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I Laboratdrio de Virologia, Abstract HTLV was initially described in association with a form of leukemia in Japan and a
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infected individuals, clear-cut geographic distribution, definition of modes of transmission and
maintenance within small, epidemiologically-closed groups, and advances in laboratory diag-
nosis of the infection. A new molecular subtype named HTLV-IIc was further described on the ba-
sis of genome sequencing and phylogenetic analysis. This subtype is present in other areas of
Brazil, indicating that the virus is additionally both a valuable marker for tracing past human
migration routes in the Americas and a probable marker for social habits of the present human
population. HIV, the other human retrovirus, is still not prevalent among indigenous communi-
ties in the Brazilian Amazon, but these groups are also easy targets for the virus.

Key words Human T-Lymphotropic Virus II; Retroviridae; South American Indians; Amazonian
Ecosystem

Resumo O HTLYV foi descrito inicialmente associado a uma leucemia no Japdo e a uma doenga
neuroldgica presente no Caribe. Logo foi evidenciado que o HTLV-II era endémico entre Amerin-
dios e, particularmente, entre Indios brasileiros. A Amazénia brasileira é a maior drea endémica
para o virus e dessa forma, permitiu que fossem realizados vdrios estudos relacionados com a
sua biologia, a busca de doenca, informagées epidemioldgicas que incluiram uma bem definida
distribuig¢do geogrdfica, a definigdo dos modos de transmissdo e manutencgdo do virus em comu-
nidades pequenas, epidemiologicamente fechadas, assim como contribuicoes para o diagnostico
laboratorial da infec¢do. Um novo subtipo molecular, denominado HTLV-IIc, foi adicionalmente
descrito baseando-se no sequenciamento genético do virus e na andlise filogenética. Esse subtipo
estd presente em outras dreas do paris, indicando que o HTLV também funciona como um marca-
dor precioso das migragdes humanas nas Américas no passado e um provdvel marcador dos cos-
tumes das populagées atuais. O outro retrovirus humano, o HIV, ainda néo é prevalente nas co-
munidades indigenas, apesar de que elas podem ser facilmente alcancadas em virtude das int-
meras facilidades de transmissdo para o virus.

Palavras-chave Virus Linfotrépico de Células T Humanas II; Retroviridae; Indios Sul-America-
nos; Ecossistema Amazonico
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A brief history of the
retroviruses and HTLV

The viruses of the Retroviridae family have
become notorious to the lay public since the
description of the human immunodeficiency
virus (HIV), but the group as a whole had al-
ready been familiar to the scientific communi-
ty since the beginning of the last century.

Pioneering work by Rous (1911) on the in-
duction of sarcomas in birds (inoculated with
cell-free filtrates) generated great interest in the
possibility of the infectious causation of hu-
man neoplasms. Viral agents of the Retroviri-
dae family were subsequently described fol-
lowing isolation from fishes, reptiles, birds, and
mammals. Although the pathogenic potential
of the retroviruses initially studied was not ful-
ly convincing, the hypothesis became an attrac-
tive subject for study, since it raised the possi-
bility of reducing tumor incidence by preven-
tive methods such as vaccination.

The enormous research efforts devoted to
the retroviruses led to the description of several
oncogenic animal viruses, spawning new con-
cepts of virus-host interactions, including the
magnificent evolutionary aspect of viral and
cell nucleic acid integration, vertical transmis-
sion of the virus to offspring, viral persistence,
and viral latency. Within the virus family, the
presence of oncogenes was described (genome
sequences capable of inducing the appearance
of neoplasms), as was an enzyme with the func-
tion of reading an RNA molecule and producing
a DNA copy (reverse transcriptase). The pres-
ence of such an enzyme gave rise to the present
name of the family, Retroviridae (from reverse
transcriptase). The scientific importance of the
retroviruses is clearly reflected by the two No-
bel prizes awarded for work in relation to these
descriptions.

In the early 1980s the association was
demonstrated between a retroviral infection
and human cancer with the successful isolation
of the first human retrovirus, human T-cell lym-
photropic virus (HTLV), from patients with cu-
taneous T-cell ymphomas and leukemia (Poiesz
et al., 1980, 1981) and from patients with adult
T-cell leukemia/lymphoma (ATLL) (Miyoshi et
al., 1981).

In 1982, a second human retrovirus was de-
scribed (Kalyanaraman et al., 1982). The bio-
logical and molecular characterization of these
agents showed that they were closely related but
distinct agents named HTLV-I and HTLV-II (Hall
et al., 1994), which presented different T-cell tro-
pism, for CD4+ and CD8+, respectively (Hall et al.,
1996; Rosenblatt et al., 1988; Trejo & Ratner, 2000).
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Subsequent seroepidemiologic studies indi-
cated the association of HTLV-I with an endemic
encephalo-neuromyelopathy in the Caribbean
known as tropical spastic paraparesis (Gessain
et al., 1985), now referred to as HTLV-I-associ-
ated myelopathy, TSP/HAM (Gessain & Gout,
1992).

Biological characteristics of the virus

HTLV is a typical C-type retrovirus, with an
electron-dense centrally located core, medium-
sized (100-120nm) enveloped virus, classified
in the Retroviridae family, genus Deltaretro-
virus, and like all other retroviruses contain-
ing two positive-sense, equal, single-stranded
RNA (ssRNA) molecules with similar replica-
tion strategies (Coffin, 1996).

Apart from the structural genes that are
common to the other retroviruses, (gag, env and
pol/pro), HTLV also presents a coding region
named pX and two long terminal repeats (LTR)
without coding function flanking the two ends
of the genome. The gag gene encodes structur-
al proteins p19, p24, and p15. The pro/pol genes
encode protease and reverse transcriptase, re-
spectively. The env gene encodes the trans-
membrane and external envelope glycopro-
teins gp21 and gp46. The pX gene (3’ end) pre-
sents four open reading frames which encode
the spliced, regulatory proteins Tax, Rex (two
different molecular presentations) and three
other proteins with unknown functions (John-
son et al., 2001; Shimotohno et al., 1985).

HTLV-I and HTLV-II homology varies ac-
cording to the coding region. They share ap-
proximately 85% of their nucleotide sequences
in the gag region, but only 65% of the env gene.
LTR is commonly used for genotyping HTLV
molecular subtypes.

Although the HTLV cell receptor identity has
still not been clearly described, it is assumed
that there is one cell surface protein acting as a
receptor that helps the virus initiate infection
(Trejo & Ratner, 2000). HTLV-I displays cell tro-
pism for the T, CD4+ lymphocyte population,
whereas HTLV-II preferentially infects the T,
CD8+ population.

The peculiar replication of HTLV-1/II pro-
vides its biological maintenance in nature
and its adaptive advantage in which the ssRNA
genome is converted by reverse transcriptase
to a dsDNA which is integrated within the host
cell nucleus DNA. Such persistent infection
subsequently alternates a latency process and
a productive cycle, with the production of vi-
ral macromolecules and viral particles capable



of infecting other cells. Furthermore, such di-
verse interaction favors an effective mecha-
nism of vertical and horizontal viral transmis-
sion.

HTLV-I shows six major genetic subtypes
based on the geographic origin of the virus,
comparison of the sequences, and phylogenet-
ic analyses of the gp21 and LTR region, named
HTLV-Ia (Cosmopolitan subtype), HTLV-Ib (Cen-
tral African subtype), HTLV-Ic (Australo-Melane-
sian subtype), HTLV-Id (New Central African
subtype), HTLV-Ie, and HTLV-If (Miura et al.,
1994; Ureta-Vidal et al., 1994; van Dooren et al.,
2001). Likewise, HTLV-II has four molecular
subtypes, I1a, IIb, IIc, and IId. This genetic het-
erogeneity within HTLV-I and -II has provided
valuable information on geographic clustering
and viral transmission (Hall et al., 1994; Ishak
et al., 1995; Slattery et al., 1999; Vandamme et
al., 1998).

Epidemiologic aspects of HTLV

Both HTLV-I and HTLV-II have shown an epi-
demiologic characteristic of prevalence in dis-
tinct geographic areas. HTLV-I is maintained at
low prevalence (3% to 6%) among specific pop-
ulation groups (in Europe, the Americas, the
Caribbean, and sub-Saharan Africa) ranging to
more than 30% in Southern Japan (Echever-
ria-De Perez et al., 1993; Maloney et al., 1992;
Mueller et al., 1996; Taylor, 1996).

HTLV-II is endemic among injecting drug
users (IDU) in the United States, Europe, and
Southeast Asia, and particularly among Amerindi-
an population groups throughout North, Central,
and South America, as well as in Pygmy tribes
in Central Africa (Egan et al., 1999; Feigal et al.,
1991; Fujiyoshi et al., 1999; Fukushima et al.,
1998; Gessain & De Thé, 1996; Géngora-Biachi
etal, 1997; Goubau et al., 1993; Heneine et al.,
1991; Ishak et al., 1995; Salemi et al., 1998; Tay-
lor, 1996). Infection rates are generally low, but
high-risk population groups such as IDUs and
several Indian tribes in Brazil who are predom-
inantly HTLV-II-infected have a seroprevalence
ranging from 1% to more than 40% (Hall et al.,
1990, 1996; Ishak et al., 1995, 1998).

In Brazil, HTLV-1/11 is present in different
geographic areas as confirmed through the
several seroepidemiologic studies among the
general population as well as in specific groups
such as blood donors and patients with hema-
tological and neurological diseases (Andrada-
Serpa et al., 1989; Aratjo et al., 1993; Castro-Cos-
ta et al., 1989; Farias-de-Carvalho et al., 1997; Fer-
reira Jr. et al., 1995; Ishak et al., 1998, 2002; Les-
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sa et al., 1993; Moreira Jr. et al., 1993; Pombo-
de-Oliveira et al., 1990).

Current transmission of HTLV-1/1I varies
according to the geographic settings and cer-
tain behavioral risk factors associated with the
dissemination of blood (injected drug use and
blood transfusion) and other biological fluids
exchanged during sexual relations (male-to-
female and female-to-male), as well as verti-
cal (mother-to-child) transmission (Hall et al.,
1996).

Local and nationwide regulations control-
ling blood banks in many parts of the world
have substantially reduced the risk of acquiring
infection through transfusion of cellular blood
products and consequently decreased the cur-
rent routes of virus transmission. Efficiency of
HTLV-II transmission via transfusion ranges
from 20% (United States) to 60% (Japan/United
States). HTLV is currently spread among human
populations through mother-to-child transmis-
sion, illicit drug injection, and sexual relations.

HTLV among Amerindians

HTLYV, particularly HTLV-I], is widespread among
Amerindian population groups. The physical
isolation of several communities until recently,
maintaining limited contacts with other Indi-
an and urban groups, suggests that the virus is
an ancient endemic infection of humans that
persisted as presently known or evolved from
a primitive virus accompanying the various
human migration routes from the African con-
tinent (Black, 1997; Gessain & De Thé, 1996).
HTLV is remarkably adapted to its human host,
and HTLV-1I is frequently used as a model of
prehistoric human movements throughout the
American continent.

The infection is endemic and widespread
within Indian population groups (Figure 1) in
North America (Navajo and Pueblo in New Mexi-
co and Seminole in Florida, United States; Nuu-
Chah-Nult in Canada; and Maya in Mexico),
Central America (Guaymi in Panama), and South
America (Wayu, Guahibo, Orinoco, and Tunebo
in Colombia; Yaruro, Guahibo, and Bari Yukpa
in Venezuela; Toba, Mataco, and Mapuche in
Argentina; the Gran Chaco in Paraguay; and in
small groups in Chile).

In Brazil, HTLV-II shows a geographic dis-
tribution with a strong endemic area within the
Indian population groups of the Amazon re-
gion, many of whom still living in epidemiolog-
ically closed communities (Ishak et al., 1995;
Maloney et al., 1992).
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Figure 1

Geographic distribution of HTLV-II (and molecular subtypes) in the Americas.
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Source: Biglione et al. (1993), Duenas-Barajas et al. (1993), Ferrer et al. (1993, 1996), Géngora-Biachi et al. (1997),
Heneine et al. (1991), Hjelle et al. (1993), ljichi et al. (1993), Ishak et al. (1995), Levine et al. (1993), Maloney et al.
(1992), Medeot et al. (1999), Peters et al. (2000), and Vallinoto et al. (2002).

HTLV among the indigenous
populations of the Brazilian
Amazon region

HTLV-1/II prevalence is generally low among
the general urban population and it varies ac-
cording to the behavioral risk factors associated
with transmission. Geographic distribution of
the virus is remarkably circumscribed to well-
defined areas of the world which display differ-
ent levels of dissemination.

Seroepidemiologic studies have defined pri-
mary prevalence rates, but few further studies
have been performed to confirm the data most-
ly published initially in the 1980s and 1990s,
that would allow the evaluation of possible
trends in the current incidence and trends in
the dissemination of HTLV worldwide.

In the Amazon region of Brazil there are sev-
eral linguistic branches of indigenous groups
distributed in eight States and occupying more
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than three million square kilometers. Access to
these areas often poses difficulties ranging from
the absence of paved roads, presence of an ex-
uberantly dense native tropical forest, absence
of river navigation facilities, other geographic
difficulties, and numerous infectious agents
(both known and unknown) in the ecosystem.

Initial investigation of HTLV among Indian
populations in the Brazilian Amazon was based
on retrospective seroepidemiologic studies
aimed at finding markers for previous infection
by the virus in human populations within the
area. The studies used stored serum samples
which were tested using appropriate serologic
tests with sensitivity and specificity to detect
the presence of antibodies to the virus.

HTLV-II infection was shown to be endemic
in an indeterminate collection of sera from the
Kayapé and Krah6 (Maloney et al., 1992). Fur-
ther serologic studies used a collection with
more precisely defined demographic informa-



tion on 1,382 subjects belonging to 26 Indian
communities distributed in six States from the
North of Brazil (Ishak et al., 1995). Their geo-
graphic distribution was:

e Maranhao: Urubi-Kaapor.

e Amapad: Galibi, Palikir and Wayampi.

¢ Roraima: Yanomdmi.

* Amazonas: Yamamadi.

¢ Rondénia: Cinta-Larga, Suruf, and Karitidna.
e Pard: Waydna-Apalai, Tiriyé, Assurini Ku-
atinemo, Asurini Trocard, Zoé, Ardra Laranjal,
Arara Kurambé, Arara, Iriri, Araweté, Parakana,
Mundurukd, and six different Kayapé villages
(Kararao, Aukre, Kubenkokre, Pukany, Kikre-
tum, and Kokraimoro).

HTLV was shown to be present in 17 of the
26 communities. Presence of antibodies to
HTLV-I was limited to five individuals from the
Galibi, Yanomdmi, and the Aukre. HTLV-II-pos-
itive samples were found to have a widespread
geographic distribution and involved culturally
distinct and isolated communities. The results
are summarized in Table 1.

These results represented the first seroepi-
demiologic evidence that the Amazon region of
Brazil (i) was the largest endemic area of the
world for the occurrence of HTLV-II, (ii) present-
ed a unique opportunity to clarify key aspects
of virus transmission and pathogenicity, and
(iii) provided a chance to correlate these fac-
tors with the circulating subtype(s) in the area.

In relation to HTLV-II transmission, six of
the Kayap6 villages (Kararad, Aukre, Kubenko-
kre, Pukany, Kikretum, and Kokraiméro) were
grouped (Table 2), and of the 207 subjects (49.8%
males and 50.2% females, with ages from three
to 74 years of age), 67 (32.3%) were reactive to
HTLV-II. The importance of sexual transmis-
sion was evidenced by the gradual increase of
antibody prevalence with age. The observation
of seven couples from the Kubenkokre village
demonstrated the constant and continuous
transmission between husband and wife (Fig-
ure 2). Differently from Black et al. (1996), no
difference was found in HTLV-II prevalence be-
tween males and females (31.4% vs. 34.2%; p <
0.05), suggesting that sexual transmission of
the virus may be equally efficient between the
sexes.

For the first time, the occurrence and im-
portance of vertical HTLV-II transmission were
also shown. This was indirectly supported by
the finding of high seropositivity rates in chil-
dren (more than 20% of children under nine
years were already infected by the virus, includ-
ing a six-year-old boy) and directly by familial
studies among the Kubenkokre showing evi-
dence of HTLV-II infection in three generations
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(Figure 2). Furthermore, for the Kararao, it was
possible to show the genetic similarity of the
virus transmitted from mother to child (Ishak et
al., 2001). Such molecular evidence of vertical
HTLV-IIc transmission in isolated tribes, as in
the Karara6, highlights both this transmission
route and its importance in maintaining the vi-
ral infection in small communities.

Although vertical transmission has already
been evidenced, the mechanism remains to be
elucidated. HTLV-II was isolated from breast
milk of mothers harboring the virus (Lal et al.,
1993), and a higher transmission level was shown
among Guaymi children born of HTLV-II-posi-
tive mothers as compared to those with unin-
fected mothers (Pardi et al., 1993; Vitels et al.,
1995). In the seven different Kayapé villages
and in families with more than one child, the
chances of HTLV-II infection in children with
seropositive mothers ranged from 33% to 50%
(Ishak et al., 1995); however, these data should
be viewed with caution, because the true trans-
mission rate by breastfeeding may be difficult
to assess accurately in indigenous Amazonian
peoples, among whom it is common for chil-
dren to be breastfed by other lactating women
in the community.

The importance of in utero or perinatal
transmission in the maintenance of HTLV-1I is
still unknown within these epidemiologically
closed or partially closed indigenous commu-
nities.

More recently, HTLV has been confirmed
among the Tiriyé (HTLV-II) and Wayampi (HTLV-
I) (Shindo et al., 2002). However, the Amazon re-
gion of French Guiana has only shown the pres-
ence of HTLV-1 among the Arawack (1/54) and
Paliktr (2/78; both belonging to the Arawack
linguistic branch) and the Wayampi (2/138) of
the Tupi-Guarani linguistic branch (Talarmin et
al., 1999). Not surprisingly, HTLV-IIc was found
in a single Brazilian Amerindian woman but in
none of the urban immigrants from Brazil to
French Guiana (Kazanji et al., 2001).

HTLV-ll and disease among
Amerindians in the Brazilian Amazon

Following the retrospective seroepidemiologic
approach, six communities (Mundurukad, Tiriyé,
Ardra Laranjal, and three Kayapé villages: Ka-
rara0, Kubenkokre, and Gorotire) were revisit-
ed to perform an active search for clinical and
laboratory information that would allow asso-
ciations between HTLV-II and hematological
and neurological diseases which are occasion-
ally reported (Hall et al., 1996).
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Table 1

Prevalence of antibodies to HTLV in Indian populations in the Amazon Region of Brazil.

Population examined Linguistic group

Number tested

Seroreactivity to (%)

HTLV-I HTLV-II
Galibi Karib 148 1 3(2.0)
Wayampi Tupi-Guarani 71 1(1.4)
Wayana-Apalai Karib 50 1(2.0)
Tiriyd Karib 26 4 (15.4)
Aréra Laranjal Karib 44 5(11.4)
Parakana Tupi 52 1(1.92)
Munduruku Tupi 161 13 (8.1)
Yanomami Yanomami 102 3 4 (3.9)
Cinta-Larga Tupi 50 1(2.0)
Karitiana Arikém 50 2 (4.0)
Yamamadi Arawa 36 2 (5.6)
Kararad Jé 23 6(26.1)
Aukre Jé 12 1 4 (33.3)
Kubenkokre Jé 107 40 (37.4)
Pukany Jé 30 6 (20.0)
Kikretum Jé 17 7 (41.2)
Kokraiméro Jé 18 4(22.2)

Table 2

Distribution of seropositivity to HTLV-II in six Kayapé villages, according to sex and age.

Age (years) Males Females Total positive (%)
Number Positive Number Positive
0-9 15 4 22 4 8/37 (21.6)
10-19 20 5 42 8 13/62 (21.0)
20-29 14 2 11 2 4/25 (16.0)
30-39 8 1 14 7 8/22 (36.0)
40-49 1 6 14 10 16/25 (64.0)
50-59 9 6 2 0 6/11 (54.0)
60-70 6 2 7 6 8/13 (61.0)
> 70 3 1 2 2 3/5 (60.0)
Total 86 27 114 39 66/200 (33.0)

No evidence was found of abnormalities in
red blood cell counts, hemoglobin levels, hema-
tocrit, platelet counts, or white blood cell counts
(total and specific cell counts). A nine-year-old
boy was found among the Mundurukid who was
seroreactive to HTLV-II, with a clinical picture of
cerebellar ataxia (R. Ishak, W. W. Hall & A. Aratjo,
unpublished results). Black et al. (1996) reports
a previous case of a 40-year-old woman who
died with a severe muscular weakness resem-
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bling TSP/HAM, although the complete clini-
cal diagnostic criteria were not met.

Some of the Indian communities had been
actively searched for signs and symptoms of
neurological or hematological disease poten-
tially associated with HTLV-II infection. Al-
though such cases are to be expected, as with
HTLV-I infection, the association between clin-
ical disease and HTLV-II among Indians is also
arare and difficult event, not easily described.



Molecular biology and molecular
epidemiology of HTLV-Il in the
Brazilian Amazon Region

The initial subtyping of HTLV-II based on re-
striction fragment length polymorphism (RFLP)
patterns (using the enzyme Xhol) on the ampli-
fication products of the env region exhibited two
molecular subtypes. Additional phylogenetic
analysis combining a standard methodology of
nucleic acid amplification, polymorphism pat-
terns using endonucleases, and the nucleotide
sequences of env, tax, and 5" LTR (sequences
ranging from 541 to 668 nucleotides) has shown
the presence of four molecular subtypes, form-
ing four separate phylogenetic groups, namely
HTLV-IIa, IIb, IIc, and IId (Figure 3) (Eiraku et
al., 1996; Hall et al., 1992; Ishak et al., 1995;
Vallinoto et al., 2002; Vandamme et al., 1998).

These molecular subtypes exhibit 3% to 6%
of genetic differences. So far, there is no report-
ed clear-cut evidence associating any of the
molecular subtypes with pathogenic properties
in the infected human host. One of the main
molecular differences refers to the length of tax,
in that IIb and Ilc exhibit an extended 22-25 aa,
respectively, while IId is practically the same
size as IIa, as shown in Table 3 (Eiraku et al.,
1996; Vandamme et al., 1998). No relevant bio-
logical difference has been shown thus far in
the length of the Tax protein.

In the Americas, HTLV-IIb is largely dissem-
inated among indigenous peoples from North
to South with the exception of Brazil where
HTLV-IIc is the sole representative of the virus,
including the IVDA group (Figure 1) (Eiraku et
al., 1996; Ishak et al., 1995).

Molecular characterization of HTLV-II among
Brazilian Amazon Indians followed a standard
methodology to better describe the molecular
epidemiology of the virus. The strains exam-
ined so far originated from the Kararad, Kuben-
kokre, Gorotire, Tiriy6, Ardra Laranjal, and Mun-
durukd proved to belong to molecular subtype
HTLV-IIc (Eiraku et al., 1996; Ishak et al., 1995,
2001; Vallinoto et al., 2002). Furthermore, HTLV-
II strains from HIV-1 infected patients in the
city of Belém were also subtyped as Ilc (Vallino-
to et al., 2002).

Despite limited and focal controversy on the
uniqueness of subtype HTLV-IIc as a new and
characteristic molecular subtype occurring sole-
ly in Brazil (Shindo et al., 2002), the nomencla-
ture has been widely accepted and commonly re-
ported in recent papers (Dezzutti et al., in press;
Kazanji et al., 2001; Slattery et al., 1999; Vallinoto
et al., 2002) and scientific presentations (Kazan-
ji, 2002; Lal, 2002; Merteens, 2002; Vicente, 2002).

RETROVIRUS (HTLV) INFECTIONS AMONG AMAZONIAN INDIAN POPULATIONS

Figure 2
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Evidence of sexual and vertical transmission of HTLV-lIc through serologic

and molecular methods. Members of three families were investigated,

and those shown to be positive for HTLV-lIc are indicated in black.

Ages of the family members are indicated.
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AU = age unknown; NT = not tested.

Dissemination of HTLV among
urban populations of the Brazilian
Amazon Region

Apart from Indian communities, the search for
past or present HTLV infection has been per-
formed in various urban population groups in
the Brazilian Amazon Region. Thus far the
search for hematological disease has not result-
ed in a positive association, but neurological
manifestations have already been reported in
association with HTLV-I infection (Ishak et al.,
2002).

The possibility of using HTLV infection as a
marker for human population migration led to
a search among non-Indian, epidemiologically
isolated human groups such as the quilombos
(maroon communities, i.e., Black communities
descending from havens of runaway slaves),
which still maintain a high rate of intra-group
marriage. Three communities, Pacoval and
Trombetas (both in Pard) and Curiau (Amap4d)
were tested, but no seroreactivity was con-
firmed. The above data differ from findings in
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Figure 3

Unrooted phylogenetic tree showing the evolutionary relationship of HTLV-II.

The tree was constructed by the N-J method after alignment of 644 nucleotides from

the 5'LTR region. Statistical support was applied using 2,000 bootstrap replicates.
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the Black community in Salvador, Bahia, which
accounts for the high HTLV-I prevalence rates
found in that city (Brites et al., 1997; Galvao-
Castro, 1994). Slaves in Bahia (located in North-
east Brazil) were traded mainly from the West
Coast of Africa, while those in the Amazon or
North of Brazil came from the East Coast of
Africa, a difference to be considered when dis-
cussing the presence or absence of HTLV in
groups of African-descendant Brazilians. Fur-
thermore, the main risk factor involved in Sal-
vador is injected drug use, which favors dissem-
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ination of the virus, but which is absent in the
Amazonian communities examined so far.

A surveillance network was prepared to
monitor HTLV infection in urban areas and de-
fine the geographic distribution of the virus,
resulting in three main findings: (i) the virus
was circulating not only in the general popula-
tion (such as blood donors) but also in specif-
ic groups like HIV/HTLV co-infected patients
(Ishak et al., 1998; Vallinoto et al., 1998); (ii) for
the first time HTLV-IIc was shown to be present
in urban areas of the Brazilian Amazon Region;



and; (iii) unlike observations elsewhere in Brazil,
HTLV-IIc was more common than HTLV-I as a
co-infection in HIV-1 patients. The comparison
with patients from Salvador displays a differ-
ence related to the main risk factor. In Belém,
the main risk is multiple partners among ho-
mosexuals, while in Salvador the main risk fac-
tor is IV drug use.

Final remarks

The origin of this remarkably adapted ancient
human retrovirus has received particular atten-
tion, both for the HTLV-I and the HTLV-II sub-
types (Biggar et al., 1996; Black, 1997; Vallinoto
et al., 2002). As for the Amazon Region of Brazil,
HTLV-II stands out for its specific natural histo-
ry of molecular change, and the fact that it be-
came isolated as it reached the new geographic
area, brought approximately 10,000 to 15,000
years ago by the human migratory wave that ar-
rived in the North of Brazil (Rothhamer & Silva,
1989). The different migratory pathways taken
by Amerindian ancestors could have resulted
in the introduction of HTLV-IIc exclusively into
the Amazon region, although it is also possible
that the virus evolved independently from an
ancestral prototype.

The genetic background of the populations
inhabiting the Amazon points to a clear tri-hy-
brid model in which 41% of the contribution is
of indigenous origin. In the city of Belém this
figure is approximately 35% (Santos & Guerrei-
ro, 1995) and in fact may be greater (41%) when
molecular markers including autosomal VNTR,
six polymorphic mitochondrial loci, and two
STR regions of the Y chromosome are included
(Rodrigues, 1999). The presence of HTLV-IIc in
urban communities in such areas probably re-
flects the extensive genetic mixture during col-
onization of the Americas, particularly in Brazil.
Introduction of HTLV-IIc may have been an an-
cient process occurring over many generations
since colonization. However, the lack of evi-
dence of previous contact with HTLV in several
Indian communities (Ishak et al., 1995) may be
the consequence of founder effect and strongly
suggests that the virus was introduced more re-
cently through sexual transmission (Vallinoto
etal., 2002).

The genetic similarity of the urban and In-
dian HTLV-II strains confirms our previous pro-
posals that this virus is being actively transmit-
ted from indigenous to, and subsequently with-
in, urban areas and enlarging its geographic
endemicity in this region of Brazil (Eiraku et al.,
1996; Ishak et al., 1998; Vallinoto et al., 1998).

RETROVIRUS (HTLV) INFECTIONS AMONG AMAZONIAN INDIAN POPULATIONS

Table 3

Length of Tax (number of amino acids) according

to the molecular subtypes of HTLV-II.

Subtypes and molecular relationships Tax length
Ila 331 aa
Ilc 356 aa
I1b 353 aa
‘ Id 336 aa

Further studies are needed to elucidate the
modes of transmission of the virus from in-
digenous communities to urban areas. Howev-
er, it is anticipated that sexual transmission
may play an important role because of the ap-
parent absence of intravenous drug use or ac-
tive blood donations and/or transfusions with-
in these groups.

The importance of sexual transmission is
supported by recent socioeconomic activities
(from the 1960s onward), that have permitted
contact between the tri-hybrid Brazilians and
the native Indian populations harboring the
virus. Sexual intercourse, particularly between
Indian males and non-Indian Brazilian females,
is a common practice, especially among some
Kayapé villages (Kubenkokre, Kokraimoro, Aukre,
Karara0, Gorotire, Kikretum) that are closely
located to small towns maintained by commer-
cial activities, agriculture, and mining.

HTLV is a valuable marker for tracing hu-
man mobility in the Americas that occurred in
the past and a probable marker of the social
habits of the present human population.

Surprisingly, the other human retrovirus,
HIV, is still largely absent from the Amazon re-
gion of Brazil. A recent report of HIV-1 infection
among the Tiriy6 was characterized by het-
eroduplex mobility assay (Shindo et al., 2002)
and by sequencing the gene pro as subtype B
(Machado et al., 2003). The event involved ex-
tensive participation by the Brazilian Ministry
of Health and was covered some two years ago
by the mainstream press. The Tiriyé Indians
show high mobility among individual mem-
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bers, who commonly travel to urban areas with-
in French Guiana, where it is possible to have
sexual contacts with HIV-1 infected persons
and bring the virus back to the community.
Due to several restraints such as geograph-
ic isolation, but particularly because of the
difficulties in obtaining permits to perform
studies within Indian communities, few strate-
gic data have been produced regarding HTLV
or HIV infection among Amazonian groups.
Hepatitis B virus (Santos et al., 1995), Chlamy-
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dia trachomatis, C. pneumoniae (Ishak & Ishak,
2001), and Treponema pallidum are some of the
other debilitating infectious agents that em-
phasize the importance of generating strategic
data on communicable diseases that compro-
mise the fertility and growth of some epidemi-
ologically closed, small, poorly organized com-
munities with few or no available medical re-
sources and who are prone to contacts with in-
dividuals not directly concerned with the per-
petuation of the community.
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