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Background Drug-induced hypersensitivity syndrome (DIHS) is an adverse reaction
with dlinical signs of fever, rash and internal organ involvement. In the vast
majority of patients in Japan, the causative drugs for DIHS are limited to the fol-
lowing eight: carbamazepine, phenytoin, phenobarbital, zonisamide, mcxilctihe',.
dapsone, salazosulfapyridine and allopurinol. The association of human herpes;'i—
rus (HHV)-6 reactivation with DIHS has been reported by various groups.
Objectives To confirm the relationship between the flaring and severity of DIHS
and HHV-6 reactivation.

Methods We evaluated 100 patients with drug rash and systemic symptom(s)
caused by the drugs associated with DIHS. HHV-6 reactivation was examined by
serological antibody assay and quantitative real-time polymerase chain reaction
assay of serial serum samples. '
Results Anti-HHV-6 IgG titres increased in 62 of 100 patients, 14-28 days after
the onset of symptoms. These patients suffered from severe organ involvement
and a prolonged course compared with 38 patients showing no reactivation of
HHV-6. Significant amounts of HHV-6 DNA were detected in serum samples
from 18 of the 62 patients. Flaring of symptoms such as fever and hepatitis was
closely related 10 HHV-6 reactivation in these 18 patients. It should be empha-
sized that all five patients with fatal outcome and 10 patients with renal failure
were in the HHV-6 reactivation group.

Conclusions A combination of immunological reaction to a drug and HHV-6 reacti-
vation results in the severe course of DIHS. The demonstration of HHV-6 reacti-
vation is a useful marker of diagnosis as well as prognosis in DIHS.

For more than 50 years, a specific syndrome caused by drug
administration has been reported under various names such as
allopurinol hypersensitivity syndrome,’ dapsone hypersensitiv-
ity? and anticonvulsant hypersensitivity syndrome.” In 199+,
Roujeau and Stern proposed ‘hypersensitivity syndrome’,
regardless of causative drugs.* Later, they discarded this term

and used the acronym DRESS (drug rush with eosinophilia and

systemic symptoms).” However, the lack of a specific and sen-
sitive diagnostic test sometimes resulted in confusion when
diagnosing this syndrome. Interestingly, about 10 years ago,
the involvement of human herpesvirus (HHV)-6 reactivation in
this syndrome was demonstrated independently by a French
group and two Japanese groups.”™ Based on this observation,

a Japanese consensus group proposed a newly defined name

© 2007 The Authors
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for this syndrome, drug-induced hypersensitivity syndrome
(DIHS), and cstablished a set of criteria for diagnosis of DIHS.’

DIHS is distingnished from other drug eruptions by certain
characteristics: a limited number of causative drugs, late onset,
clinical similarity 10 mononucleosis-like syndrome and pro-
longed course.*® Anticonvulsants are the most common cause
of DIHS.*'® Allopurinol, dapsone, salazosulfapyridine, mino-
cycline and mexiletine can also cause DIHS.''! The syndrone
typically develops 2—6 wecks after the initiation of drug
administration. The initial signs are fever and maculopapular
eruptions that can progress to exfoliative dermatitis. Lymph-
adenopathy, hepatitis, renal dysfunction and haematological
abnormalities, such as leucocytosis, eosinophilia and atypical
Iymphocytosis, are observed to various degrees.

It is noteworthy that the flaring of clinical signs such as
fever, cruption and hepatitis, often occurs several weeks after
the withdrawal of the causative drug in DIHS patients.* DIHS
is auributed to an immunological reaction to a drug or to

. 3
metabolites of that drug,”"'

because the signs, such as erup-
ton and fever, reappear upon re-administration of the drug.
However, the mechanism underlying the flaring of symptoms
of DIHS cannot be explained solely by an immunological reac-
tion to a drug.

We established a link between DIHS and HHV-6 reactiva-
tion.® Over recent years, there have been numerous case
reports of DIHS associated with HHV-6 reactivation,'® in

. TS
which encephalitis' ™'

and the development of fulminant type
I diabetes,'” possibly caused by HHV-6 infection, have been
involved. HHV-6 generally infects people in early childhood
and results in a latent infection of the peripheral blood mono-

"y
nuclear cells.'®'?

Reactivated HHV-6 is pathogenic for both
normal and immunocompromised patients.

To confinn the relationship between the flaring and severity
of this syndrome and HHV-6 reactivation, we examined the
replication of HHV-6 by serological antibody assay and quan-
titative real-time polymerase chain reaction (PCR) testing, and
assessed the relevance of this virus to the clinical signs of the
syndrome. We found an association between the appearance
of HHV-6 DNA and the flaring and severity of signs and
symiptoms in DIHS.

Materials and methods

Patients and samples

Between 1998 and 2004, we collected serial serum samples
from 100 patients with drug rash and systemic symptom(s).
These patients fulfilled the following criteria: (i) at least one
systemic symptom such as fever, haematological abnormality
(leucocytosis, cosinophilia and/or appearance of atypical lym-
phocytes), or liver dystunction was observed; (i} culprit
drugs were anticonvulsants (carbamazepine, phenytoin, pheno-
baibital and zonisamide). allopurinol, dapsone, salazosulfa-
pyridine and mexiletine, which are the major causative drugs
of DIHS in Japan; (iii) Stevens—johnson syndrome and toxic
epidermal necrolysis were excluded.

© 2007 The Authors

Detection of antihuman herpesvirus (HHV)-6 antibodies
and HHV-6 DNA

An indirect immunofluorescence test was carried out to deter-
mine anti-HHV-6 IgG antibody ttres in serumn samples, as
described previously.'”” A fourfold or greater increase in IgG
antibody titre was interpreted as significant.

DNA was extracted from serum using a QlAamp Viral RNA
Kit (Qiagen, Chatsworth, CA, US.A.) and HHV-6 DNA in the
samples was quantified by real-time PCR.*°

Statistical analysis

The characteristics of the two groups of patients were com-
pared by using the Student’s t-test or Fisher’s two-tailed exact
test, as appropriate.

Results

Antihuman herpesvirus 6 1gG titres and characteristics
of patients

The preliminary study of paired serum samples indicated a sig-
nificant increase in the anti-HHV-6 IgG titre between days 14
and 28. We analysed paired serum samples from 100 patients,
which were normally obtained before day 14 and after day 28.
Seroconversion or a significant increase in anti-HHV-6 1gG
antibody titre was detected in 62 of the 100 patients. Note that
in many of these patients, a marked increase in anti-HHV-6
IgG titre occurred before day 28 (Fig. 1).

100 000}

10000 ]

1000 -

Anti-HHV-6 IgG titre

100

<109

Days after onset

Fig 1. Rise of antihuman herpesvirus (HHY)-6 1gG ritres in patients
with drug-induced hypersensitivity syndrome. The results are limited

to the duration of increase of anti-HHV-6 1gG titre.
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Table 1 Clinical characteristics of 100 patients, according 16 whether
or not the hwnan herpesvirus (HHV)-6 IgG titre increased

Increase of No increase

HHV-6 IgG  of HHV-6
titres 1gG titres
(n = 62) (n = 38) P-value
M/F 37/25 19/19 0-34
Age (years)
Mean 481 57-8 < 0001
Median 49 61
Range 5-88 21-90
Causative drug*
Anticonvulsants 42 26
Allopurinol 9 4
Mexiletine 9 1
Dapsone 3 2
Salazosulfapyridine 3 5
Days after 417 666 0-29
administration (8-700, 29'S) (5-650, 29'S)
of the drug

(range, median)

*Multiple drugs caused drug rash in three patients whose HHV-6
titre increased.

We compared 62 patients whose anti-HHV-6 1gG titre
increased with 38 patients whose anti-HHV-6 1gG titres did
not change. The characteristics of these two groups \ere
similar, except for the average age (P < 0-001) (Table !):

the sex ratio, causative drugs and the elapsed time between
the initiation of drug administration and the appearance of
clinical signs were not significantdy different between the two
groups.

However. severity of the clinical course was clearly different
between these two groups. The 62 patients whose ami-HHV-6
IgG titre increased showed severe symptoms including long-
lasting fever, lymphadenopathy, leucocytosis, appearance of
atypical lymphocytes and hepatitis, compared with the 38
patients whose anti-HHV-6 IgG titre did not increase (Table 2).
This resulted in a prolonged course; the duration of illness is
clearly longer in the patients with an increase of HHV-6 1gG
ttre (Table 2). It should be emphasized that all five patients
with fatal outcome and 10 patients with renal failure were in
the HHV-6 reactivation group (Table 2).

Results of human herpesvirus 6 DNA detection

To confirm the time of HHV-6 reactivation, we examined
HHV-6 DNA in serumn samples. We serially monitored the
HHV-6 DNA load in 352 serum samples from 62 patients
using real-time PCR and detected HHV-6 DNA in 33 serum
samples of 18 patients (Table 3). The HHV-6 copy number
was between 120 and 2 400 000 copies mL™" of seruin. Four-
teen patients had markedly higher viral loads compared with
the three patients with exanthem subitum in the febrile phase,
who had 610-1000 HHV-6 genome copies mL™' of serum.
Moreover, it is clarified that viraemia is observed from day 10

to day 27 after the onset, and that an increase of anti-HHV-6

Table 2 Clinical course of 100 patients,

Tncrease of HHV-6
1gG titres (n = 62)

No increase of
HHV-6 IgG

according to whether or not the human

herpesvirus (HHV)-6 1gG titre increased

Symptoms and signs, n (%)

Fever

Duration of fever (days)

Lymphadenopathy

Leucocytosis*

Eosinophilia®

Appearance of atypical lymphocytes
Flaring, n (%)

Fever

Hepatitis®

Skin rash
Use of systemic corticosteroid, n (%)
Prognosis

Duration of illness (weeks)

Death, n (%)

61 (98)
124 * 71
44 (71)
38 (61)
38 (61)
55 (89)
32 (52)
22 (35)
32 (52)
12 (19)
50 (81)

53 %26
5(8)

tires (n = 38)  P-value
29 (76) < 0:001
+8 + 29 < 0-00}
10 (26) < 0-001
8 (21) < 0-001
19 (50) 027
20 (53) < 6001
7 (18) < 0-001
2(5) < 0-001
2 (5) < 0001
5(13) 0-42
27 (71) 017
28% 15 < 0-001
0 (0) 0-07

*Leucocytosis was evaluated based on white blood count (WBC), i.e. leucocytosis-positive

patients were defined as those who had more than 1-1 x 10'? feucocytes L' if they had

not received corticosteroids, or more than 5 x 10'? leucocytes L™' if they had been trea-

ted with systemic corticosteroids. l’}'{r)sinophilia was scored as positive when the peripheral

blood eosinophil count was higher than 1-5 X 10° L™' or more than 10% of the WBC.

“Hepatitis was evaluated by measuring alanine aminotransferase (ALT) levels. Severe hepa-

titis indicated that ALT levels revealed more than 10 times the normal value.

© 2007 The Authors
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Table 3 THuman herpesvirus (HHV)-6 DNA levels in serial serum samples, and correlation with clinical signs at relapse

Days 1{HV-6 DNA
Patient after copy number HHV-6 .
no. Age/sex Causative drug onset (copy mL™") IgG titre Flaring of symptoms
1 44/M Carbamazepine 12 0 80
13 3300 80
16 2 400 000 80 - Fever (day 16-18)
17 1 600 000 80
18 4300 320 Hepatitis (day 18, ALT 404)
19 0 10 240
2 22M Pheunobarbital 15 0 20
Zonisamide 22 310 000 20 Hepatitis (day 24, ALT 1200)
29 0 5120
3 66/M Mexiletine 20 0 <120
24 1200 <20
27 73 000 20 Hepatitis (day 27, ALT 505)
32 0 640
4 7:M Phenytoin 12 6700 40
14 2800 40 Fever (days 14-17)
s 57 000 80
18 0 10 240
N SS/F Carbamazepine 12 60 000 20
14 51 000 80 Hepatitis (day 15, ALT 519)
18 0 640
6 88/F Carbamazepine 14 16 000 80 Fever (days 13—18)
16 40 000 80
20 270 10 240
23 0 10 240
7 S9/F Carbamazepine 13 0 40
15 1100 40 Fever (days 15—19), skin rash
16 : 14 000 40
20 980 1280 Hepatitis (day 20, ALT 210)
23 0 1280
8 45/M Allopurinol 9 0 80
11 5100 80
12 12 000 80 Hepatitis (day 12, ALT 365)
17 0 10 240
9 47/F Phenytoin 23 0 40
24 3400 40
25 7800 40
26 1000 ’ 40
28 0 640 Hepatitis (day 28, ALT 97)
10 55/M Phenytoin 13 0 80
19 6600 80 Fever (day 18-21)
. 23 0 1280 Hepatitis (day 22, ALT 280), skin rash
11 28/ M Salazosulfapyridine’ 4 0 160
11 6200 160 Hepatitis (day 13, ALT 250)
: w21 0 1280
12 52/F Allopurinol . 19 0 20
25 6000 20 Fever (days 22-27)
32 0 2560
13 49/F Carbamazepine 14 6000 20 Fever (day 14)
’ 28 . 0 1280
14 39/F Allopurinol 22 0 <20
24 200 40
27 2900 40 Fever (day 25)
34 0 1280 Hepatitis (day 31, ALT 666)
15 40/F Mexiletine 11 0 80
' 14 750 80 Fever (days 14-16)
19 0 1280 Hepatitis (day 17, ALT 143)

© 2007 The Authors
Journal Compilation © 2007 British Association of Dermatologists e British Journal of Dermatology 2007 157, pp93+4--940



938 Drug-induced hypersensitivity syndrome and HHV-6, M. Tohyama et al.

Table 3 (Continved)

Days HHV-6 DNA
Patient after copy number HHV-6
no. Age/sex Causative drug onset (copy mL™") 1gG titre Flaring of symptoms
16 30M Carbamazepine 17 0 <20
21 310 20
24 0 1280 Hepatitis (day 26, ALT 729)
17 78/M Allopurinol 9 0 160
13 300 160 Fever (days 11-14)
18 0 1280 Hepatitis (day 16, ALT 850)
i8 S1/F Carbamazepine i1 0 160
23 120 5120 Heparitis (day 23, ALT 200)
26 0 20 480

ALT, alanine aminotransferase (IU mL™").

IgG titre occurs simultaneously or subsequently with the
detection of HHV-6 DNA in serum.

Correlations between the real-time polymerase chain
reaction results and clinical symptoms

To evaluate a potential role for HHV-6, we correlated clinical
signs with HHV-6 DNA levels in serum samples for 18
patients. A typical case is described in detail below.

Patient 17, a 78-year-old Japanese man, suffered from
chronic nephritis but no known allergy. Fever and generalized
skin rash developed 39 days after the initiation of allopurinot
for hyperuricaemia. Allopurinol was stopped. Laboratory find-
ings revealed leucocytosis (1:55 x 10'° L™"), eosinophilia
(67 x 10° L™") and hepatitis [alanine aminotransferase (ALT)
211 1U mL™"]. Although no systemic corticosteroid was given,
his clinical symptoms, including fever, skin rash, leucocytosis,
eosinophilia and hepatitis started 10 resolve within 10 days
after onset. In his serum, HHV-6 DNA was detected on day
I'1 after onset of the symptoms and the highest copy number
was observed on day 13. The flaring of high fever and hepati-
tis (ALT 850 IU mL™") developed simultaneously and atypical
lymphocytes appeared. HHV-6 DNA disappeared on the 16th
day of illness and his symptoms improved. However, skin rash
and low-grade fever subsequendy relapsed on the 24th day of
illness, which aggravated his general condition. He died from
bacterial pneumonia 2 months after onset of the symptoms.

As in this patient, the flaring of clinical signs and symptoms
almost completely coincided with the detection of HHV-6
DNA in all 18 patients (Table 3). The observed signs were
fever, hepatitis and skin rash. In six patients, the flaring hepa-
titis was coincident with fever for 3 or + days. In eight
patients, the flaring of hepatitis alone was noticed. However,
in five of these eight patients, including patients 2, S, 8, 9
and 11, we could not evaluate an exacerbation of fever,
because they had suffered from the long-lasting high fever
which continued after the onset of the disease. The flaring of
fever alone, which was observed in four patients, continued
for a period of t-6 days, coinciding with the detection of

HHV-6 DNA in their serum samples. These results suggest that
the flaring of fever and/or hepatitis is the most common fea-
ture of HHV-6 viraemia in DIHS.

Discussion

In this study, we analysed 100 patients with drug rash and
systemic symptom(s) caused by drugs associated with DIHS,
and demonstrated as follows: (i) a remarkable rise in HHV-6
IgG titres 14-28 days after the onset of symptoms in 62
patients; (ii) these 62 patients clearly showed severe symp-
toms and signs, and a prolonged course due to flaring
compared with others; (iii) an active HHV-6 replication
10-27 days after the onset preceded the rise in antibody titres;
and (iv) the flaring of fever and hepatitis was observed con-
currently with HHV-6 reactivation.

A well-known interaction between drug hypersensitivity
and viral infection is the ampicillin rash seen in patients with
infections mononucleosis.*’ Epstein—Barr virus infection is
implicated in triggering the onset of drug rash after ampicillin
administration. In contrast, drug allergy wriggers HHV-6 reacti-
vation in DIHS.

Bone marrow and solid organ transplant recipients some-
times develop HHV-6 reactivation within the first few weeks

2,23

after transplantation.”*** Symptoms associated with HHV-6

reactivation after lransplamalion include fever, pneumonitis,

22,23
Interest-

meningitis, encephalitis, skin rash and hepatitis.
ingly, these clinical manifestations are in remarkable agree-
ment with those observed in cases of DIHS with HHV-6
reactivation. Therefore, it is highly suggested that HHV-6
causes the reappearance of the signs seen in patients with
DIHS.

Although the triad of skin rash, fever and multiple organ
involvement has been generally used for diagnosis of this syn-
drome historically, milder cases can occur, in which symp-
toms rapidly improve without any treaument after drug
discomtinuation. This has caused confusion abowt the diagno-
sis. In 1996, Roujeau and colleagnes proposed the term DRESS

to define the syndrome.® Three criteria, including cutaneous
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drug eruption, haematological abnormalities (eosinophilia or
presence of atypical lymphocytes), and systemic involvement
(adenopathies, hepatitis, interstitial nephritis, interstitial pneu-
monitis or carditis) must be fulfilled to diagnose this syn-
drome. Since the diagnostic criteria of DRESS stll cannot
exclude the milder cases, it seems to be insufficient. This
drawback yields the misleading impression that DIHS/DRESS is
not a distinct clinical entity. We think that prolonged course
due (o the flaring is the most noteworthy feature of this syn-
drome and should be included in the diagnostic criteria. Here,
our study revealed that HHV-6 reactivation occurred in
patients with severe DIHS and caused the flaring of this syn-
drome. Therefore, it is reasonable to define DIHS as a complex
pathological condition involving both immunological reaction
to a drug and HHV-6 reactivation. The definition can exclude
the milder cases and make the concept of DIHS clearer. The
demonstration of HHV-6 reactivation is a useful diagnostic
marker of this syndrome.

It is generally believed that immunosuppressive conditions
facilitate the reactivation of latent herpesviruses. Therefore, it
is conceivable that systemic corticosteroid therapy induces
immunosuppression, which leads Lo HHV-6 reactivation in
DIHS. However, this possibility seems highly unlikely, for two
reasons. Firstly, 12 of our 62 patients did not receive systemic
corticosteroid therapy but still experienced HHV-6 reactiva-
tion. Secondly, HHV-6 reactivation was not observed in 10
patients who were diagnosed with Stevens—Johnson syndrome
and toxic epidermal necrolysis, although these patients under-
went intensive therapy with high doses of corticosteroid (data
not shown). Nevertheless, we cannot exclude the possibility
that the immune system of patients with DIHS may be sup-
pressed by other mechanisms, because recent reports suggest
that patients with DIHS show a decrease in immunoglobulin
level.**'*® The altered immune status may facilitate the reacti-
vation of HHV-6.

In this study, we noticed that the incidence of HHV-6
reactivation in DIHS seems to correlate to the severity of signs
in the early stages of DIHS. For instance, overlapping of
systemic symptoms including long-lasting high fever, leuco-
cytosis, severe hepatitis, and renal failure facilitated the reacti-
vation of HHV-6. The appearance of these severe signs is the
key to understanding the pathology of HHV-6 reactivation.
Potent immune responses from drug-reactive T cells may be
required for the induction of HHV-6 replication. This charac-
teristic of drug-reactive T cells appears to resemble that of
alloreactive T cells in cases of organ transplantation. Moreover,
we found that the average age of the patients who developed
increased anti-HHV-6 titres was below that of the other
patients. Therefore, younger patients may have a more severe
immune reaction to the drug, which could result in the reacti-
vation of HHV-6. To clarify this issue, further investigation is
needed.

In conclusion, we established a distinct clinical entity of
DIHS that consists of a combination of immunological reac-
tion to a drug and HHV-6 reactivation. HHV-6 reactivation is
involved in the flaring and severity of this disease. This entity

© 2007 The Authors

is stringently in accord with a concept of DIHS as a severe
drug adverse reaction.
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The diagnosis of a DRESS syndrome has been
sufficiently established on the basis of typical
clinical features and viral reactivations

DOL 10.1111/].1365-2133.2007.07807 x

SIR, We read with great interest the article entided ‘Variability
in the clinical pauern of cutancous side-cffects of drugs with
systemic symptoms: does a DRESS syndrome really exist?” by
Peyridre et al.' Based on data collected rewrospectively from the
French Pharmacovigilance database. the anthors concluded that
the acronym "DRESS” is both inaccurate and quite imiprecise
with no clear definition regarding both cutancous and system-
ic signs. We believe, however, that many of the authors” con-
siderations are in contrast to the current knowledge about this
syndrome and may be based on misinterpretations of these
data probably duc to their unawareness of several important
findings uniquely observed in this syndrome.

Thirty years ago, the rules concerning the diagnosis of this
syndrome had for the most part been formulated by non-
dermatologists who defined this discase in terins of cach
organ involvenient. As a result, sufficient atention had not
been paid 1o the cutancous features of this syndrome. In
1996, Bocquet e ol.” coined the term ‘drug rash with cosino-
philia and systemic symptoms’ (DRESS) for this syndrome to
encompass these diverse clinical presentations. Subsequently,
during the past 10 years, the clinical spectrum of this syn-
drome was defined: there have been no significant differences
in the clinical findings of these cases reported under the nanic
of DRESS. The lack of a specific and sensitive diagnostic test,
hewever, was a major obstacle o correct identification of all
patients with this syndrome. In this regard, my group and
Hashimoto’s group independently demonstrated that human
herpesvirus 6 (HHV-6) can be reactivated at a particular time
point, namely 2-3 weeks after onset of rash in the vast major-
ity of patients with this syndrome, despite the diverse clinical
presentations at onsct: HHV-6 reactivation as evidenced by the
risc in HHV-6 1gG titres and HHV-6 DNA levels commonly
ocenrs 2-3 weeks after onset regardless of rreaunent. ™

In 2006, we, a Japancse consensus group, established a set
of criteria for diagnosis of drug-induced hypersensitivity syn-
drome (DIHS: Table 1), which have stood the test of time.
Diagnosis of the typical syndrome requires all seven criteria.
Iportantly, our serics of > 60 paticts diagnosed by clinical
findings has consistently shown that HHV-6 reactivation can
be detected in the vast majority of paticnts who satisfy the
other six criteria and show clinical manifestations consistent
with those reported by Bocquet e al..? but oot in those with
ather types of drug eruption such as papulomacnlar rash. Sie-
vens—Jolmson syndrome and toxic epidermal necrolysis; in
contrast, HHV-6 reactivation is rarcly detected in patients with
a tendencey toward milder discase. These results will be repor-
ted by Tohyama and Hashimoto (Tohyama M and Hashimoto
K. manuscript submitted). Thus, it appears that paticnts fulfil-

© 2007 The Authors
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Table 1 Disgnostic criteria for drug-induced hypersensitivity
syndrome (DIHS) established by a Japanese consensus gmup"

I Maculopapular rash developing > 3 weeks after starting
with a limited number of drugs
2 Prolonged chinical symptoms 2 weeks after discontinuation of
the causative drug
3 Fever (> 38 °C)
4 Liver abnormalities (alanine aminotransferase > 100 U L™')*
§ Leucocyte abnormalities (at least one present)
a Leucocytosis (> 11 x 10° L™")
b Atypical lymphocytosis (> 5%)
¢ Eosinophilia (> 15 x 10° L7")
6 Lymphademopathy
7 Human herpesvirus 6 reactivation

The diagnosis is confirmed by the presence of the seven cri-
teria above (typical DIHS) or of the five (1-~5) (atypical DIHS).
*This can be replaced by other organ involvement, such as
renal involvement.

ling the criteria of DIHS may represent those with a more
severe form of DRESS. i

Based on these findings, we concluded that HHV-6 reactiva-
tion may be used to confirm a clinical diagnosis. Although there
exists considerable clinical heterogencity at onset even among
paticnts in whom HHV-6 reactivations can be detecied, a fol-
low up several months after onset reveals a strikingly homo-
geneous dlinical and biological profile: the other six criteria
could be seen in sequence in all patients showing HHV-6 re-
activation when they were followed up for a sufficient length
of time. By the time our papers were published in 1998 %
the link between this syndrome and HHV-6 reactivation was
well established in Japan. However, concern has been raised
about the appropriateness of the criteria as a clinical ool 1o
identify patients with this syndrome, because the timing of
sampling for detecting the risc in HHV-6 IgG levels is critical:
unless sampling is performed at the right time, HHV-6 reacti-
vation can be casily missed. Thus, the concept of an atypical
syndrome can be used for patients with typical clinical presen-
ations, in whom HHV-6 recactivation cannot be detected
probably duc to inappropriate timing of sampling. Following
wide acceprance of the criterta, there has been litde disagree-
ment among dermatologisis about the diagnosis of this syn-
drome in patients with obvious findings. However, we should
bear in mind that the clinical criteria for this syndrome are
not all present on any given day and that the severity of these
clinical symptoms at ooset provides only a guide 10 prognosis
and is not absolute: usually patients initially develop two or
three features of this syndrome followed by a step-wise devel-
opment of other symproms. Thus, a long-term follow up s
needed 1o identify paticnts with this syndrome  accurarely.
Because cosinophilia is seen at most in 60-70% of paricuts
who satisfy the criteria, we propose that DRESS be replaced by
the term DIHS to avoid confusion duc o the lack of conscensus
in the fitcrature about its terminology.™™ Thus, the important
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criterion for the diagnosis of DIHS is the determination of
HHV-6 reactivation, regardless of whether this is a causal
factor or a consequence of discase. Unfortunately, however,
Peyricre et al. did not specify this point in their patients, rais-
ing the possibility that they may have studied a very hetero-
gencous group of patients, presenting as a continoum from
niild papulomacular rashes to full-blown DIHS.

This syndrome has several unique features that cannor be
cxplained solely by a drug-based actiology: they include
delayed onset in relation to introduction of the causative drug
and paradoxical worsening of clinical symptoms after discon-
tinuation of the causative drug.®* A major difficulty in estab-
lishing a corrclation between causative drugs and the onset of
this syndrame is such a long lag period before onset of clinic-
al symptoms. However, large serics of paticnts from Japan
revealed that the drugs responsible for the development of
DIHS arc limited to cight drugs in the vast majority of
paticnts: they include carbamazepine, phenytoin, phenobarbi-
tal, zonisamide, mexiletine, dapsone, sulfasalazine and allopur-
inol.* Atypical cases caused by other dnigs, although reported,
arc much less common.

The lack of a longitudinal study including viral load cvalu-
ation in the authors’ study may have made the unique dlin-
ical entity of DIHS uncertain. Once the suspicion of DIHS
arises on the basis of initial history-taking and clinical pre-
sentations, a thorough investigation of viral reactivations
should follow. As the recognition of this syndrome as a
distinet clinical entity with highly reproducible clinical and
laboratory features increases, it becomes clear that DIHS has
potential long-term complications, such as type | diabetes
mellitus,” even after discase-free intervals of months or years.
The diagnosis is unlikely to be missed if the possibility of
this syndrome is considered in the differential diagnosis of
any patients with fever, rash. lymphadenopathy and hepatitis,
and if HHV-6 1gG titres arc rouwtinely cxamined at the right
time. HHV-6 rcactivation would be the diagnostic marker for
DIHS that is reliable and easy to determine on a routine
basis. The incidence of this syndrome is much greater than
previously thought. If this unique discase is viewed only as
a reaction pattern and a search for viral reactivations is
not made, the disease may remain idiopathic as it was in the
past.
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A case of herpes zoster in a child with
congenital insensitivity to pain with anhidrosis

DOL 10.1111/].1365-2133.2007.07804.x

SR, During primary infection with varicella-zoster virus
(VZV). the virus ascends the sensory nerve from the skin sen-
sory nerve ending to which it disseminates through viracmia,
and migrates up the dorsal root and trigeminal ganglia, where
it usually remains latent for the lifetime of the individual.
When VZV-specific cellular immunity is reduced, the latemnt
VZV is reactivated. descends the sensory nerve, reaches the
skin, and causes herpes zoster.'* In this paper, we describe a
casc of herpes zoster associated with congenital insensitivity to
pain with anhidrosis (CIPA).

A 3-year-old boy with CIPA had developed varicella at
2 months of age. His clder brother has CIPA, and his par-
cnts and a sister are normal. Vesicles were distributed in the
right alinasal region 2 days before presentation, and had
gradually deteriorated. Ocdematous crythema with a clear
boundary and grouped vesides were noted in the region
below the right nasal foramen. over the right check and
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Original article

Utility of the lymphocyte transformation test in the diagnosis of
drug sensitivity: dependence on its timing and the type of drug

eruption

Background: Lymphocyte transformation test (LTT) is a safety and reproducible
test to assess activation of drug-specific T cells in vitro; however, there are
several practical concerns such as the time of testing and the influence of
treatment. Qur aim was to define the right timing to perform LTT for
determining the causative agent in various types of drug reactions.

Methods: Lymphocyte transformation test was performed at different time
points during the evolution of three types of drug reactions, maculo-papular
type of drug eruptions (MP), Stevens—-Johnson syndrome/toxic epidermal
necrolysis (SJS/TEN), and drug-induced hypersensitivity syndrome/drug rash
and eosinophilia with systemic symptoms (DIHS/DRESS).

Results: Positive LTT reactions were obtained when the test was performed at
the acute stage but not the recovery stage in MP and SJIS/TEN, while positive
LTT reactions were obtained at the recovery stage but not the acute stage in
DIHS/DRESS, regardless of treatment with systemic prednisolone.
Conclusions: Lymphocyte transformation test is a reliable method to define the
causative agent, when LTT is performed at the right timing depending on the
type of drug reactions. Lymphocyte transformation test should be performed
within 1 week after the onset of skin rashes in patients with MP and SJIS/TEN;

Y. Kano, K. Hirahara, Y. Mitsuyama,
R. Takahashi, T. Shiohara

Department of Dermatology, Kyorin University
Schoo! of Medicine, Tokyo, Japan

Key words: DIHS; DRESS; drug reaction; lymophocyte
transformation test; SJS; toxic epidermal necrolysis.

Yoko Kano, MD

Department of Dermatology

Kyorin University School of Medicine
6-20-2 Shinkawa Mitaka

Tokyo 181-8611

Japan

and 5-8 weeks after in patients with DIHS/DRESS, respectively.
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Activation of drug-specific T cells is generally thought to-

play a central role in mediating adverse drug reactions,
such as Stevens—Johnson syndrome (SJS), toxic epidermal
necrolysis (TEN), and drug-induced hypersensitivity
syndrome/drug rash and eosinophilia with systemic
symptoms (DIHS/DRESS) (1-5). In clinical settings,
patch tests and lymphocyte transformation tests (LTTs)
have been often used for the diagnostic assessment of
drug-specific T cell responses (6-19). Laboratory-based
in vitro technology such as LTT offers numerous advan-
tages including absolute safety, simultaneous assessment
of T cell responses to multiple drugs, and a lack of risk of
developing additional drug allergies. In fact, the L'TT has
been shown to have a better diagnostic value than skin
tests to identify causative agents (11, 12). Nevertheless, a
number of practical concerns, including the time of
testing and the influence of therapy, such as systemic
corticosteroids, continue to limit their frequent applica-
tion to clinical diagnosis. Because blood samples sequen-
tially obtatned from a sufficient number of patients with
various types of severe adverse drug reactions are simply
not available, whether the timing of sampling or the type
of drug reactions could influence the outcome of the test
remains te be determined.

In this study, LTT was sequentially performed during
the evolution of the disease in patients with various types
of drug reactions and repeated several months to 1 year
later. Despite having been widely believed that false
negative LTT reactions are observed in the acute stage
regardless of type of drug reactions, our results indicate
that positive LTT reactions can be observed when tests
are performed in the acute stage except for DIHS/
DRESS, in which positive LTT reactions can be exclu-
sively observed 5-8 weeks after onset.

Methods
Patients

Between 1998 and 2006, 27 patients (16 male and 11 female; age
range 1-87 years, mean age 48.0 + 21.8 years) who developed
adverse drug reactions and treated in our hospital were enrolled in
this study. This study has approved by the Institutional Review
Board at Kyorin University School of Medicine. The adverse drug
reactions were divided into three groups according to clinical
presentation. Maculo-papular type of drug eruptions (MP, eight
patients); SJS/TEN (SJS, six patienits and TEN, two patients); and
DIHS/DRESS (11 patients). Maculo-papular type drug eruptions
was diagnosed based on the clinical manifestations, showing
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Table 1. Characteristics of patients

Type of drug eruption MP SIS/TEN DIHS/DRESS
Numbers of patient 8 8 (SIS 6; TEN 2) 1
Sex {male/female) 5/3 3/5 8/3
Age (years) (mean + SD) 490+ 170 5632253 410+219
Time to onset {days)* {mean + SD) 47+ 45 111:82 340+ 110
Causative drags Acetaminophen {2) Acetaminophen (3) Carbamazepine (5)
{numbers of patient) Amoxicillin {1) Minocycline (2) Phenobarbital (2)
Scopolamine butylbromide (1) Bromhexine (1) Phenytoin (2)
Tiaprofenic acid {1) L-carbocicsteine (1) Mexiletine (1)
Loxoprofen sodium {1} Phenytain {I) Dapson (1)

Meropenem {1)
Sultamicillin (1)

MP, maculo-paputar type drug eruptions; SJS/TEN, Stevens—Johnson syndrome/toxic epidermal necrolysis; DIHS/DRESS, drug-induced hypersensitivity syndrome/drug rash and
eosinophilia with systemic symptoms; *Duration between first intake of the drug and onset of skin rashes and #P < 0.005 vs in DIHS/DRESS.

generalized morbilliform eruptions. All patients analyzed met full
criteria for SJS/TEN or DIHS/DRESS described below. The
clinical criteria used for the diagnosis of SJS were widespread
erythematous macules or flat atypical targets and detachment below
30% of the body surface area; those for TEN were widespread
erythematous macules or flat atypical targets and detachment above
30% of the body surface area (13): and those for DIHS/DRESS
were high fever, a widespread maculo-papular and/or diffuse
erythematous eruption, lymphadenopathy, leukocytosis with
atypical lymphocytosis and/or eosinophilia, and liver dysfunction
(14-18). The clinical features and some laboratory findings of these
patients are summarized in Table I. The causative drugs were
withdrawn when the diagnosis of drug reactions were made, usually
followed by significant improvement in patients with MP, but
neither in those with SJIS/TEN nor DIHS/DRESS. Because of the
risk of reproducing severe reactions, these patients were not chal-
lenged with the causative drug. The duration between the first
intake of the drug and onset of skin rashes in DIHS/DRESS was
34.0 £ 11.0 days, which was significantly longer than the others
(P < 0.005). After informed consent was obtained, heparinized
blood was obtained via venipuncture at the time of each visit from
each patient; at least two occasions, the first during the acute stage
and the second long after recovery from the disease. The acute stage
measurement of stimulation index (SI) levels in LTT was performed
within | week after the skin rashes in all but two patients, while the
recovery stage measurement of those with MP, SJS/TEN and
DIHS/DRESS was performed 86.7 + 84.2 (range: 20-244),
61.7 £ 39.1 (range: 34-140), and 79.6 = 53.7 (range: 21-165) days
after the onset, respectively. All patients with MP were treated with
supportive therapy alone. Six out of eight patients with SIS/TEN
were treated with systemic prednisolone 0.8-1 mg/kg daily; two out
of the eight patients had been treated with prednisolone before
admission to our hospital. In contrast, six out of 11 patients with
DIHS/DRESS were treated with systemic prednisolone | mg/kg
daily after admission, but in four out of the six patients, the acute
stage measurement of LTT was performed before the administra-
tion of systemic prednisolone. The other patients with DIHS/
DRESS were treated with supportive therapy alone. There were no
patients with human immunodeficiency virus infection.

Lymphocyte transformation test

Peripheral blood mononuclear cells (PBMC) were isolated from
whole blood utilizing a Ficoll Hypaque (Sigma Chemical, St Louis,
MO, USA) gradient. In vitro proliferation assays were performed as
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previously described by Pichler and Tilch (1), with some modifica-
tions. Briefly, PBMC were cultured in wells containing 200 pl
RPMI-1640 medium supplemented with 20 mM HEPES, | mM
nonessential acids, 5x 107> M 2-mercaptoethanol, and 10%
autologous plasma obtained from the density-gradient centrifuga-
tion, in a round-bottom microtiter plate (Becton-Dickinson,
Lincoln Park, NJ, USA). The culprit drugs used for LTT assays
were unmodified parent drug compounds dissolved in culture
medium and they were sonicated to solve in the mediums. Dilutions
of the drug used for LTT were generally started with 40-120 pg/ml
that correspond to a 1/50 dilution of each known therapeutic dose
and the drug was further diluted in fivefold steps up to
0.32-0.96 pg/ml that correspond to a 1/6250 dilution because our
preliminary experiments showed that these concentrations of drugs
were nontoxic for the lymphocytes and that positive LTT reactions
were mostly obtained within these concentrations of a variety of
drugs. Cultures were performed in triplicate at 37°C and 5% CO,
for 5 days. As positive and negative controls, cells in triplicate were
also incubated in the presence of 5 pg/ml phytohemagglutinin
(PHA), and in the absence of these agents, respectively. Twenty-
four hours before harvesting 1 pCi *H-thymidine (Amersham,
Arlington Heights, IL, USA) was added. After harvesting radio-
activity was measured in a liquid scintillation counter (Pharmacia
LKB Nuclear, Gaithersberg, MD, USA) and the results were
expressed as the SI; SI was calculated as follows: SI = counts per
minute (c.p.m.) with drug/c.p.m. without drug. An SI of more than
1.8 was regarded as positive, based on previous studies preformed in
Japan (6, 10, 19-21). In most cases, the optimal drug concentration
was found to be 1/50-1/100. In some experiments, 10 control
patients without a previous history of allergic drug reactions but
with some cutaneous diseases were included in this study. The LTT
was also performed in control patients who were taking the drugs
used for this analysis for 23 months without any clinical symptoms.
The t-test was used to assess the analyses of variable values of LTT,
with P < 0.05 considered statistically significant.

Results

The 12 patients (MP, two patients; SJS, two patients; and
DIHS/DRESS, eight patients) out of the 27 patients were
followed for a total of 37 visits (at least three visits per
patient). The results of analysis performed on the 37 visits
are shown in Table 2. In patients with MP and SJS/TEN,



Table 2. Time-course analyses of Sl in LTT

Lymphocyte transformation test and drug sensitivity

Type of drug eruption

Time from the onset of skin rashes

Number of causative drug 1 week 2-4 weeks 5-8 weeks 12-16 weeks 1 year >1 year
MP
1. Scopolamine butylbromide 1.89 (1484) 1.73 (1907) 1.65 (3376)
2. Amoxicillin 5.45 (1020) 2.12 (2704) 1.75 (1462)
SIS
3. Minocycline 2.47* (191) 1.29 (212) 1.11 (310)
4. Acetaminophen 1.96 {658) 1.56 (202) 0.90 (194)
DIHS/DRESS
5. Carbamazepine 0.93* {1383} 1.09* (1250) 3.03 (1988)
6. Carbamazepine 1.88 (299) 5.54 {1401) 8.95 (413)
7. Carbamazepine 1.28 (1156) 1.46 (613} 4.82 (276)
8. Carbamazepine 2.66 (273) 1.46 (1224) 1.91 {1396)
9. Phenobarbital 1.19 (870) 1.18* (346) 2.49* (598) 5.00 {(918)
10. Phenytoin 1.68 (450) 4.42 (379) 6.16 (346)
11. Mexiletine 0.74 (852) 1.28* (229) 2.88* (1228)
12. Dapsone 1.08 (887) 3.94* (1102) 9.75 (2628)

S, stimulation index; LTT, lymphocyte transformation test; MP. maculo-papular type drug eruptions; SJS/TEN, Stevens—Johnson syndrome/toxic epidermal necrolysis; DIHS/
DRESS, drug-induced hypersensitivity syndrome/drug rash and eosinophilia with systemic symptoms. *Treated with systemic prednisolone; values in the parentheses denotes

the background counts per minute without drug.

positive LTT reactions were obtained when the test was
performed within | week after onset; however, the levels
of SI decreased with time. In contrast, negative results
were observed in five out of the seven patients with
DIHS/DRESS at the | week measurement, at which time
no systemic prednisolone was given. Even when the test
was repeated at 2—4 weeks, only one patient showed a
positive result. At the 5-8 week measurement, all but one
patient with DIHS/DRESS exhibited positive LTT reac-
tions. The positive LTT reactions remained detected even
1 year after recovery in all three patients examined. These
positive reactions observed after complete recovery was
not_ related to the drug used. The use of prednisolone
during the acute stage did not have an impact on SI
(Table 2).

When the analysis was performed at two occasions, the
acute and recovery stages, in 27 patients including the
remaining 15 patients, we found very similar results in
three groups, as demonstrated in Table 2. In eight
patients with MP there was no significant difference in
SI levels of LTT between the acute stage and recovery
stage (SI: 241 £ 1.26 vs 1.94 £ 0.63, P = 0.420),
although positive LTT reactions were obtained in 7seven
out of the eight patients at the acute stage and in three out
of the eight at the recovery stage, respectively. In the vast
majority of patients with SIS/TEN, positive LTT reac-
tions were obtained only when the test was performed at
the acute stage. Of note, SI levels of LTT were higher in
two patients with TEN than those in patients with SJS
(Fig. 1A). The positive LTT reactions at the acute stage
became negative at the recovery stage; there was a
significant - difference  between the two stages
(SI: 243 + 1.30 vs 1.19 + 0.24, P = 0.049). The SI in

all patients with SJS/TEN at the recovery stage did not
exceed 1.80, a cut off value employed here. In contrast,
negative results of LTT were constantly observed in
patients with DIHS/DRESS independently of drugs
given, when the tests were performed at the acute stage.
At the recovery stage, the majority of patients with
DIHS/DRESS exhibited high levels of SI (Fig. 1B). In
contrast, the SI =2 1.80 was never observed in control
patients who received the same drug for >3 months but
not have clinical symptoms (n = 4), confirming that an
SI > 1.80 can be regarded as positive.

To determine whether the loss of LTT reactions to the
causative drug during the acute stage of DIHS/DRESS
and the recovery stage of SJS/TEN was associated with
global loss of responsiveness to the mitogen stimulation,
we also examined the capacity of PBMC from the same
patients to respond to stimulation by the mitogen PHA.
The reason for using PHA rather than tetanus toxoid
frequently used as a positive control for LTT was to
reveal full proliferative potential of T cells and try to
minimize variability in kinetics resulting from antigen
processing and/or presentation by antigen-presenting
cells which would be variably present in the PBMC
analyzed. Responses to PHA were somewhat higher in
patients with SJS/TEN than those with DIHS/DRESS
regardless of the stage examined. Nevertheless, there was
no significant difference in responses to PHA in three
groups between the acute and recovery stage.

Because our studies were not initiated as prospective
studies of the effect of systemic prednisolone on the LTT,
the choice of treatment with systemic prednisolone did
not follow a predetermined protocol, but was dependent
on the judgment of the individual dermatologist. On
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