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B Purpose: To review the clinical, epidemiologic, im-
munologic, and virologic aspects of the chronic myel-
opathy associated with human T-cell leukemia/
lymphoma virus type | (HTLV-), currently called tropical
spastic paraparesis/HTLV-l-associated myelopathy
(TSP/HAM).

B Data Identification: Studies done after 1985, when
TSP/HAM was first recognized, were identified by a
computer search using MEDLARS Il and CANCERLIT.
Additional information was acquired from personal files
and bibliographles of existing literature.

B Study Selection: A total of 400 articles, 90 book
chapters, and 150 abstracts from meetings covering all
aspects of HTLV-| and neurologic diseases were criti-
cally analyzed, and information from 250 publications
was included.

B Results of Data Analysis: TSP/HAM is present in
most HTLV-| endemic areas, with a prevalence ranging
from 5.1 to 128 per 100 000 inhabitants. Up to 20% of
patients develop TSP/HAM after transfusion of HTLV-I
contaminated blood. Pathologic characteristics indi-
cate a chronic meningomyelitis. The clinical features
consist of a chronic progressive spastic paraparesis or
paraplegia, sphincter disturbances, and minimal sen-
sory loss. Supraspinal and peripheral nerve involve-
ment is sometimes observed. High titers of HTLV-I-
specific antibodies are present in the serum and
cerabrospinal fluid. The high level of humoral and
cellular immunologic response and the association of
TSP/HAM with other immunologic diseases suggest an
immune-mediated process. Corticosteroids and immu-
nosuppressor treatment usually result in only short-
term improvement.

B Conclusion: TSP/HAM is a common neurclogic dis-
ease in many parts of the world. All patients with
chronic progressive myelopathies should be tested for
serum and cerebrospinal fluid HTLV-I-specific antibod-
ies. Systematic screening of blood donors for HTLV-1 is
necessary to help prevent the dissemination of the virus
and the occurrence of post-transfusional cases.
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Chmnic progressive myelopathy is defined as a para-
paresis or a paraplegia with gradual onset and variable
degrees of sensory loss, without evidence of motor neu-
ron involvement, spinal cord compression, or su-
pramedullary disseminated lesions (1). During the last
century, Charcot (2) and Erb (3) termed this syndrome
primary lateral sclerosis according to the results of the
autopsy. Subsequent autopsies series (4, 5), however,
showed that the chronic progressive myelopathy group
included a large variety of miscellaneous diseases, in-
cluding tumors and infections as well as vascular and
degenerative processes (including the entity primary lat-
eral sclerosis). Paraclinical investigations such as
evoked potentials, computed tomographic (CT) scans,
and magnetic resonance imaging enable the clinician to
make a precise diagnosis early in the course of the
disease. Approximately 60% of chronic progressive my-
elopathy cases observed in Western countries are con-
sidered to be multiple sclerosis (6-8). In tropical areas
{8-10), where multiple sclerosis is rare, chronic progres-
sive myelopathy belongs to a subgroup of tropical my-
eloneuropathies referred to as endemic tropical spastic
paraparesis (TSP) (11, 12). Tropical spastic paraparesis
is a chronic spastic paraparesis found in tropical coun-
trics and i5 not associated with intoxication (such as
cyanide consumption during droughts or lathyrism) or
malnutrition. The disorder has received different names
according to the origins of the patients {13-20). The
clinical description and necropsy findings (13, 14) are
quite similar, howewver, regardless of the patient’s geo-
graphic origin. No cause was found, but an infectious
agent was suspected.

In 1985 we first reported the high prevalence of serum
antibodies against the human T-lymphotropic virus type
I (HTLV-I) in patients with TSP living in Martinique
{French West Indies) (21) and suggested that this virus
might be neurotropic and might cause this disease. At
that time, HTLV-I (22-24) (Figure 1), the first human
exogenous retrovirus to be discovered, was known to
be mainly endemic in the Caribbean area, Japan, and
parts of Africa (25) and was considered to be the caus-
ative agent of adult T-cell leukemia/lymphoma (26, 27),
an aggressive CD4% T-lymphoproliferative disorder.
Soon thereafter, the association of HTLY-1 and TSP
was confirmed in Jamaica and Colombia (28). In 1986,
in southern Japan, a similar association was docu-
mented, and this clinical entity was called HTLV-I-
associated myelopathy (HAM) (29). In 1988 it was rec-
ognized that the HTLV-I-associated TSP and HAM
were the same disease and the name TSP/HAM was
retained (30).

In late 1985, soon after the link between HTLY-I and
TSP was discovered, a report proposed (31) the possible
involvement of an HTLV-I-related wirus in multiple
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Table 1. Epidemiologic Data on Tropical Spastic Paraparesis/HTLV-1-associated Myelopathy*

Origin of the Study Mumber of Male/ Prevalence Incidence Previous  Familial Mean Age at
{Reference) Cases Female Blood Cases Onset
Transfusion
" nf100 000 n/100 000k o ¥ (range)
Martinique (FWT) (91) 153 (100% HTLV-1 +)  34/119 5.1 1.5 13 1.3 40 (21 1o 48)
Japan (82) 560 (100% HTLV-1 +)  145/415 8.6 0.04 20 8 43 (6 1o 75)
(Kyushu)

Colombia (Tumaco) (12, 52) 55 (9%4.5% HTLV-1 +) 2629 100 6.3 ] 1] 46.5 (24 1o 75)
Jamaica (93) 145 (63% HTLV-1 +) 37108 12 0.6 2 0 40 (14 to 78)
Seychelles (Mahé) (48) 21 (85% HTLV-1 +) 714 128 23 0 238 43 (20 1o 65)
Great Britain (74) 21 (90% HTLV-1 +) 219 0 1] 46 (20 1o 68)
Chili (56, 122) 14 (100% HTLV-1 +) 212 T 0 49

Zaire (Lisala) (46) 25 (100% HTLV-I +) 9716 50 3 0 48 31 (710 51)
France (73, 92) 21 (100% HTLV-1 +) 714 73 4.7 42,6 (25 1o 68)
South Africa (Natal) (64) 24 (100% HTLV-1 +) 77 0 0 46.2 (27 1o 70)

* References 73, T4, and 92 concern immigrant patients either from the West Indies (mostly Jamaica) or French West Indies (FWI), and

French-speaking West African countries.

sclerosis. This report led to an intense debate in the neu-
rologic and scientific community and to many efforts to
provide additional evidence of HTLV-I infection in mul-
tiple sclerosis. The results of most of these studies were
negative. Despite the sporadic detection of serologic and
sometimes molecular HTLV-I-related markers in a few
cases of multiple sclerosis, no compelling evidence cur-
rently exists to link HTLV-1 with any form of this disease.
This issue has been recently reviewed (32) and is not
discussed here. In this paper we describe in detail all
aspects of TSP/HAM and discuss its pathogenesis.

Epidemiology

This disease has usually been reported (12, 33) in high
HTLV-I endemic areas: the Caribbean (21, 28, 34-36),
southern Japan (29, 37-39), equatorial Africa (40-47),
and the Seychelles (48). Endemic high prevalence foci
of TSP/HAM have also been reported in Central (49)
and South America (28, 50-59), Melanesia (60-62), and
South Africa (63, 64). Sporadic cases have also been
described in nonendemic HTLV-1 areas such as the
United States (65-70) and Europe (71-76), mainly in
immigrants from an HTLV-l endemic area but also in
some autochthons. In these latter cases, HTLV-I infec-
tion was most often acquired through contaminated
blood transfusions or sexual intercourse with an HTLV-
I-positive person from an endemic country. In a few
cases the source of contamination was not discovered,
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and some authors have hypothesized the presence of
small endemic foci in Western countries (73-76).

More than 1500 cases of TSP/HAM have been re-
ported since 1985. Prevalence of the disease ranges
from B.6/100 000 inhabitants in Kyushu (Japan) to 128/
100 000 in Mahé (Seychelles) (Table 1). The high prev-
alence of TSF/HAM observed in some geographical foci
such as Tumaco (Colombia) (12, 54), Mahé (48), or
Lisala (Zaire) (46) reflects the high level of HTLV-I
seropositivity rates among individual cities and locales
within the endemic region (77-81) and sometimes the
presence of risk factors. For example, in Colombia,
TSP/HAM is observed primarily in an HTLV-1 cluster
along the Pacific coast (12, 74), whereas it is rarely found
in the high plateau where seropositivity is low. In Japan,
69% of the TSP/HAM cases are from Kyushu and Oki-
nawa. These two localities contain eight of the nine
HTLV-I endemic prefectures of the country (77, 78).

The incidence of TSP/HAM is often difficult to esti-
mate because of the limited number of neurologists in
the endemic areas and the insidious onset of the dis-
ease. Estimates of the annual incidence range from 0.04/
100 000 in Kyushu (82) to 3/100 000 in Lisala (46). In
Japan the prevalence of TSP/HAM reaches 68.3/100 000
in HTLV-I seropositive persons (82) with an incidence
of 3.1/100 000 HTLV-1 infected persons/year. Assuming
a lifetime of 75 years, the lifetime incidence is approx-
imately 0.25% (83).
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Figure 1. Schematic representation of the human T-lymphotropic virus type-1 genome. The HTLV-1 genome contains, in addition to

the viral promoters (long terminal repeats [LTR]) and to the known structural genes (gag, pol, and env), a u
ne and the 3' long terminal repeat, which encodes for at least three proteins named P#0™Y, P27 and
is a transcriptional transactivator for the HTLV-] long terminal repeat, as well as for cellular genes, such as
interleukin-2, interleukin-2-receptor-a, granulocyte-macrophage colony-stimulati
post-transcriptional trans-regulator for HTLV-1 expression. The function of P2

between the env
P21XM The P4g™

region located

factors, and lymphotoxins. The P27REY jg a
" is currently unknown.
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Table 2. Initial Symptoms and Handicap in Tropical Spastic Paraparesis/ HTLV-1-associated Myopathy

Origin of the Study MNumber Initial Symptoms Handicap
(Reference) of  Weakness Paraesthesia Low Urinary  Mean Duration Bedridden Walk with  Walk
Patients of Legs Back Disturbances  of lllness Oneor  without
in Study Pain Two Help
Cruiches
. % . ¥ —_—
Martinique (35, 84, 91) 153 78 28 58 36 7 28 38 34
Colombia (52) 50 100 98 85 96 14 (1-30) 36 40 24
Seychelles (48) 21 &0 80 42 47 10 (2-15) 38 i8 24
Great Britain (74) 21 85 80 | 57 10 (1-30) 1 57 10
Japan (38) 90 90 ? ? ? 15 (1-48) 15 49 36
France (73, 92) 21 76 9 19 42 6 (1-27) 24 52 24
South Africa (64) 24 100 45 49 78 <2 50 41 9
Clinical Features Cognitive functions are normal. Cranial nerves are usu-

The disease occurs mainly in persons of African or
Asian origin but can also be observed in whites. The
mean age at onset of the disease is the fourth decade.
Among African patients, a more precocious onset, in
the third decade, has been observed (64). The onset of
symptoms in persons younger than 20 years or older
than 70 years is uncommon. Most studies indicate a
female to male preponderance ranging from 1.5:1 in
Japan (82) to 3.5:1 in Martinique (84).

The clinical picture of TSP/HAM (21, 85-96) is the
same for patients of different geographic origins and is
similar to the previous description of endemic TSP (11,
13, 14, 18). The onset is insidious without prodromata
or triggering factors. Symptoms include stiffness or
weakness in one or both legs, often associated with
lumbar pain, and various sensory symptoms in the legs
including numbness, burning, and ““pins and needles™
(Table 2). Urinary frequency, urgency, and penile im-
potence are common. The progression of the disease is
variable but often severe. Ten years after contracting
the disease, 30% of patients are bedridden, and 45%
cannot walk unaided by crutches (35, 48, 53, 73, 74, 84,
87, 91, 92). Usually, the evolution is chronic, with pro-
gression over a number of years, finally reaching a
plateau. A young age at onset has been associated with
a more rapid progression (95). The evolution can be
subacute (17, 46, 64), particularly in patients with post-
transfusional cases (75, 97-100) and can lead to a com-
plete paraplegia in less than 2 years. There have been a
few reports of acute illness.

The clinical presentation (35, 85-94) is dominated by
the presence of spastic paraparesis or paraplegia with
signs of bilateral pyramidal tract lesions affecting the
legs, manifested by increased knee reflexes, ankle clo-
nus, and extensor plantar responses. Spasticity is mod-
erate to severe. Motor weakness predominates in the
proximal muscle groups. This muscle weakness and
spasticity causes the slow, scissoring gait. In contrast
with the paresthesias described by the patient, only
minor sensory signs of involvement of the posterior
columns and spinothalamic tract are found in the legs,
consisting of decreased vibratory sensation and minor
impairment of pinprick or light touch perception. A
thoracic sensory level is uncommon. Brisk reflexes of
the arms with a positive Hoffmann sign are frequent.
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ally spared, but optic neuropathy has been described in
a few cases (48, 63, 64, 92). Cerebellar signs limited to
an intention tremor are reported in up to 20% of pa-
tients (48). Absent or depressed ankle jerk is occasion-
ally reported in patients from tropical countries and is
sometimes associated with a stocking-like hypesthesia
to pinprick and light touch (33, 62, 90). Amyotrophy of
the thighs and sometimes of the hands is rare (101, 103).

Familial cases represent less than 10% of the reported
cases (57, 104) (see Table 1). In the Seychelles, 23% of
the patients report previous cases of spaslic paraparesis
in their family (17) and, in Lisala, multiple cases of
TSPHAM were found in 10 out of 25 families studied
{46), indicating the possibility of a genetic component.
Conjugal cases have been reported in Tumaco (53) and
in Martinique (91).

A few well-documented cases of TSP/HAM have
been caused by HTLV-I-contaminated transfusions (75,
97-100), but a history of previous blood transfusion is
found in 13% to 20% of patients in Japan (82, 105) and
Martinique (84). In the first 2 years of blood supply
screening in Japan, the number of reported patients
with TSP/HAM appears to have decreased by 16% (82).

Similar chronic progressive myelopathy without de-
tectable HTLV-I antibodies is frequently observed in
countries endemic for HTLV-I or where classical TSP
cases occur frequently (35, 106-108). Clinically, the re-
ported patients with this condition are more frequently
men, have the onset of their disease at a younger age,
and have little or no sphincteric or sensory distur-
bances. Preliminary reports indicate that, in some in-
stances, HTLV-I-related sequences could be detected in
the DNA of the peripheral blood mononuclear cells
(PBMCs) of some but not all of these patients, using the
wvery sensitive technique of polymerase chain reaction
(109, 110). The possibility that a latent HTLV-I infec-
tion could lead to disease in such patients is as yet
unconfirmed.

A myelopathy clinically similar to TSP/HAM has
been described in patients co-infected with human im-
munodeficiency wvirus-1 (HIV-1) and HTLV-I (42, 111-
115). In these cases, the patients had no evidence of the
acquired immunodeficiency syndrome (AIDS). Despite
the lack of pathologic confirmation, an AIDS-related
vacuolar myelopathy was unlikely in these patients be-
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cause of the absence of clinical and laboratory evidence
of significant immunosuppression and lack of other neu-
rologic manifestations. It has been suggested that HIV-1
may increase the likelihood of developing TSP/HAM in
a dually infected individual.

Radiologic and Electrophysiologic Studies

Results of myelography in patients with TSPHAM
are usually normal, with the exception of a few patients
whose findings show a narrow cervical canal or minor
cervical spondylosis (35, 73, 90). Magnetic resonance
imaging of the spinal cord is either normal or displays
atrophy of the thoracic spinal cord with a diffuse high
signal on T2-weighted images (71, 73, 116). Nonspecific
lesions of the brain are observed in 58% of patients on
magnetic resonance imaging (Table 3, Figure 2). These
consist of increased T2- and decreased T1-weighted se-
quences, either contiguous to the ventriculi or scattered
throughout the deep cerebral white matter (65, 69, 71-
74, 117-119). No clear correlation has been established
between the lesions and the duration of illness or hand-
icap (92, 118-120). According to one study (118), 64% of
patients with TSP/HAM have discrete abnormalities on
electroencephalograms. Visual-evoked potential dis-
plays an abnormal pattern in 30% of patients (65, 71,
73, 74, 92, 119, 120) (Table 3). Bilateral delayed latency
of the P10 component is the most frequent abnormal-
ity. Studies of brain stem auditory evoked potentials
show a slight delay of brain stem latency in 25% of
patients (65, 71, 73, 74) (Table 3). Somatosensory
evoked potentials are abnormal in the legs in 68% and
in the arms in 34% of the patients (65, 71, 73, 74,
121-128) (Table 3). Motor-evoked potentials indicate an
increase in the central conduction time of descending
motor pyramidal pathways for both arms and legs (129-
131). Urodynamic studies show a spastic bladder with
an overactive detrusor and detrusor-urethral sphincter
dyssynergia (132). Involvement of the peripheral ner-
vous system, as assessed by nerve conduction veloci-
ties and needle electromyography, is found in 25% of
patients with TSP/HAM (17, 65, 128, 133) (Table 3).

Systemic Signs and Association with Other Diseases

The association of the myelopathy with clinical or
biological signs of involvement outside the nervous sys-

tem was described in the early reports of TSP/HAM,
where 5 of 22 patients had such signs (20, 21, 35, 134).
Monoclonal gammapathy, cryoglobulinemia, necrotizing
vasculitis, arthritis, polymyositis, inclusion myositis, re-
current conjunctivitis, uveitis, lymphocytic alveolitis,
the sicca syndrome, diabetes, sarcoidosis, Vogt-Koyan-
agi-Harada disease, hepatitis, and various dermatologic
changes are some of the disorders associated with TSP/
HAM (20, 21, 35, 134-154). Most of the abnormalities
are consistent with an alteration of immune processes
and could be observed in an HTLV-I-seropositive per-
son without any signs or symptoms of nervous system
involvemnent; however, they seem to occur more fre-
quently in patients with TSP/HAM. For example,
asymptomatic lymphocytic alveolitis has been found in
up to 80% of patients with TSP/HAM and ranges from
30% to 60% in the healthy HTLV-I seropositive carriers
{136-140). Arthritis is found in 30% of Japanese patients
with TSP/HAM compared with a few cases in the car-
riers (149-151).

Neuropathologic Features

Only a few postmortem reports of TSP/HAM have
been published (103, 155-164). These reports agree with
previous pathologic findings of classical TSP (13, 14).
Macroscopically the brain appears normal, and the spi-
nal cord is moderately to severely atrophied. The most
prominent changes are a chronic inflammatory process
of the spinal cord, most notably a meningomyelitis of
the lower thoracic cord. Inflammatory changes are cor-
related with the duration of the disease, and significant
inflammation is observed in cases of short duration.
Inflammatory cells (B-cells, T-cells, macrophages, mi-
croglial cells) are present around the parenchymal ves-
sels (mainly small veins and venules) and in the adja-
cent parenchyma. In cases of longer disease duration
these inflammatory changes predominate in a perivas-
cular localization and are accompanied by hyalinosis of
blood vessels, meningeal fibrosis, and glial scars (161-
163). Immunocytochemically, a predominance of CD8*
cells associated with an overexpression of class 1 major
histocompatibility complex (MHC) has been observed
{159, 164). Parenchymal tissue damage involves both
white and grey matter. The lesions are symmetric and
usually occur along the tracts, mainly in the lateral

Table 3. Results of Electrophysiologic and Magnetic Resonance Imaging Studies*

Origin of the Study Visual Evoked Somatosensory- Brain Stem Electromyogram Brain Magnetic

{Reference) Potentials evoked Auditory-evoked Resonance
Potentials Potentials Imaging

Arms  Legs

Japan (119, 120, 121, 125, 126) 13 (38) 7 (49) 33 (51) 5(28) 0 (10) 13 (22)

Sevchelles (48, 128) 7(19) 11 (16) 13 (20)

Chile (56, 122) 13 (22) 3(22) 19(22) 1(22) 0(15)

Colombia (54) 5 (20)

Europe (73, 74, 92)t

USA (65)F

Canada (691

Total for Europe, USA, and Canada 26 (66) 24 (41) 26 (38) 25 (61) 7 (38) 37 (64)

* First number = the number of patients with abnormal results; numbers in parenthesis = the number of patients examined.
1 Results shown are for the combination of studies (references 65, 69, 73, 74, and 92).
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funiculi (157, 161). Both myelin and axons are de-
stroyved. In presumably early lesions, however, the ax-
ons are relatively preserved. Leptomeninges and the
spinal cord subarachnoid space display collagenous
thickening and adhesion to the cord associated with
lymphocyte infiltration. In the brain, perivascular mono-
nuclear cell infiltration can be observed but is rarely
associated with parenchymal tissue damage (103, 157-
161). Only one report described HTLV-I-like particles
in the spinal cord (165). A few sural nerve biopsies have
been performed. In one case, axonal loss and demyeli-
nation with perivascular inflammatory cells localized
mainly in the epineurium was seen (166). Inflammatory
changes have also been reported in one patient infected
with HTLV-I and HIV-1 (112). In other cases no in-

Figure 2. Abnormal brain magnetic resonance imaging scans of
patients with TSP/HAM. T2-weighted sequences showing the
high-signal lesions in the cerebral white matter. Panel A. Axial
image of the brain of a 34-year-old woman from Central Africa
with a 3-year history of TSP/HAM. Panel B. Axial image of the
brain of a 36-year-old woman from Martinique (French West
Indies) with a 13-year history of TSP/HAM. Panel C. Coronal
image of the brain of a 63-year-old woman from Guadeloupe
(French West Indies) with a 9-year history of TSP/HAM.

flammatory changes are found, and the principal abnor-
mality is myelin breakdown with a globule formation
(167).

Serologic Characteristics

By definition, HTLV-I specific antibodies are found
in the serum and cerebrospinal fluid of patients with
TSP/HAM (21, 28, 30, 35, 37, 168). Most of these an-
tibodies are immunoglobulin IgG, but IgA and IgM have
been reported in the sera and cerebrospinal fluid of
some of these patients (169). Immunoglobulin G reac-
tivities against gag-encoded proteins (pI9, p24, and
their precursor pr 53) and env-encoded proteins (gp46
and gp62) are regularly detected in the sera and the
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Figure 3. Atypical lymphocyte and viral expression in patients with TSP/HAM. Atypical lymphocyte with marked nuclear irregu-
larities and convolutions. Such adult T-cell leukemiadlymphoma-like cells are present in a small percentage in peripheral blood
mononuclear and cerebrospinal fluid cells of patients with TSP/HAM. Panels A and B. Optical microscopy (original magnification,
® 500). Panel C. Electron microscopy (original magnification, * 19 000). Panel D. Immunoflucrescence on a CD4%, CD25™ cell line
established from cultured peripheral blood mononuclear cells of a patient with TSP/HAM using an anti-HTLV-1 polyclonal serum;
and Panel E. An antip/9 monoclonal antibody. The yellow cells express HTLV-1 antigens. Panel F. Numerous C-type retroviral
particles (HTLV-I) in extracellular spaces of cultured peripheral lymphocytes of a patient with TSP/HAM (original magnification,

% 35 000).

cercbrospinal fluid (21, 30, 35, 37, 74, 170, 171). In most
cases, antibody titers are significantly higher (170-172)
in sera of patients with TSP/HAM than in sera from
patients with ATL or from seropositive carriers. Non-
significant spontaneous overtime fluctuation of HTLV-1
antibodies has been reported, but a decrease of HTLV-1
specific serum and sometimes of cerebrospinal fluid an-
tibodies after some therapeutic trials has been observed
(104). In the cerebrospinal fluid, HTLV-I specific anti-
bodies are detected only at a clinically significant level
in patients with TSP/HAM (87, 171, 173). This elevated
HTLV-1 antibody index is an indirect indication of an-
tibody synthesis within the central nervous system. In-
trathecal IgG synthesis, elevated IgG index and, intra-
blood-brain  barrier IgG synthesis rate have been
documented in most patients with an intact blood-brain
barrier (170, 171, 173-175). Most patients with TSP/
HAM have oligoclonal IgG bands in the cerebrospinal
fluid. Some, but not all, are HTLV-I specific, directed
against p24 (174) or against the whole disrupted virus
(170, 173, 174). These oligoclonal IgG bands are mainly
present in the cerebrospinal fluid and can also be found

in the serum (173). In two patients with a short clinical
history, IgM oligoclonal IgG bands directed against
HTLV-1 were found (175). Treponema antibodies are
also frequently present in patients from the tropics (17,
53, 176); this agent is no longer considered to have a role
in the pathogenesis of TSP/HAM. Conflicting results have
been reported concerning the presence and the specificity
of Borrelia burgdorferi (17, 177) and Epstein-Barr virus
(178) antibodies in the sera of patients with TSP/HAM.
Elevation of cerebrospinal fluid neopterin (179) and of sera
and cerebrospinal fluid interleukin-6 have been reported
(180, 181). Circulating immune-complexes and auto-anti-
bodies to brain endothelial cells have been observed in
sera of patients with TSF/HAM (182).

Hematologic Findings and Cellular Immunology

The leukocyte count is within the normal range in
most patients (35, 37, 183). On the peripheral blood
smear, lymphoid cells with an abnormally shaped nu-
cleus (indented, convoluted) are present in 1% to 20%
of the total lymphoid cells (37, 183). Further, typical
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ATL-like cells (Aower cells) with foliated nuclei and
hyperbasophilic cytoplasm are detectable in 1% to 5%
of the total lymphocytes (183) (Figure 3). Such cells can
occasionally be observed in few healthy HTLV-I-sero-
positive individuals (184).

The immunophenotypic analysis (183, 185-189) of the
PBMC:s indicate that most of the T cells are CD4" cells
with a slight decrease of CD8" cells and, in most cases,
an increase of the CD4/CD8 ratio. The percentage of B
cells (CD19, CD20) is normal or low (1% to 10%) as is
the percentage of monocytes (19% to 5%) (CD33). All
studies indicate the presence of a high percentage of
MHC class [ (DP, DQ, DR) positive cells ranging from
15% to 60%. Double staining techniques (189) have
shown the presence of an important population of acti-
vated large T cells bearing both the CD4 and activation
markers. The levels of CD25* (interleukin-2-receptor)
cells are also usually increased.

The circulating PBMCs of patients with TSP/HAM
display a marked degree of spontancous lymphocytic
proliferation (189, 190). This phenomenon is also
present, although to a lesser degree, in some healthy
seropositive persons (191) and, as demonstrated by
blocking experiments, seems to be mediated by the
binding of interleukin-2 to its receptor (192). Interleu-
kin-2 and soluble interleukin-2-receptors are elevated in
sera of patients with TSP/HAM and seropositive carri-
ers compared with healthy controls (192-194). Analyses
of mRNA expression in fresh PBMCs revealed also that
y-interferon, tumor necrosis factor, and interleukin 18
transcripts are upregulated in patients with TSP/HAM
and seropositive carriers when compared with normal
controls (195).

High levels of circulating HTLV-I-specific cytotoxic
T-lymphocytes have been reported (196-198) in blood
and also in cerebrospinal fluid (199) in patients with
TSP/HAM (but not in HTLV-I-seropositive individuals
without neurologic impairment). These cytotoxic T-lym-
phocytes are both CD8* HLA class I end CD4* HLA
class 11 restricted and recognize different HTLV-1 gene
produrts, especially some epitopes of the rax, the rex,
and the env proteins.

In most cases, a mild pleocytosis (< 50 x 10% leuko-
cytes/L), predominantly lymphocytic, is present in the
cercbrospinal fluid (35, 37, 38, 92). Adult T-cell leuke-
mia/lymphoma-like cells may be found at a very low
frequency. Activated T-lymphocytes are also found in
the cerebrospinal fluid of patients with TSF/HAM (200).

In bronchoalveolar lavage, soluble interleukin-2-
receptor levels are remarkably high (136-138) and cor-
relate well with the number of T lymphocytes, CD3",
and CD4*. Bronchoalveolar lavage lymphocytes also
show marked spontaneous proliferation when cul-
tured in vitro, and specific HTLV-I IgA antibodies have
been found in bronchoalveolar lavage fluid and sera
of patients with TSP/HAM with pulmonary involve-
ment.

In Japan (201), specific HLA haplotypes were found
in patients with TSP/HAM as compared with patients
with adult T-cell leukemia/lymphoma ATL or seroposi-
tive carriers. Such an HLA-disease association has not
been confirmed in the West Indies (202). In the Japa-

nese study (201) the in-vitro lymphocytes proliferation

test revealed that PBMCs bearing “HAM-associated
haplotypes™ exhibited a definitely positive immune re-
sponse of variable intensity to HTLV-1 antigens; this
contrasts with the absence or little response of PBMCs
bearing the “‘adult T-cell leukemia/lymphoma-associated

haplotypes.™

Virologic Findings

Human T-lymphotropic virus type-1 proviral DNA
can be easily detected in the fresh PBMCs" DNA of
patients with TSP/HAM by using the polymerase chain
reaction (65, 203, 204). Southern blot analyses have
shown a polyclonal integration of HTLV-1 (183, 205,
206) in most of the patients with TSP/HAM regardless
of their geographical origin, the duration of their illness,
or the level of their HTLV-I1 antibody titers. This
HTLV-1 polyclonal integration was cstimated to be
present in 3% to 15% of PBMCs (183). This high wviral
load in PBMCs has been confirmed by polymerase
chain reaction analysis (207). The concordance between
this result and the total number of abnormal lymphoid
cells (5% to 20%), strengthens the hypothesis that most
of the morphologically abnormal lymphoid cells may
carry the HTLV-I provirus randomly integrated in their
DNA. Moreover, recent polymerase chain reaction
studies on fractioned uncultured PBMCs (208) have in-
dicated that the virus is present primarily in CD4™ cells,
having been identified in up to 50% of these cells in
some cases. The polyclonality of the peripheral T-cell
population of these patients has been shown by molec-
ular analysis using T-cell-receptor probes (206).

It is striking that despite this high wviral load, no
HTLV-I expression can be detected in fresh PBMCs by
conventional techniques (209, 210). Recent reports (192,
211), however, have demonstrated that by polymerase
chain reaction and reverse transcriptase in fresh PBMCs
of patients with TSF/HAM, low levels of HTLV-1 expres-
sion can be detected at least for the raxfrex regulatory
genes. In-situ hybridization techniques indicate that such
expression occurs in few cells (1 of every 100 to 5000
PBMCs) (211, 212). Integrated viral DNA has been de-
tected by polymerase chain reaction in a high proportion
of the bronchoalveolar lavage lymphocytes (213} but not
in the adherent cells.

The coexistence of TSP/HAM and adult T-cell leuke-
mia/lymphoma in the same patient has been rarcly de-
scribed (214-216). Southern blot analysis of PBMCs’
DNA in one such patient demonsirated clonal integra-
tion of one or several HTLV-I proviral copies, affirming
the diagnosis of adult T-cell leukemia/lymphoma. In a
well-documented post-transfusional case of TSF/HAM
{75), a transient clonal population of cells infected by
HTLV-I was detected in the PBMCs® DNA only a few
months after seroconversion.

Long-term T-cell lines producing HTLV-I virus (210,
217-221) can be established from cultured PBMCs, from
cerebrospinal fluid cells, and from bronchoalveolar lav-
age lymphocytes of patients with TSP/HAM in the pres-
ence of exogenous interleukin-2. These are activated T
cells: CD2*, CD3", mostly CD4*, but also rarely CD8"
with a strong expression of HLA-DP and interleukin-2-
receptor antigens. Most of these cell lines are clonal
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and express HTLV-I antigens and release viral particles
at a high level (218-220). After several months of culture
they exhibit a clonal rearrangement pattern of T-cell-
receptor B and y genes and harbor one or multiple
copies of clonally integrated HTLV-I viruses in their
genomic DNA.

The viruses isolated from these cell lines are similar
to the viruses isolated from adult T-cell leukemia/lym-
phoma and seropositive carrier-derived T-cell lines (210,
217-221). Moreover, molecular studies of these “TSP/
HAM wiruses’™ have not revealed major differences
when compared with the “leukemogenic isolates™ (220-
235). This militates against the existence of a **neuro-
tropic’ strain in patients with TSP/HAM. Some slight
nucleotide changes (mainly substitutions), however,
have been observed in the long terminal repeat and in
env genes of TSP/HAM isolates when compared with
adult T-cell leukemialymphoma isolates (226-231).
Studies are currently underway to determine whether or
not the TSP/HAM and adult T-cell leukemia/lymphoma
strains are functionally identical, if these slight differ-
ences reflect only intrastrain variability, or if they are
due to the variation in the geographical origin of these
patients (231, 235).

Therapeutic Aspects

The design of early therapeutic trials for patients with
TSP/HAM was based on the hypothesis that the im-
mune response plays a major role in disease progres-
sion. The first results from Japan indicated that corti-
costeroid treatment was beneficial to most patients with
TSP/HAM when administered over a 6-month period
(37, 38). The positive results were particularly evident
for patients with a history of previous blood transfu-
sion, patients with early cases, and for those presenting
a low disability grade at study onset (38). No difference
was seen, however, between the patients taking corti-
costeroids and those without therapy after a long-term
follow-up (2 years) (38, 87); the results were the same
no matter what type of corticosteroid or mode of ad-
ministration was used. Improvement was rarely ob-
served in patients with TSP/HAM from tropical coun-
tries (20, 35, 36, 53, 84), including those living in
Europe (73, 74, 236). Plasmapheresis associated with
corticosteroids and sometimes cyclophosphamide, as
well as o-interferon therapy, also result in short-term
improvement without long-term effects (86, 237-241).
Short-term improvement has also been observed re-
cently in patients receiving danazol therapy (242). Ther-
apeutic trials using antibodies directed against the
a-chain of the interleukin-2-receptor (anti-TAC) (192)
are being evaluated.

The recent finding of an ongoing replication of
HTLV-I in vivo (192, 211, 212), suggests that antiretro-
viral therapy could be effective. Both zidovudine (azi-
dothymidine) and 2'3'-dideoxycytidine (ddC) have been
shown to block the replication of HTLV-1 in vitro (243).
In an open trial, zidovudine, administered at a dose of
500 mg to 1 g/d, failed to benefit five patients with
TSP/HAM. Paraclinical investigations, including wviro-
logic studies, remain stable during 6 months of therapy
{244). In another zidovudine study of 10 patients (245),

clinical improvement was noted over 24 weeks of ther-
apy for five patients who had a low disability grade at
the beginning of the study. However, four of these five
regressed after withdrawal of the drug. These prelimi-
nary results demonstrate that zidovudine was well tol-
erated (244-246); trials currently underway determine
the eventual benefit of such a therapeutic approach.
Symptomatic therapy is nevertheless useful in decreas-
ing the spasticity and painful paresthesias as well as in
improving sphincter dysfunction.

Pathogenesis: Current Concepts and Hypothesis

Is the HTLV-I Retrovirus Associated with TSP/HAM A
True Neurotropic Virus?

As noted above, molecular studies of HTLV-I strains
isolated from patients with TSP/HAM have not revealed
major differences when compared with adult T-cell leu-
kemia/lymphoma isolates. However, slight differences,
mainly nucleotide substitutions, have been found (226-
231). It is known that for the murine leukemia wirus
model, a single mutation within the env gene region and
sometimes the long terminal repeat may greatly influ-
ence the tissue tropism and growth characteristics of
the wviruses (247-249). Functional tests are needed to
study the eventual differences between the long termi-
nal repeat from TSP/HAM and adult T-cell leukemia/
lymphoma isolates (250).

Does HTLV-I Infect and Replicate in Central Nervous
System Cells In Vivo?

There is currently no clear-cut answer to this ques-
tion, partially because the direct infectivity of HTLV-I
for constituent cells of the central nervous system has
not yvet been determined. In-situ hybridization, done in
very few cases of TSP/HAM autopsy material, has
never been reported positive for HTLV-1 RNA expres-
sion in any cell type of the central nervous system.
HTLV-I proviral DNA has been detected by polymer-
ase chain reaction in central nervous system tissues
(251). The wirus is not detected in peripheral blood
monocytes or macrophages (208) and nothing is known
about the central nervous system microglial cells of
these patients. Adult and fetal human astrocytes and
oligodendrocytes might possibly be infected in wvitro
(252-253).

Is TSP/HAM an Immunologically Mediated Disease?

The presence of circulating cytotoxic T-lymphocytes,
CD8*, HLA-I restricted, suggests that the cells can
mediate the pathologic process (196-199). But are the
cytotoxic T-lymphocytes, which seem to be mostly
found in patients with TSPF/HAM, only the consequence
of the high viral load present in the PBMCs of these
patients (183, 205-207)? If so, these cytotoxic T-lympho-
cytes could be directed only against the few HTLV-I
expressing cells found within the large pool of CD47-
infected cells. Conversely, the cytotoxic T-lymphocytes
can also target and destroy other central nervous sys-
tem cells not yet identified, which may express HTLV-I
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antigens at a higher level. The existence of an HTLV-1
specific oligoclonal B-cell response (IgG and IgM) oc-
curring within the cerebrospinal fluid and a high pro-
portion of cytotoxic T lymphocyte (up to 30% of the
pleocytosis) found in the cerebrospinal fluid compart-
ment s consistent with such a hypothesis. It is also
waorthwhile to note that the transfection of the rax gene
into glial line cells induces class [ HLA antigens on
these cells (254).

Why Does an Asymptomatic HTLV-I Individual
Develop TSFFHAM?

HTLV-I infection can be transmitted by breast feed-
ing, sexual intercourse, intravenous drug use, or trans-
fusion. After primary infection, most patients will sero-
convert for HTLV-1 and will remain asymptomatic,
carrying the virus throughout their lifetimes. A few
(= 5%) will develop adult T-cell leukemia/lymphoma,
and a few others will develop TSP/HAM. The factors
that determine the development of the disease (either
leukemia or TSP/HAM) arc unknown. Although differ-
ences in the genetic HLA background of patients with
adult T-cell leukemiaflymphoma and TSP/HAM have
been reported (201), several recent studies have noted
their simultaneous occurrence in the same individual
(214-216), militating against this hypothesis. Also, the
report of TSP/HAM in a man, but not in his identical
HTLV-I-seropositive twin, suggests that the develop-
ment of this disease cannot be explained by the genetic
factors alone (255). In the latter case, a high proviral
HTLV-I load was found only in the twin who developed
the TSP/HAM but not in his brother, who remains an
asymptomatic carrier. The rapid development of TSP/
HAM in some patients recciving HTLV-1 contaminated
platelets and sometimes red blood cells (75, 82, 83,
97-100) is remarkable and intriguing. The short period of
incubation (in some cases only a few months) may be a
result of the mode of infection, the high viral inoculum,
co-factors transmitted by the same route, the host im-
munosuppression (present in a few cases), a booster
effect in a previously HTLV-I infected individual, or
other, as yet unidentified, risk factors. Finally, the pos-
sibility of neurotoxic viral gene products or metabolic
alterations leading to the funicular degeneration need to
be explored.

Conclusion

Tropical spastic paraparesis/tHTLV-1 is a frequent
neurologic disease in most HTLV-l endemic areas.
However, all patients with chronic progressive myelop-
athy must be tested for serum and cerebrospinal fluid
HTLV-I specific antibodies to define the real-world
magnitude of this recently recognized entity. Systematic
screening of blood for HTLV-I is a necessary step in
preventing the dissemination of the retrovirus and the
occurrence of post-transfusional cases of TSP/HAM.
MNovel approaches to treatment, such as antiretroviral
therapies, deserve systematic evaluations. Research di-
rected to the clucidation of the pathogenesis of this
condition should result in a better understanding of the

mechanisms of retroviral infection in the human ner-
vous system.
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