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In the United States, all blood used for transfusion is tested for the presence of antibodies to the structural
components of the human T-cell lymphotropic viruses types 1 and 2 (HTLV-1 and -2). Based on such serologic
tests, the prevalence of HTLV-1 infection is estimated to range from 0.016 to 0.1%. As a consequence of studies
of patients with mycosis fungoides and some of their healthy relatives who are antibody negative but were found
to carry the tax sequence of HTLV-1 in their lymphocytes and who had antibodies to the p40tax protein, a study
was undertaken to determine the prevalence of the “tax-only” state in 250 healthy blood donors and other
volunteers. Using PCR and Southern analysis for cell lysates and using Western blotting for plasmas, 8.6% of
the blood donors proved to be tax sequence positive and antibody positive. Sequence analysis of specimens from
22 individuals proved that 20 of the sequences were homologous with that of HTLV-1 while 2 resembled the
HTLV-2 sequence. The latter were obtained from volunteers of Indian origin. The possible clinical significance
of the tax-only carrier state is discussed.

The human T-cell lymphotropic virus type 1 (HTLV-1) is the
established cause of T-cell leukemia and lymphoma in regions
of the world where the virus is endemic (15, 28, 36). HTLV-1
is also causally related to the development of tropical spastic
paraparesis (TSP) and HTLV-1-associated myelopathy (HAM),
conditions which are inflammatory and autoimmune rather
than neoplastic (10, 33). However, the majority of individuals
infected with this virus never develop any disease, and if they
do, it is usually late in life (2, 52). Nevertheless, since the virus
is transmitted by blood transfusion, blood used for this purpose
in the United States has been screened routinely for antibodies
to HTLV-1 and -2 since 1988 (4). On this basis, the prevalence
of HTLV-1 infection among Americans without obvious risk
factors, such as origin from a region where the virus is endemic
or intravenous drug use, has been estimated to range between
0.016 and 0.1%, depending on locale (24, 50).

There is now reason to question whether the prevalence of
HTLV-1 infection in the United States may be greater than
detected by currently used serologic tests. This question was
first raised by our observation that patients with the cutaneous
T-cell lymphoma, mycosis fungoides (MF), harbor the tax se-
quence of HTLV-1 in their lymphocytes without having anti-
bodies to the structural proteins of the virus (35). For ease of
discussion, the 159-bp proviral DNA encoding a portion of the
Tax protein is referred to as the tax sequence in this paper.
This situation was also found in some healthy relatives of MF
patients (55). One of these relatives admitted to having served
repeatedly as a volunteer blood donor. In addition, two healthy
individuals without risk factors, whose blood specimens were
obtained for use as negative controls to be run side by side with
samples from MF patients, unexpectedly also turned out to be
tax positive.

These observations prompted studies of randomly selected
volunteer blood donors who presented at the New York Uni-
versity Medical Center (NYUMC) Blood Bank. Preliminary

studies carried out on the first 100 of these donors revealed
that more than 8% carried HTLV-1 tax sequences in their
peripheral blood mononuclear cells (PBMC) and that the ma-
jority of them also had antibodies to the p40tax protein, an
antigen currently not included in HTLV-1 and -2 serologic test
kits (53). All tax-positive individuals were negative for antibod-
ies to the structural proteins of the virus, which was routinely
tested for at the New York Blood Center.

Because the tax sequence and its gene product, p40tax, are
the transactivating and transforming components of HTLV-1
(for reviews see references 3, 11, and 52), a larger study of the
prevalence of the “tax-only” state and its possible clinical im-
plications seemed imperative.

The present report communicates data derived from 250
specimens, comprising samples obtained from 210 volunteer
blood bank donors, who had no risk factors as defined by the
United States blood banking community, and 40 additional
volunteers recruited from among NYUMC staff.

In order to substantiate the assumption that healthy individ-
uals in regions where the virus is not endemic may carry pro-
viral sequences homologous to that of HTLV-1 tax without
having antibodies to the structural proteins of the virus, the tax
sequences amplified from PBMC lysates of 22 of these tax-
only-positive healthy individuals were subjected to nucleotide
sequence analysis.

Furthermore, to explore whether tax-only positivity has any
clinical relevance, a study was initiated of specimens obtained
from patients with rheumatoid arthritis (RA). This particular
autoimmune disease was chosen to begin with, because mice
transgenic for HTLV-1 tax develop clinical and pathologic
manifestations indistinguishable from those of RA in humans
(17, 18). Preliminary data suggest that the tax-only state is
more common among patients with RA than among healthy
blood donors. The possible implications of these observations
are discussed.

MATERIALS AND METHODS

Specimens. Heparinized blood was collected with informed consent and ap-
proval by the Institutional Review Board from 250 healthy adults who had no risk
factors which would have disqualified them from donating blood for transfusion.
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All of the subjects tested negative for antibodies to HTLV-1 and -2 by enzyme-
linked immunosorbent assay and Western blot tests performed at the New York
Blood Center and/or in our own laboratory. Among the 250 were 210 who,
independently of this study, donated a unit of blood at the NYUMC Blood Bank
and 40 healthy volunteers who were recruited by advertisement from among the
personnel at NYUMC. Twenty-six of the volunteers who were not blood donors
were Caucasian Americans, three were African Americans, and three were
African Caribbeans. The remaining eight consisted of one black Nigerian, two
Koreans, one Japanese from Taiwan, and four Indians and Pakistanis.

Blood samples were also obtained from 57 patients diagnosed to have RA
according to criteria established by the American Rheumatism Association (1).
The patients with RA were referred by rheumatologists affiliated with our insti-
tution.

Blood samples were fractionated into plasma and PBMC by Ficoll-Hypaque
gradient centrifugation as routinely carried out in this laboratory (35). Sterile
techniques were strictly adhered to during all procedures, and each specimen was
handled at a different site and usually on a different day than the others.

Detection of HTLV-1 and -2 proviral DNA sequences in PBMC. (i) Prepara-
tion of cell lysates and PCR amplification. Whole-cell lysates were prepared
from ;105 PBMC as described previously (35). Briefly, the cells were lysed in
autoclave-sterilized distilled water by sonication and boiling, followed by incu-
bation for 1 h at 55°C in the presence of 2 mg of proteinase K per sample. The
samples were then boiled to inactivate the protease and subjected to 30 cycles of
PCR amplification (1 min at 94°C, 1 min at 55°C, and 1.5 min at 72°C per cycle,
followed by a final incubation for 10 min at 72°C in the buffer and concentrations
of deoxynucleoside triphosphates described previously (35). The final sample
reaction mixture volume of 80 ml included 40 pmol of primers (see below) and
4 U of Taq polymerase (Perkin-Elmer, Foster City, Calif.) (12, 22, 35, 55). PCR
was carried out in the Perkin-Elmer model 480 thermal cycler. Positive and
negative control cells for the PCR consisted of lysates of the prototypic HTLV-1
and -2-infected cell lines, C91PL (HTLV-1 (37) and MoT (HTLV-2) (39), re-
spectively, in addition to PBMC from HTLV-1 and -2 gag, pol, env, and tax PCR
sequence-negative healthy volunteers.

(ii) Southern analysis. PCR products were resolved through 4% agarose gels
in the presence of ethidium bromide, followed by denaturation, neutralization,
and overnight transfer of DNA to nylon membranes, as described before (35).
DNA was cross-linked to the membranes by incubation for 1 h at 80°C followed
by prehybridization and hybridization at 43°C for 2 h and overnight, respectively,
using the probes listed below, 39 tailed with digoxigenin. Detection of bound
probe entailed use of Fab9 fragments of antibodies to digoxigenin, conjugated
with alkaline phosphatase and the alkaline phosphatase substrates 4-nitroblue
tetrazolium and 5-bromo-4-chloro-3-indolylphosphate (BCIP). The reagents for
39 tailing the probes with digoxigenin and for the detection of bound probe were
obtained from Boehringer Mannheim (Indianapolis, Ind.).

(iii) Primers and probes. The study employed the HTLV gag-1 and env-1
primers and probes (12); the pol-1 and -2 primers SK110 and SK111 and probes
SK112 (pol-1) and SK188 (pol-2); and the tax-1 and -2 primers SK43 and SK44
and probe SK45 (22). We recently published the sequences and HTLV genome
locations of the following additional gag primers and probes (55): gag-1 and
-2 sense and antisense primers BP4 (59-CCCATCTTACGTTCCCTAGC-39)
(HTLV-1 1690–1709; HTLV-2 1713–1732), BP5 (59-GGATCTTGACATAG
GGGGCA-39) (HTLV-1 1939–1958; HTLV-2 1962–1981), and probe BP6 (59-
AGGACATGGAGTCGGGACTGCACCCAGCC-39) (HTLV-1 1890–1919;
HTLV-2 1913–1942). The gag-2 primers included BP1 (59-TCACGGGTTTCC
CAACT-39) (HTLV-2 817–833) and BP2 (59-GGGCAGATAGGTGTCGGAA
C-39) (HTLV-2 1107–1126), and the probe was BP3 (59-TGTCAAAAATCAA
GTCTCCCCTAGCC-39) (HTLV-2 1067–1092). The genome sequences and
locations reported are those of Seiki et al. for HTLV-1 (40) and Shimotohno et
al. for HTLV-2 (41). The conditions and temperatures for PCR amplification
and hybridization with these primers and probes were the same as those for
HTLV tax (SK43, SK44, and SK45) and pol (SK110, SK111, and SK112) de-
scribed previously (35).

Detection of antibodies to HTLV p40tax. (i) Preparation of Tax antigen. The
proviral DNA sequences encoding the full-length tax-1 open reading frame were
amplified by PCR from the prototypic HTLV-1-infected cell line, C91PL (37), as
described in detail elsewhere (34). The amplified sequences were cloned into the
glutathione S-transferase (GST) fusion protein expression vector, pGEX-2T, and
p40tax antigens were prepared by expression of recombinant GST-p40tax proteins
in Escherichia coli BL21 cells, followed by isolation of the recombinant GST-
p40tax protein by chromatography with glutathione cross-linked to Sepharose 4B
(Pharmacia Biotech, Piscataway, N.J.) and release of the p40tax protein by throm-
bin cleavage.

(ii) Western blot assay. Thrombin-cleaved full-length C91PL p40tax antigen
was resolved through preparative sodium dodecyl sulfate–8.5% polyacrylamide
gels, followed by electrophoretic transfer to nitrocellulose. After overnight block-
ing in 100 mM Tris-HCl (pH 7.5)–150 mM NaCl containing 2% blocking reagent
(Boehringer Mannheim), the blots were exposed to test and control plasmas,
using the Bio-Rad Mini-Protean II multiscreen apparatus as a template. As re-
ported elsewhere (34), the majority of plasmas were diluted 1:10, as we had
shown that higher dilutions often failed to detect the antibody. After incubation
in the presence of the test plasmas for 1 h at room temperature, the blots were
washed extensively, followed by incubation with secondary antibody (goat anti-

human immunoglobulin A [IgA] plus IgG plus IgM, H and L chains, conjugated
with alkaline phosphatase; Pierce Chemical Co., Rockford, Ill.) and the alkaline
phosphatase substrates 4-nitroblue tetrazolium and BCIP (Boehringer Mann-
heim). HTLV-positive and -negative human sera were included as controls in
each assay.

Sequence analysis. tax sequences amplified from specimens from 22 individ-
uals were subjected to oligonucleotide sequence analysis. All specimens chosen
for sequence analysis were derived from individuals who also had antibodies to
the Tax protein.

Whole-cell lysates prepared from Ficoll-Hypaque gradient-fractionated PBMC
as described above were subjected to two rounds of PCR amplification, each
consisting of 30 cycles of 1 min at 94°C, 1 min at 55°C, and 1.5 min at 72°C,
followed by a final 10-min incubation at 72°C under the PCR conditions de-
scribed above. In PCR 1, primers SK43 and SK44 were utilized. The second PCR
was initiated by the transfer of 2 ml of the PCR products generated in PCR 1 to
a final PCR 2 volume of 80 ml per sample. The primers used in PCR 2 consisted
of the sense and antisense primers 9376 (59-CGTGTTTGGAGACTGTGTAC-
39) and 9377 (59-CATCGATGGGGTCCCAGGTG-39). The underlined se-
quences correspond to the 5-base 39 ends of SK43 and SK44, respectively. The
oligonucleotide HTLV gag, pol, env, and tax primers and probes were synthesized
in the Oligonucleotide Synthesis and Sequencing Facility at our institution.

Positive and negative controls for PCRs included lysates of the HTLV-1-
infected cell line, C91PL (37), and the HTLV-2-infected cell line, MoT (39), and
lysates of known HTLV-1 and -2 PCR-negative PBMC, respectively. The prod-
ucts from PCRs 1 and 2 were resolved through ethidium bromide-stained 4%
agarose gels. The remaining DNA amplification products that gave rise to visible
bands in gels for the PCR 2 samples were subsequently isolated with reagents
and columns supplied in the QIAquick Spin PCR purification kit obtained from
Qiagen, Inc. (Chatsworth, Calif.) and were sequenced directly by the NYUMC
Sequencing Facility, using primers 9376 and 9377. Sequences detected in the
samples were compared with those published for HTLV-1 and -2 (8, 14, 20, 22,
40, 41) for the 128-bp tax proviral DNA sequence being analyzed. HTLV-1 and
-2 differ in this region by 16 bp.

RESULTS

Detection of HTLV proviral DNA sequences and antibodies
to p40tax. Because of the questionable nature of data based
solely on PCR, we report here as positive only those individ-
uals who had both tax proviral sequences and antibodies to the
Tax protein.

Among the 210 blood bank donors whose blood was found
acceptable for transfusion purposes, 18 (8.6%) were tax se-
quence positive as well as p40tax antibody positive, which is
consistent with our published preliminary studies (53). As for
the 40 subjects who were not blood bank donors, 5 were shown
to have tax-1 sequences and 2 had tax-2 sequences. These seven
all had antibodies to p40tax. The apparent difference between
the two groups of healthy subjects is not statistically significant.
PBMC from neither the blood bank donors nor the other
subjects were found to contain HTLV gag-1, gag-2, gag-1 and
-2, pol-1, pol-2, or env-1 sequences. A representative Southern
blot of tax proviral sequences detected in six different blood
donors is shown in Fig. 1, and representative Western blot data
for the same tax sequence-positive donors are presented in Fig.
2. None of the 250 individuals were seropositive for antibodies
to the viral structural proteins Gag and Env, which was tested
for routinely at the New York Blood Center.

tax sequence analysis. The tax proviral DNA sequences am-
plified in PBMC lysates obtained from 22 tax-positive healthy
individuals are shown in Fig. 3. The HTLV tax sequence de-
tected in 20 of these subjects proved to be homologous to
prototypic HTLV-1 tax (Fig. 3A), whereas sequences from 2
individuals had several bases in common with HTLV-2 (Fig.
3B). It should be pointed out that in this region the prototypic
tax-1 and -2 sequences differ by 16 bp (8, 14, 20, 22, 40, 41).
Both of the individuals whose cells harbored HTLV-2-like tax
sequences rather than HTLV-1-like tax sequences were of In-
dian or Pakistani origin.

Observations of specimens from patients with RA. To date,
paired PBMC and plasmas have been obtained from only 57
patients with RA. Fifteen of the 57 (26.3%) were positive for

832 ZUCKER-FRANKLIN AND PANCAKE CLIN. DIAGN. LAB. IMMUNOL.



both tax sequences and antibodies to p40tax (data not shown).
None of the RA patients harbored gag, pol, or env sequences,
and all were HTLV-1 and -2 seronegative when tested by rou-
tine analyses. On the basis of these preliminary data, it appears
that the tax-only state is three times more prevalent among
patients with RA than among the healthy blood donor popu-
lation (P , 0.0001).

DISCUSSION

The pX region of the HTLV-1 genome encodes at least four
proteins, Tax, Rex, p12, and p21 (3, 9, 11, 52). Interestingly,
even in regions of the world where HTLV-1 is endemic, it is
not unusual to find instances among carriers of the virus, as
well as among patients with HTLV-1-related diseases, where
all viral DNA has been deleted with the exception of the region
encoding Tax (21, 31, 51). The Tax protein is a transcriptional
transactivator of its own long terminal repeat (43). The antigen
used to detect Tax antibodies consisted of the entire p40tax

protein. In regions where HTLV-1 is endemic, the presence of
antibodies to the Tax protein has been correlated strongly with
both vertical (38) and sexual (5) transmission of the virus.
Equally intriguing are reports from Japan that 1.5% of healthy
HTLV-1 carriers and 8.5% of patients with adult T-cell leuke-
mia have antibodies to Tax without having detectable antibod-
ies to the structural proteins of the virus (42). This phenome-
non does not seem to be unusual in regions where the virus is
endemic (19, 21, 32) and pertains to our own studies of patients
with MF (34, 35). Also relevant is a recently studied 9-year-old
black patient with MF whose skin biopsy and PBMC harbored
HTLV-1 tax and who had antibodies to p40tax while being
negative for coding sequences and antibodies to the HTLV-1
structural proteins. The same was true of his healthy younger
brother, whereas the mother was a carrier, serologically posi-
tive for HTLV-1, with no deleted sequences (54). Unfortu-
nately, many of the early reports on the subject of HTLV-1
transmission did not include biomolecular analyses, making it
difficult to deduce whether individuals with antibodies only to
p40tax also harbored proviral DNA. Be that as it may, the
present observations suggest that a substantial number of
healthy American blood donors have DNA sequences homol-
ogous to the HTLV-1 tax sequence in their PBMC and that
practically all of these individuals also have antibodies to p40tax

without being serologically positive for antibodies to the struc-
tural proteins of the virus. Since, as of this writing, tax has not

been found in the human genome, the conclusions that the
tax-only state reflects an infection with HTLV-1 or a very
closely related virus and that this may be more common in the
United States than previously believed seem warranted. Proof
of the possibility that yet another variant of HTLV is involved
must await analysis of the complete tax sequence found in the
specimens under consideration. Meanwhile, the presence of
antibodies to the p40tax in the same individuals who have
tax sequences in their PBMC may help to alleviate concern
about the possibility of PCR contamination. The latter possi-
bility was also all but ruled out by repeated collection and
analysis of specimens obtained from the same donors at dif-
ferent times and handled by different laboratory personnel in a
blind manner.

While the tax sequence found in the PBMC of 20 of 22
subjects was characteristic of HTLV-1, the cells of 2 subjects
harbored tax sequences resembling that of HTLV-2. Look-
back investigation revealed that both of these donors were
Pakistani. Although the prevalence of HTLV-1 and -2 infec-
tion in India and Pakistan has not been established, it is known
that HTLV-2 is endemic in Southeast Asia as well as among
American Indian populations (13). The relationship of HTLV-
2 to the development of disease remains ill defined. It seems
appropriate, therefore, to limit this discussion to tax of HTLV-
1.

FIG. 1. Southern blot detection of HTLV tax proviral DNA sequences am-
plified by PCR in lysates of PBMC from HTLV-seronegative blood donors.
Primers SK43 and SK44 were used in the PCR, and digoxigenin-tailed probe
SK45 was used for hybridization. The sources of PCR targets were PBMC from
an HTLV tax-negative volunteer (lane 1), an HTLV-1-infected cell line, C91PL
(lane 2), and PBMC from six different healthy blood donors (lanes 3 to 8).

FIG. 2. Detection of HTLV antibodies to p40tax in sera from the same indi-
viduals whose amplified tax sequences are shown in the Southern blot in Fig. 1.
Western blot detection of Tax antibodies was done with recombinant full-length
p40tax antigen. Bound antibody was detected with goat anti-human IgA plus IgG
plus IgM, heavy and light chains, conjugated with alkaline phosphatase. The
upper band is uncleaved GST-Tax, and the lower band is p40tax only. The sources
of plasmas were an HTLV tax sequence-negative and antibody-negative volun-
teer (lane 1), an HTLV-1-infected patient with TSP and HAM (lane 2), and six
different healthy blood donors and volunteers (lanes 3 to 8). No sample was
added in lane x.

FIG. 3. HTLV-1- and HTLV-2-like tax proviral sequences detected in PBMC
lysates. (A) Representative HTLV-1 tax sequence (Donors) detected in PBMC
of 14 blood donors and 6 other healthy volunteers. (B) HTLV-2-like tax proviral
sequences (1 and 2) detected in PBMC of two volunteers. The tax sequences for
prototypic HTLV-1 and -2 are those published by Seiki et al. and Shimotohno et
al., respectively (40, 41). The dashes indicate sequence identity with the proto-
typic HTLV-1 sequence.
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The obvious questions raised by our observations are (i)
whether the tax-only state is clinically significant and (ii) wheth-
er it can be transmitted by transfusion.

While the transforming ability of HTLV-1 tax is common
knowledge, its role in the development of autoimmunity is less
well recognized. In regions of the world where the virus is not
endemic, such as the United States, few clinicians encounter
patients with TSP and HAM. Therefore, as a rule, little
thought is given to the fact that the latter condition is not
neoplastic. It is also not widely known that Tax transactivates
numerous cellular genes, that it is involved in the activation of
many cytokines, and that, via NF-kB, it dysregulates the cellu-
lar as well as humoral immune response (reviewed in refer-
ences 3, 11, and 52). In regions where HTLV-1 is endemic,
many autoimmune conditions, such as Sjögren’s syndrome (44,
45), HTLV-related arthropathy (27, 30), and idiopathic uveitis
(16, 29), are considerably more prevalent among carriers of
HTLV-1 than among cohorts that are serologically negative for
antibodies to the virus. For instance, on the Japanese island of
Kyushu, idiopathic uveitis is three times more prevalent among
HTLV-1 carriers than in the uninfected population (29). An-
other Japanese study showed a 20% incidence of rheumatoid
arthropathy in otherwise healthy HTLV-1 carriers, whereas
this condition was only found in 4% of 19,796 HTLV-1-nega-
tive blood donors tested in the same geographic region (7).

Because mice transgenic for tax happen to serve as good
animal models for RA (17, 18), we elected to begin our inves-
tigation of a possible association of tax positivity with autoim-
mune diseases by studying patients with RA. On the basis of
preliminary observations of the first 57 patients, it appears that
the prevalence of the tax-only state is three times higher among
RA patients than among healthy blood donors. tax sequences
have also been identified by in situ hybridization in labial
epithelial cells of some patients with Sjögren’s syndrome who
were seronegative for HTLV-1 and -2 (25, 26, 44).

It is now generally recognized that autoimmune diseases like
RA may have multiple etiologies. Concepts of antigenic cross-
reactivity, “molecular mimicry,” and “epitope spreading” have
been reviewed elsewhere (46, 47). A large variety of foreign
antigens can elicit cellular and humoral immune responses,
which affect self antigens—particularly in the context of a con-
ducive histocompatibility setting. HTLV-1 tax may have to be
added to the list of such agents.

The second question raised by these studies, i.e., whether the
tax-only state is transmitted by transfusion, cannot be answered
at the present time. It should be realized, however, that even
the intact virus is transmitted only by cells containing it and not
by free particles (52). Such cells would have to survive in the
recipient and may even have to proliferate, a possibility
considered by others (6). Clonal expansion of cells harboring
HTLV-1 appears to be the rule in individuals carrying the
complete virus (48, 49). Whether this also holds true for cells
harboring only the tax sequence cannot be tested directly. For
ethical reasons, it will have to be deduced from epidemiologic
studies of multiply transfused patients.
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