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Abstract

Objectives Workers exposed to trichloroethylene
(TCE) rarely show severe generalized skin disorders
and accompanying hepatitis which resemble drug
hypersensitivities. The disorders are completely differ-
ent from solvent-induced irritating contact dermatitis,
and their serious consequences have become one of the
critical occupational health issues recently in Asia. The
present review sheds light on the analogous relation-
ship between the reported patients’ clinical manifesta-
tions and those of severe drug rash, and provides a
comprehensive picture of the disorder occurrences
among TCE-exposed workers to date.

Methods All literature published in English and ad
hoc publications in local languages were reviewed.
Results The patients typically showed rash on the
extremities, face, neck or trunk with/without fever
2 weeks to 2 months after commencement of occupa-
tional TCE exposure. Reported cutaneous manifesta-
tions were classified into two hypersensitivity
categories, i.e. hypersensitivity syndrome and ery-
thema multiforme/Stevens—Johnson syndrome/toxic
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epidermal necrolysis. Based on this categorization, 124
(52%) cases were classified as the former and 115
(48%) as the latter. According to the two spectra, the
prevalence of each clinical finding of TCE-related skin
disorders was close to that in drug hypersensitivities
except for disease incidence and the prevalence of
fever, hepatitis, and lymphadenopathy. Occurrences of
the disorders have been reported from the USA,
Japan, Spain, Singapore, China, Korea, Thailand, and
the Philippines. The case reports from industrialized
countries were mostly published up to 1990, whereas
cases from Asian industrializing countries appeared
thereafter.

Conclusions The TCE-related generalized skin dis-
orders are important not only in terms of the number
of disease occurrences and severity but from the view-
point of drug hypersensitivity. Systematic collection
of clinical information is necessary in cases diagnosed
by the same criteria as those used for drug hypersensi-
tivities. Detailed exposure assessments are also
required to establish preventive strategies in these
countries.
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Abbreviations
TCE  Trichloroethylene
ED Exfoliative dermatitis

HS Hypersensitivity syndrome
EM Erythema multiforme

SIS Stevens—Johnson syndrome
TEN  Toxic epidermal necrolysis
TCA  Trichloroacetic acid
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Introduction

Organic solvents are responsible for as much as 20% of
occupational dermatitis cases. Most of the adverse skin
effects of solvents are attributable to irritation based on
their local defatting action, i.e. dissolution of the skin
surface lipids, the lipid material in the stratum cor-
neum, and the fatty fraction of the cell membranes.
Allergic contact dermatitis is rare (Wahlberg and
Adams 1999). In contrast, workers exposed to trichlo-
roethylene (TCE) rarely show far more severe skin
manifestations than irritating contact dermatitis, i.e.
generalized skin disorders often accompanying grave
hepatitis, which resemble drug hypersensitivities.
These TCE-related hypersensitivities are totally differ-
ent from typical solvent toxic effects in terms of unclear
dose-response relationship, period of exposure before
disease onset, generalized rash, fever, lymphadenopa-
thy, and recurrence just after minimal re-exposure
(Hisanaga etal. 2002; Huang etal. 2002; Nakajima
et al. 2003).

The number of cases reported with these occupa-
tional skin disorders has been increasing after the mid-
1990s in Asia, especially in China, as shown in Table 1
listing the publication years of case reports. Though
TCE still plays a significant role as a degreasing solvent
even in developed countries (Ukai et al. 1997), and
serious consequences of the disorder have become one
of the critical occupational health issues recently in
Asia, the disorders have thus far drawn little attention
worldwide. Moreover, whether or not TCE itself can
be a direct cause of generalized allergic disorders
remains open to question regardless of the consider-
able number of reported cases suggesting a link
between the exposure and the disease.

We previously published two reviews aiming to clar-
ify the relationship between TCE exposure and these
disorders. The initial review, written in Japanese with
an abstract and tables in English, first clarified that
increasing case occurrence of TCE-related generalized
skin disorders in Asia since mid-1990s had become an
important occupational health issue in the region
(Hisanaga et al. 2002). The second review discussed
the possible skin disorder mechanisms from the view-
point of drug-metabolizing enzymes and their genetic
polymorphisms (Nakajima et al. 2003). The focus of
the present article is twofold: to shed light on the anal-
ogous relationship between the reported patients’ clini-
cal manifestations and those of severe drug rash of
which the pathogenesis has been understood fairly
well, and to provide a comprehensive picture of the
TCE-related generalized skin disorder occurrences
especially in Asian countries up to the present. Contact
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dermatitis and hepatitis not accompanied by general-
ized dermatitis are outside the scope of this review

paper.

Clinical manifestations and classification
of TCE-related generalized skin disorders

Patients suffering from TCE-related generalized skin
disorders typically show rash on the extremities, face,
neck or trunk with/without fever 2 weeks to 2 months
after commencement of occupational TCE exposure
(Bauer and Rabens 1974; Bond 1996; Chae et al. 2003;
Chittasobhaktra et al. 1997; Goon et al. 2001; Hisanaga
et al. 2002; Hu etal. 2003; Huang et al. 2002; Kang
et al. 1999; Kubota 1966; Li et al. 1998; Nakayama et al.
1988; Pantucharoensri et al. 2004; Phoon et al. 1984;
Shi and Ma 2005; Xia et al. 2004; Wang and Yu 2005).
Chinese researchers in the field of occupational and
clinical medicine established a diagnostic standard
(GBZ18-2002 4.1.5 defined by the Ministry of Health,
People’s Republic of China) for these TCE-related
skin disorders based on their cumulative experience in
treating patients. They noted analogous relationships
between the patients’ skin manifestations and those of
generalized drug eruption, and found that the former
could be classified into the following four categories as
the latter comprising several phenotypes: (1) exfolia-
tive dermatitis (ED), (2) erythema multiforme (EM),
(3) Stevens—Johnson syndrome (SJS), and (4) epiderm-
olysis bullosa (Dai et al. 2004; Huang et al. 2002) or
toxic epidermal necrolysis (TEN) (Xia et al. 2004).
Keeping the above classification in mind, we grouped
each reported cutaneous manifestation into two broad
spectra, hypersensitivity syndrome (HS) or EM/SJS/
TEN (Table 2), based on the notion that the different
clinical patterns of severe drug eruptions probably sug-
gested diflerent mechanisms of cutaneous reaction
(Roujeau 2005).

Drug-induced HS, a delayed type of allergic reac-
tion, is distinguishable from other types of drug hyper-
sensitivities  including SJS/TEN, and typically
characterized by the following features: (1) develop-
ment within 2 months of the initiating therapy; (2)
fever and a skin rash are frequently the first signs; (3)
cutaneous manifestations usually begin as a morbilli-
form eruption; (4) the face, upper trunk, and upper
extremities are the first body parts to be affected and
the lower extremities later become involved; (5) ery-
throderma may occur, and the maculopapular eruption
later becomes infiltrated and indurated with an edema-
tous follicular accentuation; (6) there is no necrosis in
the epidermis, which is different from TEN; (7) sterile
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Table 2 Classification of reported cases of trichloroethylene-related generalized skin disorders

Hypersensitivity syndrome (HS) EM/SIS/TEN Unclassified
Number of 124 (male 11, 115 (male 7, 21 (male 10, female 11)
cases” female 2, unknown female 63,
sex 111) unknown sex 45)
References Kubota (1966) (N = 2), Midorikawa et al. Tateishi et al. (1969)

Bauer and Rabens
(1974) (N = 4),
Conde-Salazar

et al. (1983)

(N = 1), Nakayama

et al. (1988) (N=1),
Goh and Ng (1988)

(N =1), Bond (1996)

(N b 1)-
Chittasobhaktra et al.
(1997) (N =1), Liet al.
(1998) (N = 36), Goon et al.
(2001) (N =1), Dai et al.
(2004)

(N =175), Wang and Yu
(2005) (N =1)

(1972)>¢ (N =1), Phoon et al.

and Tanaka et al. (1984) (HS/SJS,N =1),
(1969)° Lietal. (1994) (N =5),
(SIS, N=1), Kanget al. (1999) (N =1),
Phoon et al. Kang et al. (1999)¢ and
(1984) (SIS, N = 4), Chae et al. (2003)% (N = 1),
Tan et al. Hu et al. (2003) (N =2),
(1997) (TEN, N =1), Pantucharoensri et al.
Liet al. (2004) (SJS,N=2),

(1998) (EM, N =3; Wang et al. (2004) (N = 3),
SIS/TEN N = 6), Shi and Ma (2005) (N = 5)
Joson et al.

(1998) (SIS, N = 57),
Estrella-Gust et al.
(1999) (SJS,N=17),
Dai et al. (2004)
(EM, N = 33;
SJIS/TEN, N =3)

EM erythema multiforme, SJS Stevens—Johnson syndrome, TEN toxic epidermal necrolysis

 Cases in Guangdong, China, reported by Xia et al. (2004) were not counted since those suffering between 1997 and 2000 were included
in Li et al. (1998) and Dai et al. (2004). Though the number of both sexes was not demonstrated in these reports, the authors described
that there was no remarkable difference in the number of patients between the sexes. Note that Taiwanese cases (Joson et al. 1998) were

all females since there was no male worker in the factories

b The case information was published as a grant report written in Japanese (Hisanaga et al. 2002)

¢4 The same case was reported by different authors

follicle-centered pustules may exist as well as nonfollic-
ular small pustules; (8) the eruption can become pur-
puric, mainly on the legs, and with resolution,
desquamation occurs; (9) another clinical presentation
is represented by ED which may be associated with
mucosal involvement; (10) lymphadenopathy is fre-
quent, and hepatitis is the most common visceral mani-
festation; and (11) hematologic abnormalities with
hyperleucocytosis, eosinophilia, and mononucleosis-
like atypical lymphocytes are common (Bocquet et al.
1996).

Thus, in the present review of TCE-related general-
ized skin disorders, cases were classified as HS when the
descriptions of their skin manifestations were consistent
with the above features (especially 1-5 and 9), or as the
second spectrum, EM/SJS/TEN, when the authors of the
original paper specified the above diagnoses. Otherwise,
cases were not classified. In this classification, the three
phenotypes (EM/SJIS/TEN) were grouped together
since the diagnosis made was based on the different
diagnostic criteria used by different authors. Most medi-
cal textbooks in the last century considered that EM
majus, SJS, and TEN belonged to the same spectrum of
disorders, while today SIS and TEN are considered to
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be the same disease but with varying degrees of severity.
However, EM majus is considered to differ from SJS/
TEN (Letko et al. 2005) not only in severity but also in
the patterns of lesions and causes (Auquier-Dunant
etal. 2002). Based on this categorization, 124 (52%)
cases of the classifiable 239 were considered HS
(Table 2). If cases without specific descriptions of each
clinical manifestation are excluded, 13 (72%) out of 18
may be classified as HS, which is consistent with the find-
ing that ED was the most prevalent (80% ) phenotype in
Chinese cases (Huang et al. 2002).

Table 3 summarizes findings of TCE-related and
drug-induced generalized skin disorders according to
each skin phenotype. Prevalence of each clinical finding
in TCE-related skin disorders was calculated as the
number of applicable patients divided by the total num-
ber of those reported. The characteristics of TCE-
related skin disorders were generally close to those in
drug hypersensitivities, except for some differences in
the prevalence of clinical findings. First, the disease inci-
dence seems much higher in TCE-related skin disorders
where the prevalence varies from 0.25 to 12.5% (Fig. 1).’
In this regard, it should be noted that prevalence was
mostly calculated by dividing the number of cases by
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Table 3 Findings of trichloroethylene-related and drug-induced generalized skin disorders

Hypersensitivity EM/SIS/TEN

syndrome (HS)

Trichloroethylene Drugs®" Trichloroethylene Drugs®®
(carbamazepine, (carbamazepine,

allopurinol, antibacterial
sulfonamides, and
others)

allopurinol, antibacterial
sulfonamides, and
others)

Rash

Mucosal lesion

Incidence

Typical interval from
beginning of exposure/
medication to onset of
reaction

Fever

Lymphadenopathy

Eosinophilia
( >10° per mm?)
Hepatitis
Possible other organ
involvement

Percent fatal

Factor(s) determining
individual susceptibility

Infection identified in
association with rash

Severe exanthematous rash (may become
purpuric), exfoliative dermatitis, no necrosis in the
epidermis, facial edema, erythroderma, pustules

38%

Less than 1-13%
of the exposed workers

Infrequent

1 reaction/5,000 patients
for antiepileptic agents

Usually within 3 months, 2-6 weeks

mostly 2-5 weeks

73%

38%

23%

46°-94 %4

Heart, lung, spleen,
adrenal gland,
larynx, brain

9%

Unknown

Unknown

30-50%

About 75% with
antiepileptic drugs
30%

51%
Kidney (11%), heart,
lung, thyroid, brain

10%

Unknown

Human herpesvirus 6%,
cytomegalovirus”,
Epstein—-Barr virus'

Small blisters on dusky purpuric macules or
atypical targets, epidermic necrosis, outer layer of
total detatchment of <10% of body-surface area
for SJS, and >30% for TEN

Erosions usually
at >2 sites

Less than 1-13% of
the exposed workers

All within 3 months,
mostly 2-5 weeks

8%

8%

8%

92°-94 %1

Kidney, thyroid,
repiratory tract,
gastrointestinal tract,
blood vessels

13%

Unknown

Unknown

14 reactions/10,000
patients for
carbamazepine

1-3 weeks

10-30% (SJS),
nearly all (TEN)
No

No

Frequent

Kidney, repiratory
tract, gastrointestinal
tract

<5% (8JS), 30%
(TEN)

HLA-B*1502
(carbamazepine)®,
HLA-B*5801
(allopurinol)’
for Han Chinese

Herpes simplex
virus'¥, Mycoplasma
pneumoniae!’

EM erythema multiforme, SJS Stevens-Johnson syndrome, TEN toxic epidermal necrolysis
* Roujeau and Stern (1994)

b Bocquet et al. (1996)

¢ Calculated value (see text)

4 Xia et al. (2004)
¢ Chung et al. (2004)
f Hung et al. (2005)

¢ Hashimoto et al. (2003)

h Aihara et al (2001)
! Descamps et al (2003)

I Leaute-Labreze et al. (2000)
% Augquier-Dunant et al. (2002)-

that of workers engaged in the same work in the same
factory at the time of disease onset. Since workers often
change jobs frequently in Asian developing countries,

the actual incidence was more likely to be closer to the
values estimated by Conde-Salazar etal. (1983) and
Huang et al. (2002), i.e. less than 1%, which is still at
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