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ABSTRACT Western blotting (WB) for human T cell leukemia virus type 1 (HTLV-1)
is performed to confirm anti-HTLV-1 antibodies detected at the initial screening of
blood donors and in pregnant women. However, the frequent occurrence of indeter-
minate results is a problem with this test. We therefore assessed the cause of inde-
terminate WB results by analyzing HTLV-1 provirus genomic sequences. A quantita-
tive PCR assay measuring HTLV-1 provirus in WB-indeterminate samples revealed
that the median proviral load was approximately 100-fold lower than that of WB-
positive samples (0.01 versus 0.71 copy/100 cells). Phylogenic analysis of the com-
plete HTLV-1 genomes of WB-indeterminate samples did not identify any specific
phylogenetic groups. When we analyzed the nucleotide changes in 19 HTLV-1 iso-
lates from WB-indeterminate samples, we identified 135 single nucleotide substitu-
tions, composed of four types, G to A (29%), C to T (19%), T to C (19%), and A to G
(16%). In the most frequent G-to-A substitution, 64% occurred at GG dinucleotides,
indicating that APOBEC3G is responsible for mutagenesis in WB-indeterminate sam-
ples. Moreover, interestingly, five WB-indeterminate isolates had nonsense mutations
in Pol and/or Tax, Env, p12, and p30. These findings suggest that WB-indeterminate
carriers have low production of viral antigens because of a combination of a low
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proviral load and mutations in the provirus, which may interfere with host recogni-
tion of HTLV-1 antigens.

KEYWORDS nonsense mutation, nucleotide substitution, proviral load, provirus,
Western blot indeterminate, human T cell leukemia virus, nucleic acid technology

Human T cell leukemia virus type 1 (HTLV-1) infection is endemic in various regions,
including sub-Saharan Africa, the Caribbean, parts of South America, the Middle

East, Australo-Melanesia, and the southwestern area of Japan (1, 2). HTLV-1 can be
transmitted through prolonged breast feeding, sexual intercourse, and transfusion of
contaminated blood. In some African countries, zoonotic transmission to humans by
severe bites from simian T cell leukemia virus type 1-infected monkeys has been
observed (3). The majority of infected people live without any symptoms; however, in
a portion of carriers, HTLV-1 causes adult T cell leukemia (ATL), HTLV-1-associated
myelopathy/tropical spastic paraparesis, and HTLV-1 uveitis/HTLV-1-associated uveitis
after a long period of latency (4).

Diagnosis of HTLV-1 infection is usually made by serological testing at the initial
screening of blood donors, in pregnant women, and in suspected HTLV-1-related
diseases. A variety of serological screening kits are available, including chemilumines-
cent enzyme immunoassays (CLEIAs), chemiluminescent immunoassays, and particle
agglutination assays, followed by confirmation by Western blotting (WB) (5–9). WB
measures the serological reaction to both Gag core proteins (p19, p24, and p53) and
the Env protein gp46 (10). In the ProBlot HTLV-1 WB test kit, at least one Gag band and
an Env gp46 band should be detected for an HTLV-1-positive result. However, incom-
plete antibody binding to HTVL-1 Gag or Env is often observed and therefore the result
is classified as indeterminate (see Table S1 in the supplemental material).

The proportion of indeterminate WB results is reported to be high in areas such
as Zaire (68%) and Central Africa (65.65%) (11, 12). The frequent occurrence of the
indeterminate pattern in WB makes it difficult to diagnose the infection correctly.
Causes of these indeterminate results have been reported to be cross-reactivity with
Plasmodium falciparum infection (13–15), infection with HTLV-3 and HTLV-4 (16, 17),
and delayed seroconversion with low antibody titers (18–22). In those with WB-
indeterminate samples, the indeterminate result is sometimes sustained for a long time
(18, 19, 23). Nevertheless, it has been reported that a significant portion of HTLV-1
WB-indeterminate samples are positive for provirus by DNA testing, i.e., 12.5% of
WB-indeterminate blood donors in Iran, 9.2% in Brazil, 14.7% (5 of 34) in Argentina, and
42% of patients with neurologic symptoms and 44% of blood donors in the United
States (19, 24–27). Thus, in addition to serological testing, proviral DNA detection by
quantitative PCR (qPCR) and/or qualitative PCR with HTLV-1-specific primers and a
probe against genomic DNA is considered one of the best methods to resolve issues in
diagnosis. However, the reason why HTLV-1 provirus-positive blood initially returns an
indeterminate result by WB is unclear, especially as it is unlikely that all provirus-
positive samples were in the window period of the viral infection prior to antibody
formation.

In this study, we assessed the mechanism causing indeterminate WB results by
analyzing the complete HTLV-1 genome in WB-indeterminate samples. Furthermore,
we evaluated the advantages of HTLV-1 qPCR for cases that were not clearly diagnosed
by serological testing.

RESULTS
Provirus detection in WB-indeterminate samples. To detect the HTLV-1 provirus

with high sensitivity, we first evaluated the suitable amount of genomic DNA used in
HTLV-1 qPCR in eight Japanese laboratories. To assess the detection limit of the qPCR
assay in these laboratories, peripheral blood mononuclear cells (PBMCs) that were
spiked with low concentrations of HTLV-1-infected cells were analyzed. All laboratories
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could detect the provirus at concentrations of approximately 4 copies/105 cells when
laboratories used �500 ng of genomic DNA in the PCR (Fig. 1A).

We collected genomic DNA from the peripheral blood of pregnant women with
indeterminate WB results (n � 196) from all over Japan and of blood donors from two
geographic areas, one where HTLV-1 infection is endemic (n � 39) and the other where
it is not (n � 61). The frequency of HTLV-1 provirus and the HTLV-1 proviral loads (PVLs)
in these WB-indeterminate samples were then measured by the optimized qPCR
method (by using 1 �g of genomic DNA). The percentage of provirus-positive blood
donors differed according to where the blood was collected (46.2% where HTLV-1
infection is endemic and 8.2% where it is not) (Table 1). Similarly, provirus was detected
in 16.5% of WB-indeterminate pregnant women. Among the provirus-positive samples,
the median PVL (number of copies per 100 cells) was 0.011 in blood donors (n � 23)
and 0.008 in pregnant women (n � 32) (Fig. 1 and Table 1). Meanwhile, the median PVL
of WB-positive blood donors (n � 100, a mixture of the two sample areas) was 0.71
copy/100 cells. From these results, the PVL of WB-indeterminate samples was approx-
imately 100-fold lower than that of WB-positive donors (Fig. 1). The antibody titers
of provirus-positive WB-indeterminate samples were higher than those of provirus-

FIG 1 PVLs of WB-indeterminate clinical samples. (A) qPCR was performed three times on different days independently with PBMCs spiked with TL-Om1
cells at concentrations of 0.0002 to 0.05%. Laboratories used different amounts of genomic DNA and their in-house qPCR methods. A number in
parentheses under a letter corresponding to a laboratory indicates the amount (in nanograms) of DNA used in the reaction mixture. The PC
(positive-control) sample consisted of genomic DNA from 0.8% TL-Om1/PBMC. Tests were performed with duplicate or triplicate wells. A plus sign
indicates that all of the wells were positive, a minus sign indicates that all of the wells were negative, and a plus sign with an asterisk indicates that
there was at least one negative well in the results. NT, not tested. Gray shading indicates that there was at least one negative result in the test. (B, part
a) HTLV-1 PVLs (number of copies per 100 cells) of WB-positive (n � 100; left) and WB-indeterminate (n � 23; right) blood donors. (B, part b) PVLs of
WB-indeterminate pregnant women (n � 32). Bars indicate median PVLs.
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negative WB-indeterminate samples (P � 0.0001; Fig. S2). A significant correlation
between PVLs and antibody titers in the initial screening test of blood donors was not
observed (data not shown).

Phylogenetic features of the provirus were not associated with the indetermi-
nate result. In the HTLV-1 screening, we occasionally had samples that the PCR results
indicated were positive for HTLV-1; however, these infections could not be confirmed
by WB. For example, Matsumoto et al. recently reported that 33 of 600 CLEIA-positive
blood donor samples were provirus positive but WB indeterminate and 2 of 600
CLEIA-positive samples were provirus positive but WB negative (28). We hypothesized
that genomic features of HTLV-1 may be associated with the indeterminate results of
the antibody test.

To investigate the causative phylogenetic feature of HTLV-1 in WB-indeterminate
blood donor samples, the full genomic sequences of 114 HTLV-1 WB-positive and 19
WB-indeterminate samples were determined by direct sequencing. A total of 1,085
single nucleotide variants (SNVs) were found in these 133 isolates and four HTLV-1
genomes that were registered as from Japan (ATK-1, ATL-YS, ATL-25, and TL-Om1). A
phylogenetic tree was drawn (Fig. 2) with RAxML, which utilizes a maximum-likelihood
method. The majority of isolates belonged to the subtype A Japanese (JP) subgroup,
while a small portion of isolates belonged to the subtype A transcontinental (TC)
subgroup. WB-indeterminate isolates were dispersed throughout both the JP and TC
branches (Fig. 2 and Table 2). The frequency of TC-type WB-indeterminate samples in
the tree appears relatively high compared with that of the JP type (5 of 10 and 14 of
118, respectively); however, it is difficult to compare the frequencies of those two
groups statistically because the geographic background of these pregnant women is
unknown. Importantly, distinct WB-indeterminate strains that clustered in specific
regions of the phylogenetic tree were not found.

Characteristics of nucleotide substitutions in the HTLV-1 genomes of WB-
indeterminate samples. To determine the host enzymes responsible for the mutagen-
esis of the HTLV-1 genomes in WB-indeterminate samples, such as the APOBEC family,
we focused on the nucleotide substitutions in the HTLV-1 genomes. Among the total
of 1,085 SNVs found in the HTLV-1 genomes from 114 HTLV-1 WB-positive and 19
WB-indeterminate samples, there were 135 indeterminate WB result-specific single
nucleotide substitutions. The most frequent type of substitution was G to A (28.9%),
followed by C to T (19.3%), T to C (19.3%), and A to G (16.3%) (Fig. 3A). These four types
of substitutions were responsible for 83.8% of the indeterminate WB result-specific
substitutions. Moreover, the majority of G-to-A substitutions occurred at GG dinucle-
otides (64.1%), suggesting that a large portion of these G-to-A substitutions were
mediated by APOBEC3G (29) (Fig. 3B).

Characteristics of HTLV-1 genomic sequences in WB-indeterminate samples.
We then focused on the mutations associated with viral replication in HTLV-1 from
WB-indeterminate samples. To our surprise, among the 19 full HTLV-1 genomic se-
quences from WB-indeterminate samples, five isolates had nonsense mutations in the
coding region of viral proteins, namely, two in Pol, one in Env, one in Tax, two in p12,
and one in the p30 sequence (Table 3). Because p30 and p13 use the same coding

TABLE 1 Provirus detection by qPCR and PVLs of WB-indeterminate samples

Sample source and regiona

Total no.
analyzed

No. (%) provirus
positive

Median PVLb

(95% CIc)

Blood donors
Endemic 39 18 (46.2) 0.011 (0.002–0.029)
Nonendemic 61 5 (8.2)

Pregnant women nationwide 194 32 (16.5) 0.008 (0.002–0.014)
aWhere HTLV-I infection is endemic or nonendemic.
bHTLV-1 PVL (number of copies/100 cells).
cCI, confidence interval.
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frame, a p30 W178X mutation (sample K1015) also leads to a p13 W24X mutation. Thus,
these HTLV-1 isolates apparently have a fatal replication defect. As shown in Fig. 3C,
almost all of the peaks of the electropherograms of nucleotide sequencing of these
stop codon mutations were a single peak, suggesting that the HTLV-1 clones with
abortive replication constitute the major clone or clones in the carrier. Interestingly, the
nonsense mutations in K1015 were mixed with wild-type sequences. In contrast, among
the HTLV-1 genomes of 114 WB-positive blood donors, there was only one premature
termination in the C-terminal region of Tax (Q334X, accession no. LC209961) and one
premature termination in the C-terminal region of p12 (W82X, accession no. LC210033).

FIG 2 Phylogenetic analysis of HTLV-1 isolates from WB-indeterminate samples. SNVs of 1,085 nucleotide positions in the full HTLV-1 genomes of WB-positive
(n � 114) and -indeterminate (n � 19) samples were analyzed by RAxML, an algorithm that uses the maximum-likelihood method. The tree was drawn by using
the GTRGAMMA model. WBind indicates an HTLV-1 sequence from a WB-indeterminate sample. ATK-1 (J02029), ATL-YS (HTU19949), ATL-25 (AB513134), and
TL-Om1 (AB979451) are complete HTLV-1 sequences from clinical samples or a cell line derived from Japanese donors.
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There were no other premature terminations in the WB-positive samples. This indicated
that these genomic mutations with premature termination are possibly a specific
feature of WB-indeterminate samples. In addition, all WB-indeterminate samples had
many unique mutations in a variety of proteins (Table 4). Including the nonsense
mutations in Table 3, on average, there were 4.7 amino acid changes in the provirus of
WB-indeterminate samples. Among the unique mutations, there were mutations that
cause amino acid charge changes, including Asp, Glu, Arg, and Lys mutations (36%, 30
of 83), and cause structure changes such as a Pro mutation (14%, 12 of 83). These
accumulated mutations suggest that there are dramatic changes in the function of viral
proteins that may lead to decreased HTLV-1 replication efficiency.

DISCUSSION

We successfully established the HTLV-1 qPCR assay for analysis of the PVLs of
WB-indeterminate samples after initially estimating the detection limit of the HTLV-1
qPCR assay. An important feature of HTLV-1 discovered in WB-indeterminate samples
was that the PVL of WB-indeterminate samples was generally extremely low. The PVL

TABLE 2 Phylogenetic types of HTLV-1 in WB-positive and -indeterminate samples

Sample source and WB result
Total no.
analyzed

No. of HTLV-1
subtype A subgroup:

JP TC

Blood donors
Positive 114 104 10
Indeterminate 8 6 2

Pregnant women, indeterminate 11 8 3

FIG 3 Characteristics of nucleotide substitutions in WB-indeterminate samples. (A) The occurrence of types of nucleotide substitutions is represented as a
percentage of the total number of mutations. The four major substitutions, G-to-A, C-to-T, T-to-C, and A-to-G mutations, are indicated. (B) Percentages of
second-nucleotide use at G-to-A mutation sites. (C) Electropherogram of stop codon substitutions. Two representative electropherograms per sample are
shown. The nucleotide with a vertical line through it is the position of the G-to-A substitution.
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was approximately 100-fold lower than that of carriers with WB-positive results. Inter-
estingly, there was a geographic difference between the provirus DNA positivity rates
of WB-indeterminate blood donors in areas where HTLV-1 infection is not endemic and
areas where it is, 8.2 and 46.2%, respectively (Table 1). These rates were as high as those
previously reported in other areas of the world, including Iran and the United States.
The geographic changes may be produced by the balance of the population of
indeterminate samples from the true negative (HTLV-1-uninfected) group, which were
originally identified as background in the WB test, and indeterminate samples from the
true positive (HTLV-1-infected) group, which were not able to be identified as positive
by the WB test. Therefore, the PCR positivity rate will rise in areas where HTLV-1
infection is endemic because the higher number of indeterminate WB results from true
positive is increased.

Using more than 100 complete HTLV-1 genome sequences from areas where HTLV-1
infection is endemic and where it is not, we produced an overview of the phylogenic
tree of Japanese HTLV-1. Importantly, by adding the HTLV-1 sequences of WB-
indeterminate samples to the tree, we revealed that there were no specific subgroups
of strains that frequently generate indeterminate WB results in Japan. In other words,
one of the causes of indeterminate WB results may be associated with individual
HTLV-1 nucleotide mutations rather than the strain of HTLV-1. Although our results are
applicable to WB-indeterminate samples from Japanese carriers, the cause of indeter-
minate WB results in other HTLV-1 strains around the world will be elucidated by
precise genomic analysis in further studies. These results may also be useful for the
improvement of HTLV-1 diagnostic kits.

It has been reported that HTLV-related viruses or malaria infection cause indeter-
minate WB results; however, these causes are applicable only in limited areas of the
world and Japan is not an area where these pathogens are endemic (13, 15–17). We
assessed the cause of indeterminate HTLV-1 WB results by analysis of the entire
genomic sequence of HTLV-1 and found that a portion of HTLV-1 strains with indeter-
minate results have a premature termination codon in viral proteins. These mutations
apparently decreased the virus’s replication efficiency because the viral proteins could
not function like those of the wild-type virus, which possibly led to decreased antigen
expression in the long term. We think the mechanism of emergence of these mutated
proviruses is that in WB-indeterminate carriers, wild-type virus-infected cells have been
eliminated by the host immune system and eventually only mutated viruses with low
antigen production remain. This hypothesis is supported by our finding that there
remained a faint wild-type sequence in some electropherograms with nonsense mu-
tations (Fig. 3C). Abortive HIV-1 infection was reported previously in samples with
indeterminate WB results (30). In addition, a report showed Tax point mutations in
HTLV-1 WB-indeterminate samples (31). In our study, premature stop codons were
observed not only in Tax but also in various HTLV-1 coding regions, such as Pol, Env,
p12, and p30, in WB-indeterminate samples, indicating an association of abortive
HTLV-1 strains with indeterminate WB results. In addition, unique mutations were
observed not only in the target proteins of WB tests such as Gag and Env but also other

TABLE 3 Abortive genetic changes in HTLV-1 genes in WB-indeterminate samples

Sample source
and name PVLa

Amino acid mutation(s) in viral protein:

PhenotypeGag Pro Pol Env Rex Tax p12 p30 (p13) HBZ

Blood donors
T1048 0.013 W238X Premature termination
K1015 0.244 W452X W387X W178X (W24X) Premature termination
K1018 0.060 W87X Premature termination

Pregnant women
S0035 0.006 W147X Premature termination
S0145 0.677 W87X Premature termination

aHTLV-I PVL (number of copies per 100 cells).
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HTLV-1 proteins. Interestingly, the Tax G137R mutation was observed in K1015. This
amino acid is critical for the Tax function of NF-�B signaling (32). Furthermore, Rex T4A
(S0056) and P8S (S0035) mutations are located in the RxRE association domain and the
Rex T62M (K1006) mutation is located in the Rex multimerization domain (33). This
leads us to hypothesize that the cause of indeterminate results is not only the
inadequate sensitivity of the diagnostic kit for Env and Gag antibody detection but also
the nature of HTLV-1 in WB-indeterminate samples. Mutated HIV-1 can revert back to
the wild type after transmission (34, 35). However, we believe that this is not the
case in HTLV-1 of WB-indeterminate samples. Generally, after settlement of HTLV-1
infection, HTLV-1 prefers to disseminate through mitotic division of infected cells
with cellular DNA polymerase (36). Moreover, PVLs are low in WB-indeterminate
samples and replication-incompetent mutations are dominant in a portion of HTLV-1 of
WB-indeterminate samples. Thus, HTLV-1 in WB-indeterminate samples almost lost the
opportunity to introduce mutations back into the wild type by HTLV-1 reverse trans-
criptase at transmission.

To summarize our results, WB-indeterminate samples could be divided into four
groups on the basis of their PVLs and genomic features (Table 5). The first group is
negative for HTLV-1 provirus. This includes true-negative samples and those undetect-
able by qPCR. In the second group, HTLV-1 provirus is detected despite the extremely
low PVL. This possibly includes wild-type HTLV-1 provirus. In the third group, the
abortive HTLV-1 strain is dominant. In the fourth group, unique amino acid or nucle-
otide mutations are present in the provirus. A common property of the provirus of the
latter three groups of provirus-positive samples would be an extremely low level of
HTLV-1 antigen production. Thus, we could conclude that WB-indeterminate samples
tend to have an extremely low level of HTLV-1 antigen expression because of specific
features of the HTLV-1 genome. This low antigen level leads to an insufficient antibody
titer for the determination of infection by WB. Sustained indeterminate WB results over
a prolonged period could be partially explained by this hypothesis (18–20, 23).

Interestingly, APOBEC3G, a host mediator of GG-to-AG substitutions, facilitates the
abortion of viral, including HIV-1, replication (37). However, in our study, its function
possibly facilitates the survival of HTLV-1 provirus through the decreased production of
viral antigens, leading to escape from the host immune system. We think this fits well
with the explanation for the reports of the frequent PCR positivity of WB-indeterminate
samples (19, 24, 26). Fan et al. analyzed mutations in ATL and reported that among the
mutations in ATL, G-to-A is the most frequent and a GG-to-AG substitution was also
prominent in all G-to-A mutations (29). They additionally showed the frequent occur-
rence of stop codon substitutions in the HTLV-1 genome in ATL. Our findings on the
mutation status of WB-indeterminate samples are thus in accordance with those
reported for ATL. The reason why the same phenomena were observed in the HTLV-1
genome in both ATL and WB-indeterminate samples is unknown. It will be further
elucidated through the precise analysis of strategies used by HTLV-1 to continue to
reside in carriers.

Finally, our finding that the provirus exists with reduced replication activity in a
portion of WB-indeterminate carriers through genetic mutation in the provirus strongly
emphasizes the importance of nucleotide amplification testing, such as qPCR, for the
diagnosis of HTLV-1 infection.

TABLE 5 Summary of proviral features of WB-indeterminate samples in this study

No. of samplesa analyzed qPCR result HTLV-1 genome Type of mutation

239 Provirus negative
36 Provirus positive Not determined
14 Determined Unique
5 Nonsense
aTotal of 294.
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MATERIALS AND METHODS
Cells and clinical samples. TL-Om1 cells were a kind gift from Kazuo Sugamura (Miyagi Cancer

Center Research Institute) (38). TL-Om1 cells were maintained in RPMI 1640 (Sigma, St. Louis, MO, USA)
supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin-streptomycin (Invitrogen, Carlsbad,
CA, USA), 2 mmol/liter L-glutamine, and 10 ng/ml interleukin-2 (PeproTech, London, United Kingdom).
PBMCs were purchased from AllCells Inc. (Alameda, CA, USA). Cryopreserved PBMCs were resus-
pended in RPMI 1640 supplemented with 10% FBS at 37°C in accordance with the protocol provided
by AllCells Inc.

PBMCs from HTLV-1 WB-indeterminate pregnant women were obtained with informed consent.
Blood clots from HTLV-1 WB-indeterminate blood donors were obtained in two different areas of HTLV-1
epidemiology, the Kanto Block Blood Center, in an area where HTLV-1 infection is not endemic, including
the prefectures of Tokyo and Chiba, and the Kyushu Block Blood Center, in an area where HTLV-1
infection is not endemic, including the prefectures of Kyushu Island. The kit used for initial blood donor
screening was Lumipulse Presto HTLV-I (Fujirebio, Tokyo, Japan), one of the CLEIAs. The WB kit used for
confirmation of the first screening results was ProBlot HTLV-I (Fujirebio, Tokyo, Japan) (7). Briefly, in
ProBlot HTLV-I, bands of p19, p24, and p53 for Gag and gp46 for Env are used for interpretation of the
result. The bands were defined by three grades, namely, �, �, and �. If all bands are �, the result is
judged as negative. When Env gp46 and Gag p19, p24, or p53 are �, the result is judged as positive. Band
patterns that are neither negative nor positive are judged as indeterminate (Table S1). The antibody titers
and profiles of WB-indeterminate patterns of blood donors are listed in Table S2. Information about the
kinds of kits used for initial screening of pregnant women was unavailable. In addition, the antibody titers
and WB band patterns of pregnant women were unavailable. This study was approved by the ethical
review boards of the National Institute of Infectious Diseases (Institutional Review Board approval no.
392).

Eight Japanese laboratories (one national institute [the National Institute of Infectious Diseases], five
universities [The University of Tokyo, the St. Marianna University School of Medicine, Nagasaki University,
the University of Miyazaki, and Kagoshima University], one Japanese Red Cross laboratory [the Central
Blood Institute], and one diagnostic test company [SRL Inc.]) participated in this study.

Preparation of HTLV-1 cell dilutions. Previously, we found that the HTLV-1 copy number of the
TL-Om1 genome was 1.8/cell by fluorescence in situ hybridization analysis (39). The method used to stain
TL-Om1 cells with carboxyfluorescein diacetate succinimidyl ester (CFSE) was previously described (40).
CFSE-stained TL-Om1 cells that were resuspended in Cellbanker (TaKaRa Bio, Osaka, Japan) were serially
diluted with PBMCs at the concentrations described in Fig. 1 and frozen at �80°C. The concentrations of
TL-Om1 cells were analyzed by flow cytometry with a JSAN flow cytometer (Bay Bioscience, Kobe, Japan)
(Tables S3 and S4). A series of the same frozen samples packed in dry ice were then provided to the
participating laboratories by the National Institute of Infectious Diseases.

Estimation of detection limit of HTLV-1 qPCR. The DNA extraction methods of the laboratories
have been described previously (40). The protocols for HTLV-1 qPCR performed in the eight laboratories
have also been reported previously (41–47) (Table S5).

HTLV-1 qPCR was performed with purified DNA in laboratories independently three times on
different days. To evaluate all of the preparation steps, each measurement began with the extraction of
genomic DNA from aliquots of frozen cell samples provided to each laboratory and testing was
performed once with the extracted DNA.

Analysis of HTLV-1 genomic sequences. The full-length genomic sequence of HTLV-1 was ampli-
fied from four regions by long PCR with the KOD-FX neo polymerase kit (Toyobo, Tokyo, Japan) in
accordance with the manufacturer’s protocol. PCR products were purified with the QIAquick PCR
purification kit (Qiagen, Hilden, Germany). The sequencing PCR was performed with the BigDye ver 3.1
cycle sequencing kit (Applied Biosystems, Foster City, CA) with sequencing primers in accordance with
the manufacturer’s protocol. All of the primer sequences used in the long PCR and the sequencing PCR
are described in Fig. S1 and Tables S6 and S7. The sequences of PCR products were read from both
strands. For sequencing of the GC-rich region of the HTLV-1 genome, equivalent to nucleotides 2099 to
2124 of the ATK-1 (accession no. J02029) reference strain, the dGTP BigDye Terminator v3.0 kit (Applied
Biosystems) was used with primers 34F (GGAGATATGTTGCGGGCTTGT) and 41R (GGGAGGTGAGCTTAAA
GTGATCTT), respectively, in accordance with the kit protocol. The sequence was determined with an
Applied Biosystems 3730 DNA analyzer. Contigs were composed by the sequence assembling software
ATGC (GENETYX, Tokyo, Japan). Complete long terminal repeat (LTR) sequences were determined by
combining consensus regions of 5= and 3= LTR reads as described previously (48). HTLV-1 sequences of
T0018 and T0038 were obtained from the same donor on different donation dates.

Phylogenetic analysis. In addition to blood donor samples in which the PVLs were quantitated, a
further 23 genomic sequences of HTLV-1 from WB-positive blood donors from the Kyushu Block Blood
Center were added to the phylogenetic analysis. For phylogenetic analysis, SNVs were extracted and
analyzed with RAxML by the maximum-likelihood method with 1,000 bootstrap samples. The phyloge-
netic tree was inferred by using the GTRGAMMA model.

Accession number(s). The HTLV-1 nucleotide sequences of WB-indeterminate samples have been
submitted to the DNA Data Bank of Japan (DDBJ) and assigned NCBI accession numbers LC185235 to
LC185242 and LC192254 to LC192264. The HTLV-1 sequences of WB-positive samples have also been
submitted to the DDBJ and assigned NCBI accession numbers LC209958 to LC210071.
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