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ABSTRACT
Quantitative PCR (qPCR) of human T-cell leukemia virus type 1 (HTLV-1) provirus is used for
HTLV-1 testing and for assessment of risk of HTLV-1-related diseases. In this study, a reference
material was developed for standardizing HTLV-1 qPCR. Freeze-dried TL-Om1 cells diluted with
Jurkat cells were prepared and an assigned value for proviral load (PVL) of 2.71 copies/100 cells was
determined by digital PCR. Nine Japanese laboratories using their own methods evaluated the PVLs
of this referencematerial as 1.08–3.49 copies/100 cells. Themaximumdifference between laboratories
was 3.2-fold. Correcting measured PVLs by using a formula incorporating the assigned value of this
reference material should minimize such discrepancies.
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Human T-cell leukemia virus type 1 was the first human
retrovirus to be discovered (1, 2). It has a worldwide
distribution with some endemic areas, including
Japan (3, 4). HTLV-1 is transmitted through

breastfeeding, sexual contact and blood contact, such
as transfusion or injection of HTLV-1-positive blood.
Some carriers of HTLV-1 develop ATL, HTLV-1-
associated myelopathy/tropical spastic paraparesis or
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HTLV-1 uveitis/HTLV-1-associated uveitis after long
incubation periods (5). qPCR, which detects the
integrated provirus in the peripheral blood of carriers,
is a conventional method for measuring the HTLV-1
PVL. Importantly, a high PVL is reportedly one of the
risk factors for development of ATL and HTLV-1-
associated myelopathy. Accurate PVL quantitation is
therefore essential; however, current results differ by
around five-fold between laboratories (6).
International standards for nucleic acid amplification

tests for blood-borne pathogens such as hepatitis B andC
viruses and HIV have been developed by the World
Health Organization and made available worldwide by
the National Institute for Biological Standards and
Control (7–9). However, international standards for
nucleic acid amplification tests for HTLV-1 have not yet
been developed. Because Japan is one of the endemic
areas of HTLV-1, referencematerial, even of a prototypic
format, is urgently needed to enable accurate perfor-
mance of HTLV-1 qPCR.
We have previously reported that TL-Om1, anHTLV-

1 infected cell line derived from ATL, is suitable for
creating a reference material for HTLV-1 qPCR and that
it would be possible to standardize HTLV-1 qPCR using
TL-Om1 (10). In this study, we prepared a freeze-dried
cell reference material composed of TL-Om1 cells
diluted with Jurkat cells to serve as a temporary
reference for HTLV-1 qPCR and evaluated its quality
with the collaboration of Japanese laboratories.
Because we had previously found that Jurkat cells are

much more viable than frozen peripheral blood
mononuclear cells, we selected Jurkat cells for

preparation of the reference material (11). TL-Om1
cells were diluted with Jurkat cells at a concentration of
approximately 1% and aliquots freeze-dried (see Sup-
portingMaterials andMethods). A value was assigned to
the PVL of the reference material as determined by
digital PCR. First, to confirm the accuracy of the digital
PCR result, we measured a test sample made by mixing
two plasmids, the first containing a HTLV-1 qPCR target
sequence (pX region of HTLV-1 [pX2]) and the other an
internal control gene target sequence (RNase P, [RP]).
As shown in Figure 1a, the size and amount of the
plasmids were confirmed to be the same. The plasmids
were mixed at a concentration of 1.0% w/w (pX2/RP)
(Fig. 1a). The concentration of the test sample was then
measured by droplet digital PCR (QX-100) and chip-
based digital PCR (QuantStudio 3D) as 0.98% and 0.99%,
respectively (Fig. 1b and Table 1), confirming that
the digital PCR results were extremely close to the
absolute value. Under these conditions, the PVL of the
reference material was determined to be 2.71 copies/100
cells (95% CI, 2.49–3.41) (Fig. 1c).

Fig. 1. Digital PCR analysis of reference for HTLV-1 qPCR. (a) Plasmid DNA containing HTLV-1 target sequence (pX2: middle lane) or internal
control gene (RNaseP: right lane) were electrophoresed and the bands quantitated using Bioanalyzer. (b) Ratios of HTLV-1 (pX2) to RNaseP in TL-
Om1 genomic DNA and 1% w/w plasmid mixture (pX2:RNaseP¼ 1:100) were analyzed using two types of digital PCR machines, (i) QX100 and
(ii) QuantStudio 3D (n¼ 8). (c) PVLs of the reference were measured by droplet digital PCR. Genomic DNA extracted from five different tubes
was subjected to droplet digital PCR (n¼ 9). PVLs (copies/100 cells) were calculated as follows: (pX2 copy number� 2)/(RNaseP copy
number)� 100. The dotted line (PVL at 2.71 copies/100 cells) is the geometric mean of the five samples.

Table 1. Ratio of pX2 (HTLV-1) to RNaseP (internal control gene) (%)

as analyzed by digital PCR

QX100 QuantStudio 3D

Geometric
mean 95% CI

Geometric
mean 95% CI

TL-Om1 51.3 50.1–52.6 51.0 49.9–52.0
1:100 plasmid 0.98 0.94–1.03 0.97 0.93–1.02
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Next, the PVL of the reference material was measured
by nine Japanese laboratories using their in-house
methods. The results ranged from 1.08 to 3.49 copies/
100 cells (Fig. 2 and Table 2), the maximum difference
being 3.23-fold between laboratories and the geometric
mean of the PVLs being 2.23 copies/100 cells. The ratio
to assigned value ranged from 0.40 to 1.29, revealing a
wide discrepancy among laboratories, as had been
observed previously (11). However, correcting these
PVLs by using a formula incorporating the assigned
value of the reference material should minimize these
discrepancies. To confirm this, PVLs of clinical samples
were measured by different laboratories. The geometric
coefficient of variation (%) between laboratories was less
in most clinical samples after making this correction
(Fig. 3 and Table 3). These results indicate that
inter-laboratory variations can be minimized by correc-
tion with the formula incorporating the assigned value of
the reference material. Finally, all participants agreed to

the formula and the assigned value (2.71 copies/100
cells) of the HTLV-1 qPCR reference material.

Unlike standards for hepatitis B and C viruses and
HIV, the target for HTLV-1 qPCR is not viral particles
within plasma, but provirus integrated into the genomes
of host cells. Cell-based material rather than serum or
plasma is therefore more suitable for use as a HTLV-1
qPCR reference. We used the Jurkat cell line for diluting
TL-Om1 cells because, as we have reported previously,
the karyotypes of internal control genes are close to 2N,
which is useful for preventing discrepancies that may be
generated by the use of different internal control genes in
different laboratories (10).

In this study, we succeeded in preparing a reference
material for HTLV-1 qPCR. Although we made
relatively small amounts of this reference material using
laboratory equipment, we believe we will be able to
provide a continuous supply by renewing the lot
periodically. We also plan to evaluate the long-term
stability of the lyophilized referencematerial by regularly
measuring its PVL using digital PCR. Inter-laboratory
differences in qPCR should be dramatically decreased by
correcting results by using the assigned value of the
reference. The reference material could also be used to

Fig. 2. Proviral loads of the reference measured collaboratively.
qPCR was performed independently three times on different days.
Horizontal axis: the letters A to I denote the laboratories that
participated in this study. Bars, geometric means.

Table 2. PVL as measured by qPCR at nine Japanese laboratories

Laboratory
Geometric

mean
95% CI of geometric

mean
Ratio to assigned

value

A 2.19 1.68–2.86 0.81
B 2.74 2.23–3.37 1.01
C 3.44 3.01–3.94 1.27
D 3.49 2.17–5.62 1.29
E 2.10 1.78–2.47 0.77
F 1.08 0.77–1.51 0.40
G 1.76 1.08–2.87 0.65
H 1.89 1.65–2.16 0.70
I 2.51 2.36–2.66 0.93

Fig. 3. Proviral loads of clinical samples before and after correction with the assigned value of the reference. Clinical samples with
various PVLs were measured by nine laboratories. Dots show PVLs of measured values (left) and corrected values (right). Corrections were made
by dividing by the ratio between the measured and assigned values of the reference.
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minimize discrepancies arising from the use of different
methods, such as qPCR and digital PCR. Additionally, it
will be useful for preparation of further nucleic acid
amplification test standards for HTLV-1.
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SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of this article at the publisher's web-site.

Supporting materials and methods. Materials and
methods used in this report.
Supporting references. References cited in supporting
materials and methods.

Table 3. Geometric coefficient of variations of clinical samples among laboratories

Sample ID 01 02 03 04 05 06 07 08

Measured values
PVL (geometric mean) 6.7 4.0 1.0 0.67 0.29 0.086 0.043 0.015
GCV (%) 35% 36% 32% 46% 54% 67% 68% 71%

Corrected values
PVL (geometric mean) 7.7 4.6 1.2 0.77 0.33 0.097 0.050 0.017
GCV (%) 29% 24% 26% 32% 35% 93% 49% 71%

GCV, geometric coefficient of variations; PVL: copies/100 cells.
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