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SUMMARY

Objective: The objective of this study is to reduce donor tissue
wastage.
Aim: The aim of this study is to determine, in the case of the
Abbott Architect rHTLV I/II assay, whether a signal/cut-off
(S/CO) ratio higher than the manufacturer’s recommenda-
tion of 1·0 could be applied to diagnose significant HTLV-1
seroreactivity.
Background: The detection of human T cell leukaemia virus
type 1 (HTLV-1) infection is primarily based on serology often
utilising random access platforms. Although current assays have
high sensitivity and specificity, in low-prevalence regions, signif-
icant numbers of false-positive reactions occur. A comprehen-
sive follow-up is difficult within the time frame of organ dona-
tion. This can lead to donor tissue wastage.
Methods: A retrospective analysis of 12 250 samples previously
tested on the Abbott Architect rHTLV I/II platform and further
tested by confirmatory serology/molecular detection to deter-
mine the sensitivity and positive predictive value in the S/CO
ratio range was conducted.
Results: Where the sample S/CO ratio was >20 (n= 498),
HTLV infection was confirmed in all but eight subjects. All of
these eight had indeterminate confirmatory results, and none
were found to be uninfected. Conversely, in the samples within
the S/CO ratio range 1–4 (n= 271), no subject was subsequently
found to be HTLV-infected although HTLV infection could not
be excluded in all cases, primarily due to lack of follow-up sam-
ples (n= 60/271).
Conclusions: Samples with an S/CO ratio of <4·0 on the
Abbott Architect rHTLV I/II platform represent a low risk of
HTLV infection in the UK, and organs from such donors might
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reasonably be considered for transplantation, within the context
of appropriate risk–benefit assessment.
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BACKGROUND

Human T-cell leukaemia virus type-1 and type-2 (HTLV-1 and
HTLV-2) are members of the genus of deltaretroviruses of the
Orthoretrovirinae subfamily of the family of Retroviridae. Dis-
covered in 1980 (Poiesz et al., 1980), HTLV-1 is the cause of adult
T cell leukaemia/lymphoma (ATLL), an aggressive malignancy
of T cells (Uchiyama et al., 1977; Yoshida et al., 1982); a range
of HTLV-associated inflammatory conditions characterised
by lymphocytic infiltration of the diseased tissue [reviewed by
(Martin et al., 2014)], including HTLV-1-associated myelopa-
thy/tropical spastic paraparesis (HAM/TSP) (Gessain et al.,
1985; Osame et al., 1986); and impaired immunity to several
infections resulting in epidemiological and pathological changes
with the association between HTLV-1 infection and dissemi-
nated Strongyloides stercoralis infection (strongyloidiasis) the
most striking (Nakada et al., 1987). The combined lifetime risk of
HTLV-1-associated disease in carriers approaches 10%. Disease
associations with HTLV-2 are less clear but include rare cases of
myelopathy and increased prevalence of urinary and respiratory
tract infections (Murphy et al., 1997a, 1997b). Evidence of
HTLV-2 infection is also detected by HTLV-1 screening assays
as there is considerable antibody cross-reactivity. HTLV-1 (and
HTLV-2) is transmitted from mother to child, predominantly
through breastfeeding; between sexual partners, through unpro-
tected sexual intercourse; through the sharing/reuse of injection
equipment; and through the transfusion or transplantation
of blood and tissue. HTLV-1-associated myelopathy has been
reported within months of transplantation-acquired HTLV-1
infection (Ramanan et al., 2014; Nagamine et al., 2015), leading
to calls for increased organ donor screening (Gallo et al., 2016).
The original European Union Directive is for ‘donors originating
from high incidence areas, or with sexual partners originating
from those areas or where the donor’s parents originate from
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those areas’ to have HTLV antibody testing (European Parlia-
ment, 2006). In the UK, a low-prevalence region, the advisory
committee on the Safety of Blood, Tissues and Organs (SABTO)
have indicated that all donors should be screened for HTLV-1/-2
infection (Advisory Committee on the Safety of Blood Tissues
and Organs, 2011).

The diagnosis of HTLV-1 (and HTLV-2) is primarily through
the detection of HTLV-specific antibodies. Although from the
outset, the sensitivity of serology has been high, specificity has
been more problematic, particularly with the earliest assays (The
HTLV European Research Network, 1996). The need for high
specificity has greater significance where screening is conducted
within low-prevalence populations, such as blood and tissue
donors in non-endemic regions. In the UK, where the prevalence
of HTLV infections among first-time blood donors is 5/100000
(Brennan et al., 1993; Davison et al., 2009; NHS Blood and
Transplant/Public Health England Epidemiology Unit, 2016), all
blood and tissue donors are screened for HTLV infections and
donations not used if HTLV reactivity is found on repeat test-
ing. Samples that have reacted in a screening assay are retested
and repeat reactive samples subjected to confirmatory tests with
Western-blotting-based assays containing discrete gag (p19 and
p24) proteins as well as env glycoproteins gp21 and gp46. The
use of recombinant env glycoproteins increases the sensitivity of
the assay, and antibody reactivity against the recombinant ver-
sions of gp46-1 and gp46-2 allows discrimination between the
two viruses. In the absence of any bands, the interpretation is
HTLV-1 and HTLV-2 negative; the presence of reactivity to mul-
tiple gag and env proteins allows the confirmation of HTLV-1
or HTLV-2 infection. In cases where the necessary reactivity to
diagnose infection is present but is absent against either HTLV-1
or HTLV-2 rgp46-type-specific glycoprotein or is present against
both, an ‘untyped’ HTLV infection is diagnosed. The presence of
bands insufficient to diagnose infection results in an ‘indetermi-
nate’ interpretation. Confirmation of HTLV reactivity can also
be by DNA polymerase chain reaction (PCR) if whole blood is
available. However, both confirmatory methods are costly and a
time-consuming process that can delay the use of donated blood
or tissue and in the worst case result in uninfected tissues being
discarded. This potentially has life-threatening consequences for
those awaiting vital organs.

One screening assay used in the UK is the Abbott Architect
rHTLV-I/II, a chemiluminescent microparticle immunoassay
that is approved for the qualitative detection of HTLV-1 and
HTLV-2 antibodies in the European Union. The manufacturers
specify the interpretation of reactivity, which in the case of the
Abbott Architect rHTLV-I/II is any signal-to-cut-off (S/CO)
ratio of 1 or above. According to the product insert (accessed
01/03/2017), the sensitivity of the rHTLV-I/II is 100% [95%
confidence interval 99·1–100%], whereas the specificity among
blood donors is 99·95% (95% CI 99·84–99·9%). Thus, in a pop-
ulation where the prevalence of HTLV-1 infection is 0·005%,
among 100 000 donors, 55 reactive results might be anticipated,
of which 5 will be due to HTLV-1 infection and 50 will be
due to nonspecific reactivity. To determine whether an S/CO

ratio higher than 1 might be used for the discrimination of
nonspecific reactivity from infection, a retrospective analysis of
the final result (HTLV status) of all samples tested by a national
reference laboratory using the Abbott Architect rHTLV-I/II as
the first screening test was conducted.

METHODS

During a 5-year period (February 2009 to February 2014),
12 250 blood serum/plasma samples from 10 052 individuals
were referred to the Virus Reference Department, Public Health
England, for serological diagnosis of HTLV infection. These
samples were from all parts of England and from a variety of
clinical settings which included the following: samples previ-
ously found reactive and referred for confirmatory tests; sam-
ples previously untested from patients deemed at risk of HTLV
infection; and samples from low-risk patients, such as organ
and milk donors. All samples were tested in the Abbott Archi-
tect rHTLV-I/II assay (Abbott Laboratories Weisbaden, Ger-
many) according to manufacturer’s instructions. Any samples
that gave an S/CO ratio of ≥1·0 were further tested by Western
blot (MP Diagnostics HTLV blot 2·4 Singapore). When unsepa-
rated whole blood on ethylenediaminetetraacetic acid (EDTA)
was available, Abbott Architect reactive samples were further
tested by a nested HTLV DNA PCR (Vandamme et al., 1997;
Tosswill et al., 1998). A report was issued to the referring labo-
ratory based on the results of these tests, and a follow-up sample
of the whole blood on EDTA was requested for confirmatory
testing.

Results were collated and stratified by the S/CO ratio of the
first sample received into four strata: 1–4, 4·01–20, 20·01–100
and >100. These results were then analysed alongside the clin-
ical information. A final HTLV status was allocated to the first
sample received from each patient, taking into account any
results obtained from follow-up samples. Using the Western blot
(WB) and PCR results, samples were given the following status:
HTLV-I positive, HTLV-II positive, HTLV untyped, HTLV inde-
terminate (unresolved) and HTLV negative. The positive predic-
tive value (PPV) of the initial Abbott Architect S/CO ratio results
was calculated for each stratum. The values are based on the final
result after follow-up.

RESULTS

Of the 10 052 patients tested, 9188 had a negative result on
Abbott Architect (i.e. S/CO ratio=<1·0). The remaining 864
patients (11·6%) gave an initial reactive result, and these samples
were tested by Western blotting. In addition, follow-up samples
were received from 307 of these 864 patients. No individual
whose initial sample was reactive with an S/CO ratio> 20 was
subsequently found to be HTLV-uninfected. In 99%, HTLV
infection was confirmed, whereas in the remaining 1%, the final
interpretation of the serology was ‘HTLV indeterminate’. None
were given a final report of HTLV negative (Fig. 1). Where the
S/CO ratio in the initial sample was in the range 4–20, a high
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Fig. 1. HTLV-1/-2 final diagnosis of the status of infection according
to signal/cut-off ratios from the Abbott Architect rHTLV-I/II.

Fig. 2. Signal/cut-off (S/CO) ratios from the Abbott Architect
rHTLV-I/II according to the final diagnosis of HTLV-1/-2 infection.
Broken line indicates the S/CO ratio of 4. [Colour figure can be viewed
at wileyonlinelibrary.com]

proportion of subjects had HTLV-indeterminate results even
after testing of follow-up samples. Only 9% of these subjects were
confirmed to have HTLV infection, whereas HTLV infection
was excluded in 50%. HTLV infection was not confirmed in
any individual for whom the initial sample S/CO ratio was
<4 (Fig. 1). The spread of S/CO values according to each final
diagnosis are presented in Fig. 2.

For S/CO ratios of >100, both the sensitivity and PPV of the
initial Abbott Architect result were 100% (95% CI 98·9–100%),
respectively. In the range 20–100, the sensitivity and PPV were
also 100% (95% CI 97·65–100%), respectively. For S/CO ratios
in the range 4–20, the sensitivity remained high, i.e. 100%
(95% CI 63·37–100%), but the PPV was only 15·25% (95% CI
7·2–27%). Finally, for the 1–4 S/CO group, the PPV was 0%
(95% CI 0–1·8%). Since none of the patients giving an initial
S/CO ratio in the range 1–4 were found to be HTLV positive, a
more detailed analysis of this group was undertaken.

Samples with an S/CO ratio 1–4

Of 271, 186 (69%) were negative on WB (mean S/CO ratio
1·9, range 1·0–3·95) (Fig. 3). Fifty-one of 186 had a follow-up
sample tested: 48 remained WB negative, whereas 3 gave a single
band against p24. Whole blood on EDTA was available for two
of these p24+ samples, and both were HTLV-1 and HTLV-2
DNA PCR negative. Eighty-five samples were indeterminate by
Western blot (mean S/CO ratio 2·09, range 1·01–3·92), and of
these, follow-up samples were received from 25 patients. Sixteen
of 25 were found to be WB negative and nine remained WB
indeterminate. Seven of nine gave only one band on WB, and
of these five of five were HTLV DNA negative by PCR. Two
had more than one band on WB, and both were PCR negative.
No follow-up samples were received from the remaining 60
patients with an indeterminate WB. Of these, the number of
bands on WB was as follows: one band= 47 (mean S/CO ratio
1·98), two bands= 8, three bands= 4 and four bands= 1 with
no correlation between S/CO ratio and band pattern (the mean
S/CO ratio for samples with more than one band on WB was
2·1).

DISCUSSION

The goal of screening is to make blood and tissue transplantation
as safe as possible. During the preparation of this manuscript,
the authors were involved in a number of cases where low titre
reactivity was observed in potential donors, both stem cell and
solid organ, which in a number of cases resulted in organs
not being transplanted. Subsequent to the decision to discard
the organs, further investigations confirmed that the donors
were uninfected. In other cases, further investigations using
molecular methods were conducted urgently to allow tissue to
be used. In each case, the S/CO ratio in the screening assay (not
necessarily the Abbott Architect rHTLV-I/II) was low, and in
each case, the final diagnosis was HTLV-1/-2-uninfected.

The goal of this study was to determine the risk of HTLV
infection in individuals whose serum was tested on the Abbott
Architect rHTLV-I/II platform and found to have low titre reac-
tivity. The primary finding of this study of more than 10 000
individual blood results is that on no occasion has an individual
whose sample gave an S/CO ratio of less than 4·0 in the Abbott
Architect rHTLV-I/II been shown, on further investigation, to
be HTLV-1- or HTLV-2-infected. Thus, where an HTLV assay
is urgently conducted to protect a tissue transplantation recipi-
ent from HTLV infection and the S/CO ratio is less than 4·0, it is
reasonable to advise the transplantation team and the recipient
that the likelihood that the donor is truly infected with HTLV-1
is low and that although HTLV-1 infection cannot be fully elimi-
nated until further investigations have been completed, using the
tissue is a legitimate option within the context of an appropriate
risk–benefit assessment.

The focus of this paper has been on transplantation due to the
short window for serological evaluation. The interpretations of
the data are equally applicable to testing for other indications
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Fig. 3. Flow chart summarising the outcomes of samples with a signal/cut-off ratio of 1< 4.

where the need for further evaluation of low-level reactivity
should be considered on its merits. The cost of evaluating ‘false
positives’ is cited as a contraindication for screening. If the
number of ‘false positives’ can be reduced by the suggested
adjustment, this would have implications for other screening
programmes, including blood and antenatal.

There are a number of limitations to the study. The findings
are only applicable to the Abbott Architect rHTLV I/II platform,
although this is one of the most widely used platforms in the UK.
Only 271 samples with an initial Abbott Architect result in the
S/CO ratio range 1–4 were identified resulting in a 2% margin of
error in the 95% confidence interval for the PPV. Thirdly, a final
diagnosis of ‘HTLV indeterminate’ remained in 113 cases due to
lack of follow-up samples to allow molecular detection assays. In
particular, in the key S/CO ratio range 1–4, this was the case in
69 of the 271 samples, and therefore, it remains possible that one
or more of these might represent a true positive. However, given
that none of the 36 samples that were initially indeterminate in

the range 1–20 and had follow-up sample for repeat Western
blot and/or HTLV DNA PCR were found to be true positives,
it is considered unlikely that the number of true positives would
exceed the 95% CI of the PPV.

ACKNOWLEDGMENTS

We are grateful to the staff in the Virus Reference Department,
Public Health England, for laboratory testing and support and
to Professor Richard Tedder for critical review and helpful com-
ments on this manuscript. G. P. T. and J. H. C. T. conceived and
designed the study. J. H. C. T. collated the data. J. H. C. T. and G. P.
T. analysed the data and coauthored this paper. G. P. T.’s research
is supported by NIHR Imperial Biomedical Research Centre.

CONFLICT OF INTEREST

The authors have no competing conflicts of interest.

REFERENCES
Advisory Committee on the Safety of Blood

Tissues and Organs (2011) Guidance on the
Microbiological Safety of Human Organs,
Tissues and Cells Used in Transplanta-
tion [Online]. Department of Health,
London. URL https://www.gov.uk/

government/publications/guidance-

on-the-microbiological-safety-of-human-

organs-tissues-and-cells-used-in-transplan-

tation (Accessed 5/3/17).

Brennan, M., Rununga, J., Barbara, J. et al.

(1993) Prevalence of antibodies to human

T-cell leukaemia/lymphoma virus in

blood donors in north London. BMJ, 307,
1235–1239.

Davison, K.L., Dow, B., Barbara, J.A., Hewitt,
P.E. & Eglin, R. (2009) The introduction of
anti-HTLV testing of blood donations and
the risk of transfusion-transmitted HTLV,
UK: 2002-2006. Transfusion Medicine, 19,
24–34.

© 2017 The Authors. Transfusion Medicine, 2018, 28, 326–330
Transfusion Medicine published by John Wiley & Sons Ltd on behalf of British Blood Transfusion Society

https://www.gov.uk/government/publications/guidance-on-the-microbiological-safety-of-human-organs-tissues-and-cells-used-in-transplantation


330 J. H. C. Tosswill and G. P. Taylor

European Parliament (2006). Commission
Directive 2006/17/EC of 8 February 2006
implementing Directive 2004/23/EC of the
European Parliament and of the Council
as regards certain technical requirements
for the donation, procurement and testing
of human tissues and cells [Online]. URL
http://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=celex%3A32006L0017 (Accessed
14/9/17).

Gallo, R., Willems, L. & Hasegawa, H. (2016)
Screening transplant donors for HTLV-1
and -2. Blood, 128, 3029–3031.

Gessain, A., Barin, F., Vernant, J.C., Gout, O.,
Maurs, L., Calender, A. & De, T.G. (1985)
Antibodies to human T-lymphotropic virus
type-I in patients with tropical spastic para-
paresis. Lancet, 2, 407–410.

Martin, F., Taylor, G.P. & Jacobson, S. (2014)
Inflammatory manifestations of HTLV-1
and their therapeutic options. Expert Review
of Clinical Immunology, 10, 1531–1546.

Murphy, E., Fridey, J., Smith, J. et al. (1997a)
HTLV-associated myelopathy in a cohort
of HTLV-I and HTLV-II infected blood
donors. The REDS Investigators. Neurology,
48, 315–320.

Murphy, E., Glynn, S., Fridey, J. et al. (1997b)
Increased prevalence of infectious diseases
and other adverse outcomes in human T
lymphotropic virus types I- and II-infected
blood donors. Retrovirus Epidemiol-
ogy Donor Study (REDS) Study Group.
The Journal of Infectious Diseases, 176,
1468–1475.

Nagamine, Y., Hayashi, T., Kato, Y., Horiuchi,
Y. & Tanahashi, N. (2015) Human T lym-
photropic virus type-1-associated myelopa-
thy manifesting shortly after living-donor
renal transplantation. Internal Medicine, 54,
75–78.

Nakada, K., Yamaguchi, K., Furugen, S. et al.
(1987) Monoclonal integration of HTLV-I
proviral DNA in patients with strongyloidi-
asis. Int. Journal of Cancer, 40, 145–148.

NHS Blood and Transplant/Public Health
England Epidemiology Unit. 2016. Safe
Supplies: A picture for policy. 2015 Annual
Review from the NHS Blood and Trans-
plant/Public Health England Epidemiology
Unit, Supplementary Data Tables and
Figures [Online]. London: Public Health
England. Available: https://www.gov.uk/
government/uploads/system/uploads/
attachment_data/file/643882/2015NHSBT_
PHE_annual_review_supplementary_data
.pdf (Accessed 14/09/17).

Osame, M., Usuku, K., Izumo, S., Ijichi, N.,
Amitani, H., Igata, A., Matsumoto, M.
& Tara, M. (1986) HTLV-I associated
myelopathy, a new clinical entity. Lancet, 1,
1031–1032.

Poiesz, B.J., Ruscetti, F.W., Gazdar, A.F., Bunn,
P.A., Minna, J.D. & Gallo, R.C. (1980) Detec-
tion and isolation of type C retrovirus parti-
cles from fresh and cultured lymphocytes of
a patient with cutaneous T-cell lymphoma.
Proceedings of the National Academy of Sci-
ences of the USA, 77, 7415–7419.

Ramanan, P., Deziel, P.J., Norby, S.M., Yao,
J.D., Garza, I. & Razonable, R.R. (2014)

Donor-transmitted HTLV-1-associated
myelopathy in a kidney transplant
recipient--case report and literature review.
American Journal of Transplantation, 14,
2417–2421.

The HTLV European Research Network
(1996) Seroepidemiology of the Human
T-cell Leukaemia/Lymphoma Viruses in
Europe. Journal of Acquired Immune Defi-
ciency Syndromes and Human Retrovirology,
14, 68–77.

Tosswill, J.H.C., Taylor, G., Clewley, J. &
Weber, J. (1998) Quantification of proviral
DNA load in human T-cell leukaemia virus
type-I infections. Journal of Virological
Methods, 75, 21–26.

Uchiyama, T., Yodoi, J., Sagawa, K., Takat-
suki, K. & Uchino, H. (1977) Adult T-cell
leukaemia: clinical and haematological fea-
tures of 16 cases. Blood, 50, 481–492.

Vandamme, A.M., Van, L.K., Liu, H.F. et al.
(1997) Use of a generic polymerase
chain reaction assay detecting human
T-lymphotropic virus (HTLV) types I, II
and divergent simian strains in the eval-
uation of individuals with indeterminate
HTLV serology. Journal of Medical Virology,
52, 1–7.

Yoshida, M., Miyoshi, I. & Hinuma, Y. (1982)
Isolation and characterization of retro-
virus from cell lines of human adult T-cell
leukemia and its implication in the disease.
Proceedings of the National Academy of
Sciences of the USA, 79, 2031–2035.

Transfusion Medicine, 2018, 28, 326–330 © 2017 The Authors.
Transfusion Medicine published by John Wiley & Sons Ltd on behalf of British Blood Transfusion Society

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32006L0017
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32006L0017
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/643882/2015NHSBT_PHE_annual_review_supplementary_data.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/643882/2015NHSBT_PHE_annual_review_supplementary_data.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/643882/2015NHSBT_PHE_annual_review_supplementary_data.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/643882/2015NHSBT_PHE_annual_review_supplementary_data.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/643882/2015NHSBT_PHE_annual_review_supplementary_data.pdf



