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Abstract

Background: Para-dichlorobenzene (PDCB] is an active ingredient of mothballs, deodorizers
and fumigants. Due to the easy availability of this chemical, there is a considerable risk for
accidental or intentional toxic exposure. Recently, multiple cases of PDCB toxicity due to
mothball ingestion were reported. PDCB toxicity can affect multiple organ systems including
liver, kidneys, skin, lung and the central nervous system (CNSJ. CNS toxicity often results in
leukoencephalopathy and heterogeneous neurological manifestations.

Objectives: The objective of this study was to illustrate the clinical presentation, imaging
findings, diagnosis and management of PDCB toxicity.

Methods: We carried out a literature review of the pharmacological and toxicological

properties of PDCB.

Conclusions: PDCB and other aromatic hydrocarbons are capable of CNS tissue damage

and in promoting functional neurological decline. While very little is currently known about
prevalence of PDCB addiction, it cannot be ruled out that its illicit use among young people is
under-recognized. The number of cases of PDCB toxicity might also rise due to the increasing

industrial and domestic use of this chemical.

Keywords: Paradichlorobenzene,
leukoencephalopathy, demyelination

Introduction

Toxic ingestions are a frequent cause of hospital
admissions worldwide. Common ingestions
include illicit drugs, prescription medications and
various household chemicals. Ingestion of moth-
balls has only recently been observed and typi-
cally appears to be accidental. However, toxicity
secondary to pica of mothballs has been reported
[Avila ez al. 2006; Passov ez al. 2011].

Mothballs are generally composed of either naph-
thalene or para-dichlorobenzene (PDCB). Both
these substances are aromatic hydrocarbons
which are volatile and lipid soluble. As PDCB is
considered to be less toxic it has replaced naph-
thalene as the principal component in mothballs
[Kumar er al. 2009]. PDCB toxicity affects the
liver, skin, lungs, kidney, central and peripheral
nervous system [Kumar er al. 2009; Hawkins
et al. 1980]. Neurotoxicity related to PDCB is
rare and can have varied clinical presentations
mimicking different neurological disorders. This

mothballs,

neurotoxicity, aromatic hydrocarbons,

article presents a review of clinical features, imag-
ing findings, assessment and management of neu-
rotoxicity from PDCB.

Pharmacokinetics of PDCB

PDCB can be absorbed via ingestion, inhalation or
dermal exposure. In mice the oral route was found
to be more rapid than inhalation in a study con-
ducted with several human volunteers who were
exposed to PDCB through inhalation [Yoshida
et al. 2002]. Absorption rate following inhalation
route was found to be 46—67% [Hernandez et al.
2010]. In another study following inhalation expo-
sure to PDCB for 10 days, researchers found that
the concentration of the chemical compound
peaked on day 6. The greatest concentration was
found to be in adipose tissue, indicating the lipo-
philic nature of PDCB [Suhua ez al. 2010]. Oral
administration of PDCB in Fischer 344 rats for 28
days showed that the blood plasma concentration
peaked on the third day. Decline in concentration
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after 3 days was hypothesized to be secondary to
enzyme induction [Oikawa and Kawanishi, 1996].

PDCB is metabolized in the liver by the cytochrome
P450 system to a primary metabolite, 2,5-dichloro-
phenol (2,5-DCP) [Hawkins et al. 1980]. Other
metabolites that have been detected in urine
include 2,5-dichlorohydroquinone (2,5-DCHQ),
2,5-dichlorophenylmethyl sulfide, 2,5-dichloro-
phenylmethyl sulfone and mercapturic acid
[Hernandez et al. 2010]. Several P450 enzymes are
involved in the metabolism of PDCB including
2B1, 3A1 and 3A4, but the primary isoenzyme
responsible for metabolism is CYP2E1 [Hawkins
et al. 1980]. In an animal study, CYP2E1 induction
via isoniazid increased the clearance rate and
reduced the serum halflife of the compound.
Urinary excretion of 2,5-DCP was increased in rats
pretreated with isoniazid [Weintraub ez al. 2000].

The excretion of 2,5-DCP is primarily mediated
by the kidneys [Yoshida ez al. 2002]. Human vol-
unteers following PDCB inhalation excreted 4.8—
16.2% of 2,5-DCP in urine within 10 hours of
exposure [Hernandez er al. 2010].

The median lethal doses (LD50) of PDCB fol-
lowing acute oral toxicities in rats were found to
be 3864 mg/kg and 3790 mg/kg in males and
females, respectively [Cheong et al. 2006]. The
LD50 for dermal exposure was greater than 6000
mg/kg, and lethal concentration on inhalation was
found to be 6.0 mg/l [Gervais ez al. 2010 Murray
et al. 2010].

Mode of PDCB toxicity

The primary component of mothballs is PDCB
(Figure 1). While PDCB is also utilized in deo-
dorizer, fumigants and repellants, the most com-
mon use is in mothballs and in urinal deodorizer
cakes. PDCB is rapidly absorbed via inhalation or
ingestion [Hernandez ez al. 2010]. It is thought
that the lipophilic properties of PDCB result in its
accumulation within the central nervous system
(CNS), subsequently leading to demyelination
and leukoencephalopathy. Due to its lipophilic
nature it rapidly distributes in adipose tissue.
Depletion of the adipose stores of PDCB is slow,
and starvation increases the release of PDCB in
blood stream due to mobilization of fat reserves in
response to stress [Avila ez al. 2006]. This might
explain the sustained elevation of serum concen-
tration even on cessation of exposure. This phe-
nomenon is called coasting [Hawkins ez al. 1980].

The mechanism of action of PDCB and its toxico-
logical properties in humans have not been studied
well. However, multiple animal studies have been
conducted to better understand its toxicological
effects. In one study, mice exposed to high dose of
mothballs showed decreased levels of reduced
gluthathione and superoxide dismutase in kidneys
and liver, respectively [Weintraub et al. 2000].
Alteration in levels of zinc, selenium and iron were
also noted [Weintraub et al. 2000]. This study sug-
gested oxidative damage and alteration of trace ele-
ments in different tissues as the cause of toxicity
[Suhua er al. 2010]. Another study showed that
some metabolites of PDCB — 2,5-DCHQ and
2,5-dichloro-p-benzoquinone (DCBQ) — can cause
oxidative DNA damage in the presence of Cu(Il)
and nicotinamide adenine dinucleotide (NADH)
[Oikawa and Kawanishi, 1996]. Chronic inhalation
of PDCB in mice has also been shown to increase
the incidence of liver cancer suggesting that it has
carcinogenic properties [Aiso et al. 2005].

Yan and colleagues found that PDCB affects cal-
cium homeostasis in neural tissue by inhibition of
nicotinic acetylcholine receptor ion channels [Yan
et al. 2008]. Subsequently PDCB mediated alter-
ation in intracellular and extracellular calcium ion
concentration iz vitro might obstruct neuronal
signaling leading to neuronal toxicity.

Clinical manifestations of PDCB toxicity
Toxicity due to mothball ingestion has been pre-
sented in several case reports. The most common
manifestations include aplastic anemia, hepatic
insufficiency, acute renal failure, pulmonary granu-
lomatosis and neurotoxicity [Avila er al. 2006;
Hernandez et al. 2010; Weintraub ez al. 2000; Hsiao
et al. 2009]. While these manifestations may occur
after an acute ingestion, they may also occur after
prolonged exposure due to slow depletion of PDCB
from the adipose tissue [Avila er al. 2006; Cheong
et al. 2006]. In general, there appears to be no clear
clinical distinction between acute and chronic toxic-
ity [NPCI, 2013]. Given its biochemical properties,
it is conceivable that the absolute exposure of PDCB
is more relevant than the duration of exposure.

As PDCB toxicity can affect any part of nervous
system, there are no signs or symptoms specific for
PDCB-induced neurotoxicity. Clinical manifesta-
tions can include psychomotor retardation, cogni-
tive decline, memory issues, dysarthria, ataxia,
vision loss, peripheral neuropathy, stupor and
coma. A summary of clinical presentation,
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Figure 1. Para-dichlorobenzene (PDCB) structure and metabolism. PDCB is metabolized in the liver by
the cytochrome P450 system (CYP2E1, 2B1, 3A1 and 3A4] to 2,5-dichlorophenol, 2,5-dichlorohydroquinone,
2,5-dichlorophenylmethyl sulfide and 2,5-dichlorophenylmethyl sulfone.

magnetic resonance imaging (MRI) findings and
clinical outcome of various case reports is pre-
sented in Table 1. All the reported cases mentioned
some degree of cognitive decline and 57% of the
cases reviewed had encephalopathy. Ataxia was
reported in nearly half of the cases. Amongst the
reviewed cases 21% had dysarthria and 7% had
bradykinesia. Peripheral neuropathy and optic
neuritis were each mentioned in one case report.
All of these clinical manifestations can occur in
individuals exclusively exposed to PDCB, or in

concert with other neurotoxic substances. Other
causes of leukoencephalopathy are listed in Tables
2 and 3. Therefore, a thorough history needs to be
obtained from patients with a suspected exposure.

The cases reported had variable time course for
the manifestation of symptoms. Murray and col-
leagues reported a case of mothball induced
encephalopathy in a 31 year old woman presenting
with psychomotor retardation, flat affect and cog-
nitive decline after 2 months of mothball ingestion
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Table 2. Potential causes of toxic leukoencephalopathy.

Potential cause Examples

Antineoplastic interventions

Bleomycin, bortezomib, carmustine, cisplatin, cranial irradiation,

cyclophosphamide, cytarabine, doxorubicin, etoposide, fludarabine,
5-fluorouracil, interleukin-2, interferon-a, levamisole, methotrexate,

thiotepa
Immunosuppressive drugs

Azathioprine, cyclosporine, dexamethasone, prednisolone,

prednisone,rituximab, tacrolimus

Antimicrobial agents
IlWicit drugs use

Acyclovir, amphotericin B, hexachlorophene, levamisole, linezolid
Cocaine, ethanol, inhaled heroin, intravenous heroin,

3,4-methylenedioxymethamphetamine, psilocybin, pyrolysate, toluene

Environmental toxins

Arsenic, carbon monoxide, carbon tetrachloride, ethylene glycol, methanol

Table 3. Potential causes of leukoencephalopathy.

Potential cause Examples

Genetic

Aminoacidurias (phenylketonuria, maple syrup urine disease), Krabbe's

disease, leukodystrophies (adrenoleukodystrophies, metachromatic
leukodystrophy), lipid metabolism disorders (cerebrotendinous
xanthomatosis), lysosomal disorders (Fabry’'s disease, GM1 gangliosidosis,
GM2 gangliosidosis], metal metabolism disorders (Menke’s kinky hair disease,
molybdenum cofactor deficiency), mitochondrial cytopathies (Kearns-Sayre
syndrome, Leigh’s disease, MELAS syndrome, MERFF syndrome)

Demyelinating disease

Acute disseminated encephalomyelitis, acute hemorrhagic encephalomyelitis,

Bald’s disease, Marburg disease, multiple sclerosis, osmotic demyelination

syndrome.
Infection

Acquired immunodeficiency syndrome dementia complex, cytomegalovirus

encephalitis, Lyme encephalopathy, progressive multifocal
leukoencephalopathy, progressive rubella panencephalitis, subacute
sclerosing panencephalitis, varicella-zoster encephalitis

Metabolic disorder

Cobalamin deficiency, eclampsia, folate deficiency, high-altitude cerebral

edema hypoxia, hypertensive encephalopathy

Vascular disorder

Binswanger’s disease, cerebral amyloid angiopathy, cerebral autosomal

dominant arteriopathy with subcortical infarcts and leukoencephalopathy

Trauma

Diffuse axonal injury secondary to traumatic brain injury, hydrocephalus

MELAS, mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke; MERFF, myoclonic epilepsy with ragged

red fibers.

[Murray er al. 2010]. Cheong and colleagues
reported a case of 42 year old woman presenting
with encephalopathy after mothball ingestion for 2
years [Cheong ez al. 2006]. Passov and colleagues
reported a case of PDCB-associated dementia in a
32 year old female with loss of memory, slurred
speech, reduced oral intake and ataxia that only
started after 5 years of mothball inhalation [Passov
etal. 2011]. As seen in the different cases (Table 1),
the duration of clinical manifestations varies, which
may be due to mode of consumption, amount con-
sumed and other factors including age and other
comorbidities.

Similarly, the time until clinical improvement
occurs after diagnosis of mothball toxicity varies

greatly. In some cases complete recovery was not
achieved for several months after stopping the
exposure. In the case reported by Passov and col-
leagues, the patient had residual impairment in
short-term memory, visuospatial and executive
function 8 months after diagnosis [Passov er al.
2011]. However, complete resolution of symptoms
is also reported after 3—6 months in three other
cases [Feuiellet ez al. 2006; Cheong er al. 2006;
Frank ez al. 1961]. It should be noted that, in these
cases, time of recovery was not dependent on dura-
tion of exposure. It is not clear why in some cases
the recovery is delayed compared with rapid recov-
ery reported after halting the exposure. No clear
association between serum concentration of PDCB
and degree of neurotoxicity could be derived.
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Multiple sclerosis disease progression and
PDCB

Our group recently described the case of a 38 year
old woman with an established diagnosis of
relapsing-remitting multiple sclerosis (RRMS),
who had been admitted with acute worsening of
fatigue, worsening lower extremity weakness and
new onset of an ichthyosiform rash that symmet-
rically involved her legs, arms and trunk (Table 1)
[Hession er al. 2014]. The patient had an 11-year
history of RRMS, white matter lesions on brain
magnetic resonance (MR) images and her cere-
brospinal fluid (CSF) was positive for oligoclonal
bands (OCB). She met diagnostic criteria for
RRMS [Polman et al. 2011]. The patient had
received 31 doses of natalizumab after experienc-
ing ongoing disease activity. On natalizumab ther-
apy, there had been no more relapses but the
patient had continued to accumulate neurological
disability, which manifested itself primarily
through cognitive decline, mood changes, fatigue,
lower extremity weakness, and eventually an ina-
bility to ambulate.

We were eventually able to determine that the
patient had a long-standing history of chewing on
toilet bowel deodorizing cakes that consist to
99.9% of PDCB. The patient was ingesting
PDCB intentionally on a daily basis and she
reported an anxiolytic effect. Her PDCB level was
1.1 mcg/ml, which is substantially higher than in
a reference population without PDCB toxicity
[Hill ez al. 1995]. At the time her PDCB level was
obtained, there were new or evolving MRI lesions
involving the corona radiata and centrum semio-
vale bilaterally, as well as the cerebral peduncles.
It was strongly felt that the patient’s clinical pro-
gression was entirely due to PDCB toxicity. It was
considered highly relevant that this patient had
been treated with natalizumab and that a dra-
matic neurological deterioration under this agent
is unusual [Havrdova er al. 2009]. The patient
tested negative for natalizumab anti-idiotypic
antibodies and her serology for JC virus was
repeatedly negative. Other infectious and nonin-
fectious causes that could have resulted in a
pseudo-exacerbation had also been ruled out.

Diagnosis of PDCB toxicity

Diagnosis of PDCB toxicity can be challenging
due to overlap in clinical manifestations with vari-
ous neurological disorders. The low number
reported cases in the scientific and popular litera-
ture is very likely the result of underreporting by

the patients, who are likely teenagers and young
adults. Therefore, a thorough history of exposure
or ingestion is the key and can aid in early diagno-
sis of PDCB toxicity. However, in most of the
cases diagnosis is delayed due to an inaccurate
history provided by patients or because neuro-
logical deficits are attributed to a pre-existing dis-
order. In suspected cases, family members should
be interrogated.

Detection of toxicity is typically made by measur-
ing urinary levels of 2,5-DCP or serum concen-
trations of PDCB [Hill ez al. 1995]. Urinary
2,5-DCP can also be used to evaluate PDCB
exposure. In a study of 1000 US adults without
suspected PDCP exposure or toxicity, 98% had
detectable 2.5-DCP in the urine where as 96%
had detectable PDCB serum levels [Hill ez al.
1995]. In this study, 2,5-DCP concentrations in
blood and urine were not related to either age or
gender. These data suggest that PDCB is a com-
mon environmental contaminant.

High serum/urine concentration of PDCB, along
with history of abuse and signs/symptoms of tox-
icity, often guide the decision making. However,
given that PDCB is very lipophilic, serum and
urine concentration are not likely to reliably
reflect tissue concentrations within the CNS.
Ultimately, a fat biopsy may be required to estab-
lish a diagnosis in an individual from whom a his-
tory cannot be obtained and in whom PDCB
exposure is strongly suspected. Nonsurgical tech-
niques of obtaining fat samples by aspiration from
the gluteal prominence have been reported by
several investigators. Daum and colleagues [1978]
modified this technique for the analysis of fat-
soluble hydrocarbon residues [Daum ez al. 1978].
Aspiration of fat from the lateral gluteal promi-
nence is performed under local anesthetic, which
makes this a potentially feasible procedure.
Interestingly, the anesthetic xylocaine also serves
as the vehicle into which the fat is dissolved by the
shearing action of a 15 gauge needle. A total of
200-500 ml of fat can be obtained by this method
for hydrocarbon residue analysis. The only
reported complication has been the occurrence of
mild hematomas at the site of the aspiration. The
method avoids sutures and takes less than 10
minutes.

Given the biochemical properties of PDCB, one
might also expect nerve conduction studies
(NCS) to be abnormal in affected individuals
with CNS manifestation. However, in at least one
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reported case with confirmed PDCB encepha-
lopathy NCS of the left peroneal, tibial and sural
nerves, including F-wave latencies were essen-
tially normal [Hession ez al. 2014].

Other laboratory tests that can be abnormal after
PDCB exposure but are not specific or pathogno-
monic for this intoxication include elevated white
blood cell counts (WBC), alanine aminotrans-
ferase (ALT) and a decrease in the AST/ALT
ratio [Hsiao ez al. 2009]. Further workup includ-
ing urine toxicology, MRI and electroencephalog-
raphy (EEG) is often required to investigate
complications secondary to toxicity.

Neuroimaging

Imaging of the brain is standard of care in all cases
of toxic leukoencephalopathy to investigate the
changes secondary to toxicity. Imaging findings in
toxic leukoencephalopathy secondary to PDCB
consumption are nonspecific and can include
involvement of periventricular and supraventricu-
lar white matter, internal capsule, corpus callosum
and cerebellum (Table 2). In cases reported by
Avila and colleagues and Cheong and colleagues,
MR brain images showed diffuse leukoencepha-
lopathy and involvement of the splenium [Avila
et al. 2006; Cheong et al. 2006]. In some pub-
lished cases, acute or subacute restricted diffusion
in periventricular white matter can also be seen on
MRI [Muilenburg and Johnson, 2006]. The eti-
opathogenesis of diffusion restriction is unclear,
but these findings may be secondary to endothe-
lial damage, intramyelinic edema or direct toxic
demyelination [Reygagne ez al. 1992]. Although
these imaging findings may be present in some
affected individuals, they are not specific or
pathognomonic for PDCP toxicity. Similar find-
ings can be seen with leukoencephalopathy sec-
ondary to other aromatic compounds
(naphthalene), cranial irradiation, demyelinating
disorders, and leukodystrophies (Tables 2 and 3).
As illustrated by the clinical case above, neuroim-
ages associated with PDCB toxicity can be diffi-
cult to discern from those seen in patients with an
established diagnosis of multiple sclerosis (MS).
Careful history and laboratory workup is needed
to differentiate these disorders as the management
will differ.

Treatment
As of now there are no known proven effective
antidotes for PDCB neurotoxicity. The goal of

any potential intervention is reduction of expo-
sure along with supportive care. Prevention of
starvation by maintaining adequate diet through
tube feeding in patients with decreased awareness
and alertness prevents the mobilization of PDCB
from the fat reserves [Avila er al. 2006]. The
rationale behind this management strategy is to
decrease the level of circulating toxin and hence
reduce the transport of lipophilic PDCB from
adipose tissue to lipid-rich CNS. There is no clear
evidence even in animal studies whether this
strategy would be useful in reducing the level of
neurotoxicity. However, an argument could be
made that increasing the mobilization of fat stores
may stimulate the renal excretion of the toxin
[Herron ez al. 2002, Schweigert et al. 2002].

There are several strategies suggested to reduce
serum and adipose tissue concentrations including
hemodialysis, ketogenic diets, and administration
of intravenous lipids [Polman et al. 2011]. As
PDCB is primarily metabolized by CYP 2El,
P450 enzyme induction with ethanol, isoniazid
and acetaminophen can enhance the rate of elimi-
nation [Flockhart ez al. 2007, Kim ez al. 2007]. In
an animal study, isoniazid was shown to decrease
the area under the curve of PDCB serum level, and
increase its renal excretion [Hissink ez al. 1997;
Koop, 1992]. Possible interventions for patients
with PDCB intoxication are listed in Figure 2.

Based on our experience in a single patient, aceta-
minophen reduced the serum level of PDCB sig-
nificantly over 10 days (2 g, oral, daily). However,
significant clinical improvement was not noticed
at the end of the 10 day period. Subsequent clini-
cal follow up at 3 months did show improvement
in cognitive functions. To our knowledge no other
case using acetaminophen as a therapeutic option
has been reported. Further studies are needed to
evaluate possible therapeutic options.

One must exercise caution in considering these
potential therapies as the low case numbers pro-
vide insufficient evidence to support any of them.
Therapy must be considered after weighing the
risks and benefits on individual case basis.

Conclusion

Here, we provide an in-depth review of the neu-
rological manifestations of PDCB toxicity. While
PDCB is a very common environmental con-
taminant, population-based studies show detect-
able tissue levels in individuals without a history
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Figure 2. Pharmacodynamics properties of para-dichlorobenzene (PDCBJ and potential therapeutic
interventions in individuals who have clinical manifestations from prolonged exposure. Potential therapeutic
options are listed grey text boxes. (A] In cases of acute PDCB toxicity, the amount of absorbed toxin can be
reduced by using either charcoal or emetics (e.g. Ipecac) [Gervais et al. 2010]. (B) The rate of metabolism of
PDCB by CYP 2E1 enzymes can potentially be increased by various enzyme inducers including acetaminophen,
isoniazid and ethanol [Flockhart et al. 2007, Kim et al. 2007]. (C) Serum level of the PDCB may be reduced by
hemodialysis [Daum et al. 1978]. (D) The phenomenon of coasting due to mobilization of fat stores of PDCB
following cessation of oral ingestion can be regulated by prevention of starvation (adequate diet or tube feeds)
and use of hormones preventing lipolysis in adipose tissue through administration of insulin [Herron et al.
2002; Schweigert et al. 2002]. (E) Extent of neuronal damage could be limited by preventing hyperthermia,
hyper/hypoglycemia. (F) Renal excretion of PDCB following acute ingestion can be increased by preventing its
deposition in adipose tissue by using intra venous fat emulsion agents, including propofol [Avila et al. 2006;
Hernandez et al. 2010].
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of intentional ingestions. In addition, PDCB
appears to be used as a recreational agent, as it is
readily available, cheap and legal. While very lit-
tle is currently known about prevalence of PDCB
addiction, it cannot be ruled out that its illicit
use among young people is under-recognized.
For instance, one cross-sectional study found
that 20.4% of children attending a middle school
in rural Mississippi had used inhalants for rec-
reational use [Muilenburg and Johnson, 2006].
A substantial proportion of surveyed students
reported they had used inhalants on 10 or more
occasions. PDCP is often used as an inhalant

[Feuillet er al. 2006] and it is conceivable that it
is one agent that was utilized in this study. The
number of cases of PDCB toxicity might also
rise due to the increasing industrial and domes-
tic use of this chemical. In 2007, the California
Environmental Protection Agency concluded
that PDCB, due to its attendant capacity for
atmospheric transport, has been detected every-
where around the globe, including remote polar
areas. Importantly, bioaccumulation in sedi-
ments and food crops has been shown to occur
and has led to contamination of aquatic species
that are used for food consumption and is
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present in the human and animal food chain
[Newhart, 2007].

Early identification of PDCB toxicity will likely
be the most beneficial step for affected individu-
als, and the illustration of common clinical pres-
entations and imaging findings in this review may
help in the diagnosis of some cases. Cessation of
exposure to the chemical and some experimental
therapies may prove to be beneficial for some of
these patients. However, further studies are
required to establish meaningful outcomes in
individuals who have clinical manifestations from
prolonged PDCB exposure.

Finally, PDCB and other aromatic hydrocarbons
clearly have the ability to cause CNS tissue dam-
age and a substantial decline in neurological func-
tion. One recent case report of a patient with MS
who progressed rapidly despite natalizumab ther-
apy illustrates that PDCB has the capacity to pro-
mote noninflammatory acceleration of disease in
a progressive fashion. This observation is intrigu-
ing, as factors that lead to a change from a relaps-
ing-remitting to a progressive clinical phenotype
are currently incompletely understood. While we
do not postulate that PDCB is the causative agent
in all cases, or even in the majority of cases, the
role of this agent in the initiation and perpetua-
tion of MS disease activity should be further
investigated.
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