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Serological screening for human T-lymphotropic virus type 1 (HTLV-1) parallels the standard screening
process for human immunodeficiency virus (HIV), in which samples found positive by enzyme-linked immu-
nosorbent assay (ELISA) are confirmed with a modified Western blot procedure. There are a significant
number of cases in which HTLV-1/2 ELISA-positive specimens demonstrate an incomplete banding pattern on
this Western blot. Individuals providing these atypical antibody responses are categorized as seroindetermi-
nate for HTLV-1/2. Although HTLV-1 genomic sequences are readily detectable in the peripheral blood
lymphocytes (PBL) of seropositive individuals, previous studies have repeatedly demonstrated that PBL from
the vast majority of HTLV-1/2 seroindeterminate individuals are PCR negative for HTLV-1. As a result,
identification of the agent responsible for this indeterminate reactivity has been of interest. We have generated
an HTLV-1-positive B-cell line (SI-1 B) from one of these seroindeterminate individuals. Previous screening for
HTLV-1 in PBL from this patient had been routinely negative by primary PCR; however, HTLV-1 tax had been
periodically detected by nested PCR. DNA sequence data generated with genomic DNA from the SI-1 B cell line
and HTLV-1-specific primers demonstrated the presence of a full-length viral genome with >97% homology to
the Cosmopolitan form of HTLV-1. A 12-bp deletion was identified in the 3*-gag/5*-prot region, which would
predict translation of altered or nonfunctional proteins from these genes. We propose that this HTLV-1/2-
seroindeterminate patient is infected with a prototypic form of HTLV-1 at an extremely low viral load and that
this finding may explain HTLV-1/2 seroindeterminate reactivity in at least a subset of these individuals.

Human T-lymphotropic virus type 1 (HTLV-1) has been
identified as the etiologic agent of two distinct human diseases:
adult T-cell leukemia (ATL) and a chronic, progressive demy-
elinating disorder known as HTLV-1-associated myelopathy/
tropical spastic paraparesis (HAM/TSP) (3, 20). The virus has
also been associated with a number of autoimmune diseases,
including Sjögren’s syndrome (18), uveitis (13), and an inflam-
matory arthropathy (14). Individuals infected with HTLV-1, or
the closely related HTLV-2, have been discovered throughout
the world. However, regions of HTLV-1 endemicity, with pro-
portionately higher rates of infection, are clustered in southern
Japan, the Caribbean, South America, the southern United
States, equatorial Africa, and Iran (4).

Screening for HTLV-1/2 has become routine in blood banks
in the United States and a small number of other developed
nations. The screening process is initiated with an HTLV-1/2-
specific enzyme-linked immunosorbent assay (ELISA). Sam-
ples which are found to be repeatedly positive by ELISA are
confirmed through a radioimmunoprecipitation assay (RIPA)
or, more commonly, a commercially available Western blot
assay. The standardized Western blot assay incorporates viral
proteins obtained from Hut102, an HTLV-1-infected cell line,
and a number of recombinant HTLV-1/2 glycoproteins, which
are included to increase the sensitivity and specificity of the

assay. Established criteria for a seropositive HTLV-1/2 West-
ern blot require reactivity to the viral p24 (Gag) protein as well
as one of two viral Env proteins (rgp21 or rgp46). In a signif-
icant number of cases, which can be demonstrated throughout
the world, the HTLV-1/2 ELISA is positive but an incomplete
antibody response appears on the Western blot (7, 9, 12).
Individuals providing these samples are categorized as HTLV-
1/2 seroindeterminate. While HTLV-1 genomic sequences can
be readily demonstrated in the peripheral blood lymphocytes
(PBL) of virtually all HTLV-1-seropositive individuals by pri-
mary PCR or, in certain cases, by Southern blotting, previous
studies have suggested that the vast majority of HTLV-1/2
seroindeterminate individuals are HTLV-1 genome negative
(9, 12).

The causative agent(s) and medical significance of the
HTLV-1/2 seroindeterminate status are unclear. A number of
potential explanations have been provided for this serological
finding, including (i) cross-reactivity with another infectious
agent (e.g., Plasmodium falciparum) (10), (ii) infection with a
truncated or deleted form of HTLV-1 (2, 5), (iii) infection with
a novel retrovirus bearing significant homology to HTLV-1 (1),
and (iv) infection with prototype HTLV-1 at viral loads which
are below the range of current methods of detection. Pre-
vious studies have had limited success in addressing these
possibilities.

We have previously described a cohort of patients with var-
ious neurological symptoms and seroindeterminate HTLV-1/2
Western blot profiles (17). Analysis of PBL from these indi-
viduals reflected data generated by other groups (9, 10, 12).
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HTLV-1 sequences were not detectable by primary PCR, while
HTLV-1 tax could be periodically amplified by nested PCR. In
this paper we describe an Epstein-Barr virus (EBV)-trans-
formed B-cell line (SI-1 B), generated from one of these
HTLV-1/2-seroindeterminate patients diagnosed with the re-
lapsing, remitting form of multiple sclerosis, which was found
to be positive for HTLV-1 by primary PCR. HLA typing of the
cell line provided an exact match to the patient, ruling out
contamination with another infected source. Southern blot
analysis of SI-1 B genomic DNA demonstrated the expected
HTLV-1 banding pattern for a number of restriction enzymes.
The SI-1 B cell line was deficient in production of the viral p19
(Gag) protein, in contrast to other HTLV-1-infected cell lines,
which were positive for expression of this protein. Overlapping
PCR clones which spanned the entire HTLV-1 genome were
generated using SI-1 B genomic DNA and primers specific for
prototypic HTLV-1. These amplimers were subsequently sub-
cloned and sequenced. The virus infecting the SI-1 B cell line
was determined to fall in the Cosmopolitan subtype of
HTLV-1 and was found to have .97% homology to the pro-
totype sequence (16). In addition, a 12-bp deletion was discov-
ered in the region coding for both the 39 end of the viral Gag
and the 59 portion of the protease, resulting in predictable
disruptions of the coding sequences for these proteins; poten-
tial effects of such alterations are discussed herein.

This is the first evidence demonstrating infection with full-
length HTLV-1 in a primary-PCR negative, HTLV-1/2 seroin-
determinate individual. We propose that this finding may pro-
vide an explanation for HTLV-1/2 seroindeterminate status in
a subset of individuals, perhaps similarly infected with proto-
type HTLV-1 at an extremely low viral load.

MATERIALS AND METHODS

Patient history and generation of cell lines. Patient SI-1 was referred to the
Neuroimmunology Branch at the National Institute of Neurological Disease and
Stroke, Bethesda, Md., with relapsing, remitting multiple sclerosis and HTLV-
1/2 seroindeterminate status. She is an African American female from the south-
ern United States with no other known risk factors for infection with HTLV-1.
For generation of B-cell lines, 5 3 106 PBL were cultured for 2 weeks in
complete RPMI (Life Technologies, Gaithersburg, Md.) (3 mM L-glutamine, 15
mM HEPES, 0.04 U of penicillin/streptomycin per ml) supplemented with 15%
fetal calf serum, OKT3, and EBV stock. After 2 weeks of uninterrupted culture,
the cells were passed into and maintained in complete RPMI–15% fetal calf
serum alone.

HTLV-1/2 ELISA and Western blot analyses. Patient serum was initially tested
for the presence of HTLV-1/2 antibodies with an HTLV-1/2 enzyme immuno-
assay kit (Abbott Laboratories, North Chicago, Ill.) as specified in the kit in-
structions. A positive EIA was followed by testing by an HTLV-1/2 modified
Western blot assay (HTLV Blot 2.4; Genelabs Diagnostics, Singapore City,
Singapore); sera were diluted from 1:50 to 1:160,000 for the assay.

PCR screening of cell lines. Genomic DNA was isolated from 5 3 106 cells by
using the QiaAmp blood kit (Qiagen, Santa Clarita, Calif.), and PCR for
HTLV-1 tax was performed with 1 mg of DNA as the template. Reactions were
set up in a 50-ml volume containing target DNA, 103 buffer (100 mM Tris-HCl,
15 mM MgCl2, 500 mM KCl [pH 8.3]), 0.2 mM each SK43 primer and SK44

primer (see Table 1 for primer sequences), 200 mM total deoxynucleoside
triphosphate, and 2.5 U of Taq polymerase (Boehringer Mannheim, Indianapo-
lis, Ind.). Samples were cycled through 25 rounds of denaturation at 94°C for 1
min, annealing at 54°C for 1 min, and extension at 72°C for 1 min. Products were
electrophoresed through a 1% agarose gel and were visualized by ethidium
bromide staining.

Southern blotting. Genomic DNAs were extracted with the Easy-DNA kit
(Invitrogen, Carlsbad, Calif.) and purified on columns from the QiaAmp blood
kit. Samples were digested to completion for 4 to 5 h at 37°C with EcoRI, PstI,
or HindIII. The resulting digests were run on a 0.7% agarose gel, transferred to
Nytran-supported nylon membranes (Schleicher & Schuell, Keene, N.H.), and
UV cross-linked by Stratalinker (Strategene). The filters were hybridized for 1 h
at 42°C with radiolabelled proviral HTLV-1 DNA lacking only long terminal
repeat (LTR) sequences (Ready-to-Go random-primed labelling kit [Amersham
Pharmacia, Piscataway, N.J.]) in Quick-Hyb solution (Stratagene). The filters
were washed, and hybridization was visualized by overnight exposure to X-Omat
film (Kodak) at 270°C.

p19 antigen capture assay. Samples were prepared for use in the Retro-Tek
HTLV p19 antigen ELISA kit (Cellular Products Inc., Buffalo, N.Y.). Superna-
tants were cleared by centrifugation at 800 3 g in a microcentrifuge for 10 min,
transferred to clean tubes, and used directly for ELISA. For cell lysates, 5 3 106

cells were centrifuged and the supernatant was discarded. The cell pellets were
subjected to freezing-thawing and resuspended in 500 ml of phosphate-buffered
saline with repeated up-and-down pipetting. The ELISA was performed as spec-
ified in the kit instructions, and concentrations of antigen were determined based
on standards provided with the kit.

Western blot analysis for p19. To analyze virus-specific protein synthesis, cell
lysates and supernatants (prepared as above) obtained from an HTLV-1-unin-
fected B-cell line (UN-1), SI-1 B, a B-cell line derived from a HAM/TSP patient,
and HUT102 were subjected to Western blot analysis. Proteins from lysates and
supernatants (50 mg of protein per sample) were separated by electrophoresis on
a 12% Tris–glycine gel and transferred to a 0.22-mm-pore-size nitrocellulose
membrane (Schleicher & Schuell). Western blot analysis was performed with a
monoclonal antibody to p19 (Chemicon, Inc., Temecula, Calif.).

RT-PCR for HTLV-1 tax expression. RNA was purified from 5 3 106 cells with
the RNeasy kit (Qiagen). After purification, RNA was treated with 10 U of
DNase (Boehringer, Mannheim, Germany) and digested for 15 min at 37°C.
DNase was then inactivated by heat treatment for 15 min at 70°C. First-strand
cDNA synthesis was performed with the Ready-to-Go kit (Pharmacia) and 5 mg
of total RNA primed with a combination of random hexamers and oligo(dT).
The entire first-strand reaction was used as template for PCR amplification of
HTLV-1 tax, env, pol and actin mRNAs; reactions were set up as described above
in a total volume of 100 ml/reaction. Tax primers were RPX3 (59-ATCCCGTG
GAGACTCCTCAA-39) and RTTAXB1 (59-AGAGGTTCTCTGGGTGGGGA
AG-39), and Pol primers were SK110 (59-CCCTACAATCCAACCCAGCTCA
G-39) and SK 1111 (59-GTGGTGGATTTGCCATCGGGTTTT-39). Nested
reverse transcription-PCR (RT-PCR) for HTLV-1 env mRNA was performed
with primers env-1 (59-TGTGGTGCCTCCTGAACTGCG-39) env-2 (59-GTCT
TAATAGCCGCCAGTGGA-39), env-3 (59AGGGGGCAGAACTGGAAGAA
T-39), and env-4 (59-CAGCAGCTGGGGCTGTAATCA-39). The actin primers
were RTBACF1 (59-GCATGGGTCAGAAGGATTCCTASI-1-39) and
RTBACB8 (59-ACAGGGATAGCACAGCCTGGATAG-39). Samples were cy-
cled through 35 rounds of denaturation at 94°C for 30 min, annealing at 55°C for
30 s, and extension at 72°C for 1 min. Products were visualized as described
above.

Generation of overlapping PCR clones. Primers were chosen based on their
location within the prototype HTLV-1 genomic sequence available in the Gen-
Bank database (16). Clones and respective primer sets are described in Table 1.
PCR mixtures were prepared as above with 1 mg of genomic SI-1 B DNA as the
template. The reactions consisted of 30 cycles of denaturation at 94°C for 30 s,
annealing at either 55°C (clones 1, 2, and 3) or 60°C (clones 4 and 5) for 30 s, and
extension at 72°C for 4 min (clones 1, 2, and 3) or 8 min (clones 4 and 5). Samples
were visualized by gel electrophoresis as above. Expected product sizes were

TABLE 1. Primer sequences and respective regions amplified for overlapping PCR clones spanning the entire prototypic HTLV-1 genome

Amplimer Region amplified Primer and sequences

clone1 59 LTR–39 gag BS1F, gaggcggccgcgcggccgcgtagttctgacaatgaccatgagcc
M3, gccagagttgctggtattctcgcct

clone2 39 pol–59 env SK110, ccctacaatccaaccagctcag
SG453, gcgggatcctagggtgggaacag

clone3 39 env–59 pX SG452, atcctcgagccctctataccatg
SK44, gagccgataacgcgtccatcg

clone4 39 gag–39 pol M2, tccggcttgcggtgcagcagtttga
SK111, gtggtgaagctgccatcgggtttt

clone5 59 pX–39 LTR SK43, cggatacccagtctacgtgt
BS2R, gaggaattcgaattctataggatgggctgtcgctggc
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FIG. 1. HTLV-1/2 Western blot. Serum from a representative HAM/TSP patient was blotted from 1:50 to 1:160,000 dilutions. Serum from seroindeterminate
patient SI-1 was blotted from 1:50 to 1:10,000 dilutions. Reactivity to the p24 antigen and to either rgp21 or rgp46 (p) is required for a classification of HTLV-1
seropositivity.
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based on predictions from the prototypic HTLV-1 sequence. Each clone was
amplified in triplicate to account for potential point mutations introduced during
PCR by the Taq polymerase. The resulting PCR products were directly sub-
cloned into the TA-cloning vector pCR2.1 (Invitrogen). Subclones (triplicates of
each clone) were transformed into INVaF9, and positive colonies were selected
by blue-white color screening. Positive colonies were miniprepped using the
Qiagen miniprep kit, and predicted inserts were confirmed by restriction diges-
tion.

Sequencing and data analysis. Samples were sequenced on an ABI 373 auto-
mated sequencing system at the National Institute of Neurological Disorders and
Stroke Core DNA facility on the National Institutes of Health campus. Dye-
labelled vector-specific primers (M13F and M13R) were used to sequence the 39
and 59 regions of each clone, respectively. Nested deletions were generated for

each clone using the Exo-Mung system (Stratagene), and sequence products of
the resulting fragments were aligned to construct contigs for each clone. Se-
quence was obtained for both strands of each clone. Alignment and building of
clone consensus sequence, as well as subsequent comparison to the prototype
HTLV-1 sequence and translational analysis, were completed with the Gene-
Works software package (IntelliGenetics), GCG-Lite (available at http://mol-
bio.info.nih.gov/molbio/gcglite/), and analysis software available from the Na-
tional Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/).

RESULTS

Patient SI-1 was positive in the HTLV-1/2 ELISA and was
subsequently determined to be HTLV-1/2 seroindeterminate
by Western blot analysis (Fig. 1). The blot was reminiscent of
an HTLV-1/2-seroindeterminate Western blot pattern seen in
samples throughout the world and known as the HTLV-1 Gag-
indeterminate Profile (12). Reactivity to the p19 (Gag) ele-
ment and a number of other antigens which are not considered
diagnostic for infection with HTLV-1 was evident, but re-
sponses to the required viral p24, rgp21, and rgp46 antigens
were absent. To exclude the possibility that this seroindeter-
minate pattern was due to low antibody titers, serum from a
representative HAM/TSP patient was titrated to determine if a
Western blot pattern comparable to that of patient SI-1 could
be obtained. As can be seen in Fig. 1, the HAM/TSP patient
serum, beginning at a 1:40,000 dilution, had a faint response to
the p24, rgp21, and rgp46 bands. At a 1:80,000 dilution, only
the p24 and rgp21 bands remained. Antibodies to HTLV-1
antigens were not detectable at the 1:160,000 dilution. At no
dilution do any of these patterns resemble the Western blot
pattern of patient SI-1 or the other seroindeterminate patterns
previously described and typified by reactivity to p19 and ab-
sence of rgp46, p24, and rgp21 (17).

During routine screening for HTLV-1 tax in a number of
B-cell lines from our cohort of HTLV-1/2-seroindeterminate
patients (previously generated for use as autologous targets in
cytotoxic T-lymphocyte assays), the SI-1 B cell line was found
to be positive for this viral sequence by primary PCR (Fig. 2).
To address issues of contamination or misidentification of the
SI-1 B cell line, genomic DNA was isolated for PCR-based
HLA subtyping. The results were identical to the previously
determined HLA type of patient SI-1, confirming that the SI-1
B cell line originated from this seroindeterminate individual.

Southern blot analysis of DNA from the SI-1 B-cell line
revealed that the virus present in this seroindeterminate pa-
tient was probably full-length and demonstrated the predicted
banding pattern when digested with a number of restriction
enzymes (Fig. 3). Since there are no internal EcoRI sites in
prototypic HTLV-1, digestion with this enzyme predictably
yields bands of 9 kb or larger (the size of the prototypic
HTLV-1 genome). We observed a number of smaller bands
from the SI-1 B cell line following EcoRI digestion. These
nonprototypic bands were explained during subsequent se-
quence analysis, which identified a new EcoRI site present in
the 39 LTR of the HTLV-1 genome from the SI-1 B cell line.
Digests of SI-1B DNA with PstI or HindIII (data not shown for
HindIII) demonstrated the prototypic banding pattern for
these enzymes and argued against any gross genetic changes in
the internal portions of the viral genome (Fig. 3).

An antigen capture ELISA, specific for the p19 element of
HTLV-1 Gag, was negative for both culture supernatant and
cell lysate fractions of the SI-1 B cell line (Fig. 4a). Addition-
ally, Western blot analysis demonstrated that the SI-1 B cell
line was deficient in p19 production in both the lysate and
supernatant fractions (Fig. 4b). In contrast, eight of eight B-
cell lines established from HTLV-1-seropositive individuals
were positive by the antigen capture assay (data shown for two

FIG. 2. PCR for HTLV-1 tax using genomic DNA isolated from an HTLV-
1-infected HAM/TSP B-cell line and the SI-1 B cell line.

FIG. 3. Southern blot for HTLV-1 integrated in B-cell genomic DNA gen-
erated from a patient with HAM/TSP (lanes 1 and 2), the SI-1 B cell line (lanes
3), and an HTLV-1-infected cell line from a patient with ATL (lanes 4). The line
from the ATL patient contains a monoclonal integration of the HTLV-1 provi-
rus. The other lines harbor multiple integration sites of the virus. Following
digestion with PstI, expected virus-specific bands are 2.4, 1.6, and 1.3 kb; addi-
tional bands at higher molecular sizes are attributed to viral sequences contig-
uous with cellular genomic DNA external to adjacent PstI sites in the viral
genome. Digestion of prototype virus with EcoRI predictably yields bands
greater than 9 kb, due to a lack of internal EcoRI sites.
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of these cell lines [Fig. 4a]) and p19 was easily detectable by
Western blot analysis in both HUT102 and a B-cell line de-
rived from a HAM/TSP patient (Fig. 4b). To determine if the
lack of Gag production was due to deletion or truncation of the
HTLV-1 tax gene, a crucial factor for transactivation and tran-
scription of other HTLV-1 genes, we performed RT-PCR for
HTLV-1 tax. In this case, the SI-1 B cell line produced a
full-length tax mRNA, as observed in other HTLV-1-infected
cell lines (Fig. 4c). Additionally, the SI-1 B cell line was found
to produce full-length mRNA for the env and pol regions of
HTLV-1 (Fig. 4c). The potential for posttranscriptional abnor-
malities or alterations in expression of Tax in the SI-1 B cell
line could not be addressed, since the protein was not detect-
able by Western blotting or immunofluorescence in any of the
HTLV-1-infected B-cell lines tested (data not shown). Quan-
titative PCR for HTLV-1 genomic DNA indicated that there
were no major differences in viral copy number between the
SI-1 B cell line and other HTLV-1-infected B-cell lines, sug-

gesting that the absence of detectable Gag production was not
simply attributable to a low viral load in the cell line (data not
shown).

We thought that sequencing of the virus infecting the SI-1 B
cell line would potentially shed light on viral genetic changes
which could be associated with the HTLV-1/2-seroindetermi-
nate antibody response. A strategy was devised which used
overlapping PCR clones spanning the entire genome of pro-
totypic HTLV-1 (Fig. 5a; Table 1). These regions were ampli-
fied by PCR (Fig. 5b) and were found to be of the expected
sizes with respect to control samples and predictions from
sequences in databases. Each individual region was amplified,
subcloned, and sequenced in triplicate, so that subsequent
comparison and alignment of individual clones from each re-
gion would allow for exclusion of mutations introduced by
PCR amplification, cloning, or sequencing. The resulting con-
tigs for each region, assembled from the combined sequence of
nested deletions performed on each clone, were aligned and

FIG. 4. (a) Antigen capture assay for HTLV-I Gag. Hut102 and MT-1 are HTLV-1-infected T-cell lines; MT-1 is known to have very low levels of viral
transcriptional activity. UN-1 is a B-cell line generated from an HTLV-1-seronegative individual. Black and grey columns represent cell supernatant and cell lysate
fractions, respectively. (b) Western blot assay for HTLV-1 p19. Western blot analysis was performed on supernatants (Spt) and cell lysates (Ly) from an uninfected
B-cell line (UN-1), a B-cell line derived from seroindeterminate patient SI-1 (SI-1 B), a B-cell line from a HAM/TSP patient (HAM/TSP-1), and an HTLV-1 infected
T-cell line (Hut102) with a monoclonal antibody to HTLV-1 p19 at a 1:50 dilution. SeeBlue (Novex, San Diego, Calif.) markers (not shown) were used for gel
calibration. (c) RT-PCR assay for HTLV-1 tax, pol, and env. UN-1 is an HTLV-1-uninfected B-cell line; Hut102 is an HTLV-1-infected T-cell line; Jurkat is an
HTLV-1-uninfected T-cell line; HAM/TSP is an HTLV-1-infected B-cell line from a HAM/TSP patient: SI-1 is a B-cell line derived from seroindeterminate patient
SI-1.
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compiled to provide a full-length viral sequence for use in
translational analysis and comparison to prototype HTLV-1.
These comparisons are described in Table 2. The results indi-
cate that the virus was globally .97% homologous to proto-
typic HTLV-1 on the nucleotide level. Fine analysis of the 59
LTR indicated that the HTLV-1 strain infecting patient SI-1
was of the Cosmopolitan subtype (R. Mahieux, personal com-
munication). A 12-bp deletion was identified, beginning at
nucleotide 2109 of the viral genome, which would predict the
following two alterations: (i) abrogation of the normal stop
codon for the Gag polyprotein, resulting in a 20-amino-acid
extension prior to termination at a new stop codon; and (ii) a
deletion of amino acids 6 to 9 in the viral protease, with
reemergence of prototype sequence at amino acid 10.

DISCUSSION

The origins of seroindeterminate HTLV-1/2 Western blot
patterns have been enigmatic since the initiation of screening
for these viruses in the late 1980s. Interpretation of the signif-
icance of such patterns and counseling of these seroindetermi-

nate individuals remain topics of concern for physicians in
HTLV-1-endemic regions as well as for blood banks through-
out the world. Although little progress has been made in the
identification of an agent globally responsible for this phenom-
enon, several hypotheses have been proposed throughout the
last decade.

A number of studies have demonstrated that antibodies spe-
cific for an antigen present in the blood stage of Plasmodium
falciparum are cross-reactive with an epitope of the HTLV-1
Gag protein and that this cross-reactivity can result in binding
to viral p19 elements in HTLV-1 screening assays (10). How-
ever, this finding was verified for seroindeterminate sera drawn
from individuals residing in regions where malaria is endemic.
In contrast, 15 HTLV-1/2-seroindeterminate serum samples
taken from individuals residing in the United States were
found to be negative for malarial cross-reactivity. HTLV-1/2-
seroindeterminate prevalence rates increase with age in re-
gions where malaria is endemic, while prevalence in other
areas does not follow a similar pattern (12). In addition, the
extraordinarily high rates of seroindeterminate findings (up to
25%) in some regions where malaria is endemic do not accu-

FIG. 5. (a) Schematic representation of the HTLV-1 genome and relative locations of overlapping PCR clones generated from the SI-1 B cell line. (b) Overlapping
PCR clones generated from the SI-1 B cell line using primers specific for prototypic HTLV-1. Primer sequences and expected amplimer sizes are shown in Table 1.
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rately reflect seroindeterminate rates in other regions, suggest-
ing that the two situations are of different etiology. Of note,
patient SI-1 had never lived in or traveled through a region
where malaria is endemic. Alternative agents with HTLV-1-
cross-reactive elements may account for seroindeterminate
patterns in other areas, but no evidence has been provided for
any such agent.

Seroindeterminate reactivities to the HTLV-1/2 Western
blot have been found in sera from a small number of individ-
uals infected with simian T-lymphotropic virus type 1 (STLV-
1), which is homologous to HTLV-1 (21). Infection with such
a virus could offer an explanation for an incomplete or faint
banding pattern on the HTLV-1/2 Western blot, attributable to
absence or minor changes of immunogenic epitopes recog-
nized by the majority of HTLV-1-seropositive individuals.
However, these STLV-1-infected individuals harbor viral loads
which are easily detectable by PCR, a finding which contrasts
sharply with data generated from the greater proportion of
seroindeterminate samples worldwide.

The presence of truncated or deleted forms of HTLV-1 has
been described in a number of studies, and these elements
have been implicated as potential agents of disease in a num-
ber of cases (2, 5). Such deleted or truncated forms of HTLV-1
could theoretically account for an incomplete banding pattern
on an HTLV-1/2 Western blot, again due to absence or alter-
ation of crucial immunodominant viral epitopes. However, no
evidence has been provided to support this theory, since indi-
viduals carrying truncated or altered forms of HTLV-1 have
been primarily seronegative.

We report here the first evidence for infection with a full-
length form of HTLV-1 in a primary-PCR-negative, HTLV-1/2
seroindeterminate individual. This patient exhibits a Western
blot pattern demonstrating isolated reactivity to the viral p19
antigen, a pattern which has been previously described as the
HTLV-1 Gag-indeterminate profile. Previous attempts to
demonstrate infection with HTLV-1 in individuals with this
pattern by using PCR have been largely unsuccessful (12). The
fact that PBL from patient SI-1 were negative for viral se-
quences by primary PCR but occasionally positive by nested
PCR suggested that this individual carries HTLV-1 at a viral
load which is at or below the detectable limits of current PCR
methods. Other groups have reported similarly positive results
in nested PCR assays for HTLV-1 tax in some seroindetermi-
nate individuals (A. Syrtsev, S. Van Dooren, and N. Senyuta, J.
Acquired Immune Defic. Syndr. Hum. Retrovirol. 4:A51, 1999,
abstract).

The presence of a 12-bp deletion in the HTLV-1 genome

from patient SI-1, localized to a region which codes for por-
tions of the viral Gag and protease, implies several potential
functional defects of the virus that may infect this individual,
although it is difficult to assess if this deletion is a major
component in vivo. The absence of p19 from the SI-1 B cell
line in the presence of a strong serological response to p19
from this patient suggests that defects in p19 may not be the
major reason for the seroindeterminate reactivity. The N-ter-
minal portion of the viral protease contains sites that are
known to be involved in dimerization of this protein with the
Gag-pro polyprotein, an interaction which is crucial for the
activation of proteolytic function (6, 11). A deletion of four
amino acids in this region could disrupt protease activity, pre-
cluding crucial processing steps required for liberation of in-
dividual viral proteins from their initial polyprotein forms and
the subsequent assembly of a mature viral particle. It has been
demonstrated that point mutations or deletion of glycosylation
sites can result in a nonfunctional Env protein (15); failure in
proteolytic processing of the polyprotein from its initial gp68
form to the gp46 and gp21 forms may result in a similar lack of
Env expression. Therefore, the lack of reactivity from patient
SI-1 to recombinant Env antigens on the HTLV-1 Western
blot may simply be attributed to lack of antigen production. In
addition, the inability to create functionally mature proteins,
particularly those encoded by the viral pol gene, would result in
potent attenuation of crucial replicative abilities of the virus.

The finding of an HTLV-1 PCR-positive B-cell line, initially
generated from an otherwise primary PCR-negative individual,
may have interesting ramifications for HTLV-1 on a broader
scale. EBV-transformed B-cell lines are routinely generated in
our laboratory for use as HLA-matched targets in cytotoxic
T-lymphocyte assays. While B cells are not thought to be a
natural reservoir for HTLV-1 in vivo, we found that all EBV-
transformed B-cell lines generated from HTLV-1-seropositive
individuals harbor the viral genome. As mentioned above,
these HTLV-1-positive B-cell lines express detectable levels of
the HTLV-1 Gag protein and tax mRNA. It is possible that
these cells become infected during the in vitro EBV transfor-
mation of B cells from bulk PBL; the high levels of OKT3 used
to activate and then exhaust the T-cell component of the PBL
in this process may induce viral expression and promote syn-
cytial contacts between T and B cells during the initial period
of culture. In addition, there is some evidence that EBV itself
may play a role in inducing a cellular environment conducive to
HTLV-1 infection in cells which are normally not amenable to
productive infection with the virus (19).

Although full-length mRNAs from the tax, env, and pol

TABLE 2. Comparison of the SI-1 B HTLV-1 sequence and various full-length HTLV-1 genomic sequences available in the
GenBank database

Region (SI-1 B viral genome)a
% Similarityb of region to that in:

AF033817 AFO42071 D13784 I02029

Gag (nt 828–2177; 449 aa) 98 (420/429) 99 (426/429) 99 (424/429) 99 (423/429)
Protease (nt 2081–2798; 230 aa) 95 (223/234) NDc 96 (225/234) ND
Pol (nt 2515–5310; 895 aa) 97 (857/878) 99 (888/895) 98 (884/895) 98 (882/895)
Env (nt 5195–6658; 488 aa) 98 (479/488) 99 (485/488) 98 (479/488) 98 (478/488)
p40/Tax (nt 5195–5197, 7316–8374; 353 aa) 98 (349/353) ND ND ND
p27/Rex (nt 5139–5199, 7316–7822; 189 aa) 100 (189/189) ND ND ND
genome (9032 nt) 98 99 97 98

a nt, nucleotide sequence position in the SI-1 B viral genome; aa, predicted coding length of the respective gene product.
b Percentages are based on comparisons of total number of aligned amino acids; numbers in parentheses represent actual alignments. Genomic comparisons are based

on global genome-to-genome alignment. no. AF033817, unknown viral origin; AF042071, German isolate RKI-3; D13784, ATL isolate of Caribbean origin; J02029,
ATL isolate of Japanese origin.

c ND, not done.
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regions of HTLV-1 were found in the SI-1 B cell line, HTLV-1
p19 Gag production was markedly absent. The lack of detect-
able Gag expression from the SI-1 B cell line may have impli-
cations for the persistence of HTLV-1 in this individual in the
absence of an active immune response. There is some evidence
that a significant proportion of HTLV-1-infected cells from
seropositive individuals may be transcriptionally silent, since
tax mRNA can be detected in PBL from only a small propor-
tion of patients with HAM/TSP through the use of a nested
RT-PCR assay (unpublished results from our group). Since it
has been reported that up to 10% of the peripheral CD41 T
cells in these individuals may carry the HTLV-1 genome (8),
one would expect to detect tax mRNA in these cells if they
were indeed transcriptionally active.

The demonstration of full-length HTLV-1 in a primary
PCR-negative HTLV-1/2 seroindeterminate individual war-
rants further investigation. The potential for disease attribut-
able to such a low-level infection is unclear but may be of
significance for the subset of HTLV-1/2 seroindeterminate in-
dividuals who are similarly infected.
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