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Abstract

Background and Objectives: Transfusion-transmitted viruses count among the greatest

threats to blood safety. In Argentina, current laws oblige testing all donated blood for

the presence of antibodies against human T-cell lymphotropic viruses 1 and 2 (HTLV-

1/2). In endemic zones of the country, a high rate of seronegative HTLV-1 individuals

with clear evidence of infection because of symptoms and/or presence of tax sequences

of HTLV-1 and/or IgG anti-Tax antibodies has been recently described. Migration from

endemic to nonendemic zones of Argentina is very frequent.

Materials and Methods: During a 1-year period, in the blood bank of C�ordoba city,

we performed molecular screening of all donors who were born in or arose from

endemic zones for HTLV-1/2 in Argentina and neighbouring countries.

Results: By screening 219 bp of HTLV-1/2 tax gene, 0.6% (2/317) of the blood

donors proved to be positive for HTLV-1 tax sequence. One of the donors presented

anti-Tax antibodies, demonstrating the transcriptional activity of the tax gene, and

the other donor was also positive for LTR and pol gene sequences. The HTLV-1

genetic analysis of the LTR sequence determined that it belonged to the Cosmopoli-

tan subtype HTLV-1aA.

Conclusion: These findings suggest potential limitations of some currently approved

screening assays for HTLV-1 detection applied in some donor populations and the

possibility of an HTLV-1 seronegative carrier state with the potential for silent

transmission by blood.
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Highlights

• Seronegative human T-cell lymphotropic virus 1 (HTLV-1) carriers in the blood banks of

Argentina were detected.

• Possible limitations of some current pre-transfusions-screening assays for HTLV-1 detection.

• Current pretransfusion-screening assays for HTLV-1 detection have limitations.

• It is uncertain if seronegative HTLV-1 carriers represent a threat to transfusion safety.
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INTRODUCTION

Human T-cell lymphotropic virus 1 (HTLV-1) is the etiological agent of

adult T-cell leukaemia and tropical spastic paraparesis/HTLV-1 associ-

ated myelopathy (TSP/HAM) [1]. However, most people infected with

this virus never develop any sign or symptom of the disease, and if

they do, it is usually late in life [2].

HTLV-1 infection has been reported in almost all South American

countries, including Brazil, Colombia, Argentina, Peru, French Guyana

and Chile [3]. Moreover, some areas of South America, such as north-

east of Brazil and northwest of Argentina, are considered endemic to

HTLV-1 [4]. Concerning specifically to HTLV-1 infection in Argentina,

there are two different areas: one endemic zone in the Northern part

of the country, where blood banks report the highest prevalence of

HTLV-1/2 infection (0.6%–1.0%), and a nonendemic area in central

and southern regions of the country where the prevalence of

HTLV-1/2 infection in blood banks is lower than 0.1% [5, 6].

In a recent publication, we describe for the first time the exis-

tence of seronegative HTLV-1 carriers in highly endemic areas of our

country [7]. In this study, 64.5% of the subjects were seronegative for

HTLV-1 infection but carried proviral sequences of HTLV-1. Besides,

35.7% of these subjects presented antibodies to Tax protein of

HTLV-1 [7], and the Tax antigen is not included in commercially avail-

able HTLV kits for serological testing. This issue opened the question

of whether the prevalence of HTLV-1 infection in Argentina may be

greater than detected by currently used serologic tests.

Earlier studies have reported the condition of seronegative

HTLV-1 carriers in intravenous drug users [8], seronegative

TSP/HAM patients [9, 10], subjects with mycosis fungoides [11],

patients with infective dermatitis [12], and healthy blood donors as

well [13, 14].

Although in Argentina, the current blood laws oblige testing every

donated blood for antibodies against HTLV-1/2, the finding of sero-

negative HTLV-1 carriers in the general population of highly endemic

areas in Argentina, which cannot be detected by conventional sero-

logical screening, warns us about a potential hazard for blood banks.

Migration from endemic to nonendemic zones of Argentina is

very frequent. During a 1-year period, in the blood bank of C�ordoba

city (capital of a nonendemic province), we performed molecular

screening to all donors born in or had grown up in the endemic zones

for HTLV-1/2 in Argentina and neighbour countries.

C�ordoba city, capital of C�ordoba province (1.3 million inhabitants),

usually receives a large influx of subjects from endemic areas.

MATERIALS AND METHODS

Samples

Blood samples were collected between August 2015 and August

2016 at Fundaci�on Banco Central de Sangre, C�ordoba, Argentina. This

is a blood bank that centralizes different blood transfusion depart-

ments working all over the 165.321 km2 of C�ordoba province.

Serological and molecular pre-transfusion screening of almost 50% of

the blood units collected throughout the province is performed in this

blood bank.

A total of 317 healthy adults without risk factors for transfusion-

transmitted infections were studied. All donors donated along 1 year

at Fundaci�on Banco Central de Sangre; they were born in or had

grown up in the endemic zones for HTLV-1/2 in Argentina or other

countries; all were seronegative for HTLV-1/2 antibodies when

screened with Architect rHTLV-I/II assay (Abbott Laboratories Wies-

baden, Germany). Thus, 75.7% (240/317) had come from endemic

zones of Argentina (Jujuy, Salta, Formosa, Chaco and Misiones) and

8.2% (26/317) from Peru, 4.1% (13/317) from Paraguay, 2.5% (8/317)

from Bolivia, 2.2% (7/317) from Venezuela, 1.9% (6/317) from Chile,

1.6% (5/317) from Brazil, 1.6% (5/317) from Colombia, 1.6% (5/317)

from Mexico, 0.3% (1/317) from Ecuador and 0.3% (1/317) from

Guatemala. The study population included 69% (219/317) males and

31% (98/317) females aged 18–64 years. These proportions reflect

the characteristics of regular blood donors in Argentina, showing that

males constitute more than 60% of the blood donor population in this

country [15].

The samples were codified as H followed by a number and were

an aliquot of blood obtained from the same tube used for triplex

nucleic acid amplification testing studies in the routine pre-transfusion

screening of all blood donors. Thereby, the quality of samples for

molecular analysis was guaranteed.

This study complied with the principles outlined by the Declara-

tion of Helsinki and was approved by the Ethics Committee of

OULTON Institute (10/2015) of C�ordoba, Argentina. Written

informed consent was signed by all the participants prior to sample

collection.

Polymerase chain reaction assays

DNA was extracted from whole-blood samples of the 317 selected

blood donors. Nested polymerase chain reaction (PCR) was carried

out to amplify the 219-bp sequence of the tax gene following proto-

cols described by Vandamme et al. [16]. The HTLV-1/2 positive sam-

ples by generic nested PCR were subsequently typed by specific

nested-PCR for HTLV-1 (100 bp) and HTLV-2 (151 bp), targeting the

tax region [16]. Also, an additional PCR was carried out to amplify

100-bp of the HTLV-1 tax gene following protocols previously

described using primers designed for the detection of HTLV-1 strains

prevalent in Argentina [17].

The PCR products were separated on a 2% agarose gel with

SYBR Safe DNA gel (Invitrogen) staining and visualised under UV

light.

Amplification of 1119 bp of the tax region from the proviral

genome was performed in all tax-positive samples [18]. The other two

sequences, 561 bp and 672 bp from the env gene in addition to the

LTR region, were also amplified using nested-PCR [19]. The reaction

to detect the pol gene (107 bp) of HTLV-1 was performed using real-

time PCR developed by Andrade et al. [20].
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Sequencing

PCR products corresponding to tax sequences and LTR region were

purified using QIAquick Gel Extraction Kit (Qiagen, Valencia, CA)

according to the manufacturer’s instructions. Tax (100–219 bp) and

LTR fragments (672 bp) were subjected to direct nucleotide sequenc-

ing reaction in both directions using the internal PCR primers by Mac-

rogen, Inc. (Seoul, Korea). The alignment of the sequences from

seronegative HTLV-1 donors was performed using the Clustal W pro-

gram (Conway Institute UCD Dublin, Dublin, Ireland) and compared

with Pairwise/Blast/NCBI. The sequence was deposited in GenBank

(MZ687332).

The maximum likelihood tree was constructed with the PhyML 3.0

software (Université de Montpellier, Montpellier, France) [21].

The model of nucleotide substitution was selected according to the

Akaike Information Criterion implemented in the ModelTest 3.7 software

(Universidad de Vigo, Galicia, Spain) [22] for the data set analysed.

Molecular signatures on LTR seronegative HTLV-1 carrier

sequence were analysed with VESPA software [23].

The identity matrix was calculated using the Distance Matrix tool

(IVisTMSA) [24].

Serological assays

Samples that resulted positive for HTLV-1 by molecular assays

were re-tested for HTLV-1/2 antibodies by PA assay (Serodia

Fujirebio Inc., Tokyo, Japan) and also analysed by an “in-house” IFA
on MT-2 cell line [25]. Besides, samples that were positive for

HTLV-1 by molecular assays were further tested for IgG anti-Tax

antibodies using anti-Tax-IgG enzyme-linked immunosorbent assay

(ELISA) [26]. The sensitivity and specificity of this assay had been

previously reported [7]; it was performed at the Laborat�orio de

Virologia Básica e Aplicada, Universidade Federal de Minas Gerais,

Belo Horizonte, Brazil.

Statistical analysis

Distribution of frequencies for each variable was analysed with the

Kruskal–Wallis test and Dunn’s post-test. Statistical analyses for IgG

anti-Tax antibodies were conducted using GraphPad Prism 8.0.1 soft-

ware (GraphPad Software Inc., San Diego, CA). Analysis of unpaired

t-test for anti-Tax IgG reactivity was performed with Mann–Whitney’s

post-test. Significance was assumed at p < 0.05.

RESULTS

Among the 317 donors analysed, 2 (0.63%) tested positive for

HTLV-1 sequences in blood, detected by two PCRs targeting different

sequences of the tax gene, both of 100 bp [16, 17]. These subjects

were also HTLV-1/2 negative for antibodies by PA and IFA assays

(Figure 1).

F I GU R E 1 Human T-cell lymphotropic virus (HTLV) serology and polymerase chain reaction (PCR) analysis of samples from blood donors
coming from HTLV-1/2 endemic areas. Blood samples from donors who were negative for HTLV-1/2 antibody screening by Architect rHTLV-I/II
assay at the blood bank were further analysed at InViV with a nested-PCR for the HTLV tax gene. Blood samples that resulted positive for a
sequence of tax were further tested for another tax region by PCR, env gene and LTR regions by nested-PCR, and pol gene by qPCR. Also, plasma
samples of tax positive donors were subsequently retested serologically for antibodies against structural antigens by HTLV-1/2 PA (Serodia
Fujirebio Inc., Tokyo, Japan), HTLV-1 IFA (in house) and tested by HTLV-1 non-structural antibodies anti-Tax IgG enzyme-linked immunosorbent
assay (in house). a215 bp and 100 bp [16]. b100 bp [17]. c1100 bp [18]
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In one of the blood samples, sequences from the LTR region

(672 bp) and pol gene (107 bp) were also amplified. This donor was a

48-year-old male (H94) born in Jujuy province (Argentina). The other

tax-positive donor was a 28-year-old female (H256) native from the

Chaco province (Argentina); IgG anti-Tax antibody was also detected

in her blood sample (Figure 2).

The HTLV-1 tax sequence detected in both donors (100 bp) was

highly homologous to prototypic ATK-1 HTLV-1 tax, also showing

high homology with other isolates from the endemic zone of

Argentina (>97%) and strains from neighbour countries (Table 1).

The genetic analysis of the HTLV-1 LTR region showed that the

sequence from the donor H94 belonged to the Cosmopolitan subtype

HTLV-1a Transcontinental subgroup A within the Latin American and

Jujuy subclusters (Figure 3).

The VESPA analysis of HTLV-1 LTR sequences showed that, as

compared to the reference strain ATK-1, the seronegative HTLV-1

carrier sequence contained not only the polymorphisms typical for the

Transcontinental HTLV-1aA subgroup (T246C, C306G, T479C,

A529G and G675A) and deletion at position A209 but also a singular

position T188C (data not shown). These polymorphisms were identi-

cal to those previously described in infected HTLV-1 seropositive sub-

jects from Jujuy.

DISCUSSION

Herein, we describe for the first time the existence of seronegative

HTLV-1 carriers in the blood banks of Argentina. Among the

317 blood donors born in or arose from endemic zones for HTLV-1/2

of Argentina or other countries recognized as endemic for the virus,

we detected 2 donors (0.63%) harbouring tax sequences with the

absence of antibodies evidenced by commercially available

CE-marked or FDA-approved HTLV-1/2 assays.

To our knowledge, there is only one published article regarding

HTLV-1 carriers in blood banks, which reports cases from a blood

bank in the United States [14]. The researchers found a higher preva-

lence of seronegative HTLV-1/2 carriers (8.6%) detected by molecular

screening of 250 plasma samples from healthy blood donors. In con-

trast with this study, in which only sequences of tax genes were

found, sequences of other genes were detected (LTR and pol) in one

donor of our study as well. In addition, other investigators sought

donors who were seronegative HTLV-1/2 carriers in a blood bank,

but they did not find any [27].

F I GU R E 2 IgG anti-Tax antibodies against Tax protein of human

T-cell lymphotropic virus 1 detected by enzyme-linked
immunosorbent assay in seronegative blood donors. The grey area
represents the cutoff point optical density (OD = 0.371) of the assay

T AB L E 1 Matrix identity of human T-cell lymphotropic virus 1 (HTLV-1) tax gene sequences in blood samples and comparison with isolates
from different sources

ATK-1 H94 H256 ArJ03-06 ArJ13-01 HN1 B1033 HAM16 BRSP65679 LC210018 ArJ54-2 ArJ17-2

ATK-1 100

H94 97.2 100

H256 98.3 96.6 100

ArJ03-06 100 97.2 98.3 100

ArJ13-01 100 97.2 98.3 100 100

HN1 100 97.2 98.3 100 100 100

B1033 99.4 96.6 97.7 97.7 99.4 99.4 100

HAM16 100 97.2 98.3 100 100 100 99.4 100

BRSP65679 99.4 96.6 97.7 99.4 99.4 99.4 99.4 99.4 100

TT0021 100 97.2 98.3 100 100 100 99.4 100 99.4 100

ArJ54-2 100 97.2 98.3 100 100 100 99.4 100 99.4 100 100

ArJ17-2 100 97.2 98.3 100 100 100 99.4 100 99.4 100 100 100

Note: ATK-1 (J02029): pattern sequence of HTLV-1; ArJ03-06 (MK63897) and ArJ13-01 (MK638974): seronegative HTLV-1 carriers from Jujuy (endemic

zone of Argentina); ArJ54-2 (DQ227188) and ArJ17-2 (DQ227165): seropositive HTLV-1 subjects from Jujuy. HN1 (KC807984): HTLV-1 infected patients

from China. TT0021 (LC210018): HTLV-1 infected blood donors from Japan. HAM16 (KY007274): HAM patient from Brazil. B1033 (AB513134): HTLV-1

patient with adult T-cell leukaemia from Japan. BRSP65679 (KY928595): sequence from patient coinfected with HTLV-1 and HIV-1 from Brazil.
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It has been suggested that the lack of LTR sequences may explain

the replication incompetence and inexpression of HTLV-1 antigens and

the consequence of the absence of immune response. Thus, the authors

propose that TSP/HAM patients carry a defective HTLV-1 provirus,

probably as a consequence of a vigorous immune response early in the

infection, which successfully eradicates the infected cells, leaving only

those with defective sequences [28]. Despite the case of our donor, in

whom sequences from three different viral genes were detected (LTR,

pol and tax), the possibility of a defective HTLV-1 provirus cannot be dis-

carded in the face of the absence of immune response.

F I GU R E 3 Maximum likelihood dendrogram for the human T-cell lymphotropic virus 1 (HTLV-1) LTR sequences. HTLV-1 LTR (630 bp)
genetic tree comparing sequences from seronegative HTLV-1 blood donors and worldwide sequences, including HTLV-1 reference. It was
constructed using TIM2 + G as a model of nucleotide substitution with parameters suggested by ModelTest 3.7 (PhyML software). The strain
that belongs to this study begins with H and is written in bold. Numbers above branches: bootstrap values over 1000 bootstrap pseudoreplicates.
Only bootstrap values >50% are shown at nodes
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Furthermore, it is not surprising that the tax gene is always found

in these cases, and in many cases, this is the only one. The genetic sta-

bility of the HTLV-1 tax gene has been determined through different

studies [29]; this is why several PCRs targeting tax sequences have

been developed and largely used for molecular diagnosis and investi-

gation of HTLV infection [17, 20, 30]. However, the genetic versatility

of HTLV-1 also reaches tax sequences, as we have recently demon-

strated in the case of infected people with missed tax genes [31].

The specificity of the HTLV-1 tax gene sequences amplified from

the two seronegative blood donors by different PCRs was confirmed

by nucleotide sequencing (100 bp). HTLV-1 is genetically very stable;

a low degree of genetic variation (0.5%–3%) has been described for

HTLV-1 strains from Africa, Japan, the Caribbean basin, and the Ame-

ricas [32, 33]. The tax sequences from the two donors in this study

showed 97.2%–98.3% homology to the ATK-1 sequence, also demon-

strating high homology with other isolates from endemic zones of

Argentina. Thus, the high homology found between the strains cor-

roborated that the amplified sequences corresponded to HTLV-1.

HTLV-1aA is the prevalent subgroup in South American coun-

tries, such as Colombia, Peru, Chile and Brazil [32, 34]. In our study,

the analysis of the amplified LTR sequence from one of the seronega-

tive donors identified it as HTLV-1, Cosmopolitan Group (a), and

Transcontinental subgroup (A). This sequence was very similar to that

found in previous studies regarding HTLV-1 in Jujuy province and

grouped in a particular cluster within the Latin American/

Transcontinental subgroup, named Jujuy subcluster [35]. In accor-

dance with this finding, the blood donor was a native of the Jujuy

province.

Although we did not demonstrate the transmission of HTLV-1

from these carriers to blood recipients, this possibility cannot be

excluded. In this sense, Zucker-Franklin showed transmission of tax to

rabbits by transfusion of PBMC from tax only HTLV-1 seronegative

blood donors [36]. Moreover, a seronegative status with stable

HTLV-1 infection has been established in an animal model [37]. The

major finding of this study was that the persistent presence of

HTLV-1 without antibody response was successfully established,

experimentally, in syngeneic rats inoculated with an HTLV-1-infected

cell-line scarcely expressing major HTLV-1 structural proteins but

preferentially expressing Tax.

Undoubtedly, seronegative carriers of HTLV-1 from which some

proviral sequences are deleted exist, and this state may be associated

with disease [9–12]. Moreover, we have recently described high rates

of seronegative symptomatic and asymptomatic HTLV-1 carriers in

Argentina, harbouring only tax sequences [7].

Since most carriers of deleted HTLV-1 sequences seem to retain

the tax sequence and/or its gene product, p40tax [7, 9–11, 14], and

considering that tax is the transcriptional transactivator of HTLV-1

and has a role in the upregulation of innumerable cellular growth fac-

tors, cytokines, and oncogenes [38–40], the transmission of tax is an

important question that requires attention.

In our study, a second donor resulted positive for tax sequences

and also positive for IgG anti-Tax antibodies. The presence of anti-

bodies anti-Tax in the same individual may help to alleviate concern

about the possibility of PCR contamination. This last possibility was

dismissed by the repeated collection of samples in the donor without

anti-Tax antibody and analysis of specimens obtained from the same

donors at different times and handled by different personnel in a blind

manner.

The evidence of IgG anti-Tax in this donor also confirmed that

despite a short sequence of tax genes detected in the absence of

other gene sequences, this individual probably had an active infection

at some point in life. It has been suggested that anti-Tax antibodies

are involved in TSP/HAM pathogenesis [41], and researchers suggest

that the presence of anti-Tax antibodies contributes to the aggrava-

tion of HTLV-1 infection and is a marker of disease evolution [41, 42].

In Argentina, many efforts are being made for the implementation

of nucleic acid techniques for viral screening in blood banks and highly

sensitive tests for the detection of antigens and antibodies, which are

efficient tools that reduce residual risks of infection-transmission

through blood transfusions. In this sense, screening of antibodies

against HTLV-1/2 is nowadays mandatory all over the country (Law

22990) since Argentina has some areas well known as endemic for

HTLV-1 and HTLV-2 infection, and also because these viruses have

been detected in different blood banks across the country [6]. The

decision to screen blood donations for a particular pathogen should

be based on the risk assessment of transfusion-transmitted infections

determined by the prevalence of such pathogens in the donor popula-

tion, susceptibility of the recipients, and the reported number of

transfusion-transmitted cases in each region. Thus, the question

raised in our study is if seronegative HTLV-1 carriers are capable of

transmitting the infection by blood transfusion and, as a consequence,

if it is necessary to implement further techniques for serological

screening or incorporate molecular screening specific for this virus. In

anti-HTLV routine screenings, positive tests can occur, as well as non-

reactive results, taking into account the use of reagents containing

only viral envelope proteins. This sensitivity can be augmented using

chimeric antigen from env, gag and pX HTLV-1/2 regions [43].

In Argentina, leukoreduction of blood products is not mandatory,

and in consequence, it is not performed routinely in local blood banks.

It is reasonable to think that leukoreduction substantially reduces the

risk of HTLV-1 transmission, and since the provirus is integrated into

the CD4+ lymphocytes, there are few cell-free viruses. In this sense,

a look-back study of blood transfusions in the United Kingdom found

that filter-leukoreduced or buffy coat reduced blood product trans-

mission of HTLV-1 by 93% [44]. Other studies demonstrated that leu-

koreduced blood products, although safer, still carry a theoretical risk

of HTLV-1 transmission from donors with high proviral load [45].

Thus, in countries with a high prevalence of HTLV, like Argentina and

Brazil [46], where universal leukoreduction is not recommended, it is

important to be aware of any residual risk for HTLV transmission.

The findings suggest potential limitations of some currently

approved screening assays for HTLV-1 detection applied in some donor

populations and the possibility of an HTLV-1 seronegative carrier state

with the potential for silent transmission by blood. Therefore continu-

ous epidemiological surveillance in blood banks, including follow-up of

positive blood donors and recipients of positive blood, should be
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performed. This is mainly worrying in Argentina and neighbouring coun-

tries with endemic areas for this virus. Assessment of the epidemiologi-

cal risk through investigation and surveillance of agents with potential

for blood transmission is critical to determine the infectious risk and

implement newer interventions to ensure safe blood supplies [47].
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