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ABSTRACT In the United States, blood donors are being
screened for infection with human T cell lymphotropic viruses
I and IT (HTLV-I/II) by serologic means, which detect anti-
bodies to the structural proteins of these viruses. Because
patients with mycosis fungoides (MF) usually do not have such
antibodies even though their cells harbor HTLV-I Tax and/or
pol proviral sequences, it was questioned whether the preva-
lence of HTLYV infection among healthy blood donors may also
be underestimated by current means of testing. To examine
this possibility, a study on specimens of relatives of mycosis
fungoides patients (MFR) was begun. In addition, to collect
data more expeditiously, a cohort of former injection drug
users (IDUs) was tested by routine serologic methods, as well
as by PCR/Southern blot analysis for Tax, pol, and gag
proviral sequences and Western blot analysis for antibodies to
the Tax gene product. To date, 6/8 MFRs and 42 /81 (51.8%)
of HI'V-negative IDUs proved to be positive for HTLV, whereas
routine serology identified none of the MFR and only 18/81
(22.2%) of the IDUs. Among the latter test subjects, the
incidence of HTLV-I also proved to be 10 times higher than
expected. Therefore, it is likely that among healthy blood
donors infection with HTLV-I/II is more prevalent than is
currently assumed. Since Tax is the transforming sequence of
HTLV-I/I1, testing for Tax sequences and antibodies to its
gene product may be desirable in blood transfusion and tissue
donor facilities.

The first human retrovirus, human T cell lymphotropic virus
type I (HTLV-I), was discovered more than 15 years ago (1, 2).
Since that time numerous investigators have studied its patho-
genicity, epidemiology, and molecular biology (for reviews see
refs. 3-5). The etiologic role of HTLV-I in adult T cell
leukemia/lymphoma and tropical spastic paraparesis/HTLV-
I-associated myelopathy has been well established. The vast
majority of patients with these diseases have antibodies to the
structural proteins of the virus (6). While in the United States
the prevalence of infection with HTLV-I appears to be quite
low, blood used for transfusion is nevertheless being tested
routinely by enzyme-linked immunosorbent (ELISA) and/or
Western blot assays (7, 8). On this basis, the prevalence of
HTLV-I infection among Americans without obvious risk
factors, such as origin from an endemic region or intravenous
drug abuse has been estimated to be about 0.016% (9). It may
be as high as 0.1% in some locations (10). Our suspicion that
infection with HTLV-I among Caucasian Americans may be
higher than determined by routinely used methods was
aroused by studies on the cutaneous T cell lymphoma mycosis
fungoides (MF) (11, 12). MF patients usually do not have
antibodies to the structural proteins of the virus, but harbor
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proviral sequences of HTLV-I in their peripheral blood mono-
nuclear cells (PBMCs) and skin (11-14). A high percentage of
these patients were also shown to have antibodies to HTLV-I
Tax (15), an antigen not included in commercially available
HTLYV serologic test kits. This led us to begin a study of healthy
relatives of MF patients who were serologically negative for
antibodies to HTLV-I when their specimens were tested at a
major blood transfusion center. Of the first eight individuals
tested, six proved to have Tax sequences in their PBMCs and
antibodies to the Tax antigen by Western blot analysis. Since
family studies of a relatively rare disease manifested mostly in
middle-aged and elderly individuals are time consuming, a
more expeditious approach was chosen to determine whether
currently used serologic methods are adequate to establish the
true prevalence of HTLV infection among blood donors.
Accordingly, a cohort of individuals among whom the preva-
lence of HTLV infection was known to be high, i.e., former
injection drug users (IDUs), was selected for study. Matched
sera and PBMCs obtained from 81 HIV-negative methadone
clinic attendees were tested by routine serologic methods, as
well as for Tax, pol and gag proviral sequences by PCR/
Southern blot analysis and antibodies to viral structural pro-
teins as well as to the Tax gene product. Routine serology
proved 18/81 (22.2%) of these specimens to be positive for
antibodies to HTLV, which concurred with results obtained by
other investigators. On the other hand, 39/81 (48.1%) were
found positive for HTLV proviral sequences by biomolecular
means and 42 (51.8%) were positive when both serologic tests
and PCR/Southern blot analyses were used. Together, the
results of these studies suggest that the prevalence of infection
with HTLV, particularly when efforts are made to detect Tax
sequences, may be considerably higher than is currently be-
lieved.

MATERIALS AND METHODS

Study Subjects and Specimens. The eight healthy individ-
uals who were relatives of Tax-positive MF patients consisted
of (i) the wives of MF patients JH and LDeV, (ii) the mother
of MF patient AD, (iii) the daughter of male MF patient JB,
and (iv) the husband, two daughters, and one son of MF patient
ZA. The MF patients were Caucasian Americans as reported
elsewhere (12). Neither they nor their relatives had any
recognized risk factors. The cells and sera were processed as
described (12).

The IDU specimens consisted of paired sera and PBMCs
obtained from 81 former IDUs enrolled in methadone main-
tenance programs of Bellevue Hospital, Beth Israel, and
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Veteran Affairs Medical Centers in New York City. The
specimens had been stored at —80°C for 2-3 years. The sera
had tested negative for antibodies to HIV.

Detection of HTLV Proviral DNA Sequences in PBMCs by
PCR/Southern Blot Analysis. The procedures used to prepare
whole cell lysates of PBMCs, in addition to the conditions for
PCR and Southern blot analysis using digoxigenin-tailed
probes, have been reported in detail elsewhere (12, 16).
Briefly, 1-2 X 10° PBMCs or cultured cells were lysed by
boiling for 8—10 min in 55 ul autoclave-sterilized, distilled
water, followed by incubation for 1 hr at 56°C in the presence
of proteinase K (2 pg per sample) and subsequent boiling to
inactivate the protease. Following preparation of lysates, 80 ul
final sample reaction volumes containing 40 pmol of each
primer, 2.5 mM MgCl,, 1X PCR Buffer II, 200 uM each of
dATP, dCTP, dGTP, and dTTP, and 4 units of Tag polymer-
ase (Perkin-Elmer) and overlaid with 50 ul of autoclaved
mineral oil, were subjected to 30 cycles of PCR amplification
consisting of 1" at 94°C, 1" at 55°C, and 1.5" at 72°C per cycle
and a final 10’ incubation at 72°C, in a Perkin—Elmer/Applied
Biosystems Model 480 Thermal Cycler. PCR samples were
resolved through 4% ethidium bromide-stained agarose gels,
followed by denaturation in 0.5 M NaOH/1.5 M NacCl, and
neutralization in 1.5 M Tris'HCI/1.5 M NaCl (pH 7.5) for 15
min each, and Southern transfer to nylon membranes. Mem-
branes were blocked and exposed to the appropriate digoxi-
genin-tailed HTLV probe and detection of bound probe was
carried out using Fab’ fragments of antibodies to digoxigenin,
conjugated with alkaline phosphatase. Reagents and proce-
dures for tailing probes with digoxigenin and detection of
bound probe were obtained from Boehringer Mannheim and
used by us as reported previously (12, 16). The primers and
probes used in this study (Table 1) included the HTLV gag-I
primers and probe described by Hall et al. (17); pol-I/I1
primers, SK110 and SK111 and probes, SK112 (pol-I) and
SK188 (pol-II) and Tax-I/II primers, SK43 and SK44 and
probe, SK45 (18). The sequences and HTLV genome locations
of additional gag primers and probes that have not been
previously published include gag-I/II, sense and antisense

Table 1. HTLV-I/II primers and probes used in PCR/Southern
blot analysis

HTLV region

Primer (probe)

amplified designation HTLYV genome location  Ref.
gag I/1I BP4 1690-1709 (HTLV-I) 19
1713-1732 (HTLV-II) 20

BP5 1939-1958 (HTLV-I) 19

1962-1981 (HTLV-II) 20

(BPo) 1890-1919 (HTLV-I) 19

1913-1942 (HTLV-1I) 20

gag 1 91-311 1402-1422 17
91-312 1513-1535 17

(91-320) 1424-1453 17

gag 11 BP1 817-833 20
BP2 1107-1126 20

(BP3) 1067-1092 20

pol I/1I SK110 4757-4778 (HTLV-I) 18
4735-4756 (HTLV-II) 18

SK111 4919-4942 (HTLV-I) 18

4897-4920 (HTLV-II) 18

(SK112) 4825-4850 (HTLV-I) 18

(SK118) 4880-4898 (HTLV-II) 18

tax I/II SK43 7358-7377 (HTLV-I) 18
7248-7267 (HTLV-II) 18

SK44 7496-7516 (HTLV-I) 18

7386-7406 (HTLV-II) 18

(SK45) 7447-7486 (HTLV-I) 18

7337-7376 (HTLV-II) 18

Ref., reference.
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primers: 5'-CCCATCTTACGTTCCCTAGC-3" (HTLV-I:
1690-1709; HTLV-II: 1713-1732), 5'-GGATCTTGACAT-
AGGGGGCA-3' (HTLV-I: 1939-1958; HTLV-II: 1962-1981)
and probe: 5'-AGGACACTGGAGTCGGGACTGCAC-
CCAGCC-3" (HTLV-I: 1890-1919; HTLV-II: 1913-1942).
The gag-II primers included 5'-TCACGGGTTTC-
CCAACT-3' (HTLV-II: 817-833), 5'-GGGCAGATAGGT-
GTCGGAAC-3" (HTLV-II: 1107-1126) and probe: 5'-
TGTCAAAAATCAAGTCTCCCCTAGCC-3" (HTLV-II:
1067-1092). The genome sequences and locations reported are
those of Seiki e al. (19) for HTLV-I and Shimotohno et al. (20)
for HTLV-II. The conditions and temperatures for PCR
amplification and hybridization using these primers and probes
were the same as those for HTLV Tax (SK43, SK44, and SK45)
and pol (SK110, SK111, and SK112) described previously (12,
16).

Detection of HTLV-I/II Antibodies by ELISA and Western
Blot Assays. Sera were diluted 1:100 in tests for antibodies to
HTLV-I and -II using the Diagnostic Biotechnology HTLV
Blot 2.3 Western blot assay, obtained from Cellular Products.
This test permits distinction between individuals seropositive
for HTLV-I from those with antibodies to HTLV-II. The
majority of IDU sera and all relatives of MF patients (MFR)
sera were also tested at the New York Blood Center.

Antibodies to HTLV Tax were determined by ELISA and
Western blot analyses using recombinant full-length tax-I (12,
15). Briefly, recombinant full-length HTLV Tax protein was
prepared by cloning PCR-amplified proviral DNA sequences
spanning the entire Tax open reading frame from the proto-
typic HTLV-I-infected cell line, C91PL (21), into the gluta-
thione S-transferase (GST) fusion protein expression vector
pGEX-2T (22). The recombinant GST-Tax-I fusion protein
was expressed in Escherichia coli BL21 cells and purified by
chromatography using glutathione linked to Sepharose 4B
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Fic. 1. Representative Southern blots of HTLV Tax and gag
proviral sequences amplified by PCR in whole cell lysates of PBMCs
from IDUs. (A4) Detection of 159-bp Tax sequences. (B) Detection of
133-bp gag-I sequences. (C) Detection of 309-bp gag-II sequences.
Lanes N, PBMC lysate from an HTLV PCR-negative healthy volun-
teer; Lane I, HTLV-I-infected cell line (C91PL); Lane II, HTLV-II-
infected cell line (MoT); Lanes 1-7, seven different IDU PBMC
lysates.
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Table 2. HTLV proviral sequences in lysates of PBMCs from 81 IDUs

Sequences HTLV-1 HTLV-1I Indeterminate HTLV-1/II
detected seropositive seropositive serotype seronegative
HTLV-I
gag + pol + tax 1 0 0 1
gag or pol + tax 0 1
HTLV-1I
gag + pol + tax 0 8 0 0
gag or pol + tax 0 2 2 3
HTLV-I/1I
gag + tax 0 0 0 5
tax 0 1 0 9
PCR negative 0 3 0 39
PCR positive 1/1 11/14 3/3 24/63

HTLYV sequences were detected by PCR/Southern blot analysis using the primers and probes listed in

Table 1. By standard serology, 63/81 were negative.

(Pharmacia) and subsequent thrombin cleavage. The HTLV
Tax antibody ELISA was carried out as described (12, 15). The
Tax antibody Western blot assay was performed using purified,
recombinant Tax-I protein, which was resolved through 8.5%
preparative polyacrylamide gels and electrophoretically trans-
ferred to nitrocellulose. Sera from test subjects and controls
were diluted 1:10 through 1:100 and Western blots were
developed using goat anti-human IgA + IgG + IgM antibod-
ies, conjugated with alkaline phosphatase (Pierce). The re-
combinant Tax protein was identified by Western blot using a
polyclonal antiserum raised to recombinant full-length Tax
protein expressed in a baculovirus expression system obtained
from the National Institutes of Health AIDS Research and
Reference Reagent Program (23).

RESULTS

Detection of HTLV Proviral DNA Sequences in IDUs.
Among HI'V-negative methadone clinic attendees, the largest
number of infected individuals were identified when HTLV-
I/II Tax primers and probes were used in PCR/Southern blot
analysis, independent of the serologic status of the donor. By
this criterion alone, 39/81 (48.2%) were positive for infection
with HTLV without consideration of HTLV-type specificity.
Representative Southern blots of HTLV Tax and gag se-
quences amplified by PCR from lysates of PBMCs obtained
from seven different IDUs are illustrated in Fig. 1. As can be
seen, Tax and gag-1I sequences were detected in the specimens
of IDUs 1 and 2, while the lysate of IDU 3 proved positive for
Tax and gag-1. Only Tax sequences were present in the samples
from IDU 4 (faint band visible in Fig. 14), while no HTLV-
related sequences were found in the cell lysates of IDUs 5, 6,
and 7. No proviral sequences related to Tax, gag-1I, or pol II
were found in three cell lysates whose matched sera had
antibodies specific for HTLV-II. However, among the 63
individuals who were not expected to be HTLV-infected on the
basis of standard serologic tests, there were seven whose cell
lysates on PCR/Southern blot analysis revealed gag-1 and/or
pol-1in addition to Tax sequences (Table 2). Moreover, one of
the three individuals who were serologically HTLV-type in-
determinate also harbored pol-I sequences in PBMCs, thus
bringing the total number found to be infected with HTLV-I
to 9/81 (11.1%), which is approximately 10 times higher than

expected by routine serology alone. Among the seronegatives,
four additional specimens were identified as being infected
with HTLV-II by virtue of their having gag-II or pol-II
sequences in addition to Tax, thus, also raising the number of
HTLV-II-infected individuals beyond that expected by serol-
ogy alone. Ten former IDUs harbored only Tax sequences, but
no specimens were found to have only gag or pol sequences.
Five of these 10 individuals had Tax antibodies (Table 3).

Detection of HTLV-I/II Antibodies. Using standard sero-
logic tests, i.e., those employed in the New York Blood Center,
which measure antibodies to HTLV-I/II gag and env antigens,
a total of 18 of 81 sera (22%) were found to be positive. When
type-specific antigens were used, only 1 of the 81 IDUs tested
was positive for antibodies to HTLV-I, whereas 14 had de-
tectable antibodies specific for HTLV-II and 3 had to be
classified as HTLV-type-indeterminate (Table 2).

When the same 81 sera were tested for antibodies to HTLV
Tax, a total of 14 IDUs was found to be positive (Table 3).
Among these were nine individuals who had already been
identified as seropositive when the viral structural proteins had
been used as antigens. Therefore, the Tax antibody tests
revealed 5 additional HTLV positive individuals who had been
missed by routine serology tests, thus increasing the total
number of serologically positive IDUs to 23 (28.4%). Thus, the
use of combined serology, including the use of Tax antigens
and biomolecular techniques, established that the percentage
of HTLV infection among the group of 81 HI V-seronegative
IDUs tested was 42/81 (51.9%), which more than doubled the
prevalence detected by routine serology. A summary of the
combined results obtained on the IDU specimens is shown in
Table 4.

Detection of Tax Sequences and Antibodies in Relatives of
MF Patients. The freshly isolated lymphocytes of the following
healthy relatives of previously reported MF patients (12) were
positive for HTLV-I Tax sequences: (i) the wives of patients JH
and LDeV, (ii) the mother of 16-year-old MF patient AD, (iii)
the daughter of male MF patient JB, (iv) the husband and
eldest daughter of MF patient ZA, whereas the younger
daughter and son of patient ZA were negative. The PCR/
Southern blot analysis results are shown in Fig. 2. All Tax
sequence-positive healthy individuals also had antibodies to
Tax by Western blot assay in the absence of demonstrable
antibodies to the structural proteins of the virus (Fig. 3).

Table 3. HTLV Tax antibodies in sera from 81 IDUs
HTLV-1 HTLV-II Indeterminate HTLV
seropositive seropositive serotype seronegative
Tax antibody positive 1/1 7/12 1/3 5/63

HTLYV Tax antibodies were detected by Western blot analysis. In each column the denominator denotes
results obtained by standard serology, whereas the numerator denotes detection of antibodies to Tax
specifically, i.e., 63/81 IDUs were HTLV-I/II seronegative by standard serology.
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Table 4. Prevalence of HTLV-I/II infection in
HIV-seronegative IDUs

Category No. (%)
HTLYV seropositive by standard serology 18 (22.2)
Positive for Tax proviral DNA sequences 39 (48.2)
Positive for HTLV antibodies plus DNA sequences 42 (51.8)

Total number of IDUs, 81.

DISCUSSION

In the course of interviewing healthy MFR it was learned that
some are frequent blood donors. This led us to initiate a study
testing for Tax sequences and antibodies to Tax in such
individuals. As of this writing, the cells and sera of eight MFRs
have been analyzed. Six of these proved to be Tax sequence-
positive, as well as having antibodies to Tax on Western blot
assays. Since some relatives of our patients with MF are repeat
blood donors whose HTLYV carrier state had escaped detection
by routinely used serologic tests, it seemed of interest to
establish to what extent currently used analyses may underes-
timate the prevalence of HTLV infection. Such studies were
facilitated by the availability of stored sera and matched
isolated cells procured from methadone treatment centers
affiliated with our institution. The data recorded in Tables 2
and 4 show that about 22% of HI V-negative methadone clinic
attendees would have been reported as infected with HTLV-
I/I1, had they been tested only by standard serologic methods
used universally since 1988. This is in good agreement with
similar studies performed by others on IDUs in our geographic
region (24). If the Tax antigen had been included in such
serologic tests, 23 of 81 (28.4%) would have been considered
positive. However, the largest number of infected individuals,
39/81 or 48.2% was detected with the use of the primers/
probes for HTLV Tax in PCR/Southern blot analysis of PBMC
lysates. Therefore, like patients with MF, a significant number
of IDUs also harbor defective or variant rather than complete
proviral sequences, at least as detected by currently available
methods. Only 14 of the 39 individuals who had demonstrable
Tax proviral sequences had developed antibodies specific for
the Tax protein. Among Tax sequence-positive patients with
MF, more than 80% were shown to have Tax antibodies and
all had Tax mRNA (15). It is noteworthy that all relatives of
MF patients whose lymphocytes harbored Tax sequences had
antibodies to this protein as well. It is well recognized that the
immune response of IDUs is often impaired which, in some
individuals, could account for their inability to develop anti-
bodies to Tax. It should be noted that the antigen used here was
specific for Tax-I, whereas the majority of IDUs are infected
with HTLV-II (24). Among HTLV carriers in an endemic area
in Japan, less than 60% of HTLV-seropositive individuals had

I 1 2 3 4 5 N

tax I/I1 =

FiG. 2. Southern blot of HTLV Tax proviral sequences amplified
by PCR in PBMC lysates from relatives of MF patients. Lane I,
HTLV-I-infected cell line (C91PL); Lanes 1-5 and N, PBMC lysates
from daughter of HB, daughter of ZA, wife of DeV, wife of JH, mother
of AD, and an HTLV proviral sequence and antibody-negative,
healthy volunteer, respectively.

Proc. Natl. Acad. Sci. USA 94 (1997)
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FiG. 3. Western blot of HTLV Tax antibodies in plasmas from
relatives of MF patients. Lane N, serum from an HTLV antibody and
proviral sequence-negative healthy volunteer; Lane I, rabbit antiserum
to HTLV-Tax-I; Lanes 1-5, sera from daughter of HB, daughter of ZA,
wife of JH, mother of AD, and wife of DeV, respectively.

demonstrable antibodies to this protein (25). Conversely, in
this study, three IDUs were serologically positive without
having demonstrable proviral sequences. This could simply be
due to accidental mislabeling of archival specimens. However,
in a large study of HTLV-seropositive donors that was de-
signed to distinguish HTLV-I from HTLV-II by PCR, proviral
sequences also failed to be detected in some donors (25, 26).
It is possible that in such individuals the viral footprints are
sequestered in lymphoid tissue and not associated with circu-
lating PBMC:s subjected to analysis.

Of further interest was the finding that specimens of 9 of the
81 IDUs tested (11%) were characterized as being HTLV-I-
infected. Previous studies using type-specific serologic tests on
specimens obtained from IDUs have underscored the prepon-
derance of infection with HTLV-II and the relative rarity of
infection with HTLV-I in such cohorts. Although the predom-
inance of infection with HTLV-II in IDUs held true also for
the observations reported here, the number of specimens
positive for HTLV-I was markedly higher than anticipated.
Thus, this study clearly reflects the inadequacy of currently
used serologic tests to identify all individuals infected with
HTLV-1/11. Transmission of these viruses by transfusion has
been well documented. Whether the transfusion of cells har-
boring incomplete proviral sequences, such as Tax, is hazard-
ous for their recipients is not known. It is disconcerting,
however, that it is the Tax sequence/protein that appears to be
retained preferentially and that Tax is the transforming/
transactivating gene product of HTLV-1/1I (reviewed in refs.
4 and 27).

A few years ago, when it was realized that infection with
HTLV-II was not always detected by serologic tests then in use,
type II-specific antigens were included in test kits. The time has
come once again to reevaluate currently used methods for the
detection of these viruses. Either the inclusion of Tax in
serologic test kits or more sensitive techniques incorporating
simultaneous amplification of several relevant nucleic acid
sequences by an automated system as has been suggested
elsewhere (28) could be introduced to screen our blood supply
for HTLV more reliably.
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