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The present study evaluated several techniques currently available (commercial kits and

in-house assays) for diagnosing human T lymphotropic viruses types 1 and 2 in two groups

of  patients enrolled at HIV/AIDS specialized care services in São Paulo: Group 1 (G1), n = 1608,

1237  male/371 female, median age 44.3 years old, majority using highly active antiretroviral

therapy (HAART); G2, n = 1383, 930 male/453 female, median age of 35.6 years old, major-

ity  HAART naïve. Enzyme immunoassays [(EIA) Murex and Gold ELISA] were employed for

human T lymphotropic viruses types 1 and 2 screening; Western blotting (WB), INNO-LIA

(LIA), real-time PCR pol (qPCR), and nested-PCR-RFLP (tax) were used to confirm infection.

Samples were considered human T lymphotropic viruses types 1 and 2 positive when there

was  reactivity using at least one of the four confirmatory assays. By serological screening,

127/2991 samples were positive or borderline, and human T lymphotropic virus infection

was  confirmed in 108 samples (three EIA-borderline): 56 human T lymphotropic virus type 1

[G1  (27) + G2 (29)]; 45 human T lymphotropic virus type 2 [G1 (21) + G2 (24)]; one human T lym-

photropic virus type 1 + human T lymphotropic virus type 2 (G2); six human T lymphotropic

virus [G1 (2) + G2 (4)]. Although there were differences in group characteristics, human T lym-

photropic viruses types 1 and 2 prevalence was similar [3.1% (G1) and 4.2% (G2), p = 0.113].

The  overall sensitivities of LIA, WB, qPCR, and PCR-RFLP were 97.2%, 82.4%, 68.9%, and 68.4%,

respectively, with some differences among groups, likely due to the stage of human T lym-

photropic virus infection and/or HAART duration. Indeterminate immunoblotting results
were detected in G2, possibly due to the seroconversion period. Negative results in molec-

ular assays could be explained by the use of HAART, the occurrence of defective provirus

and/or the low circulating proviral load. In conclusion, when determining the human T lym-

photropic virus infection, the findings highlight that there is a need to consider the blood

samples with borderline results in screening assays. Of all the tested assays, LIA was  the
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assay of choice for detecting human T lymphotropic virus type 1 and human T lymphotropic

virus type 2 in human immunodeficiency virus type 1-infected patients.

©  2017 Sociedade Brasileira de Infectologia. Published by Elsevier Editora Ltda. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/
Introduction

Brazil is an endemic country for human immunodeficiency
virus type 1 (HIV-1) and human T-cell lymphotropic virus
type 1 and type 2 (HTLV-1 and HTLV-2), with regional varia-
tions in prevalence and risk factors.1–4 HIV-1 and HTLV-1/-2
coinfection occurs because the viruses share the routes
of transmission/acquisition, though the infection frequen-
cies depend on the analyzed region/population.5–13 HIV/HTLV
coinfection in São Paulo, southeastern Brazil, has been
reported since the 1990s. The Instituto Adolfo Lutz (IAL),
which is a public reference laboratory, has conducted stud-
ies on HIV/HTLV coinfection and uncertainties regarding to its
diagnosis have been found, mostly for HTLV-2, in HIV/AIDS
patients.14–16 Indeed, the laboratory has confirmed the exist-
ence of HTLV-1 and HTLV-2 infections in HIV/AIDS patients
from São Paulo, and a high incidence of inconclusive status
for HTLV infection in such individuals.14–17 Some technical
problems in the kits employed for HTLV screening and con-
firmatory assays were reported,14–18 and the use of molecular
assays for their diagnosis was suggested.19,20 However, the low
viral and proviral load and the highly active antiretroviral ther-
apy (HAART) in HIV/AIDS patients might affect the detection
of both HIV and HTLV, reducing the sensitivity of molecular
assays for their diagnosis.20–22

The present study was undertaken to provide further
information concerning the performance of serologic and
molecular assays (commercial kits and in-house assays) for
detecting HTLV-1 and HTLV-2 in HIV-1-infected patients, from
São Paulo, both on HAART and HAART naïve patients.

Materials  and  methods

Study  population

The analyzed samples had been collected from 2991 HIV-1-
infected patients attending two different HIV/AIDS services
care facilities in São Paulo, Brazil: a pioneer HIV/Aids reference
center study (Group 1, G1) and a more  recently established
reference center (Group 2, G2).21,22

Briefly, G1 consisted of 1608 HIV-1-infected patients, 1237
male and 371 female, with a median age of 44.3 years old.
The majority of these patients were on HAART and had
acquired HIV-1 largely through the parenteral route. G2 con-
sisted of 1383 patients, 930 male and 453 female, with a
median age of 35.6 years old; the majority were naïve to

HAART and had a sexual transmission risk factor. Blood sam-
ples were collected during the period from 2012 to 2015, and
they were sent to Instituto Adolfo Lutz for HTLV-1/-2 anal-
ysis. The study was approved by the Ethical Committees of
licenses/by-nc-nd/4.0/).

the participating institutions with the protocol number CAAE
11302512.0.0000.0059.

Methods

The blood samples were separated into plasma and periph-
eral blood leukocytes (PBLs). The plasma was screened for the
presence of HTLV-1/2-specific antibodies using two  enzyme
immunoassays (EIAs): Murex HTLV-I + II (Diasorin S.p.A., Dart-
ford, UK) and Gold ELISA HTLV-I + II (REM, São Paulo, SP, Br).
The assays were conducted according to the manufacturer’s
instructions, which indicated that plasma samples yielding
an OD/cutoff >1.0 to be considered positive for HTLV-1/2
antibodies. Plasma samples with 1.1 ≤ OD/cutoff ≥ 0.9 were
considered borderline for HTLV-1/2 antibodies. Plasma sam-
ples that tested positive or borderline in at least one EIA were
confirmed by Western blotting (WB) and line immunoassays
[HTLV Blot 2.4 (WB), MP Biomedicals, Solon, OH, USA  and
INNO-LIA HTLV I/II (LIA), Fujirebio, Europe N.V., Belgium]. For
WB, HTLV-1-positive plasma samples were defined as the pres-
ence of gag (p19 with or without p24) and two env (GD21 and
rgp46-I) bands. HTLV-2-positive samples were defined as reac-
tivity to gag (p24 with or without p19) and two  env (GD21
and rgp46-II) bands; samples with the occurrence of antibody
to both gag (p19 and p24) and env (GD21) were defined as
HTLV positive. Any other pattern of bands was considered
indeterminate. The INNO-LIA strips contained antigens for
validation, confirmation and discrimination. For validation,
the line for each sample was compared to the control lines,
and a score ranging from − to +3 was assigned. The confirm-
atory antigens included gag p19 I/II, gag p24 I/II, env gp46
I/II, and env gp21 I/II. No bands or occurrence of a single
band (gag p19 I/II, gag p24 I/II or env gp46 I/II) denoted a
negative result, and one band (env gp21 I/II) or two  bands
(except env gp21 I/II) indicated indeterminate results; two
bands (env gp21 I/II and gag p19 I/II, gag p24 I/II or env gp46
I/II) indicated HTLV positivity. Three discriminatory bands,
including gag p19-I, env gp46-I, and env gp46-II, were taken
into consideration, and the criteria for HTLV-1 positivity was
reactivity to gag p19-I and env gp46-I. Samples showing env
gp46-II or an env gp46-II band intensity greater than those
of gag p19-I and env gp46-I were considered to be HTLV-2
positive.

PBLs from all patients with positive or borderline results
in the screening assays were analyzed for detecting the
HTLV-1/2 proviral DNA using in-house real-time PCR pol
(qPCR), as previously described.20 This PCR method employed

the probes specific for pol segments of HTLV-1 and HTLV-
2, albumin as an internal control, and a TaqMan

®
system

(Applied Biosystems, USA). The results are expressed as
Ct values (cycle threshold).20 Restriction fragment length
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olymorphism (RFLP) analysis of the amplification products
f tax nested-PCR using Taq I endonuclease, and the recogni-
ion site was present in HTLV-2 but absent in HTLV-1, and this
rocedure was conducted as described elsewhere.23

It should be noted that from 2991 HIV-1-infected patients,

6 had only serum samples sent to Instituto Adolfo Lutz for
nalysis; thus, the molecular analysis was not performed.

Table 1 – Summary of HTLV-1/2 serological screening and the fi
with HIV-1.

ID Murexa Gold  
ELISAa Final  resul tb ID Murexa Gold  

ELISAa Final  r

1 10.5  7.1 HTLV- 2  44 10.1  7.1 HTL 
2 10.2  7 HTLV  45 8.6  4 HTL 
3 9.8 10 .1 HTLV- 1  46 10.7  8.8 HTL 
4 8.8 6.6 HTLV- 1  47 7.6 3.5 HTL 
5 7.2  9 HTLV- 2  48 10.5  8.5 HTL 
6 7.1  9.3 HTLV-1 49 10.7  8.6 HTL
7 2.8  3.1 HTLV-1 50 13.2  8 HTL
8 5.7  2.8 HTLV- 2  51 12.8  8.5 HTL 
9 8.5 8.5 HTLV- 1  52 13.1 9.5 HTL 

10 8.6  9.3 HTLV- 1  53 13.3  8.8 HTLV- 1 +
11 7.6  7.3 HTLV- 1  54 13.4  9.6 HTL 
12 5.2  6.3 HTLV- 2  55 13.0  6.9 HTL 
13 9.9  8.8 HTLV- 1  56 13.1  7.8 HTL 
14 10 8.3 HTLV- 2  57 12.8 6.1 HTL 
15 9.8  8.5 HTLV-1 58 12.8  7.2 HTL
16 7.5 10  HTLV- 1  59 13.1  8.1 HTL 
17 7.5  8.3 HTLV- 2  60 12.9  9.0 HTL 
18 7  7.3 HTLV-2 61 13.1  9.4 HTL
19 6.4  6.3 HTLV- 2  62 13.1  8.2 HTL 
20 7.4  9.6 HTLV- 1  63 13.4  9.0 HTL 
21 4.3  3.5 HTLV- 1  64 2.4  1.1 HTL 
22 6.4  7.1 HTLV-1 65 13.3  9.5 HTL
23 7.9  6.1 HTLV  66 13.6  9.7 HTL 
24 5.9  6.8 HTLV- 1  67 1.1  0.2 HTL 
25 5.8  9.6 HTLV- 2  68 13.6  9.6 HTL 
26 5  7.7 HTLV- 1  69 8.5  2.0 HTL 
27 5.6  9.8 HTLV- 1  70 12.6  4.1 HT 
28 5.5  2.2 HTLV- 2  71 12.9  8.6 HTL 
29 9.7  9.4 HTLV- 1  72 12.0  6.9 HTL 
30 9.8  9.5 HTLV- 1  73 12.9  9.0 HTL 
31 9.3  7.4 HTLV- 1  74 12.9  9.5 HTL 
32 7  9.5 HTLV- 1  75 12.6  7.9 HTL 
33 6.9  8.2 HTLV- 1  76 11.7  5.8 HTL 
34 5.6  4 HTLV- 1  77 11.6  9.4 HTL 
35 6.9  9.6 HTLV- 1  78 11.8  9.7 HTL 
36 6.7  8.4 HTLV-1 79 0.9  0.1 HT
37 5.4  7 HTLV- 2  80 12.7  6.0 HTL 
38 10.4  8.6 HTLV- 2  81 12.7  8.2 HTL 
39 10.4  9.7 HTLV- 1  82 12.7  8.5 HTL 
40 6.5  6.6 HTLV- 2  83 12.0  4.4 HTL 
41 5.7  6.5 HTLV- 2  84 13.2  7.1 HTL 
42 2.4  0.9 HTLV- 2  85 13.3  5.2 HTL 
43 11  6.5 HTLV- 2  86 9.9  9.0 HTL 

Samples with discordant results by screening but which confirm HTLV inf
ID, identification number of the sample; HTLV, human T lymphotropic vi
lymphotropic virus type 2; IND, indeterminate; NEG, negative.
a Results as OD/cutoff values obtained by enzyme immunoassays [Murex 

(REM, São Paulo, SP, Br)].
b Final result obtained by WB and/or LIA and/or q-PCR and/or PCR-RFLP ass
HTLV I/II (LIA), Fujirebio, Europe N.V., Belgium; in-house molecular assays
phism analysis of amplification products of tax nested-PCR (PCR-RFLP)], ac
7;2 1(3):297–305 299

Statistical  analysis

Comparative analysis of the assays was conducted to deter-
mine the sensitivity and specificity of each one, taking into
consideration the final HTLV result (serological and/or molec-

ular). Differences in prevalence, sensitivity and specificity of
the assays were evaluated statistically using the Chi-square

nal results for 127 blood samples from patients infected

esul tb ID  Murexa Gold  
ELISAa  Final  resul tb

V-2 87  9.9  9.8 HTLV- 1 
V-2 88  10.0  8.1 HTLV- 1 
V-1 89  8.0  2.0 HTLV- 2 
V-2 90  13.1 9.4 HTLV- 2 
V-2 91  13.2  8.8 HTLV- 1 
V-1 92 12.7 10 .3 HTLV-1 
V-2 93 12.1  4.9 HTLV-2 
V-1 94  12.6  3.0 HTLV- 2 
V-1 95  9.4 1.5 HTLV- 2 
 HTLV-2 96  11.9 10 .1 HTLV- 1 
V-1 97  12.5 10 .1 HTLV- 1 
V-2 98  12.0  8.9 HTLV- 1 
V-1 99  11.7  7.1 HTLV 
V-2 10 0 11.5 6.1 HTLV- 1 
V-1 101 12.5  9.6 HTLV-2 
V-1 10 2 9.1  2.4 HTLV- 2 
V-1 10 3 11.3  2.1 HTLV- 2 
V-1 104 11.5  8.7 HTLV-2 
V-2 10 5 11.4  8.5 HTLV- 1 
V-1 10 6 12.0  7.3 HTLV- 2 
V-2 10 7 11.4  3.5 HTLV- 2 
V-1 108 11.8  5.4 HTLV 
V-1 10 9 12.5  6.7 IND  
V-2 11 0 12.6  5.9 IND  
V-1 11 1 6.4  1.6 IND  
V-2 11 2 12.5  6.8 IND  
LV 113 5.3  2.4 IND  
V-2 11 4 5.0  2.0 IND  
V-1 11 5 0.9  0.1 IND  
V-2 11 6 0.3  1.4 IND  
V-1 11 7 0.9  0.1 IND  
V-2 11 8 1.3  0.4 NEG 
V-2 11 9 0.5  1.2 NEG 
V-1 12 0 6.6  4.6 NEG 
V-1 12 1 7.6  2.8 NEG 
LV 122 1.6  0.4 NEG 
V-1 12 3 2.3  0.2 NEG 
V-2 12 4 11.9  5.2 NEG 
V-2 12 5 3.7  5.4 NEG 
V-2 12 6 1.5  2.3 NEG 
V-1 12 7 0.3  1.3 NEG 
V-1            
V-1            

ection are depicted in a box.
rus; HTLV-1, human T lymphotropic virus type 1; HTLV-2, human T

HTLV-I + II (Diasorin S.p.A., Dartford, UK) and Gold ELISA HTLV-I + II

ays: [HTLV Blot 2.4 (WB), MP Biomedicals, Solon, OH, USA; INNO-LIA
, real-time PCR pol (qPCR) and restriction fragment length polymor-
cording to the criteria described in Materials and Methods.
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Table 2 – Overall results obtained for 108 blood samples that confirmed the HTLV-1/2 infection in patients infected with
HIV-1.

qPCRa

ID WBa  LIAa

Ct 1 Ct 2 Ct 3 Res ult 
PCR -RFL Pa Overall  res ultsb

1 HTLV-2 HTLV-2 0 0 32 NEG HTLV-2 HTLV-2 
2 HTLV  HTLV 0 0 33 NEG NEG HTLV 
3 HTLV-1 HTLV-1 30 0 26 HTLV-1 HTLV-1 HTLV-1 
4 HTLV HTLV 0 0 26 NEG HTLV-1 HTLV-1 
5 HTLV-2 HTLV-2 0 0 30 NEG NEG HTLV-2 
6 HTLV-1 HTLV-1 0 0 30 NEG NEG HTLV-1 
7 IND   HTLV-1  0  0 26   NEG  HTLV-1 HTLV-1 
8 HTLV-2 HTLV-2 0 0 31 NEG NEG HTLV-2 
9 HTLV-1 HTLV-1 35 0 25 HTLV-1 HTLV-1 HTLV-1 
10 HTLV-1 HTLV-1 29 0 24 HTLV-1 HTLV-1 HTLV-1 
11 HTLV-1  HTLV-1  0  0 30   NEG  NEG HTLV-1 
12 IND   HTLV-2  0 39  27   HTLV-2  NEG HTLV-2 
13 HTLV-1  HTLV-1 35   0 28   HTLV-1  HTLV-1 HTLV-1 
14 HTLV-2  HTLV-2  0  0 29   NEG  NEG HTLV-2 
15 HTLV-1 HTLV-1 39 0 25 HTLV-1 NEG HTLV-1 
16 HTLV  HTLV 37   0 28   HTLV-1  HTLV-1 HTLV-1 
17 HTLV-2  HTLV-2  0 35  26   HTLV-2  HTLV-2 HTLV-2 
18 HTLV  HTLV-2  0  0 28   NEG  NEG HTLV-2 
19 IND   HTLV-2  0  0 29   NEG  NEG HTLV-2 
20 HTLV-1  HTLV-1  0  0 29   NEG  HTLV-1 HTLV-1 
21 IND   HTLV  0  0 32   NEG  HTLV-1 HTLV-1 
22 HTLV-1  HTLV-1 31   0 25   HTLV-1  HTLV-1 HTLV-1 
23 HTLV HTLV 0 0 34 NEG NEG HTLV 
24 HTLV-1  HTLV-1 37   0 26   HTLV-1  NEG HTLV-1 
25 HTLV  HTLV-2  0 38  27   HTLV-2  NEG HTLV-2 
26 HTLV-1  HTLV-1  0  0 31   NEG  NEG HTLV-1 
27 HTLV-1  HTLV-1 32   0 29   HTLV-1  HTLV-1 HTLV-1 
28 IND   HTLV-2  0  0 27   NEG  NEG HTLV-2 
29 HTLV-1  HTLV-1 35   0 31   HTLV-1  HTLV-1 HTLV-1 
30 HTLV-1  HTLV-1 30   0 26   HTLV-1  HTLV-1 HTLV-1 
31 HTLV-1  HTLV-1 35   0 25   HTLV-1  HTLV-1 HTLV-1 
32 HTLV-1  HTLV-1 37   0 28   HTLV-1  HTLV-1 HTLV-1 
33 HTLV-1  HTLV-1 34   0 25   HTLV-1  HTLV-1 HTLV-1 
34 HTLV-1  HTLV-1  0  0 25   NEG  HTLV-1 HTLV-1 
35 HTLV-1  HTLV-1 30   0 25   HTLV-1  HTLV-1 HTLV-1 
36 HTLV-1  HTLV-1 38   0 28   HTLV-1  NEG HTLV-1 
37 IND   HTLV-2  0  0 31   NEG  NEG HTLV-2 
38 HTLV-2   HTLV-2  0 33  27   HTLV-2  HTLV-2 HTLV-2 
39 HTLV-1  HTLV-1 35   0 30   HTLV-1  HTLV-1 HTLV-1 
40 IND   HTLV-2  0 33  26   HTLV-2  HTLV-2 HTLV-2 
41 HTLV-2   HTLV-2  0 33  29   HTLV-2  HTLV-2 HTLV-2 
42 IND   HTLV-2  0 37  28   HTLV-2  HTLV-2 HTLV-2 
43 HTLV-2   HTLV-2  0 29  27   HTLV-2  HTLV-2 HTLV-2 
44 HTLV-2  HTLV-2  0 40  29   HTLV-2  HTLV-1 HTLV-2 
45 IND   HTLV  0 40  35   HTLV-2  HTLV-2 HTLV-2 
46 HTLV-1  HTLV-1  0  0 36   NEG  HTLV-1 HTLV-1 
47 HTLV-2  HTLV-2  0  0 32   NEG  HTLV-2 HTLV-2 
48 HTLV-2   HTLV-2  0  0 39   NEG  HTLV-1 HTLV-2 
49 HTLV-1  HTLV-1 36   0 30   HTLV-1  HTLV-1 HTLV-1 
50 HTLV-2  HTLV-2  0 32  31   HTLV-2  NEG HTLV-2 
51 HTLV-1  HTLV-1 39   0 28   HTLV-1  NEG HTLV-1 
52 HTLV-1  HTLV-1 29   0 25   HTLV-1  HTLV-1 HTLV-1 
53 HTLV-1 + HTLV-2 HTLV-1 + HTLV-2 36 37  30  HTLV-1 + HTLV-2 ND HTLV-1 + HTLV-2
54 HTLV-1  HTLV-1 35   0 29   HTLV-1  HTLV-1 HTLV-1 
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Table 2 – (Continued )

q PCRa

ID  WBa  LIAa

Ct 1  Ct 2  Ct 3  Res ult 
PCR -RFL Pa Overall  res ultsb

55 HTLV-2  HTLV  0  0 25   NEG  HTLV-2 HTLV-2 
56 HTLV-1 HTLV-1 33 0 26 HTLV-1 HTLV-1 HTLV-1 
57 HTLV-2  HTLV-2  0 38  26   HTLV-2 ND  HTLV-2 
58 HTLV-1  HTLV-1 39   0 33   HTLV-1 ND  HTLV-1 
59 HTLV-1  HTLV-1 ND  ND  ND  ND  ND  HTLV-1 
60 IND   HTLV 36   0 27   HTLV-1  HTLV-1 HTLV-1 
61 HTLV-1  HTLV-1 30   0 27   HTLV-1  HTLV-1 HTLV-1 
62 HTLV-2  HTLV-2  0 40  27   HTLV-2  HTLV-2 HTLV-2 
63 HTLV-1  HTLV-1  0  0 24   NEG  NEG HTLV-1 
64 HTLV-2  HTLV-2  0 32  24   HTLV-2  HTLV-2 HTLV-2 
65 HTLV-1 + HTLV-2 IND  29   0 24   HTLV-1  HTLV-1 HTLV-1 
66 HTLV-1  HTLV-1 35   0 29   HTLV-1  HTLV-1 HTLV-1 
67 HTLV-2  IND   0  0 25   NEG  NEG HTLV-2 
68 HTLV-1  HTLV-1 28   0 23   HTLV-1  HTLV-1 HTLV-1 
69 NEG  HTLV  0  0 29   NEG  NEG HTLV 
70 HTLV HTLV-2 ND ND ND ND ND HTLV-2 
71 IND   HTLV-2  0 28  24   HTLV-2  HTLV-2 HTLV-2 
72 HTLV-1  HTLV-1 32   0 25   HTLV-1  HTLV-1 HTLV-1 
73 IND   HTLV-2  0 39  24   HTLV-2  NEG HTLV-2 
74 HTLV-1  HTLV-1  0  0 30   NEG  NEG HTLV-1 
75 HTLV-2  HTLV-2  0 40  37   HTLV-2  NEG HTLV-2 
76 HTLV-2  HTLV-2  0 39  26   HTLV-2  NEG HTLV-2 
77 HTLV-1  HTLV-1  0  0 23   NEG ND  HTLV-1 
78 HTLV-1  HTLV-1 24   0 21   HTLV-1  HTLV-1 HTLV-1 
79 IND   HTLV  0  0 26   NEG  NEG HTLV 
80 HTLV-1  HTLV-1  0  0 24   NEG  NEG HTLV-1 
81 HTLV-2  HTLV-2  0 36  22   HTLV-2  HTLV-2 HTLV-2 
82 IND   HTLV-2  0 29  23   HTLV-2  HTLV-2 HTLV-2 
83 IND   HTLV-2  0  0 22   NEG  HTLV-2 HTLV-2 
84 IND   HTLV-1 31   0 26   HTLV-1  HTLV-1 HTLV-1 
85 HTLV-1  HTLV ND  ND  ND  ND  ND  HTLV-1 
86 HTLV-1  HTLV-1 27   0 21   HTLV-1  HTLV-1 HTLV-1 
87 HTLV-1  HTLV-1 28   0 23   HTLV-1  HTLV-1 HTLV-1 
88 HTLV-1  HTLV-1 27   0 22   HTLV-1  HTLV-1 HTLV-1 
89 IND   HTLV-2  0 35  22   HTLV-2  HTLV-2 HTLV-2 
90 HTLV-2  HTLV-2  0 29  24   HTLV-2  HTLV-2 HTLV-2 
91 HTLV-1  HTLV-1 29   0 23   HTLV-1  HTLV-1 HTLV-1 
92 HTLV-1  HTLV-1 26   0 22   HTLV-1  HTLV-1 HTLV-1 
93 HTLV-2  HTLV-2  0 39  27   HTLV-2  NEG HTLV-2 
94 HTLV-2  HTLV-2  0 38  24   HTLV-2  HTLV-1 HTLV-2 
95 HTLV-2  HTLV-2  0 35  23   HTLV-2  HTLV-2 HTLV-2 
96 HTLV-1  HTLV-1 28   0 23   HTLV-1  HTLV-1 HTLV-1 
97 HTLV-1  HTLV-1 30   0 23   HTLV-1  HTLV-1 HTLV-1 
98 HTLV-1  HTLV-1 27   0 23   HTLV-1  HTLV-1 HTLV-1 
99 HTLV  HTLV ND  ND  ND  ND  ND  HTLV 
100 HTLV-1  HTLV-1 36   0 21   HTLV-1 ND  HTLV-1 
101 HTLV-2  HTLV-2  0 27  23   HTLV-2  HTLV-2 HTLV-2 
102 NEG  IND   0  0 22   NEG  HTLV-2 HTLV-2 
103 HTLV-2  HTLV-2  0 26  20   HTLV-2  HTLV-2 HTLV-2 
104 HTLV-2  HTLV-2  0  0 22   NEG  NEG HTLV-2 
105 HTLV-1  HTLV-1 26   0 22   HTLV-1  HTLV-1 HTLV-1 
106 HTLV-2  HTLV-2  0 32  22   HTLV-2  HTLV-2 HTLV-2 
107 HTLV-2  HTLV-2  0 33  24   HTLV-2  HTLV-2 HTLV-2 
108 HTLV  HTLV ND  ND  ND  ND  ND  HTLV 

Samples with discordant results on confirmatory assays are depicted in a box.
ID, identification number of the sample; Ct, cycle threshold value; Ct1, cycle threshold (pol) HTLV-1; Ct2, cycle threshold (pol)  HTLV-2; Ct3,
cycle threshold of albumin (control); NEG, negative; IND, indeterminate; ND, not done; HTLV, human T lymphotropic virus; HTLV-1, human T
lymphotropic virus type 1; HTLV-2, human T lymphotropic virus type 2.
a Results according to criteria described in Materials and Methods.
b Overall results obtained by WB and/or LIA and/or q-PCR and/or PCR-RFLP assays [HTLV Blot 2.4 (WB), MP Biomedicals, Solon, OH, USA;
INNO-LIA HTLV I/II (LIA), Fujirebio, Europe N.V., Belgium; in-house molecular assays, real-time PCR pol (qPCR) and restriction fragment length
polymorphism analysis of amplification products of tax nested-PCR (PCR-RFLP)].
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Table 3 – HTLV-seroindeterminate profiles of blood samples from HIV-1-infected patients yielding negative results by
molecular assays.

ID WB profilea LIA profilea qPCRa PCR-RFLPa Final resultb

Ct 1 Ct 2 Ct 3 q PCR

109 GD21 gp21I/II 0 0 27 NEG NEG IND
110 rgp 46-II, GD21 gp21I/II 0 0 34 NEG NEG IND
111 rgp46-I, p24, GD21 gp21I/II 0 0 32 NEG ND IND
112 rgp46-II, GD21 gp21I/II 0 0 27 NEG NEG IND
113 rgp46-I, p24, GD21 gp21I/II 0 0 25 NEG NEG IND
114 rgp46-I, GD21 gp21 I/II 0 0 26 NEG NEG IND
115 p24 e p19 gp21 I/II 0 0 26 NEG NEG IND
116 p24 p19I/II, p24I/II 0 0 33 NEG NEG IND
117 p24, GD21 gp21 I/II 0 0 28 NEG NEG IND

ID, sample identification; Ct, cycle threshold value; Ct1, cycle threshold (pol)  HTLV-1; Ct2, cycle threshold (pol)  HTLV-2; Ct3, cycle threshold of
albumin (control); ND, not done; NEG, negative; IND, indeterminate.
a Results according to criteria described in Materials and Methods; HTLV Blot 2.4 (WB), MP Biomedicals, Solon, OH, USA; INNO-LIA HTLV I/II

(LIA), Fujirebio, Europe N.V., Belgium; in-house molecular assays, real-time PCR pol (qPCR) and restriction fragment length polymorphism

R-RFL

analysis of amplification products of tax nested-PCR (PCR-RFLP).

b Overall results obtained by WB and/or LIA and/or q-PCR and/or PC

(�2) test or Fisher’s exact test, as appropriate. A p-value ≤0.05
was considered significant.

GraphPad Prism software version 5 (San Diego, CA, USA)
was used for age comparison between G1 and G2. Differences
in age, both intra- and inter-group, were analyzed using the
Mann–Whitney U-test.

Results

Table 1 presents the OD/cutoff values for 127 samples that
indicated concordant or discordant results in HTLV serological
screening and then tested by confirmatory assays [Identifica-
tion Number (ID) 1–50 and 118 from G1; 51–117 and 119–127
from G2]. Of them, 108 were confirmed as HTLV infection; nine
were HTLV indeterminate and 10 HTLV negative. Among the
samples with confirmed HTLV infection, only three showed
discordant results in screening assay (ID 42, 67 and 79), and
one of them could have been missed if the borderline result

was not considered (ID 79).

HTLV-1 was identified in 56 blood samples, HTLV-2 in 45
blood samples, and HTLV in six blood samples, with only

Table 4 – Sensitivity and specificity comparison of HTLV-1/2 con

Parameter Assaya Group 1 

Sensitivity WB 82.0% 

LIA 100.0% 

qPCR 58.0% 

PCR-RFLP 62.5% 

Specificity WB 100.0% 

LIA 100.0% 

qPCR 100.0% 

PCR-RFLP 50.0% 

a Results according to criteria described in Materials and Methods; HTLV
(LIA), Fujirebio, Europe N.V., Belgium; in-house molecular assays, real-
analysis of amplification products of tax nested-PCR (PCR-RFLP).

b p-values of statistical significance (p ≤ 0.05) are depicted in bold.
P assays.

serum being tested in two out of five. One sample showed
HTLV-1 and HTLV-2 double infection (ID 53) (Table 2). The posi-
tivity rate in all confirmatory assays was 50.9% of the analyzed
samples; 25.0% positive in three assays, 17.6% in two assays,
and only 6.5% reactive samples in one assay (Table 2). Dis-
cordant results among the confirmatory assays were detected
in three blood samples (ID 44, 48 and 94); of these, PCR-RFLP
erroneously typed the samples as being infected with HTLV-1
(Table 2).

Among the blood samples showing negative results in
molecular assays and for which the HTLV status could not
be determined (nine samples; ID 109–117), their immunoblot-
ting profiles primarily showed antibody reactivity to HTLV env
(Table 3).

The sensitivities and specificities of the serologic and con-
firmatory assays for both groups of patients are shown in
Table 4. The overall results indicate that the molecular con-
firmatory assays (qPCR and PCR-RFLP) demonstrated lower
sensitivities than the serological assays (WB  and LIA), when

applied to blood samples from HIV-1-infected patients. Dif-
ferences in sensitivities and specificities of such confirmatory
assays were found for both G1 and G2 (Table 4). The qPCR

firmatory assays between Group 1 and Group 2.

Group 2 p-valueb Overall

82.8% 0.9177 82.4%
94.8% 0.2965 97.2%
79.2% 0.0165 68.9%
74.5% 0.1756 68.4%
55.6% 0.0000 60.0%
77.8% 0.0004 80.0%

100.0% 1.0000 100.0%
81.8% 0.0006 76.9%

 Blot 2.4 (WB), MP Biomedicals, Solon, OH, USA; INNO-LIA HTLV I/II
time PCR pol (qPCR) and restriction fragment length polymorphism
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ssay was more  sensitive in blood samples from G2 than G1
p = 0.0165). However, the specificities of WB  and LIA were
igher for G1 than G2 (p = 0.000 and p = 0.0004, respectively),
hough the specificity of PCR-RFLP was higher for G2 than G1
p = 0.0006; Table 4). No difference in sensitivities among the
TLV confirmatory assays was found concerning HTLV-1 or
TLV-2 infection detected in G1 and G2 (data not shown).

Altogether, prevalence rates of 3.1% (1.7% for HTLV-1, 1.3%
or HTLV-2, and 0.1% for HTLV) and 4.2% (2.1% for HTLV-1, 1.7%
or HTLV-2, 0.1% for HTLV-1 + HTLV-2, and 0.3% for HTLV) were
etected in G1 and G2, respectively (p = 0.113).

Comparative analysis of the age of patients intra- and
nter-groups showed significant differences: the median age
f HIV/HTLV-coinfected individuals from G1 was 49.5 years
ld versus 44.3 years old in the HIV-1-infected individuals

p = 0.0002), and from G2 was 43.5 years old versus 35.6 years
ld (p < 0.0001), respectively. The inter-groups analysis dis-
losed age difference in the HIV/HTLV-coinfected patients
nd HIV-infected individuals (p = 0.0188 and p < 0.0001, respec-
ively).

iscussion  and  conclusions

ver the course of several years, we have detected short-
omings in diagnosing HTLV-1 and HTLV-2 in patients infected
ith HIV-1 in São Paulo, Brazil, and we  have suggested the
se of molecular assays for confirming the infection.14,15,17–20

lthough we have recently confirmed these failures, we have
lso emphasized the need for considering serological confirm-
tory assays for HTLV diagnosis in such individuals.21,22 We
tudied two groups of patients, one enrolled at a pioneer AIDS
eference Center and the other study at a more  recent AIDS
are service setting in São Paulo. Despite the differences in
pidemiological characteristics of these patients (age, risk fac-
ors, time on HAART), HTLV prevalence was similar and low
ensitivity of molecular assays were detected in these groups
f patients.21,22 Hence, we report the laboratory findings from
hese studies, which allowed to identify the actual perfor-

ance of each serologic and molecular assay for detecting
TLV-1 and HTLV-2 infection in HIV-1-infected patients.

We  confirmed the limitations of the current commercial
IAs employed by the laboratory for performing HTLV blood
creening: three plasma samples from truly HTLV-infected
atients could have been missed if borderline results had not
een considered (ID 42, 67, and 79). Corroborating these data, a
tudy conducted with the Arara do Laranjal Indian group from
orthern Brazil reported the inability of three commercial
IAs to detect the HTLV antibodies in HTLV-2 confirmed sam-
les by molecular assays.24 The authors suggested that that
esult could have occurred due to long persistence of virus in
atency, associated with low viral load, which could lead to a
radually decreasing concentration of specific antibodies, and
onsequently, reducing the sensitivity of the serological assay.
nother explanation could be the fact that the commercial
IAs were not fully capable of detecting antibodies against

he HTLV-2 variant circulating in Brazil (HTLV-2c).24 In the
nited States, cohort studies were conducted to investigate

he South American Indians and the New York City IVDUs, in
hom HTLV-2 is endemic. Differences in EIA sensitivities were
7;2 1(3):297–305 303

found, depending on the antigens to which the assays were
based on. In this regard, EIAs employing a combination of
HTLV-I and HTLV-II antigens were more  sensitive for screening
than EIAs based on HTLV-I antigens. Additionally, PCR was
more sensitive than WB in confirming HTLV-2 infection in
such individuals. The authors suggested that for obtaining an
optimal detection of HTLV-II infection, it would be required
both serologic and DNA PCR assays.25 In Argentina, a study
compared the performance of four commercial screening
assays frequently used in South America by employing
nested-PCR as a reference; and it was confirmed that none of
them was 100% sensitive for detecting HTLV-1/2 antibodies
in samples from blood donors.26 The same difficulties were
identified in São Paulo-Brazil in previous studies conducted
in our laboratory in cohorts of patients from AIDS Reference
Center facilities and HTLV out-patient clinics.17,18,27 Screening
assays have shown that neither EIAs containing only HTLV-1
viral lysates nor EIAs containing recombinant proteins and/or
synthetic peptides of HTLV-1 and HTLV-2 are 100% sensitive
for detecting truly HTLV-1/2-positive samples. In addition,
the various studies have suggested the use of two  EIA kits
of different formats and antigen compounds for screening,
as well as another confirmatory assay due to the high inci-
dence of indeterminate results in WB.17,18,27 Interestingly, a
large number of WB-indeterminate profiles were detected in
samples from these patients, and the actual HTLV infection
was confirmed because some of them had seroconverted to
HTLV positivity during the longitudinal follow-up.17 In fact,
the seroreactivity to env (GD21, rgp46-I or rgp46-II) and/or gag
(p19 or p24) proteins in WB  in samples from at-risk popula-
tions is indicative of the seroconversion period.17 The same
finding was described in Argentina in at-risk populations28;
though, it was in contrast to the observation among blood
donors, in whom the majority of WB-indeterminate donors
were considered uninfected by molecular assays.28–30 Thus,
in the present study, the nine patients (ID 109–117) who  were
classified as showing an HTLV inconclusive status could in
fact be truly HTLV infected, because their blood samples
showed WB-indeterminate profiles which were characteristic
of the seroconversion period.

Another explanation for the indeterminate results in
WB and for negative results in molecular assays could be
low proviral load (PVL) of HTLV-1 and HTLV-2. Indeed, WB-
indeterminate patterns associated with low HTLV-1 PVL have
been described in blood donors and female sex workers
in Argentina,31 and in HIV/HTLV coinfected patients in São
Paulo.20–22 We hypothesize that the negative results in molec-
ular assays for G2 were occurred due to a very low HTLV PVL,
because this finding has been reported in individuals acquir-
ing HTLV via sexual routes.4

The present study differs from the majority of articles
reported worldwide, in which no comparative analysis of
four confirmatory assays was conducted; this was likely due
to the limited amount of assayable biological specimens as
well as the required time and the cost. Using the same blood
samples, we were able to detect difficulties in distinguishing

HTLV-1 from HTLV-2 by PCR-RFLP (ID 44, 48, and 94). These
blood samples were erroneously classified as HTLV-1, but
other tests confirmed HTLV-2 infection. We hypothesize that
mutations in the Taq I cleavage site, which is present in
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HTLV-2 and absent in HTLV-1, should be the cause. We are
currently attempting to sequence this tax genomic segment
to confirm such a mutation.

Of note, as the majority of samples could be analyzed by
using at least three confirmatory assays (75.9%), we were able
to determine the sensitivity and specificity of the assays with
robustness. LIA has been described as resolving the majority of
WB-indeterminate samples and HTLV – non-typeable samples
in blood bank donations in São Paulo.32 In the present study,
we confirmed that LIA had best sensitivity, allowing its use
as a sole confirmatory assay for detecting HTLV-1/2 in HIV-1-
infected patients.

Interestingly, some differences in assay performance were
observed between G1 and G2. The qPCR was less sensitive
when it was applied to samples from G1 compared to G2
(p = 0.0165), and this finding could be explained by the use
of HAART by the patients of G1. Again, the low sensitivities
of molecular assays could be due to the use of HAART, low
proviral load, and punctual mutations in the genomic regions
employed in PCR assays or defective provirus circulating in
such patients.20–22,31

In relation to the assay specificity, WB  and LIA were more
specific for analyzing samples from G1 than G2 (p = 0.0000
and p = 0.0004, respectively). This finding could be due to the
fact that G2 patients had acquired HIV and likely HTLV more
recently, and they could be in the seroconversion period, as
ascertained by the patterns of WB-indeterminate samples.

In addition, significant differences in age between G1 and
G2 were detected, independently of the HTLV status, either
HIV monoinfected or HIV/HTLV coinfected individuals. The G2
had more  younger patients and this fact is of concern. Con-
tinuous surveillance of retroviruses in Brazil and elsewhere is
warranted.

Finally, this study also confirmed the findings from pre-
vious studies conducted by us and others, in which HTLV-1
and HTLV-2 infections were associated with the female
gender (data presented elsewhere)21–22 and age >40 years
old.4,21,22,33,34

In conclusion, for HIV-infected patients, we should con-
sider the borderline results in serological screening, and LIA
shows the best performance as the HTLV-1/2 confirmatory
assay.
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