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Abstract
Hepatitis B virus (HBV) infection is the leading cause of severe chronic liver disease. This article provides a critical view of the importance of genomic medicine for the study of HBV infection and its clinical outcomes in Latin America. Three levels of evolutionary adaptation may correlate with the clinical outcomes of HBV infection. Infections in Latin America are predominantly of genotype H in Mexico and genotype F in Central and South America; these strains have historically circulated among the indigenous population. Both genotypes appear to be linked to a benign course of disease among the native and mestizo Mexicans and native South Americans. In contrast, genotypes F, A and D are common in acute and chronic infections among mestizos with Caucasian ancestry. Hepatocellular carcinoma is rare in Mexicans, but it has been associated with genotype F1b among Argentineans. This observation illustrates the significance of ascertaining the genetic and environmental factors involved in the development of HBV-related liver disease in Latin America, which contrast with those reported in other regions of the world.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We explore the influence of genetic and environmental factors that may participate in the clinical outcome of hepatitis B virus (HBV) infection among the Latin American population. Such features may be of interest to clinicians and scientists in the field of hepatology because this population differs importantly from others worldwide. A novel genomic medicine approach is required to implement new strategies for the prevention, management and treatment of HBV infection.
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INTRODUCTION
Hepatitis B virus (HBV) is a globally distributed human pathogen that can cause life-threatening liver disease such as chronic hepatitis, liver cirrhosis and hepatocellular cancer[1]. At least 350 million people worldwide contribute to the large reservoir of chronic carriers, especially in developing regions, which may now be facing epidemiological shifts due to immigration[1,2].

The study of the HBV reflects many of the chronological stages of scientific and technological development in the field of medical virology[3]. During the immunological phase, the discovery of the hepatitis B surface antigen protein (HBsAg)[4] supported worldwide serological testing for HBV infection; later, the use of DNA amplification and sequencing tools marked the era of molecular epidemiology to test for viral genomes and genotypes, respectively[3]. Most recently, the Bayesian coalescent and phylogeographic framework[5] coupled with bioinformatics and specialized software is rapidly contributing new data regarding the geographic origin and spread of HBV infection throughout different populations globally[6].

Significant progress has also been made in regards to understanding the epidemiology, virology, natural history and therapy of HBV infection[3]. Moreover, novel prevention, management and treatment strategies should now be studied with a genomic medicine approach. Herein, we consider that the interrelationship between genetic and environmental factors involved in the development of human diseases should be based on the features of each population[7,8]. Hence, HBV infection is a particularly suitable candidate to examine such an approach.

This paper provides a critical view of why the application of genomic medicine is required for the study of HBV among the Latin American (LA) population. This complex ethnic group, which arose from the mixture of Native American, Caucasian and African lineages, presents a combined distribution of HBV genotypes from the Old and New World, which may have an impact on the clinical outcomes of and treatment strategies for HBV infection.

WALKING WITH THE HEPATITIS B VIRUS

Origin and diversification of HBV
It is plausible that viruses have accompanied humans since their emergence on planet earth[9,10]. Within their genetic information and replication cycles may lie the history of key events in the diversification of all living creatures[11]. When did viruses first originate? It is an exciting question that still inspires researchers to develop new methods for genetic sequence analysis[12-14]. For example, the hepadnaviridae family is divided into two genera, orthohepadnavirus and avihepadnavirus, based on their genomic similarities and hosts[15]. Additionally, the Hepadnaviruses have the ability to integrate their genome into the host’s genome[16,17]. This feature is useful for paleovirologists to identify ancient endogenous viral elements and estimate how long they have coexisted with their host[18-20]. Interestingly, rock and sediment fossils are crucial to date the age of any plant or animal species, while in some viruses, fossil information can be found in contemporary cells’ genomes. The genus Avihepadnavirus primarily infects birds, and it is estimated that it emerged in the Mesozoic era, 65 million years ago[20], when mammals lived in the shadow of the dinosaurs[21]. In contrast, the genus Orthohepadnavirus affects mammals[15]. This genus includes the human hepatitis B virus, one of the most important etiological agents of viral hepatitis in the world[22]. The HBV genome is approximately 3.2 kb, made of partially doubled stranded DNA confined within a fenestrated nucleocapsid (core protein) enveloped in a membrane containing three surface antigen proteins (large, medium and small HBsAg)[15,23]. HBV genome replication is carried out by a viral DNA polymerase without DNA proof-reading capacity[23], which contributes to the high genetic diversity of HBV.

Based on their genomic divergence, HBV is classified into eight genotypes, designated A through H. New information has been gathered that suggests the existence of genotypes I and J[24]. However, the .origin of HBV still remains unclear[25] due to the lack of consensus on the estimated evolutionary rates for HBV and the inconsistency between these data and archeological evidence[26]. Recently, Paraskevis et al[6] estimated that diversification among the different genotypes may have occurred 33000 years ago. Thus, by adapting these results to the hypothesis that HBV came from Africa[6,25,27], it is plausible that the most recent common ancestor (MRCA) of all HBV genotypes traveled together with humans from Africa to their arrival in Beringia. Archaeological and genetic evidence show that modern humans originated 200000 years ago[28]. In addition, it has been estimated that humans began to migrate out of Africa 100000 years ago, traveling through Israel, India, China, Australia, Europe and Russia before reaching the limits of the old continent[29]. Later, the expansion was detained by the glacier of the Beringia region for approximately 36000 years[30]. In this region, the pre-Amerindians faced an extremely hostile climate that reduced their population from 9000 to approximately 3200 people, who then crossed the strait to the Americas[30]. In the last 20000-13000 years, humans have dispersed to Alaska, the continental United States, Mexico and Central and South America[18,31-35]. The ancestral population of Greenland may have been the last to cross over to the new continent, roughly 5500 years ago[36].

From Africa to South America, man was exposed to diverse climates, geographic altitudes, foodstuffs and pathogens. Consequently, due to host-environment interactions, inhabitants may have undergone region-specific genotypic and phenotypic adaptations[37,38]. Examples include the anatomical structure of the Eskimos[39,40], the height and pigmentation of the African population[41], tolerance of hypoxic conditions in the Tibetans[42,43] and adaptations to varying diets[44] and infectious agents[45,46]; these adaptations allowed them to survive. Based on such features, it is likely that each new human settlement carried an HBV strain with its own MRCA, which may have developed specific adaptations to its host, allowing it to survive and spread efficiently through its autochthonous population. These changes are reflected at the genomic level, giving rise to what we now know as genotypes.

It is estimated that the first genotype to diversify was C, followed by B, D, A, F, E, H and G[6]. HBV genotypes A through E are predominant among Old World populations. Genotypes B and C are predominant in Asia; genotype D in Africa, Europe and India; and genotype A in sub-Saharan Africa, North Africa and Western Europe; genotype E is restricted to East Africa[47]. Furthermore, genotype G may be the most recent, with an estimated time of MRCA of 800 years[6]; however, because its genome contains fragments of other genotypes[48,49] and the number of complete sequences studied is limited, further research is required to determine its geographic origin[8]. Nonetheless, genotype G is restricted primarily to populations of men who have sex with men in America[8], suggesting that these patients play a key role in the spread of HBV to other parts of the world[50-53].

Genotype H is predominant in Mexico[7,8], while genotype F prevails in Central and South America[54,55]. Phylogeny tests performed by the Neighbor-Joining and Maximum Likelihood methods group these genotypes as “sisters”, near the root of many phylogenetic trees[56-60] due to their strong genetic similarities. Thus, by this methodology, genotypes F and H belong to a monophyletic clade and can be considered direct descendants of the ancestor of all human hepatitis B genotypes. Because they share common epidemiological and transmission routes, such features may be of medical relevance to the clinical outcome and response to treatment among human populations in Mexico and Central and South America.

Human adaptations to HBV
Based on their historical background and types of infection[61], human populations have developed a wide spectrum of adaptations to HBV. From an evolutionary perspective, “adaptation” is defined as all changes that increase the success of the survival of an organism[62]. Applying this concept to HBV, we may consider three levels of the adaptation process: incomplete, semi-complete and complete; these classifications may be related to the clinical outcomes of HBV infection in humans.

Incomplete adaptation: Incomplete adaptation events may be exemplified in patients who develop fulminant hepatitis[63], wherein a hyperimmune response to viral antigens may lead to the deterioration of liver function, severely compromising the patient’s life[64,65]. This is an inefficient state for the survival of HBV, which depends on the host to exist. Viruses exhibiting incomplete adaptation may be those that recently crossed the species barrier[66]. Alternatively, they may arise in the circulating population in the form of core and pre-core gene mutants, which enhance the encapsidation of virions and in some cases may cause fulminant hepatitis B[67-69]. In general, the frequency of fulminant hepatitis is approximately 0.1% to 1%[70,71], suggesting that the majority of HBV carriers have other forms of adaptation.

Another mechanism of incomplete adaptation, which is beneficial to the host, may occur when HBV DNA genomes are eliminated by an efficient and coordinated immune response[72]. In this type of infection, Th1 cytokines (IFN-, IL-2, TNF-) quickly clear HBV DNA by means of an optimal polyclonal response against the viral antigens[73]. Then, T cell (CD4+ and CD8+) activity fights infection by cytolytic and non-cytolytic mechanisms[73,74]. This type of response may annihilate HBV; however, if all human populations responded in the same manner, today’s HBV would not have achieved such a broad distribution.

Semi-complete adaptation: Semi-complete adaptation can be exemplified in patients with chronic hepatitis B infection. In this group, it is a common characteristic to detect HBV DNA and HBsAg after more than six months[75]. It is likely that an inadequate immune response and HBV evasion mechanisms are responsible for chronicity[74]. This type of infection does not immediately compromise the host’s life, allowing hepatitis B virions to fulfill their life cycle and transmit to the susceptible population. Nevertheless, prolonged exposure to chronic infection is associated with the development of fibrosis and cirrhosis[22,75]. Additionally, the HBx protein has been related to the development of hepatocellular carcinoma by interacting with different signaling pathways[76], preventing DNA repair[77] and modulating the cell cycle[78]. There are 350 million people suffering from chronic HBV infection[71], many of whom are part of the Asian population, which harbors genotypes B and C and has a higher risk for hepatocellular carcinoma (HCC)[79]. This situation contrasts with the clinical presentation of HBV genotypes F and H[7,8] and may indicate that an important majority of the human population presents semi-complete adaptation; thus, in the long run, some HBV genotypes may be more aggressive than others.
Complete adaptation: Finally, complete adaptation comprises what is known as occult hepatitis B (OHB). In this scenario, infections are characterized by low viral loads (< 200 IU/mL) and the absence of HBsAg[80]. It is likely that the ability to integrate the HBV genome into the host’s cell[79], the stability of the cccDNA and immune tolerance[81] achieve a balance between the rate of viral replication and tissue damage, conferring a homeostatic state between the human host and the specific HBV genotype. Under this hypothesis, complete adaptation may allow patients to be asymptomatic for many years[82]. However, other viral infections (i.e., HIV or HCV)[83], intravenous drug use, immunosuppression, antiviral therapy and even massive vaccination may break the equilibrium state, triggering the onset of symptoms. Additionally, these environmental “stress” factors may provoke genetic diversification, thus enhancing viral fitness and survival.

Finally, HBV could have accompanied humans from their origin to their arrival in South America, developing variable degrees of mutual adaptation depending on the degree of endemicity, HBV genotype, extent of exposure and genetic background of the human population. Thus, the clinical manifestations and outcomes of HBV infection may reflect the degree of adaptation between the human host and their specific viral genotype companion.

HBV IN LATIN AMERICA

The Latin American and Caribbean region encloses the Spanish, Portuguese and French-speaking countries of the American continent and covers almost 22000000 km2. It includes Mexico, the islands of the Caribbean and Central and South America, which possess a rich cultural and natural heritage[84]. In this region, HBV endemicity ranges from low to high with at least 7 to 12 million people infected[85,86]. In the following section, we offer an overview of the relationship between the genetic backgrounds of LA hosts and HBV genotypes, both endemic and foreign, with an eye to the clinical outcomes of HBV infection.

Human population
The peopling of the Americas, and consequently the origin of the present-day LA population, is an active topic of research. In a recent population genetics study, Reich et al[87] proposed that Native Americans descend from at least three streams of Asian gene flow. One stream of ancestry comprises the Native American descendants that came from the homogenous “First Americans”, who crossed the Bering Strait more than 15000 years ago (range, approximately 40000-15000 years). Two additional Asian lineages were detected among the Eskimo-Aleut speakers and Na-Dene-speaking Chipewyan, with a subsequent admixture between First Americans and the following streams of aforementioned Asian migrations[87]. The nomadic lifestyle of these people and the climatic changes allowed for their widespread expansion throughout the continent in a southward direction[87].

The establishment of human populations in continental Latin America began mainly in the northern part of Mexico. This dry land region, known as Aridoamerica, was inhabited by small and isolated semi-nomadic groups[88], while Mesoamerica, in central-south and southeast Mexico, with its extraordinary natural resources, especially in the Mexican Basin, invited the nomadic hunter-gatherers to become sedentary societies[87,88]. Anthropological evidence dates the earliest settlers in Mexico as far back as 30000 years, during the Lithic Period[89]. The climatic conditions and environment of Mesoamerica allowed the domestication and earliest cultivation of plants (7000-5500 BC), which resulted in the eventual emergence of agriculture systems. The growth of sedentary societies during the Pre-classical period (2200 BC) flourished in the Classical (150-900 AC) and Post-classical (900-1519 AC) period with the subsequent increase in population density[89].

The size of the most developed population, in Tenochtitlan, the Aztec capital city, at the time of the Spanish conquest was 25000000, which declined drastically to 5000000[90] due to warfare, overwork and the presence of epidemic diseases, thereby allowing the wide expansion and settlement of Europeans that gave rise to the initial genetic and cultural admixture[89,90]. The Spaniards later brought slaves from several regions of Africa and further admixture occurred[88]. These historical processes, in conjunction with successive colonization and industrial development from the 16th to the 18th century, brought other foreign settlers; in recent years, ongoing migration has come to shape the present-day gene pool of the Mexican population.

Several genome-wide analyses[87,88,91,92] have demonstrated that the Mexican population still retains its Native American ancestry, with the degree of Amerindian ancestry increasing from north to south (38%-76%) and a proportional decrease in European ancestry (50%-8.5%); African ancestry remains relatively low throughout the population (9%-18%)[92,93]. Likewise, most of the population of Central and South America underwent the same pattern of socio-demographic transformation as the Amerindian ancestry, which led to the heterogeneous distribution of the admixture background of LA. For example, the population of Argentina displays predominantly European ancestry (78%), followed by Amerindian (19%) and African ancestry (3%), although the precise proportions may differ according to the studied subpopulations[94]. Brazil and Colombia show similar proportions of European (71%) followed by the Amerindian ancestry (18%-19%), and the African ancestry (10%-11%)[95].

Epidemiology of HBsAg seroprevalence
HBV infection in Latin America has a heterogeneous distribution when estimated by the HBsAg serological marker. According to the World Health Organization (WHO), the majority of LA countries are considered low seroprevalence (< 2%) regions, including Mexico, Honduras, Nicaragua, Costa Rica, Panama, Cuba, Paraguay, Uruguay, Chile, Argentina, Peru and north Colombia. Regions with intermediate seroprevalence of HBV infection in Central America are Guatemala, Belize, El Salvador, Honduras, Haiti the Dominican Republic and Puerto Rico (> 2.0%-< 8.0%). In South America, some countries or regions are classified as having intermediate endemicity, such as Ecuador, Venezuela, Guyana, Surinam, French Guyana and the south of Brazil; whereas Peru, south Colombia, northern Bolivia and northern Brazil are known for their high seroprevalence (HBsAg > 8%)[2,22,96,97]. However, WHO reports are primarily estimates that require updated feedback obtained by national, large-scale epidemiological studies, which are not commonly carried out in developing countries, including those of Latin America. For example, the introduction of HBV vaccination campaigns among members of the WHO has diminished its prevalence in several regions of Latin America[86].

Interestingly, countries that have a pattern of low endemicity for HBsAg may have a higher prevalence of anti-HBc, a marker of past or ongoing infection[98,99], suggesting that exposure to HBV infection may be higher than previously estimated by HBsAg alone. Additionally, it is unlikely that a given prevalence reported by the WHO is applicable to all regions or risk groups in a given country (i.e., rural and urban areas, or native and mixed race populations). Furthermore, despite advancements in the sensitivity thresholds for HBsAg testing, many commercial kits have their limitations; thus, the surface antigen protein may be undetected[98,99]. Furthermore, among special populations, precautions should be taken in patients with comorbidities related to overt immunosuppression, such as cancer or HCV/HIV co-infections, as well as in cases of obesity and alcoholism, which may indeed mask HBV infection in the form of OHB[7,8]. Thus, given that Latin America is a diverse region and that the aforementioned situations are likely to be encountered, it may be advisable to proceed with further HBV testing by using the anti-HBc marker, as well as nucleic acid testing, because HBsAg provides only one view of the status of infection.

Molecular epidemiology and phylogeography
As previously mentioned, diagnostic tests based on molecular techniques, either manual or automated, to ascertain HBV genomes have revolutionized the clinical management of HBV infection worldwide. It is now a standard practice to use them to confirm serological testing, to decide who and when to treat, and during the follow-up of antiviral treatment. These guidelines are recommended by several liver associations worldwide. Paralleling these advancements is the gradual appearance of research in the field of molecular epidemiology[100,101] and phylogeography[58,102-104] of HBV genotypes in Latin America.

At the beginning of the molecular epidemiology era in Latin America, it was clear that the HBV genotypes F and H were the indigenous genotypes[54,57,105], while the incidence of the HBV genotypes A and D within this region was the result of admixture with European and African populations. Specifically, genotype F has been detected as the predominant genotype in Central America and occurs at a high frequency among the HBV-infected Amerindians in all countries of South America (i.e., Venezuela, Colombia, Peru, Bolivia, Argentina, and Brazil), as well as in Native Alaskan populations[106]. In general, its prevalence depends on the degree of admixture of the population with Amerindians[57] (see section Clinical Outcomes for further discussion of this topic). Moreover, F sequences isolated from sporadic cases among non-Amerindian populations appear as nested clades within the Amerindian genotype F radiation[6]. On the contrary, HBV genotype H has been predominantly isolated from both Amerindians and mestizos in Mexico with a frequency that ranges from 60% to 100% depending upon the ethnicity and geographic location of the sample population[7,107].

Genotypes F and H display a close phylogenetic relationship (Figure 1, section A), which suggests an introduction of the F/H ancestral strains to the Americas before the recent European colonization[54]. It has recently been proposed that the estimated time of the MRCA for genotypes F and H within the New World was approximately 8900 years ago[6]. It appears that both the ancestral and distinct F/H lineages (i.e., clusters or subgenotypes) emerged under appropriate conditions for human settlement, development of agricultural systems and an increase in population size throughout the American continent[103]. However, genotype F presents greater genetic diversity than genotype H. Phylogenetic tree topology and genetic distances built using maximum likelihood and maximum parsimony methods show the deep clusters and geographical structure typical of genotype F[103]. Notably, the phylogeography of genotype F denotes the presence of subgenotypes designated F1-F4; some are further classified in subdivisions “a” or “b” suggesting a high level of isolation of the Amerindian populations carrying HBV[6] (Figure 1, section B). The estimated times of the MRCAs for the F1-F4 subgenotypes are, in chronological order (i.e., oldest to newest), 6.4 ky, 3.3 ky, 3.2 ky and 2.4 ky, respectively[6]. Additionally, characteristic amino acid positions of complete genomes of HBV genotype F confirm the existence of the four subgenotypes[58,104].

Within genotype H, at least four nested sub-clusters (Figure 1, section C) are noticeable, though they are not yet definite clades or subgenotypes. So far, these correspond to the geographic region of origin of the isolates[7]. Accordingly, genotype H isolates depict an intragenotypic divergence of 0.032%-3.82% (data not shown). In Table 1, the genetic distance by pair-wise analysis among the four F subgenotypes and the HMEX, HUSA, HSA and HNON-HISPANIC subsets range from 7.17% to 10.40% on the basis of complete genomes. Interestingly, the highest divergence is within the H subsets and F1 genotypes, followed by F2 and F4, while F3 had the lowest (Table 1). These data are consistent with the fact that F3 and H share amino acid positions[58,104] and with the similarity in the estimated times of MRCA, 3.2 ky and 4.1 ky, respectively[6]. Furthermore, recent studies based on coalescence and phylogeographic methods have provided new insights into the introduction and spread of F genotypes (F1-F4) among the LA populations through human migration, especially in Colombia[58], Brazil[102] and Argentina[103] (Figure 2).

In regards to genotypes D and A, they have maximum frequencies of 35% and 5%, respectively, among urban populations in Guadalajara, Jalisco, Mexico[7], while in various cities in Argentina in South America, they occur at frequencies of 22% and 45%, respectively (see references cited in Table 2). Both cases are in accordance with the ethnic demographic shift that took place during the European colonization. Likewise, genotypes B and C are dispersed among the LA populations due to Asian immigrants (Tables 2, 3).

HBV genotype G is a minor strain that exists throughout the Americas in special populations with blood-borne infectious diseases, however due to the high frequency of this genotype in Mexico and the common practice of sexual relationships among native men, it may be associated with an Amerindian ancestry[7,8,98]. Finally, an uncommon genotype E was reported in Colombia[108], as well as an F3/A1 recombinant among an Afro-Colombian community[109].

Thus, with the advancement of molecular epidemiology and phylogeography, future progress can allow a better understanding of the relationship between the evolutionary history of the HBV genotypes and its impact on the clinical outcomes of HBV infection among the LA populations.

Clinical outcomes of HBV infection

Mexico: HBV endemicity and clinical outcomes among the native or mestizo Mexican population are associated with the predominance of genotype H, followed by genotypes A, D and G[7,8,50,98,107] (Table 3). Two outstanding features of HBV infection are OHB and low viral load regardless of the degree of endemicity[7]. HBV genotype A is most likely to be detected in acute infections and associated with mixed infections and high viral loads; in contrast, genotype D manifests at very low or undetectable viral loads or in mixed infections. The progression to chronic infection occurs primarily among mestizo adults through horizontal transmission and, to a lesser degree, in children by vertical transmission[7,99,110]. OHB is a key feature in native populations with high rates of endemic HBV infection, although surprisingly few clinical manifestations occur. Recently, in an analysis of native Mexican groups, we reported differences in cytokine levels in the serum that can distinguish OHB genotype H-infected patients from patients that resolved HBV infection. This result suggests that cytokine expression, along with specific immune responses, can influence the severity of OHB disease. Differences in immune response may be responsible for viral transcription repression, which in turn results in both HBsAg and minimal detectable levels of HBV DNA[111].

Moreover, it is plausible that the course of liver disease and immune response in native populations in Mexico may be different from those described in other areas of the world. In general, liver cirrhosis and HCC associated with HBV infection do not occur frequently in native populations in Mexico[112,113], even in comparison with the rest of Latin America[113]. However, it is noteworthy that Mexico ranks first in mortality due to alcoholic liver disease[114] and ranks lowest for mortality due to HCC in general[112]. This epidemiological profile contrasts with what occurs in Asia, where countries such as China are exposed to HBV genotypes B and C at earlier ages through vertical transmission and have a higher prevalence of HCC and different responses to antiviral therapy, suggesting that genetic and environmental factors may modulate the degree of adaptation to HBV infection, as previously mentioned.

Central America: In Central America, data regarding the HBV genotype distribution in countries such as Costa Rica, Nicaragua, Honduras, El Salvador and Guatemala were reported in the late nineties (Table 3). HBV genotype F (specifically, F1a, F1b and F2) in patients with acute and chronic infection was associated with seropositivity for HBsAg and anti-HBc, as well as pre-core stop mutations[115].

In Guatemala, HBsAg prevalence was reported to be as low as 0.5% in a group of 77 pregnant women[116] and 1.3% (i.e., 6 cases) among 484 female sex workers from the Mexican-Guatemalan border[117]; in both populations, the infected individuals were asymptomatic carriers of HBsAg. However, among a group of Guatemalan refugees near the same border, the percentage of asymptomatic carriers of HBsAg increased to 17%[118]. In this country, the HBV genotype F1a was found, and the infection with this subgenotype apparently does not produce important hepatic inflammation. Likewise, in Belize, 35% of a studied population with acute hepatitis infection was indigenous[119], and chronic hepatitis B has not been reported in this region.

In Honduras and Nicaragua, HBsAg and anti-HBc seroprevalence have been reported in high-risk groups, such as multi-transfused adult patients[120] and children with cancer[121]. In addition, genotype F was reported in 96% of HBV cases in Costa Rica, followed by genotype D in 4%[122]; in contrast, genotype F (specifically, F1 and F3) was found in two patients in Panama[123]. All of these cases were in HBV-infected patients who presented with chronic hepatitis B and HCC associated with HBx gene mutations in genotype F strains. Therefore, the genetic characteristics of mutant HBV may increase the rate of HBV-related liver damage and HCC in Central America. On the other hand, the presence of HBV genotypes B and C among Chinese residents living in Panama without liver disease[124] provides the opportunity to study the natural history of these genotypes in a new environment.

Central America is an important gateway for immigration in which further serological and molecular epidemiological studies may provide new evidence concerning shifts in the genotype distribution and its effect on the clinical manifestations of HBV infection.

The Caribbean region: In general, HBV genotypes have rarely been reported in the Caribbean, but it seems that the HBV genotype distribution and progression of liver damage could be different from those observed in Central America. HBV genotype A (specifically, A1, A2 and A5) was the dominant strain reported in Haiti, followed by genotype D (specifically, D3 and D4) among 320 pregnant women without liver inflammation[125]. It is noteworthy that despite the fact that this country has significant African ancestry, HBV genotype E has rarely been found, suggesting that this genotype emerged after the slave trade in the Americas[125]. Additionally, in another study in Haitians living in Florida, United States, genotype D was found with spontaneous pre-core region mutations[126], whereas OHB was reported in Cuba in HIV-infected patients[127] in whom these HBV genotypes were unknown. In a Jamaican study, the HBsAg prevalence was reported at 3.2% among patients with sexually transmitted diseases, but liver damage was not studied[128]. Further, HCC was found to be associated with HBV infection in 5.3% of 114 veterans in Puerto Rico[129] (Table 3).

South America: Countries in this region, including Colombia, Venezuela, Ecuador, Peru, Brazil, Bolivia, Chile and Argentina, have defined the predominant circulating HBV genotypes, although the numbers of HBV strains in some regions are limited. Thus, in Colombia, a connecting country between Central and South America, HBV genotype F (specifically, F1a and F3) is more frequent (77% and 86%, respectively) than genotypes A and G (15% and 2%, respectively)[58,130,131]. In these studies, HBV-infected patients were at end-stage disease due to cirrhosis and HCC[130], whereas in other studies, the type of liver damage in HBV-infected patients and blood donors was not reported. Various studies report HBV genotype F as the most frequent in Venezuela, Peru and Chile with differences in the frequencies of the subgenotypes (specifically, F1a, F2a, F2b and F3) among the Afro-Venezuelan[132], Amerindian[133-137] and mestizo[138-142] populations. In these groups, chronic hepatitis B is common and OHB has been found in blood donors and Amerindians[139-142] (Table 2).

Although genotype F (specifically, F4) has been reported in Brazil, genotype A (specifically, A1 and A2) has been found to be dominant, followed by genotype D, in patients with chronic hepatitis B; coinfection with genotypes F and G was reported in one HIV-infected patient[102,132,143,144-146]. Interestingly, genotype F4 was reported in Bolivia[147] and Argentina[101], which have populations of mixed ethnic backgrounds, and the characteristics of the HBV genotypes could have changed over time in these regions. In fact, this population had chronic liver disease, HCC was associated with HBV infection, HBsAg was positive in all cases, and the viral load was high. On the other hand, HBV genotypes B and C (specifically, Ba and C2) were found in Japanese immigrants living in Bolivia[147], which reflects immigration events into South America. Regarding HBV genotypes A and D in patients in Argentina[148-151], a chronic progression of the infection with these genotypes was reported, contrasting with OHB and the asymptomatic clinical outcome reported in Mexico[151] (Tables 2 and 3).

Therefore, research on HBV strains in LA should be clinically associated with the natural evolution of liver disease, hepatic complications and the response to different treatments. These issues may have a strong impact on the prevention and control of HBV transmission because they may influence the prognosis and response to the hepatitis B vaccine.

CONCLUSION

This overview has illustrated the influence of genetic and environmental risk factors in the onset and development of HBV-related liver disease. The people of Latin America share a similar genetic ancestry with varying degrees of admixture from three distinct lineages. The closely related HBV genotypes F and H have been in contact with the native population of the Americas and tend to cause mild liver disease with no further complications. In contrast, the mestizo population of South America presents acute and chronic liver disease with a tendency toward HCC. Based on these features, personalized medicine strategies provide a novel framework for the prevention, management and treatment of HBV-related liver disease in Latin America. Future genomic medicine research will have an important impact on the clinical approach to liver diseases. An integrated approach requires that genetic and environmental factors be taken into account, as both are involved in the endemicity and clinical outcome of HBV infection. Among the human host factors, the susceptibility to liver damage and the response to antiviral treatment, which in turn are modulated by the immune system, are linked to genetic polymorphisms that are associated with specific ethnic backgrounds. Genes involved in various metabolic pathways are influenced by changes in environmental lifestyle factors, such as nutrition, physical activity and emotional stress. Other comorbidities that enter the picture are the worldwide obesity epidemic and increased consumption of alcohol, which impose a greater burden on liver health.
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Figure 1  Maximum-Likelihood phylogenetic tree of the F/H genotype family (1000 bootstrap replicates, Mega 5.0). An illustration of the genetic relationship between genotype F and H and their subdivisions. Section A: Common ancestry; Section B: Hepatitis B virus (HBV) genotype F lineages; Section C: HBV genotype H subsets.
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Figure 2  Pathway of hepatitis B virus in Latin America. A composite map of the theoretical pathway of hepatitis B virus (HBV) through Latin America based on molecular epidemiology and phylogeographic evidence that relate past and current human migration. (Adapted from references: 6, 55, 57, 58, 101, 103, 104).
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Table 3  Hepatitis B virus genotypes, clinical and serological characteristics and type of liver damage in Mexico and Central America  n (%) 


Ref.


�
Country


�
Study population 


�
n


�
HBsAg


�
Anti-HBc


�
HBV genotypes1


�
Diagnosis


�
�
�
�
�
�
Positive


�
A


�
B


�
C


�
D


�
E


�
F


�
G


�
H


�
�
�
Sanchez et al[107], 2002


�
Mexico


�
HBV-infected adults


�
  15


�
13 (87)


�
6 (40)


�
3 (20)


�
-


�
-


�
1 (7)


�
-


�
10 (67)


�
1 (7)


�
-


�
AH in 30%; 


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
CH in 27%;


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
cirrhosis in 7%.


�
�
Sanchez et al[50], 2007


�
�
HBV-infected patients


�
  67


�
67 (100)


�
NA


�
10 (15)


�
-


�
-


�
4 (6)


�
�
�
4 (6)


�
44 (66)


�
AH in 15%; 


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
CH in 48%


�
�
Ruiz-Tachiquin et al[151], 2007


�
�
Blood donors and HBV-infected patients


�
  33


�
33 (100)


�
NA


�
-


�
-


�
4 (12)


�
�
�
1 (3)


�
-


�
26 (79)


�
Asymp in 64%; CH in 36%


�
�
Roman et al[98], 2010


�
�
Native adults


�
306


�
17 (5.6)


�
100 (32.7)


�
6 (24)


�
1 (4)


�
2 (8)


�
4 (16)


�
�
-


�
1 (4)


�
11 (44)


�
OHB in 14.2%; asymp in 100%


�
�
Arauz-Ruiz et al[115], 1997


�
Central America: 


�
HBV-infected patients, blood donors and pregnant woman


�
330


�
330 (100)


�
71 (21)


�
13 (14)


�
-


�
1 (1)


�
5 (6)


�
�
71 (79)


�
-


�
�
CH in 21%; 


�
�
�
Costa Rica, Nicaragua,


�
�
�
�
�
�
�
�
�
�
F1a; F1b; F2


�
�
�
AH in 16%


�
�
�
Honduras, El Salvador, Guatemala


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Leon et al[122], 2005


�
Costa Rica


�
HBV-infected patients


�
  50


�
32 (64)


�
18 (36)


�
-


�
-


�
-


�
2 (4)


�
-


�
48 (96)


�
-


�
�
CH in 47%; 


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
HCC in 16%


�
�
Kato et al[123], 2005


�
Panama


�
HBV-infected patients


�
    2


�
NA


�
NA


�
-


�
-


�
-


�
-


�
�
2 (100)


�
-


�
-


�
NA


�
�
�
�
�
�
�
�
�
�
�
�
�
F1, F3


�
�
�
�
�
Martinez et al[124], 2013


�
�
Chinese residents


�
320


�
42 (13)


�
�
-


�
11 (61)


�
7 (39)


�
-


�
-


�
-


�
-


�
-


�
No evident liver disease 


�
�
�
�
�
�
�
�
�
B2


�
C1


�
�
�
�
�
�
�
�
Andernach et al[125], 2009


�
Haití


�
Pregnant woman


�
320


�
320 (100)


�
�
128 (71)


�
-


�
-


�
40 (22)


�
11 (6)


�
-


�
-


�
-


�
NA


�
�
�
�
�
�
�
�
A1,  A2,  A5


�
�
�
D3, D4


�
�
�
�
�
�
�
Couto et al[126], 2013


�
�
Haitian’s in South Florida 


�
  27


�
NA


�
NA


�
-


�
-


�
-


�
19 (79)


�
-


�
-


�
-


�
-


�
NA


�
�
1The percentage of hepatitis B virus (HBV) genotypes is according to the number of samples that were sequenced. Subgenotypes are reported. NA: Not available; Asymp: Asymptomatic; AH: Acute hepatitis; CH: Chronic hepatitis; HCC: Hepatocellular carcinoma; OHB: Occult hepatitis B.








Table 2  Hepatitis B virus genotypes, clinical and serological characteristics and type of liver damage in South America  n (%)


Ref.


�
Country


�
Study population 


�
n


�
HBsAg


�
Anti-HBc


�
HBV genotypes1


�
Diagnosis 


�
�
�
�
�
�
Positive


�
A


�
B


�
C


�
D


�
F


�
G


�
H


�
�
�
Cortes-Mancera et al[130], 2011


�
Colombia


�
Patients with end-stage liver disease


�
131


�
14 (11)


�
6 (5)


�
-


�
-


�
-


�
-


�
7 (100)


�
-


�
-


�
Cirrhosis in 71%


�
�
�
�
�
�
�
�
�
�
�
�
F1a, F3


�
�
�
HCC in 12%; 


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Cirrhosis and HCC in 17%


�
�
Devesa et al[131], 2008


�
�
HBV-infected patients 


�
100


�
NA


�
NA


�
2 (2)


�
-


�
2 (2)


�
8 (8)


�
86 (86)


�
2 (2)


�
-


�
NA


�
�
�
�
�
�
�
�
�
�
�
�
F3


�
�
�
�
�
Alvarado Mora et al[58], 2011


�
�
Blood donors


�
143


�
143 (100)


�
NA


�
8 (15)


�
-


�
-


�
-


�
40 (77)


�
8 (15)


�
-


�
NA


�
�
Nakano et al[134], 2001


�
Venezuela


�
Amerindian


�
  12


�
12 (100)


�
NA


�
-


�
-


�
-


�
-


�
12 (100)


�
-


�
-


�
CH in 33%


�
�
Quintero et al[132], 2002


�
�
Afro-Venezuelan


�
222


�
8 (4)


�
NA


�
3 (50)


�
-


�
-


�
-


�
3 (50)


�
-


�
-


�
CH in 100%


�
�
Gutierrez et al[138], 2004


�
�
Blood donors 


�
258


�
2 (0.8)


�
258 (100)


�
1 (9)


�
-


�
-


�
7 (64)


�
3 (27)


�
-


�
-


�
OHB in 4.3%; Rare severe liver disease


�
�
Kato et al[123], 2005


�
�
HBV-infected patients


�
    2


�
NA


�
NA


�
-


�
-


�
-


�
-


�
2 (100)


�
-


�
-


�
AH in 100%


�
�
�
�
�
�
�
�
�
�
�
�
F1


�
�
�
�
�
Devesa et al[131], 2008


�
�
Amerindian 


�
  89


�
NA


�
NA


�
3 (3)


�
-


�
-


�
5 (6)


�
81 (91)


�
-


�
-


�
NA


�
�
�
�
�
�
�
�
�
�
�
�
F1; F2a; F2b; F3


�
�
�
�
�
Cardona et al[135], 2011


�
�
Amerindian


�
  70


�
2 (3)


�
25 (36)


�
-


�
-


�
-


�
-


�
25 (100)


�
-


�
-


�
OHB in 34%; 


�
�
�
�
�
�
�
�
�
�
�
�
F3


�
�
�
�
�
Palumbo et al[133], 2007


�
Ecuador


�
Immigrants in Italy


�
    2


�
2 (100)


�
0 (0)


�
2 (100)


�
-


�
-


�
-


�
-


�
-


�
-


�
CH in 100% 


�
�
Casey et al[139], 1996


�
Peru


�
Military personnel


�
  84


�
77 (88)


�
84 (95)


�
-


�
-


�
-


�
-


�
15 (100)


�
-


�
-


�
CH in 68%


�
�
Von Meltzer et al[140], 2008


�
�
HBV-infected patients


�
    9


�
9 (100)


�
NA


�
-


�
-


�
-


�
-


�
9 (9) 


�
-


�
-


�
CH in 100%


�
�
�
�
�
�
�
�
�
�
�
�
F1b


�
�
�
�
�
Sitnik et al[143], 2004


�
Brazil


�
HBV-infected patients


�
103


�
103 (100)


�
NA


�
51 (49)


�
3 (3)


�
14 (14)


�
25 (24)


�
10 (10)


�
-


�
-


�
CH in 100%


�
�
Palumbo et al[133], 2007


�
�
Immigrants in Italy


�
  12


�
12 (100)


�
0 (0)


�
3 (25)


�
-


�
-


�
  9 (75)


�
-


�
-


�
-


�
CH in 100%


�
�
Bertolini et al[144], 2012


�
�
Blood donors


�
228


�
228 (100)


�
NA


�
32 (14)


�
-


�
3 (1)


�
189 (83)


�
3 (1)


�
-


�
1 (0.4)


�
NA


�
�
�
�
�
�
�
�
A1, A2


�
�
�
�
F2a, F4


�
�
�
�
�
Mello et al[102], 2013


�
�
HBV-infected patients


�
  12


�
NA


�
NA


�
-


�
-


�
-


�
-


�
12 (100) F2a, F1b, F4


�
-


�
-


�
NA


�
�
Eloy et al[145], 2013


�
�
HBV-infected patients


�
119


�
80 (100)


�
80 (100)


�
74 (92)


�
-


�
4 (5)


�
1 (1)


�
1 (1)


�
-


�
-


�
Asymp in 70; AH in 2%; CH in 28%


�
�
Araujo et al[146], 2013


�
�
HBV/HIV-coinfected patients


�
    1


�
1 (100)


�
1 (100)


�
-


�
-


�
-


�
-


�
1 (100) 


�
1


�
-


�
CH in 100%


�
�
�
�
�
�
�
�
�
�
�
�
F4


�
-100


�
�
�
�
Khan et al[147], 2008


�
Bolivia


�
Japanese immigrants 


�
287


�
10 (8)


�
NA


�
-


�
1 (1)


�
5 (50)


�
-


�
4 (4)


�
-


�
-


�
NA


�
�
�
�
�
�
�
�
�
Ba


�
C2


�
�
�
�
�
�
�
Khan et al[147], 2008


�
�
Native population


�
200


�
12 (6)


�
NA


�
-


�
1 (8)


�
3 (25)


�
-


�
8 (68); F4


�
-


�
-


�
NA


�
�
Di Lello et al[141], 2009,


�
Chile


�
HBV-infected patients


�
  40


�
NA


�
NA


�
3 (7)


�
2 (5)


�
3 (7)


�
-


�
27 (67)


�
-


�
-


�
NA


�
�
Venegas et al[142],2011


�
�
HBV-infected patients


�
  21


�
21 (100)


�
21 (100)


�
-


�
-


�
-


�
-


�
21 (100)


�
-


�
-


�
CH in 100%


�
�
�
�
�
�
�
�
�
�
�
�
F1b


�
�
�
�
�
Solari et al[149], 2009


�
Argentina


�
HBV-infected patients


�
  21


�
21 (100)


�
-


�
8 (38)


�
3 (14)


�
-


�
3 (14)


�
7 (33)


�
-


�
-


�
CH in 100%


�
�
Pezzano et al[150], 2011


�
�
HBV-infected patients


�
139


�
128 (100)


�
128 (100)


�
22 (28)


�
1 (0.8)


�
3 (2)


�
28 (22)


�
60 (47)


�
-


�
-


�
AH in 37%; CH in 63%


�
�
Trinks et al[148], 2012


�
�
HBV-infected patients


�
  33


�
33 (100)


�
33 (100)


�
15 (45) A1, A2


�
-


�
-


�
2 (6)


�
13 (39)


�
-


�
-


�
CH in 100%


�
�
�
�
�
�
�
�
�
�
�
D1


�
F1b, F4


�
�
�
�
�
Barbini et al[101], 2013


�
�
HBV-infected patients


�
  29


�
29 (100)


�
29 (100)


�
4 (14) A2


�
-


�
-


�
2 (7) D2, D3


�
20 (62)


�
2 (7)


�
-


�
CH in 100%


�
�
�
�
�
�
�
�
�
�
�
�
F1b, F4


�
�
�
�
�
Araujo et al[146], 2013


�
�
HBV/HIV-coinfected patients


�
    1


�
1 (100)


�
1 (100)


�
-


�
-


�
-


�
-


�
1 (100); F1b


�
1


�
-


�
CH in 100%


�
�
�
�
�
�
�
�
�
�
�
�
�
-100


�
�
�
�
1The percentage of hepatitis B virus (HBV) genotypes is according to the number of samples that were sequenced. Subgenotypes are reported. NA: Not available; Asymp: Asymptomatic; AH: Acute hepatitis; CH: Chronic hepatitis; HCC: Hepatocellular carcinoma; OHB: Occult hepatitis B. 








Table 1  Nucleotide divergence over the complete genome among hepatitis B virus genotypes F and H


Cluster


�
HMEX


�
HUSA


�
HSA


�
Hnon-Hispanic


�
�
F1a


�
8.63


�
8.89


�
8.70


�
8.51


�
�
�
(8.11-9.9)


�
(8.16-9.5)


�
(8.5-8.8)


�
(8.22-8.91)


�
�
F1b


�
8.63


�
8.88


�
8.59


�
8.49


�
�
�
  (8.22-10.1)


�
  (8.04-9.86)


�
    (8.19-9.39)


�
(8.04-9.31)


�
�
F2


�
8.07


�
8.83


�
8.77


�
7.9


�
�
�
  (7.59-9.66)


�
  (8.04-9.86)


�
    (8.09-8.24)


�
(7.66-8.48)


�
�
F3


�
7.84


�
7.76


�
7.94


�
7.69


�
�
�
  (7.17-9.91)


�
  (7.28-8.94)


�
    (7.24-8.97)


�
(7.24-8.82)


�
�
F4


�
8.36


�
8.66


�
8.50


�
8.29


�
�
�
    (7.77-10.40)


�
  (7.84-9.98)


�
    (8.06-9.34)


�
(7.91-9.33)


�
�
Evolutionary distances between nucleotide sequences of 61 hepatitis B virus (HBV) genes calculated in accordance with the Gen Bank database. Values correspond to mean percentage of genetic distances of pair-wise analysis. Values in parentheses indicate ranges (bootstrap value 1000; Kimura two parameter method). HMEX, HUSA, HSA, Hnon-Hispanic, refer to isolates of HBV genotype H from Mexico, United States, South America and Asian subjects, respectively in compliance with Figure 1. MEX: Mexico; SA: South America.








