying viral
infections. In addition to the subsequent occurrence of
sequential reactivations of herpesviruses exclusively
detected during the course of DIHS/DRESS,*? persistent
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