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Human T-cell leukemia (or lymphotropic) virus type II (HTLV-II) was isolated from eight HTLV-
seropositive patients, six ofwhom were also infected with human immunodeficiency virus, by cocultivation of
peripheral blood mononuclear cells (PBMCs) with BJAB, a continuous B-cell line. Restriction endonuclease
mapping of the proviruses demonstrated consistent differences among isolates, and two distinct physical map
patterns were observed. The results suggest the existence of two closely related molecular subtypes of HTLV-II,
which are tentatively designated HTLV-IIa and HTLV-IIb. This finding was supported by preliminary
nucleotide sequence analysis of the env gene region encoding the transmembrane glycoprotein gp2l, which
showed consistent differences between the two proposed virus subtypes. Exploitation of differences in
restriction endonuclease sites allowed polymerase chain reaction amplification to detect and differentiate the
two subtypes in fresh PBMCs of HTLV-seropositive intravenous drug abusers (IVDAs). The results of these
studies confirm that HTLV-II infection is the prominent HTLV infection in seropositive IVDAs and also show
that infection with both subtypes occurs. The finding of genetic heterogeneity in the HTLV-II group of viruses
may have important implications for studies on its role in human disease and will be useful in characterizing
the viruses present in newly discovered endemic foci in New World indigenous populations.

Human T-cell leukemia (or lymphotropic) virus type I
(HTLV-I) and HTLV-II are genetically related members of a

group of retroviruses sharing a tropism for T lymphocytes
and an association with rare lymphoproliferative diseases
(34, 42). HTLV-I infection is endemic in well-defined geo-

graphic areas and is associated with adult T-cell leukemia, a

malignancy of mature T lymphocytes (10, 24, 27, 28, 32, 43),
and with a chronic encephalomyelopathy known both as

tropical spastic paraparesis and HTLV-I-associated myelop-
athy (6, 25). In contrast, HTLV-II infection has not been
definitely associated with any human disease. However,
isolation of the virus from two patients with very rare T-cell
variants of hairy cell leukemia (5, 12, 15, 36), one of whom
also had a coexisting CD8+ proliferative process (35), does
suggest a potential role for the virus in lymphoproliferative
disorders.
Although the true extent of infection by HTLV-II remains

unknown, serological studies (33, 41), subsequently con-

firmed by DNA amplification using the polymerase chain
reaction (PCR) (4, 9, 16, 20), have shown that intravenous
drug abusers (IVDAs) are at increased risk for infection.
More recently, similar studies have suggested that the virus
may be endemic in New World indigenous populations (11,
12, 19, 31). Although the methods employed in these studies
have allowed the identification of HTLV-II infection, rela-
tively few attempts have been made to isolate and charac-
terize the viruses involved. Such studies have long been
needed to obtain a better understanding of the biology and to
investigate possible genetic variation in this group of viruses.
Recently we have described the use of cocultivation of
peripheral blood mononuclear cells (PBMCs) with BJAB, a
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continuous Epstein-Barr virus-negative B-cell line to selec-
tively isolate HTLV-II from IVDAs who were concomi-
tantly infected with human immunodeficiency virus (HIV)
(9). Preliminary studies using Southern hybridization analy-
sis on two isolates suggested that there may be some genetic
heterogeneity in the HTLV-II group of viruses. In this report
we extend these findings and describe the isolation and
characterization of HTLV-II from eight individuals both
with and without HIV infection.

MATERIALS AND METHODS

Patient population and serological studies. All patients
enrolled in this study were from the New York City area and
were evaluated at North Shore University Hospital between
1984 and 1990. For virus isolation studies, six patients who
were seropositive for both HIV and HTLV-I-HTLV-II and
two who were seropositive for HTLV-I-HTLV-II alone were
selected. All patients were shown to be HTLV-II infected by
using PCR amplification methods previously described (9).
The demographic characteristics of these patients are de-
scribed in the Results section (Table 1). Twelve additional
and randomly chosen HTLV-I-HTLV-II-seropositive pa-
tients, all of whom had a history of intravenous drug abuse
(IVDA) and who were also HIV infected were selected for
additional PCR amplification studies. Sera were screened for
HIV and HTLV-I-HTLV-II antibodies by using commer-

cially available enzyme-linked immunosorbent assays (Du-
pont and Cellular Products, respectively), with positive
immunoreactivities being confirmed by Western immunoblot
analysis. Written informed consent was obtained from each
patient prior to study entry.
Virus isolation from PBMCs. Virus isolation was carried

out by using methods similar to those previously described
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TABLE 1. Demographic features of patients with
HTLV-II infectiona

Pa- Sex,b HIV sero- Clinical
tient age Race Risk positivity statuec

1 F, 40 Afro-American IVDA + AIDS (A)
2 M, 34 Caucasian HSd + AIDS (D)
3 F, 38 Afro-American/ IVDA + AIDS (A)

Seminole Indian
4 M, 34 Caucasian IVDA + AIDS (D)
5 M, 40 Afro-American IVDA + AIDS (D)
6 F, 34 Hispanic IVDA + Asympt
7 F, 42 Caucasian IVDA - Asympt
8 F, 47 Afro-American None - Asympt
a All patients were seropositive for HTLV-I-HTLV-II on enzyme-linked

immunosorbent assay and Western blot assays. Six patients were also
seropositive for HIV, and five of these had AIDS. The remaining HIV-
infected patient had no AIDS-defining illness.

b F, female; M, male.
c A, alive; D, dead; asympt, clinically asymptomatic.
d HS, homosexual.

(9). PBMCs were prepared from heparinized venous blood
samples by centrifugation on Ficoll-Hypaque density gradi-
ents. Cells were washed in RPMI 1640 medium containing
20% heat-inactivated fetal calf serum and 0.001 M L-glu-
tamine and were resuspended in the same medium contain-
ing phytohemagglutinin (0.005 mg/ml) at a final concentra-
tion of 106 cells per ml. Cultures were maintained at 37°C for
3 to 4 days, at which time the medium containing phytohe-
magglutinin was removed and replaced with medium con-
taining 10% interleukin-2 (IL-2) (Cellular Products). Cells
were maintained at 37°C, and fresh IL-2 was added every 3
to 4 days. At 10 to 14 days, surviving cells were cocultivated
with an equal number of BJAB cells and maintained in RPMI
with 10% heat-inactivated fetal calf serum without IL-2.
Cocultures were monitored daily for cytopathic effects,
supernatants were assayed for reverse transcriptase activity
at regular intervals, and cells were examined by electron
microscopy when cytopathic effects became evident. For
electron microscopy, cells were collected by centrifugation
and fixed in 2.5% glutaraldehyde in phosphate-buffered
saline. Thin sections were stained with uranyl acetate and
examined in a Zeiss electron microscope.

Southern hybridization analysis. DNA was isolated from
the BJAB cocultures by using phenol-chloroform extraction,
and it was digested with restriction endonucleases (United
States Biochemical Corp. and Bethesda Research Laborato-
ries) according to the manufacturers' instructions. Samples
were electrophoresed on 0.8% agarose gels, transferred to
nylon membranes (Schleicher & Schuell, Inc.), and hybrid-
ized with [_y-32P]dCTP random-primed labelled probes as
previously described (9). Two HTLV-II probes, 3' (3.5 kb)
and 5' (4.7 kb), each defined by BamHI sites and which
together covered the entire HTLV-II-Mo provirus, were
employed (5, 14). After hybridization, membranes were
washed twice with 2x SSC (lx SSC is 0.15 M NaCl plus
0.015 M sodium citrate) containing 0.1% sodium dodecyl
sulfate (SDS) for 15 min, and then they were washed with
0.1x SSC containing 0.1% SDS at room temperature for 20
min and at 60°C for 45 min. Membranes were exposed to
X-Omat AR film with intensifying screens at -70°C.
PCR studies. DNA from both PBMC cocultures and from

fresh uncultured PBMCs was amplified by using primers
which flanked the gene region encoding the envelope gp2l
transmembrane protein. Primer sequences were bp 6031 to

6051 (5' CTGCAACAACTCCATTATCCT 3') and bp 6641
to 6661 (5' CTGCAGAAGCTAGCAGGTCTA 3') and were
derived from the published sequence of HTLV-II-Mo (32).
Amplification of DNA (50 to 100 ng from cocultures and 1 ,ug
from fresh PBMCs) was performed in a total volume of 100
,ul of reaction mixture containing 225 ,uM each dATP, dCTP,
dGTP, and dTTP; 100 pmol of each primer; 50 mM KCI; 2.5
mM MgCI2; 10 mM Tris-HCl (pH 8.3); and 1 U of Taq
polymerase (Cetus). Thirty cycles of denaturation for 1 min
at 94°C, annealing for 1 min at 56°C, and elongation for 2 min
at 72°C were carried out on a DNA thermal cycler (Perkin-
Elmer Cetus). In analysis of fresh PBMC DNA, the primers
were labelled at the 5' end with [ot-32P]dATP before ampli-
fication. Samples of the amplified products were then di-
gested with XhoI (United States Biochemical Corp.) accord-
ing to the manufacturer's instructions. Digested and
undigested samples were directly electrophoresed on 1.5%
agarose or 8% polyacrylamide gels. Gels were dried under
vacuum and exposed to XAR-2 Kodak X-ray film with
intensifying screens at -70°C for 1 to 2 h.

Cloning and nucleotide sequence analysis of amplified prod-
ucts. PCR-amplified products, using unlabelled primers,
were electrophoresed on low-melting-temperature agarose
gels; after ethidium bromide staining, DNA bands were
excised and the agarose was melted by heating it at 70°C for
15 min. After centrifugation, DNA in supernatants was
ligated to plasmid pCR1000 (Invitrogen) and used to trans-
fect Escherichia coli (INVa F'), using conditions recom-
mended by the manufacturer. Positive colonies were se-
lected and grown in LB medium, and plasmids were purified
by standard methods (38). DNA sequencing with M13 re-
verse and forward primers was carried out by using the
dideoxy chain termination method (Sequenase; United
States Biochemical Corp.). At least two clones from each
isolate were sequenced to ensure the reliability of the
method.

Nucleotide sequence accession number. DNA sequences
have been deposited in GenBank under accession number
MA5226.

RESULTS

Virus isolation. In a recent study we have shown that
HTLV-II could be isolated from PBMCs of IVDAs who
were seropositive for both HIV and HTLV by cocultivation
with BJAB, a continuous B-cell line (9). In the present study
we extend these findings and describe the isolation of
HTLV-II from individuals with and without concomitant
HIV infection. Eight patients, all ofwhom were seropositive
for HTLV-I-HTLV-II, were selected; and the ages, sex,
race, and possible risk factors for infection are shown in
Table 1. Six patients, five of whom had a history of IVDA,
had concomitant HIV infection. Two were HIV negative; of
these one had a history of IVDA, with the other having no
known risk factors for HTLV infection. Cocultivation of
phytohemagglutinin- and IL-2-stimulated PBMCs with
BJAB cells resulted in prominent syncytium formation
within 12 to 48 h (Fig. 1). Although cell death would
eventually occur, upon continued cocultivation with fresh
BJAB cells the cell lines could be maintained for several
months. Supernatants of cocultures had Mg2"-dependent
reverse transcriptase activity (data not shown), and electron
microscopy demonstrated the presence of type C particles
(Fig. 1). Thus, it appears that HTLV-II replication in BJAB
cells is cytopathic, with cell-free virus production, which
contrasts to the situation in vivo, in which the infection
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FIG. 1. Light and electron microscopic examination of cocultures of BJAB cells and PBMCs from a patient seropositive for HIV and
HTLV-I-HTLV-II. (A and B) Typical giant and syncytial cell formation seen at 2 days after cocultivation; (C) uninfected BJAB cells.
Magnifications, x400. (D) Electron microscopy of the cocultured cells. Particles with typical type C morphology are evident. The arrow
shows a virus particle budding from the cell membrane. Magnification, x 80,000.

remains cell associated and presumably there is little or no
virus replication.

Provirus mapping studies. Southern hybridization analysis
of DNA from the cultures confirmed the presence of the
HTLV-II provirus (Fig. 2). Hybridization of chromosomal
DNA digested with BamHI with the 3' probe gave the
expected signal of 3.5 kb in all eight isolates. However when
the 5' probe was employed, only four DNAs (isolates 1 to 4)
produced the expected 4.7-kb signal defined by the two
BamHI sites which have been described for HTLV-II-Mo (5,
14). The remaining four proviruses (samples 5 to 8) had an
additional BamHI site in the 5' end, with signals at 3.2 and
1.5 kb being observed. Physical maps of the eight proviruses
were prepared after partial and complete digestion with
single and combinations of restriction enzymes and SQuthern
hybridization analysis. The results are shown in Fig. 3. It
could be demonstrated that isolates 1 to 4 and 5 to 8,
respectively, had identical physical maps and that there were
consistent differences between these isolates. In summary,
isolates S to 8 differed from isolates 1 to 4 in that the former
were all found to have an additional BamHI site in the 5' end
of the provirus and did not have the expected XhoI, SacI,
PstI, and BglII sites in the 5' end nor aXhoI site in the 3' end
(see Fig. 5). Comparison of the physical maps of the isolates
with those available for isolates Mo and NRA (Fig. 3)

showed that isolates 1 to 4 had identical maps to that of
isolate Mo. Although a detailed physical map of the NRA
isolate is not available, it would appear from the published
data (36) that it is similar to that of isolates 5 to 8 in that it
was reported to have an additional BamHI site in the 5' end
and did not contain the two XhoI sites described in the Mo
isolate. The findings of consistent differences in the physical
maps suggest that there may be two closely related molecu-
lar subtypes of HTLV-II, and for the purposes of further
studies these were tentatively designated HTLV-IIa and
HTLV-IIb.
PCR amplification. PCR amplification methods were es-

tablished to allow both the identification of HTLV-II and to
differentiate the two proposed subtypes with the aim of
screening PBMC DNA of HTLV-I-HTLV-II-seropositive
individuals. Primers were selected to amplify the gene region
encoding the gp2lenv transmembrane protein, because the
physical maps show that type a isolates have a XhoI site in
this region, whereas type b isolates do not. Thus, XhoI
digestion of amplified DNA should allow a differentiation of
the two subtypes. In these experiments both primers were
labelled at the 5' ends prior to amplification and the products
were directly analyzed by electrophoresis and autoradiogra-
phy after XhoI digestion. The results obtained are shown in
Fig. 4. Lanes 1 and 2 were DNA samples from PBMCs of
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FIG. 2. Southern hybridization analysis of DNA from BJAB-PBMC cocultures established from eight patients (lanes 1 to 8). DNAs were
digested with BamHl and were analyzed with HTLV-II 3' (3.5 kb) (A) and HTLV-II 5' (4.7 kb) (B) probes.

patients known to be infected with types a and b, respec-
tively (isolates 2 and 6). It could be seen that after amplifi-
cation of type a DNA, XhtoI digestion produced signals at
450 and 180 bp. As expected, the 630-bp product resulting
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from amplification of the type b DNA was not digested by
XAhoI. Analysis of the 12 PBMC DNAs showed that in 8,
digestion of the amplified product gave the two fragments of
the expected size, whereas four remained undigested. Thus,
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FIG. 3. Restriction enzyme maps of the proviruses of the eight HTLV-II isolates and comparison with maps of the two original virus
isolates (Mo and NRA) from patients with atypical hairy cell leukemia. Maps were constructed from Southern blot hybridization analyses
after digestion of the DNAs with the indicated restriction endonucleases. Differences between isolates 1 to 4 and 5 to 8, respectively, are noted
by the solid circles. The physical map of Mo was prepared by computer analysis of the published sequence (39). The map of NRA was as
previously published (36) and is adapted and used with permission of the publisher. Differences between the Mo and NRA isolates are
indicated by the open circles.
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FIG. 4. Gel electrophoretic analysis after XhoI digestion of PCR
amplification products. DNAs from fresh PBMCs were amplified
with primers flanking the gene region encoding the transmembrane
gp2l protein. Samples 1 and 2 are DNAs from PBMCs of patients 2
and 6 and represent HTLV-IIa and HTLV-IIb isolates, respectively.
It can be seen that the amplified product from patient 1 is digested
with XhoI, whereas that from patient 2 is not. The remaining
samples are amplified products of DNAs from fresh PBMCs of an

additional 12 HTLV-seropositive IVDAs.

in addition to showing that all the patients have HTLV-II
infection it appears that both of the proposed types are

present in this population. It also appears that the incorpo-
ration of labelled primers into the type b amplified product is
less than that into the type a product (Fig. 4). The reasons for

HTLV-IIA
HTLV- IIB

this are unclear but may reflect some divergence of sequence
in the primer regions.

Nucleotide sequence analysis. To determine whether there
are significant differences in nucleotide sequence between
the two proposed HTLV-II subtypes, the amplified products
representing the transmembrane gp2l protein gene regions
were cloned and sequenced. In these studies four isolates,
two representing each HTLV-II subtype (type a, isolates 1
and 3; type b, isolates 6 and 7) were analyzed. To ensure the
reliability of the method, the same region of HTLV-II-Mo
was also analyzed and was found to have a sequence
identical to that previously published (39). In addition, at
least two clones of each amplified region of each isolate
were analyzed, and no differences were noted. Figure 5

shows that both type a isolates had an identical sequence
to that reported for HTLV-II-Mo. The type b isolates
showed identical changes in 25 bases, suggesting a 4%
divergence in nucleotide sequence. Only one base difference
was noted between the two type b isolates. All changes
noted appear to be point mutations, and it can be seen that
the XhoI site in type b isolates is lost as a result of a single
base change (C to T). Despite the relatively large number of
nucleotide changes, the predicted amino acid sequence of

C N N S I I L P P F S L A P V P P P A T R R R R A V P I A V
CT6CAACAACTCCATTATCCTCCCCCCTTTTTCCCTC6CTCCC6TACCTCCTCC66C6ACAA6AC6CCGCC6T6CC6TTCCAATAGCAGT
(ISOLATE 6)
(ISOLATE 7)

(F) (F)
W L V S A L A A 6 T 6 I A G 6 V T G S L S L A S S K S L L L

HTLV-IIA 6T66CTT6TCTCCGCCCTA6CG6CC66AACA66TATC6CT66TGGA6TAACA66CTCCCTATCTCT6GCTTCCA6TAAAA6CCTTCTCCI
HTLV-IIB T T 6 C A T

T T 6 C A T

E V D K D I S H L T O A I V K N H N I L R V A O Y A A O N

HTLV- I IA 6.A6GTT6ACAAA6ACATCTCCCACCTTACCCA66CCATAGTCAAAAATCATCAAAACATCCTCC666TT6CACA6TAT6CA6CCCAAAA
HTLV-IIB (XHO I) T A 6

T A 6

HTLV-IIA
HTLV-IIB

R R6 L D L L F W E O 6 L C K A I 0 E O C C F L N I S N T

TA6AC6A66ATTA6ACCTCCTATTCT666AACAA6G6G6TTT6T6CAA66CCATACA66AGCAATGTT6CTTCCTCAACATCA6TAACAC

H V S V L E R P P L E K R V I T 6 W 6 L N W D L 6 L S a W
HTLV-IIA TCAT6TATCCGTCCTCCA6GAAC6GCCCCCTCTT6AAAAAC6T6TCATCACC66CT6GG6ACTAAACT666ATCTT66ACT6TCCCAAT6
HTLV-IIB A 6 T T 6

A 6 T T 6

HTLV-IIA
HTLV-IIB

A R E A L 0 T 6 I T I L A L L L L V I L F 6 P C I L R O I 0

G6CAC6AGAA6CCCTCCA6ACA66CATAACCATTCTC6CTCTACTCCTCCTC6TCATATT6TTT66CCCCTGTATCCTCC6CCAAATCCA

(S) (A)

A L P O R L O N R H N O Y S L I N P E T M L - 6660
HTLV-IIA 6GCCCTTCCACA6C66TTACAAAACC6ACATAACCA6TATTCCCTTATCAACCCA6AAACCAT6CTATAATA6ACCT6CTA6CTTCT6CA6
HTLV-IIB A C 6 6 6 6

A 6 6 6 G

FIG. 5. Nucleotide sequence of the gene region encoding the transmembrane glycoprotein of HTLV-IIa and HTLV-IIb. PCR amplification
was carried out with DNA from PBMC-BJAB cocultures, and amplified products were cloned in plasmid pCR1000. Primers employed in PCR
amplification are underlined. HTLV-IIa, represented by the isolates from patients 2 and 3, was found to have an identical nucleotide sequence
to that previously reported for the Mo isolate (39). Base changes in the HTLV-IIb (patients 6 and 7) sequences are noted. It can be seen that
the XhoI site in type IIa isolates is eliminated by a single base pair change (C to T) at position 6209. The predicted changes in amino acid
sequence are noted in parentheses. The stop signal is denoted with an asterisk.
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the gp21 of the type b isolates would have only four
differences (Fig. 5).

DISCUSSION

In a recent report, we demonstrated that cocultivation of
PBMCs from IVDAs who were dually infected with
HTLV-II and HIV with BJAB cells, a continuous Epstein-
Barr virus-negative B-cell line, allowed the selective culti-
vation of HTLV-II (9). In the present report we have
extended these studies and describe the use of this method to
isolate HTLV-II from eight individuals, including those with
and without HIV infection. The observation that the virus
can infect and replicate efficiently in these cells offers unique
opportunities for further study of HTLV-II. The virus is
clearly cytopathic in BJAB cells, and there is considerable
production of cell-free virus as judged by reverse tran-
scriptase activity and electron microscopic examination.
Thus, in addition to allowing analysis of molecular events
during HTLV-II infection, cultivation of the virus in the
BJAB cell line should permit large-scale production of virus
and/or virus antigens which may be useful for serological and
immunological studies. It is presently unclear whether BJAB
cells support only the replication of HTLV-II and not
HTLV-I. However, all preliminary attempts to induce syn-
cytium formation with HTLV-I using a similar method of
cocultivation have been unsuccessful (8a). This result may
suggest a preferential tropism of HTLV-II for these cells
and/or that HTLV-II has a greater potential to cause cell
fusion.
The isolation of HTLV-II from eight individuals has

allowed for the first time a detailed comparison of this group
of viruses. The literature contains only a small number of
reports on the isolation and molecular analysis of HTLV-II.
In addition to the two original isolates, both of which were
from patients with atypical hairy cell leukemia (Mo and
NRA, respectively), the virus was subsequently isolated
from an IVDA with clinical features of AIDS (8) and from a
patient with hemophilia A who had received multiple blood
product transfusions (14). Although the latter isolates were
not directly compared, the published physical maps of the
proviruses would suggest that both were identical to the Mo
isolate. Recently, we isolated and characterized HTLV-II
from two IVDAs who were concomitantly infected with HIV
(9). Restriction enzyme mapping showed that whereas one
isolate had an identical map to that of Mo, the second
showed similarities to NRA, and the findings suggested that
there may be genetic heterogeneity in the HTLV-II group of
viruses.

In the present study using eight virus isolates we have
confirmed that there is genetic heterogeneity, but this is
restricted, and there appear to be two different but consis-
tent physical provirus map patterns. Four of the proviruses
were identical to isolate Mo, with the other four having
identical differences in six restriction endonuclease sites.
Interestingly, these isolates had physical maps which were
similar to that reported for the NRA isolate. Although NRA
was not extensively characterized and nucleotide sequence
data is not available which would allow the generation of a
physical map, it would appear that these four isolates are
closely related to and perhaps identical to NRA.
The finding of two consistently different provirus map

patterns among eight virus isolates is unlikely to be coinci-
dental and suggests that there may be at least two closely
related subtypes of HTLV-II, which we have tentatively
designated HTLV-IIa and HTLV-IIb. On the basis of re-

striction endonuclease site differences, it could be expected
that the nucleotide sequence of the proposed subtypes could
vary by at least 5% (37) and this was supported in prelimi-
nary analysis of the gene region encoding the transmem-
brane protein gp2l. Of 631 bases analyzed, the two type b
isolates had 25 identical base changes. Importantly, no
differences were observed between the two type a isolates
and HTLV-II-Mo, and only one base difference was ob-
served between the two type b isolates. These findings
support the idea that there may be at least two subtypes of
HTLV-II and demonstrate that there is strong sequence
conservation in this gene region within each subtype.
The results of the present studies are too preliminary to

allow a comparison of the degree of nucleotide sequence
divergence occurring in HTLV-II with that in HTLV-I
proviruses. In the areas of Japan, the Caribbean basin, and
Africa in which HTLV-I is endemic, the upper limit of
divergence between HTLV-I isolates has been estimated at
3.5%, but it is generally much lower than this (3, 13, 17, 18,
23, 29, 30). The majority of nucleotide differences are single
point mutations, and no correlation has been observed
between the changes and virus pathogenicity (3, 17, 18). In
contrast, recent studies of HTLV-I isolates from newly
discovered foci in Melanesia have shown up to 10% diver-
gence in nucleotide sequence from those isolated in the
historically established areas (7). It may well be that these
new isolates represent distinct molecular subtypes of
HTLV-I and may have unique biological properties. By
analogy with HTLV-I it can be expected that some diver-
gence in nucleotide sequence will also be found within the
two proposed subtypes of HTLV-II. Further studies will
determine whether this occurs more frequently in certain
gene regions and, since many of the changes appear to be
point mutations, whether this will also produce restriction
enzyme site polymorphism(s). Furthermore, continued anal-
ysis of new HTLV-II isolates may lead to the identification
of additional subtypes with perhaps differing biological prop-
erties. If further analysis confirms significant nucleotide
differences among HTLV-II isolates, this may well explain
some of the inconsistent results observed in a number of
PCR studies in which certain gene regions of HTLV-II could
be amplified whereas others could not (4, 16).
The present study also extends our previous observations

that HTLV-II is the prominent HTLV infection in seropos-
itive IVDAs who are concomitantly infected with HIV (9).
Employing PCR to amplify gene regions which contained
differences in restriction endonuclease sites, 12 seropositive
IVDAs were all shown to have HTLV-II infection, with 8
and 4 being infected with subtypes IIa and Ilb, respectively.
Recently it has been reported that HTLV-II infection may be
endemic in certain New World indigenous populations.
Similar studies to those described here should determine
whether one of the proposed subtypes occurs exclusively or
predominates.
The present study may have important implications for

investigations into the role of HTLV-II in human disease. At
present no definite disease associations exist, but this may
well be due to the small number of individuals identified with
HTLV-II infection and to the relatively long latent periods
expected between infection and the onset of disease. Future
studies to better define this role should take into consider-
ation potential genetic heterogeneity and possibly different
biological properties of the viruses. It is also unknown
whether HTLV-II influences the natural history of HIV
infection and/or vice versa. We have recently shown that
12.5% of the HIV-infected IVDAs in our population are
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HTLV seropositive (9) and this is predominantly due to
HTLV-II infection (4, 9, 16, 20). Studies of homosexual
males concomitantly infected with HTLV-I and HIV have
suggested that they have significantly increased risk for the
development of AIDS than individuals infected with HIV
alone (1, 21). Similarly, it has been suggested that mortality
is higher in IVDAs with AIDS if there is concomitant HTLV
infection (26). This apparent increase in HIV pathogenicity
is supported by in vitro studies that the HTLV tax gene
products can activate HIV gene expression in infected T
cells (2, 40), that there is increased production of infectious
HIV in cell lines mitogenically stimulated with HTLV-I (44),
and that pseudotype formation may occur which could
possibly lead to an extended tropism for HIV (22). Prospec-
tive clinical and immunological investigations in this IVDA
population will allow a better understanding of such interac-
tions and of the role of HTLV-II in human disease.
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