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High Diversity of HHV-8 Molecular Subtypes in the
Amazon Region of Brazil: Evidence of an Ancient

Human Infection
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The present study describes the molecular epide-
miology of Human herpesvirus 8 (HHV-B) among
four Indian tribes (Kararao, Arara Laranjal, Tiriyo,
and Zo'e) of the Amazon region of Brazil and a
group of HIV-1-infected subjects from the urban
population of Belem, Para. Infection was charac-
terized by the presence of antibodies using ELISA
(measuring antibodies to ORF59, ORFE5, K8.1A,
K8.1B, and ORF73), and molecular assays (gene
amplification of the regions ORF26 and the vari-
able region VR1). Antibodies to HHV-8 were
detected in 66 samples of the 221 Brazilian
Amerindians, namely, 6 (25%) in the Kararao,
18 (19.6%) in the Arara Laranjal, 24 (42.9%) in the
Tiriyo, and 18 (36.7%) in the Zo'e. Among the 477
HIV-1-infected subjects, antibodies to HHV-8 were
present in 74 (15.5%) persons. The ORF26 region
was amplified in seven samples, one of the Arara
Laranjal, one of the Tiriyo, two of the Zo'e, and
three of the HIV-1-infected group. Subtyping of
HHV-8 described a high multiplicity of molecular
subtypes, including C (Zo’e), E (Tiriyo), and B (HIV-
1 infected). Serological results confirm the high
prevalence of HHV-8 among Amerindians and the
presence of three subtypes in the Amazon region
of Brazil, including a unique subtype, which favors
the idea of HHV-8 as an ancient human infection
within this particular geographical region. J. Med.
Virol. 79:1537-1544, 2007.

© 2007 Wiley-Liss, Inc.
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INTRODUCTION

Human herpesvirus 8 (HHV-8) is a member of the
family Herpesviridae, subfamily Gammaherpesvirinae,

© 2007 WILEY-LISS, INC.

and the first virus of the genus Radinovirus shown
infecting humans [Chang et al., 1994; Moore et al,
1996). HHV-8 is associated to Kaposi sarcoma (KS),
primary effusion lymphoma, and Castleman multi-
centric disease [Chang et al., 1994; Cesarman et al.,
1995; Moore and Chang, 1995; Soulier et al., 1995].

HHV-8 was detected in Brazil mostly in Southern
regions of the country presenting 3-7% of antibody
prevalence among blood donors [Caterino-de-Araujo
etal., 1999; Zago et al., 2000, Ferreira et al., 2003; Perez
et al., 2004], and in HIV-infected patients with KS (74~
99%) and without KS (4-39%) [Zago et al., 2000; Keller
et al., 2001; Souza et al., 2004; Nascimento et al., 2005].
HIV-negative male homosexuals presented an antibody
prevalence of 32.6% [Souza et al., 2004].

In the North region of the country, HHV-8 was
deseribed initially in native Indians tribes without a
clearcut prevalence [Biggar et al., 2000] as well as in
16.3% of 497 children and adults from the city of Belem
[Freitas et al_, 2002).

The present study aimed to describe the epidemiology
of HHV-8 among native Indian population groups of
the Amazon region of Brazil and HIV-1-infected subjects
residing in the city of Belem, Brazil, in order to
provide further information regarding the descriptive
epidemiology of the virus, to describe the possible
transmission pathways, the molecular subtypes of
HHV-8 circulating in specific geographical areas, and
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to elucidate the possible role of the virus as an ancient
human infection in the Amazon region of Brazil.

MATERIALS AND METHODS
Population Groups Examined

Blood samples from 172 Amerindians of the Amazon
region of Brazil were collected during the years 1996 and
1997 and included the Kararad village (n =24, 13 males
and 11 females), a group of the Kayapé (Je linguistic
group), the tribes Arara Laranjal (Karib; n=92,
45 males and 47 females), the Tiriyo (Karib; n=>56,
21 males and 35 females), and the Zo'e (Tupi, n=49,
gender unknown). Blood samples of HIV-1-infected
individuals (n =477, 273 males and 204 females),
residents in Belem, Para, Brazil, were collected between
the years 2000 and 2002 (Fig. 1).

Samples were collected and placed in tubes with
anticongulant to separate the plasma which were kept at

20°C until the moment of use. The samples from
Amerindians were collected during medical expeditions
of the Virus Laboratory together with the Laboratory of
Human Genetics of the Institute of Biological Sciences of
the Universidade Federal do Para and the Fundacao
Nacional do Indio (FUNAI). HIV-1-infected individuals
were attended at the State Reference Unit for Infectious
Diseases (URE-DIPE), for routine determinations of
viral load and CD4™ T lymphoeyte counts.

Serologic Test

Antibodies to HHV-8 were detected as described
previously [Katano et al, 2000] using an enzyme
immunoassay (mixed-antigen ELISA for serum or
plasma samples) with four antigens, ORF59 (initial
and late protein, lytic eycle), ORF65 (late protein of the
capsid, lytic cycle), K8.1A and K8.1B (two variants of the
envelope glycoprotein, lytic cycle), and ORF73 (latency
maintenance protein). Briefly, serum samples were
diluted at 1:100, and reacted with the mixed antigens
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of HHV-8 in an ELISA plate for 30 min, Followed by
washing, alkaliphosphatase-conjugated anti-human
IgG goat antibody (1:5,000 dilution, Tago Immuno-
logicals, Camarillo, CA) was incubated for 30 min.
After washing, phosphate substrate tablets (5 mg/tab,
Sigma, St. Louis, MO) were used as a substrate to
develop the color for 30 min. The absorbance in the wells
was measured at 405 nm wavelength, The cut-off value
for the mixed-antigen ELISA was determined by the
mean absorbance plus 5 standard deviation for 40
negative serum samples whose negativity was con-
firmed by immunofluorescence assay,

Polymerase Chain Reaction

DNA extraction was performed on PBMC from HHV-
8-seropositive subjects (according to the protocol of
Puregene, Gentra Systems, Inc., Minneapolis, MN). A
nested PCR was attempted to amplify a fragment of
233 bp of the ORF26, in order to confirm the serologic
result obtained.

Reactions used 50 pl volumes containing 1 pg of the
extracted DNA, 125 uM of each dNTP, 20 pmal/pl of each
of the two external primers, 10x PCR buffer—MgCl,
and 0.5 U Tag DNA polymerase in a thermocycler
(GeneAmp PCR System 2400, Perkin-Elmer, Norwalk,
CA) for 3 min at 94°C, followed by 35 cycles at 94°C
(1 min), 57°C (1 min), 72°C (1 min), and extended for
10 min at 72°C, Five microlitres of the amplified product
were used in the nested PCR using a set of internal
primers, maintaining the same mixture (final volume of
50 pl), temperature and incubation periods used in the
first reaction. The external primers sequences were
(KSA) 5'-CCTCTGACAACCTTCAGATA-3' and (KSB)
§'-GTACATGGACAGATCGTCAA-3' aiming the ampli-
fication of a sequence of 365 bp. The internal primers
sequences were (KS1) 5-AGCCGAAAGGATTCCAC-
CAT-3' and (KS2) 5-TCCGTGTTGTCTACGTCCAG-3'
aiming the amplification of a sequence of 233 bp [Chang
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Fig. 1. Geogra

hic distribution of the human population groups {urban and Amerindians) from the

Amazon region ulpBrnil, examined for the presence of HHV-8 infection.
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et al., 1994]. Amplified products were submitted to
electrophoresis on 2% agarose gels,

Another nested PCR was performed to amplify a
fragment of 435 bp of the variable region 1 of the K1
gene, and sequenced directly in order to prepare the
phylogenetic tree. Reactions were performed using
the protocol described above. The external primers
sequences were (PMC20) 5-GTCTTTCAGACCTTGT-
TGG-3' and (K1/481/2) 5-CCCGTTAGAACAAGTATA-
3' earresponding to nucleotide positions 6886 and 584—
567. The internal primers sequences were (PMC20A) 5'-
GACCTTGTTGGACATCCTG-3' and (K1/427/2) 5'-GT-
ATTTAGTTTGTGACACGG-3' corresponding to nucleo-
tide positions 76—94 and 530-511 [Cook et al., 1999].
PCR reactions were performed using 3 min at 94°C,
followed by 35 cycles at 94°C (1 min), 48°C (1 min), 72°C
(1 min), and extended for 3 min at 72°C. The PCR
product was electrophoresed on a 2% agarose gel (200 V,
120 Amp/45 min) and purified by QIA Quick Purification
Kit (Qiagen Inc., Valencia, CA) prior to a direct
sequencing of the product.

Sequencing

The amplified fragments were submitted to a direct
sequencing assay according to the protocol of the ABI
Prism Dye Terminator Cycle Sequencing Ready Kit
(Perkin-Elmer Cetus, Norwalk, CA); the reaction pro-
ducts were loaded on the ABI Prism 373 DNA Sequencer
(Perkin-Elmer Cetus).

Phylogenetic Analysis

The nucleotide sequences were obtained from the VR1
of K1 gene of HHV-8 of the present strains together with
the sequences of 22 other HHV-8 strains described in the
Genbank to establish the phylogenetic relationships
and included subtype A (EMA7 (AF130305), BCBL-R
(AF133038), BCBL-B (AF133039), US3 (AF151688),
Ug3 (AF151690)); subtype B (G11 (AF130260), G41
(AF130261), G51 (AF130262), Ugs2 (AF130290), Ug81
(AF130291)); subtype C (ASM72 (AF133041), BC2
(AF133042), US6 (AF151686), GKI17 (AF130267),
GK18 (AF130268)); subtype D (TKS10 (AF133043),
ZKS3 (AF133044)), Aul (AF151687), J24 (AF278844),
J26 (AF278846); subtype E (Tupil (AF220292), Tupi2
(AF220293)). The sequence alignment used the ClustalX
Sequence Editor, version 1.81 [Thompson et al., 1997].
The aligned sequences were used in the Phylip 3.56
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software package [Felsenstein, 1993] to construct
Neighbor-Joining (NJ) trees using the HKY substitution
model. The statistical reliance of the NJ tree was
evaluated using 1,000 bootstrap samples. The trees
were drawn with the TreeView 1.4 program [Page,
2001],

Statistical Analysis

The variations of seropositivity to HHV-8 with
gender, age, quantitation of CD4" T lymphocytes, and
sexual habits were determined using a model of simple
regression analysis, with an 2 value of0.05. Calculations
used the software BIOESTAT 4.0 [Ayres et al., 2005).

RESULTS
Serology

Antibodies to HHV-8 among the Indian groups were
detected in 66/221 (29.9%) subjects. Six samples (25%)
were from the Kararad village, 18 (19.6%) from the
Arara Laranjal, 24 (42.8%) of the Tiriyo, and 18 (36.7%)
from the Zo'e (Table I}, Information regarding gender of
the suhjects tested was obtained in 172 samples and
included 48 positive individuals, distributed among the
Kararao (six females), the Arara Laranjal (6 males;
12 females), and the Tiriyo (7 males; 17 females), Gender
information was not available for the Zo'e samples.

Prevalence percentages according to age were
adjusted for accumulated values due to the low numbers
involved in each tribe. Table II shows the summation of
those with known age information. The prevalence rose
gradually from children under 12 years of age to the
highest level among those over 50 years.

Seroreactivity to HHV-8 among those HIV-1 infected
in the urban area of Belem was detected among 74/477
(15.5%) subjects (Table III). There were 48 (17.6%)
males and 26 (12.7%) females. Prevalence according to
their age is described in Table IV. They were low values
v;lith alow range variation and no clear difference among
them.

A simple logistic regression analysis was employed in
order to correlate the serorreactivity to HHV-8 with
gender and age among Amerindians when information
was available (Table V). A significant association was
detected in which females were infected in a higher
prevalence than males (P =0.0261), but there was no
difference according to their age.

TABLE 1. Seropre of Antibodies (ELISA) to HHV-8 Among Brazilian Amerindians According to Gender
Total Male Female

Amerindian population
ilinguistie group) Tested Positive (%) Tested Positive (%) Tested Positive (%)
Kararao (Je) 24 06 (25) 13 o 11 6
Arara Laranjal (Karib) 92 18 (19.8) 45 6 47 12
Tirivo (Karib) 56 24 (42.8) 21 i j 35 17
Zo'e (Tupi) 49 18 (36.7) . .
Total 221 66(29.9) 7 13(16.4) a3 35 (37.6)
*No gender data available.
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TABLE II. Seroprevalence to HHV-8 Among Amerindian
Populations According to Age

All tribes Tested Positive

<12 58 12
13-24 38
25-36 34
37-49 9
=50 21
Total 160

APP*

20.6 (12/58)
15.6 (15/96)
18.5 (24/130)
20.9 (29/139)
25.6 (41/160)

. 1

d positive pe

Epidemiologic information was available for 419 HIV-
l-infected subjects. A simple regression analysis
(Table V1) showed that there was no significant associa-
tion of seropositivity to HHV-8 with gender (P = 0.1902),
age (P=0.2761), or CD4" T lymphocyte count (P=
0.7909), but it was statistically associated to their sexual
preference (P = 0.0032).

Molecular Characterization

Seven samples (out of 111) had the ORF26 region
amplified using a nested PCR producing a 233 bp
segment. Three samples were from HIV-1-infected
males (Bel72, age 40, bisexual; Bel11312, age 48,
bisexual; Bel11050, age 52, homosexual). Amerindiar
samples were originated from three females, one from
the Tiriyé (Tir8715, age unknown), one from the Arara
Laranjal (Ara8832, 35 years old), and one from the Zo'e
(Zoe9317, age unknown) and one male from the Zo'e
(Zoe9326, age unknown).

The seven amplified samples were submitted to a
nested PCR in order to amplify the VR1 region of the K1
gene. Four (two from HIV-1-infected patients, one from
the Tiriyo, and one from the Zo'e) were successfully
amplified producing a 435 bp segment.

Phylogenetic Tree

The phylogenetic tree compared the nucleotide
sequences of the four samples isolated in the present
study with 22 other samples available in the GenBank
(Fig. 2). Two samples (HIV-1-infected patients) grouped
within subtype B (bootstrap of 100%), one (Zo'e) with
suptype C (bootstrap of 97%) and one (Tiriyo) with
subtype E (bootstrap 96%).

DISCUSSION

In the present study, four native Indian communities
of three different linguistic groups were tested for the
presence of antibodies to HHV-8 using an EIA, yieldinga
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total prevalence of 29.9%. The Tiriyo showed the highest
seroprevalence (42.8%). There was a marked difference
of the seroprevalence between females (37.6%) and
males (16.4%) which was statistically significant
(P=10.0261). In the urban setting, the seroprevalence
among HIV-1 positive subjects was lower (15.5%) and
the gender prevalence distribution was higher among
males (17.6%) than females (12.7%) but it was not
statistically significant. The prevalence of HHV-8
among the Amerindians was significantly higher
(P < 0.0001) than in the urban setting.

A previous study using long-term stored serum
samples of Brazilian Amerindians and an immunofiuor-
escence assay for the detection of latent antibodies
(LANA) detected a total seroprevalence of 53% [Biggar
et al., 2000], but the prevalence rates were calculated
using very low numbers in each group examined; similar
prevalence rates were found for the Tiriyo (57 4%) and
the Wayampi (55.7%) [Cunha et al., 2005]. The data are
not in agreement with the present information, in which
several levels of prevalence rates were described in
agreement with the data found among Amerindians in
a neighboring geographic area [Kazanji et al., 2005].
High prevalence rates were found in Uganda, Nigeria
(Lennette et al., 1996], and Cameroon [Gessain et al.,
1999] where HHV-8 infection is endemic and the
presence of KS is high. There was no elinical evidence
of KS among the groups of the present study.

The seroprevalence among HIV-1-infected subjects
was the first information deseribing a co-infection of
HHV-8 in the North region of the country and was
similar to the prevalence rates described among the
general population of Belem (16.3%; Freitas et al., 2002,
using an EIA), the origin of most of the subjects
examined; it was not different from other prevalence
studies from the French Guiana (13.2%) and Italy
(11.5%), both of which used an immunofluorescence
assay [Perna et al., 2000; Plancoulaine et al,, 2000].
Other studies among blood donors and the general
population in Brazil ranged from 1 to 18.8% [Caterino-
de-Araujo et al., 1999; Pierrotti et al., 2000; Zago et al.,
2000; Souza et al., 2004] as well as in patients without
KS in Brazil [1B.6%; Keller et al., 2001], but quite
different from the prevalence described among men who
have sex with men (32.6%) and in AIDS patients (39.2%
for non-KS patients and 98.7% for AIDS patients with a
diagnosis of KS; Souza et al., 2004),

The finding of antibodies in 20.7% of children under
12 years old and in three HIV-1-infected children is
consistent with the results obtained with children from
the general population which ranges from 3.7 to 15%

TABLE I11. Prevalence of Antibodies (ELISA) to HHV-8, Amrdingﬂm Gender, Among HIV-1 Infected and/or With AIDS, in
Belém, Brazi

Total

Male Female

Urban population Tested

Positive (%)

Tested Positive (%) Tested Positive (%)

HIV-1 infected and/or with AIDS 477 74 (15.56)

273 48 (17.6) 204 26 (12.7)

J. Med. Virol. DOI 10.1002jmv
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TABLE IV. Preval of Antibodies (ELISA) to HHV.-8,
According to Age, Among HIV-1 Infected and/or With AIDS
Age (years) Tested Positive APP*
<12 21 3 14.3 (3/21)
13-24 47 9 17.6 (12/68)
25-36 209 30 15.2 (42/277)
37-49 142 17 14.1(59/419)
=50 45 13 15.5 (72/464)
Total 464 T2

P

[Lennette et al., 1996; Mayama et al., 1998; Gessain
et al,, 1999; Plancoulaine et al., 2000; Cattani et al.,
2003). Although HHV-8 is also transmitted through
sexual intercourse [Simpson et al., 1996], the high
prevalence of antibodies among children reinforces the
possibility of other routes of dissemination [Lennette
et al., 1996; Biggar et al., 2000; Plancoulaine et al., 2000;
Machado et al., 2005].

The high level of antibodies in Amerindians could be
due possibly to vertical transmission of a virus which
usually persists within the human host. There was a
steady but constant rise in the prevalence of antibodies
from the second age group considered (13-24 years of
age) to persons aged 50 years or older, showing that
virus transmission from this age range onward occurs
via sexual contact and is maintained through the
natural persistence and its vertical transmission from
the female host. This was not the case for the HIV-1-
infected group, which showed an apparently different
pattern of infection distribution. Seroprevalence was
approximately the same for all ages indicating that the
virus is acquired equally throughout the host life as a
possible consequence of sexual transmission alone.

The presence of antibodies to HHV-8 was detected in
25.8% (25/97) of HIV-1-infected male homosexuals. This
is in agreement with results found elsewhere (12-90%),
suggesting the sexual transmission as an important
route for the transmission of the virus [Lennette et al.,
1996; Simpson et al., 1996; Regamey et al.,, 1998;
Caterino-de-Araujo et al., 1999, 2003; Nascimento
et al., 2005].

The only positive association found in the present
study among HIV-1l-infected subjects involved the
presence of antibodies to HHV-8 and male sexual
behavior. There was no statistical association of the

TABLE V. Simple Logistic Regressi
Gende:
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prevalence of antibodies related to gender, age, or CD4 "
T lymphocyte count. The association of homosexuality
and CD4* T lymphocyte count was described among
males, HIV-1 infected or not, residing in San Franciseo,
USA [Martin et al, 1998], but no association was
described according to age, race, or education. Likewise,
the prevalence of antibodies among black South African
cancer patients was not associated with gender or place
of birth, but it declined with the rise of the number of
years of education and rose with the number of sexual
partners [Sitas et al., 1999].

The ORF26 region was amplified in 8% (4/50) of the
seroreactive Amerindians and in 4.9% (3/61) of the HIV-
1-infected subjects (one homosexual and two bisexual
males), The small number of amplified products is a
common event when compared to serologic prevalence
rates both among native Indians (3/19 described by
Biggar et al. (2000] and 3/95 deseribed by Cunha et al.
[2008]), and among HIV-l-infected subjects in Brazil
[Keller et al., 2001], Italy [Bigoni et al., 1996], and
France [Dupon et al., 1997). Virus nucleic acid is present
in low levels in peripheral blood and amplification is not
asensitive method, in comparison to the amplification of
HHV-8 genome in cases of tumor lesions where it
reaches positivity in 100% [Sitas et al., 1999; Spira
et al., 2000].

The sequencing of the VR1 region (gene K1) yielded a
multiplicity of molecular subtypes of HHV-8. Subtype B
was described among the HIV-l-infected subjects,
subtype C among the Zo'e, and subtype E among the
Tiriyo. Zong et al. [1999] found subtype B almost
exclusively among African patients with KS, similar to
the results obtained by Cook et al. [1999] in samples
from biopsies, peripheral blood, semen, and HHV-8 cell
lines originated from African countries. Its presence
among HIV-1-infected subjects from the urban area of
Belem is not surprising, when the composition of the
genetic background of the Brazilian population in the
North region of the country is taken into account [Santos
and Guerreiro, 1995; Rodrigues, 1999]. Considering that
the subjects have never left the country nor had any
relation whatsoever with subjects of African origin, it is
reasonable to believe that the virus was brought in with
the African slaves during the colonization period of the
country.

The presence of subtype E was described previously in
two Brazilian Indians, one Arawete and one Assurini
[Biggar et al., 2000], in a Wayampi from the French

Analysis Correlating Serorreactivity to HHV-8,

r, and Age Among Amerindian Populations

All tribes* Tested  Positive (%) P Value  Odds ratio IC 95%
Gender
Male T2 11 (6.9) 0.0261 0.4208 0.196-0.902
Female 88 30 (18.7)
Age
Children (<12 years) 58 12 (7.5) 0.4273 13572 0.638—-2.885
Adults 102 29 (18.1)

*Karararo, Arara Laranjal, Tiriyo

. Med. Virol. DO1 10.1002jmv
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TABLE V1. Simple Logistic Regression Analysis Correlating Seroprevalence to HHV-8, Gender, Age, CD4" T Lymphocyte
Counts, and Sexual Preference Among HIV-1 Infected and/or With AIDS

HIV-1 infected Tested Positive (%) P Value Odds ratio 1C 965%
l Gender
' Male 232 42 (10.3) 0.1902 1.4324 0.837-2452
Female 187 25 (5.7)
Age (vears)
=24 a1 09 (2.15) 0.2761 0.6444 0.292-1.421
=24 378 58 (13.8)
CD4'TL hn?vtes
<350 m{]?:’; 260 39 (9.3) 0.7909 0.9308 0.548—1.682
=350 cells/mm® 169 28 (6.7)
Sexual preference
Heterosexual 322 42 (10.0) 0.0032 0.4320 0.247-0.755
Homao/bisexual a7 25 (6.0)

Guiana [Kazanji et al., 2005), and in Equador [Whithy
et al., 2004]; together with the present information of
subtype E found within the Tiriyo, confirms not only its
presence but also its distribution as a unique molecular
subtype among Amerindians from different geographic
locations and different linguistic groups. Furthermore,
subtype C, which is commonly associated to patients
with classical KS, iatrogenic, and KS associated with
AIDS in Middle East and Asia [Zong et al,, 1999] was
described for the first time among Amerindians, the
Zo'e, an epidemiologically closed community of the Tupi
linguistic group.

The seroprevalence of HHV-8 shows an endemic
infection among Amerindians which was significantly
higher than in the urban setting, both in the general
population and among HIV-1 carriers. It is plausible to
suggest that HHV-8 is an ancient virus of those native
Indian populations as they are epidemiologically closed
groups with a very recent history of limited contact with
urban communities. The suggestion is strengthened by
the description of a high diversity of molecular subtypes
(three out of five), as well as a unique one, found, so far,
only within the boundaries of the Amazon region of
Brazil and Equador. The three reasons above described

VGEIg

Fig. 2 Unmnln-d phylogenetic tree showing the relationship among HHV.8 samples available in the

Genebank and samples of the p

study: Zo'e 9317, HIV-1-infected patients (Bel11050 and Bel11312),

Tiriyo lTlrﬂ'?l&l The tree was constructed using the NeighborJ g (NJ) method usi ts of

400 nucleotides of the VR1 region of the K1 gene.
replicate.

. Med. Virol, DOI 10.1002f5mv

ng
< statistical wppoﬂ was applied using 1,000  bootstrap
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form a body of a preliminary strong evidence which will
be further pursued.
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