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Abstract

Prevalence and molecular epidemiology studies for hepatitis B (HBV) and C (HCV) virus are

scarce in Warao Amerindians from Venezuela, where an epidemic of human immunodefi-

ciency virus type 1 (HIV-1) has recently been documented. To carry out a molecular epide-

miology analysis of hepatitis B (HBV) and C (HCV) virus in Warao individuals from the Delta

Amacuro State of Venezuela. A total of 548 sera were tested for serological and molecular

markers for HBV and HCV. The prevalence of active infection (presence of HBV surface

antigen, HBsAg), exposure to HBV (presence of Antibody to HBV core antigen, anti-HBc)

and anti-HCV, was 1.8%, 13% and 0% respectively. HBV exposure was significantly lower

in men below 18 years old and also lower than rates previously reported in other Amerindian

communities from Venezuela. Thirty one percent (31%, 25/80) of individuals without evi-

dence of HBV infection exhibited anti-HBs titer� 10U.I / ml, being significantly more fre-

quent in individuals younger than 20 years. A higher HBV exposure was observed among

HIV-1 positive individuals (33% vs 11%, p <0.005). A high prevalence of occult HBV infec-

tion was also observed (5.6%, 11/195). Phylogenetic analysis of S gene and complete HBV

genomes showed that F3 is the only circulating subgenotype, different from the F2 subgeno-

type found in 1991 in this population. These results suggest a recent introduction of subge-

notype F3, with a low divergence among the isolates. These results highlight the importance

of molecular epidemiology studies for viral control, and support the effectiveness of vaccina-

tion in reducing transmission of HBV.
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Introduction

Infections caused by Hepatitis B (HBV) and C virus (HCV) are a major public health problem

around the world [1]. In Venezuela, HBV active infection prevalence is relatively low (< 2%)

[2], except in Amerindian populations [3]. Previous studies in Venezuelan indigenous com-

munities have shown high rates of prevalence of active HBV infection from 0–65% and HBV

exposure from 15.5–80.5%, with a great variation between different indigenous communities

[4, 5, 6, 7]. In addition to the classical HBV infection, HBV occult infection (OBI) appears to

be frequent in Amerindians [7, 8]. OBI is characterized by the long-lasting persistence of HBV

DNA in the liver, with detectable or undetectable HBV in the serum, in the absence of HBV

surface antigen (HBsAg) [9]. OBI can lead to an increase in severe chronic manifestations and

accelerate liver injury in patients with chronic liver disease including chronic HCV infection

[10, 11, 12].

Up to 10 HBV genotypes (A-J) and multiple subgenotypes have been described [13]. Geno-

type F is the most divergent of the HBV genotypes, autochthonous to South America and

highly predominant in Venezuela, particularly in Amerindians [14, 15, 16]. Four subgeno-

types, F1 to F4, have been described inside HBV genotype F [17]. A new subgenotype F5 has

been proposed in Panamanian blood donors [18]. In Venezuela, F3 is the most common sub-

genotype followed by subgenotype F2; it is uncommon to find more than one subgenotype cir-

culating in a specific Amerindian community [14, 15].

It is estimated that 1.5% of the general population has antibodies against the virus (anti-

HCV), while in Amerindian population a seroprevalence up to 2.1% has been reported. How-

ever, in many of these cases, the reactivity of antibodies has not been associated with the pres-

ence of viral RNA [19]. While HBV is endemic in Amerindian communities, HCV is more an

imported virus in them, with low or null prevalence [19, 20, 21, 22].

Most epidemiological studies of HBV and HCV in Venezuelan Amerindians have been ori-

ented to Yanomami and Piaroa population [4, 5, 6, 7, 19, 20]. Although HBV infection is

highly frequent among Amerindians, the prevalence and rate of acquisition of this infection

varies between each community [5, 7]. Little information is available about HBV infection and

on the eventual presence of HCV in Warao population, where an epidemic of Human immu-

nodeficiency virus type 1 (HIV-1) infection has already been documented [23, 24].

Warao Amerindians inhabit the Orinoco River Delta in Northeastern Venezuela and adja-

cent areas. It is the second most numerous indigenous tribe, with a population of 48.771 indi-

viduals [25]. Over time, different factors have forced this population to migrate to the nearest

urban centers in search of improvements, which consequently has allowed the introduction of

diseases to which they had never been exposed [26, 27, 28]. The aim of this study was evaluate

the prevalence and genetic diversity of the HBV and HCV in Warao Amerindians Venezuela.

Materials and methods

Blood samples

This study was approved by The Bioethical Committee of Instituto Venezolano de Investiga-

ciones Cientificas (IVIC), Servicio de Atención y Orientación al Indı́gena (SAOI) (Office in

charge of Indigenous Health in Delta Amacuro State) and the Local Office of Health Programs

of Delta Amacuro State. Consent of villages was obtained through meetings with Warao com-

munity councils and written informed consent of each individual was verbally translated into

the Warao language. A total of 548 blood samples from Warao individuals (287 male and 261

female, median age 27 years) living in ten villages of Delta Amacuro state from Venezuela

(CañoYeri n = 2, Iburuina n = 6, Ibute-Guayo n = 18, Isla de Jobure n = 24, Jeukubaka n = 27,
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Jobotoboto n = 23, Jobure de Guayo n = 84, Jokabanoko n = 2, San Francisco de Guayo

n = 328 and Usidu n = 34), were obtained during year 2011 and stored at −20˚C until use.

These samples were previously tested for HIV-1 positivity, finding a high prevalence (9.55%)

of infection [23].

HBV and HCV serologic markers

Serum samples were tested for Hepatitis B surface antigen (HBsAg), total antibodies against HBV

core antigen (anti-HBc) and antibodies against HCV (anti-HCV), using immunoenzymatic assays

(ELISA) (Biokit S.A Barcelona, Spain). HBV and HCV samples exhibiting an optical density

above or near the tests cut-off value, were then tested using a third generation immunoenzymatic

assays (ELISA) according to the manufacturers instructions (DiaSorinS.p.A UK Branch and Bio-

Rad France) and by polymerase chain reaction (PCR). Eighty serum samples selected at random,

without serological and molecular evidence of infection by HBV, were tested from antibodies

against HBsAg (anti-HBs) using ELISA ETI-AB- AUK-3 (DiaSorinS.p.A. Italy).

Polymerase chain reaction (PCR) and sequencing

A total of 188 serum samples (10 positive HBsAg, 68 negative HBsAg / positive anti-HBc and

110 samples HBsAg and anti-HBc negative randomly selected) were tested for the presence of

HBV-DNA as previously described [15, 29]. Sequence of partial S gene or complete genome

was performed as previously described [30, 31] and were deposited in GenBank under the

accession numbers MH051986- MH051998.

HCV RNA was detected by amplification of the 5´ non-coding region (5´NC) using reverse

transcription and nested polymerase chain reaction (RT-PCR) [32].

Phylogenetic and sequence analysis

Sequence alignment and phylogenetic analysis were conducted using the Molecular Evolution-

ary Genetics Analysis version 7 software (MEGA 7.0.26) [33]. The phylogenetic trees were per-

formed using the Neighbor Joining method (1000 bootstrap replicas) with genetic distances

evaluated with Kimura 2 parameters corrections. Reference sequences from the different geno-

types and subgenotypes were included in the phylogenetic analysis, as well as sequences closely

related to the Warao sequences analyzed, obtained by BLAST evaluation. Electropherotypes

were also visually inspected to detect the presence of variants in specific nucleotides, associated

with stop codons or other relevant mutations or polymorphisms.

The presence of mutations in the ‘‘a” antigenic loop and the major hydrophilic region

(MHR) were analyzed from amino acids 100 to 181 of HBsAg.

Statistical analysis

Statistical differences were evaluated by the Chi-Squares test with Yates correction, or Fisher

Exact test (when a number under 5). P values less than 0.05 were considered significant. All

analysis were done using Epi Info program, version 3.5.3 (Centers for Disease Control and

Prevention, Atlanta, GA).

Results

Prevalence of HBV and HCV infection in Amerindian Warao population

of Venezuela

A total of 548 serum samples of individual from ten Warao communities were tested for HBV

and HCV serological markers. The overall prevalence of HBsAg, anti-HBc and HCV infection
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(anti-HCV and HCV RNA positivity) were 1.8% (10/548), 13% (71/548) (Table 1) and 0% (0/

548) respectively. The prevalence of HBsAg was similar in both genders (2%, 6/287 in males

vs. 1.5%, 4/261 in females), without any significant differences in age groups of this population.

The prevalence of total anti-HBc was significantly higher (p<0.0001) in males (18%, 52/287)

compared with females (2%, 4/261), with a higher prevalence in men over 18 years old

(p = 0.03) (Table 1).

Immunity acquired by vaccination

In order, to evaluate the immune status of Warao population, eighty serum samples selected at

random, without serological and molecular evidence of infection by HBV were tested from

antibodies against HBsAg (anti-HBs). Thirty one percent (31%, 25/80) of individuals exhibited

anti-HBs titer� 10U.I / ml, without significant difference between female and male (women

39%, 17/44 vs. men 22%, 8/36). A higher proportion and titer of anti-HBs was found in the age

group equal to or lower than 20 years, with respect to the older age group (p = 0.0003 and

p = 0.01 respectively) (Fig 1).

Co-infection with HIV

From the previous data on HIV-1 infections in this same study population [23], a higher prev-

alence of HBV exposure with respect to HIV-1 was observed (13%, 71/548 anti-HBc positive

Table 1. Serological prevalence of HBV markers (HBsAg and anti- HBc) by age group in Amerindian Warao com-

munities from Delta Amacuro State, Venezuela.

Positive HBV serological markers

HBsAg (%) Anti-HBc (%)

Age (years) F M F M

<18 2/68 (3) 1/76 (1) 2/68 (3) 7/76 (9)

19–30 2/90 (2) 2/86 (2) 8/90 (9) 15/86 (17)

31–50 0/82 (0) 2/92 (2) 7/82 (9) 21/92 (23)

� 51 0/21 (0) 1/33 (3) 2/21 (10) 9/33 (27)

Total 4/261 (2) 6/287 (2) 19/261 (7) 52/287 (18)

Total F+M 10/548 (1.8) 71/548 (13)

Numbers into parentheses denote the prevalence percentage. F: female, M: male.

https://doi.org/10.1371/journal.pone.0197662.t001

Fig 1. Distribution anti-HBs titres (IU/ml) by age in population Amerindian Warao. The gray shadow indicates the

group under 20 years of age with anti-HBs titers significantly higher (p = 0.01) than those obtained in the population

over 20 years of age. GM refers to the geometric mean of the anti-HBs titer.

https://doi.org/10.1371/journal.pone.0197662.g001
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vs. 7.1%, 39/548 HIV-1 positive, (p = 0.002). From the 71 individuals exposed to HBV, 13

(18%) were infected with HIV-1. The co-infected population was composed entirely of male

individuals, representing 25% (13/52) of the male population exposed to HBV, compared to

female population where no co-infection was detected. The prevalence of HBV exposure was

significantly higher (p = 0.0002) in HIV-infected individuals (33%, 13/39) than in HIV-nega-

tive ones (11%, 58/509).

Detection of HBV occult infection

A total of 205 sera (10 HBsAg positive and 195 HBsAg negative) from Amerindian Warao

population were analyzed for the presence of HBV DNA. The S gene of HBV DNA was ampli-

fied in all HBsAg positive samples (10/10), one of them also HIV-1 positive. OBI was 5.6% (11/

195) of a subgroup (195/538) of the Warao population, with 13% (9/68) of denominated resid-

ual OBI (with anti-HBc positivity) and 1.6% (2/127) of silent one (without either HBsAg or

anti-HBc positivity) (Fig 2). No significant difference was observed in the OBI prevalence

according to sex: HBV DNA was detected in the sera of 4/85 females and 7/110 males. Of the

population evaluated for OBI, 19.5% (38/195) individuals were infected with HIV-1 and only

one was positive for HBV DNA (residual OBI). The difference in prevalence of OBI between

Fig 2. Occult hepatitis B Infection (OBI) prevalence in Warao Amerindians. Positive and negative samples are

represented with + o–symbol respectively.

https://doi.org/10.1371/journal.pone.0197662.g002
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the HIV- (6.4%, 10/157) and HIV+ (2.6%, 1/38) population was not significant. In this sense,

the active HBV/HIV co-infection prevalence was 5.1% (2/39).

HBV genetic characterization

To determine the genetic diversity of HBV among Warao Amerindians 13 partial sequences of

the S gen and two complete genomes were analyzed. Phylogenetic analysis of the partial HBV

S region (from 9 active infections and 4 occult infections) and two complete genomes showed

that all the strains belonged to HBV subgenotype F3 (Fig 3A). The 13 strains studied were

closely related to each other, with 99.5–100% identity. The isolates of this study were closely

related to a F3 HBV isolate found during year 1997 among Warao population [34]. Complete

genome analysis of two Warao isolates confirmed the close identity (99.9%) found in this

group of sequences (Fig 3B).

Substitutions related to HBV occult phenotypes [35], with vaccine escape mutants impaired

virion and/or S protein secretion in vitro [36, 37, 38] or YMDD variants in polymerase [39,

40], were not detected (data not shown).

Discussion

In the Warao Amerindians population, prevalence and molecular epidemiology studies are

scarce for HBV and HCV. In this study, HBV active infection and exposure (1.8% and 13%)

were lower than the ones reported in previous studies in 1973 (5% and 34%) and 1991 (8.37%

and 30.9%) [41, 42]. No serological or molecular evidence of HCV infection was observed, in

contrast to unique previous study that reported 2.5% of exposure to HCV in 775 samples from

Warao individuals, without mentioning the study community [19]. HBV and HCV prevalence

might be influenced by the migration process of the Warao population in the mid-1990s

towards urban populations [26, 27]. In any case, the possible introduction of HCV does not

seem to have spread in the Warao population, unlike that was observed for example for HIV-1

[23].

Fig 3. Phylogenetic tree of HBV isolated from Amerindian Warao population. A) Phylogenetic analysis of HBV S

region (658 bp) and B) of two complete genome HBV isolated of Amerindian Warao population. Genetic distance was

estimated by Kimura two parameters correction, MEGA version 7.0.26. Phylogenetic tree was constructed with the

Neighbour-joining method. Numbers at each node correspond to bootstrap values (>50%) obtained with 1000

replicates. The prototype strains are designated by their GenBank accession number, and country or ethnic group,

except the Warao isolates of this study (bold). VNZ: Venezuela. �These Warao isolates were obtained between the years

1991–1997 and analyzed in a previous study [34]. The sequences of occult HBV infection are underlined. Six isolates

for which only a 330 pb fragment could be amplified are not included in the tree.

https://doi.org/10.1371/journal.pone.0197662.g003
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The higher HBV exposure prevalence in the Warao population over 18 years might suggest

that sexual transmission is the main route of HBV infection in this population. The higher

exposure to HBV found in men might be attributed to practice of sex between men [43]. In

general, both active infection and exposure to HBV found in Warao population were signifi-

cantly lower (p<0.00001) than those reported in other Amerindian population in Venezuela,

both in Yanomami (14.3% and 58%, respectively) and Piaroa (5.1% and 27.4%, respectively)

[5]. In particular, the acquisition of anti-HBc was significantly lower in Warao respect to

Yanomami, independently of the age group. These differences may be related to diverse socio-

cultural practices between these communities. In Yanomami, the initiation of sexual relations

at an early age [44] and rituals that involve bleeding and scarification are the main risk factors

associated to HBV infection [45, 46]. In the Piaroa population the dental extraction and sur-

geries are common [6], while Warao do not have rituals that involve bleeding or scarification

[47]. In addition, vaccination may play a significant role in reducing the exposure to HBV in

the Warao, since the low prevalence of infection HBV in young individuals was accompanied

by a higher prevalence and titers of antibodies to anti-HBs. The major proportion of antibodies

in the individuals under 20 years suggests a lower prevalence of infection over the course of

the next years; however, there is a population currently susceptible to HBV infection that

needs to be vaccinated. Although in vaccinated individuals it is possible to detect occult HBV

infection (OBI) or escape mutants to the vaccine [48], the beneficial effect of vaccination in

reducing the burden of infection by this virus is well documented [49, 2].

As was previously mentioned, the health of Warao population is widely affected by HBV, as

well as by HIV-1 [23], which shares the same transmission routes. The HBV exposure preva-

lence in HIV-1 positive patients found in this study (33%), particularly in the male population,

was higher than the one reported in the urban population of Venezuela (14%) and Colombia

(12%) [50, 51].

OBI is frequent in Amerindian populations of Latin America, probably due to the immune

compromise caused by multiple bacterial infections such as tuberculosis, parasitic infections,

malnutrition and HIV-1 co-infection, exhibited by these populations [52, 53, 7]. The immune

compromise in different contexts plays an important role in the expression of escape variants

of HBV [10, 54]. The overall OBI prevalence in Warao population is similar to that reported in

others Amerindian population of countries such as Argentina (6.5%) [55], but lower that the

one found in Amerindian communities from Colombia (23.5 to 25%) [56]. The residual and

silent prevalence of OBI in Warao population, were significantly lower (p = 0.003 and

p< 0.0001, respectively) than the one reported in the Piaroa population (52% residual and

23% silent OBI) [8], that is in concordance with the higher HBV infection prevalence present

in the Piaroa population. However, the residual OBI prevalence (13%) was higher than that

reported to urban blood donor population of Venezuela (6%) [48]. In HIV-1 positive Warao

patients, the residual OBI prevalence was similar to that reported in chronic HIV-1 patients

living in urban areas from Venezuela (7%) [57] or Colombian HIV-1 patients (8.7%) [51] but

lower than that described in naïve HIV-positive patients living in urban areas from Venezuela

(18%) [50].

Phylogenetic analysis showed the presence of F3 as the unique circulating HBV subgeno-

type in the Warao population, closely related to HBV isolates circulating in other Amerindian

population from Venezuela, Piaroa and Yanomami [8]. In a previous study, four HBV isolates

were identified, three subgenotype F2 from 1991 and one F3 from 1997 [34]. These data sug-

gest a possible displacement of the F2 subgenotype detected in the early 90s by the F3 subgeno-

type detected in 1997 and in 2011 years (sampling date of this study). Warao population might

be have been exposed to subgenotype F3 HBV during the migration process experienced in

the early nineties, as mentioned previously [26, 27]. The eventual displacement of subgenotype

Hepatitis virus in Warao population of Venezuela
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F2 by F3 in this population might be favorable, since HBV F3 infection seems to be associated

with a lower severe liver disease compared to subgenotype F2 [58]. HBV subgenotype F3

might have been introduced in the Warao population before HIV-1, due to that HBV-F3 was

present at least since 1997 [34], while the probable date of introduction of HIV-1 was around

2002 [23].

This study reflects the importance of the epidemiological and molecular analysis in Amer-

indian populations in order to establish effective strategies for the control and eradication of

HBV, and highlights the positive effect of vaccination against HBV in high-risk populations at

all ages to achieve greater immunization and decreasing transmission.
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