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Abstract

Background: Hepatitis B virus (HBV) infection remains a major public health challenge in
Latin America and the Caribbean (LAC). Mapping scientific production and viral genomic
diversity is essential to identify consolidated research fields, as well as areas of opportu-
nity to improve and expand research across the region. Methods: An integrated analysis
combining bibliometrics, text-mining, and phylogenetics was performed on HBV literature
indexed in PubMed, Scopus, and Web of Science (1970-2025), alongside 9528 GenBank
sequences (including full-length genomes, individual genes, and partial diagnostic frag-
ments). Results: A total of 4083 publications were identified, of which 72.1% (2942 /4083)
were from Brazil, Mexico, and Argentina. Most were original articles (75.8%; 2749/3628)
involving human cohorts (95.8%; 2471/2580), where primary research fields centered on
serological profiling, co-infections, vaccination, genotype characterization, and blood safety,
whereas hepatocellular carcinoma, antiviral therapy, and metabolic comorbidities were
the least frequently studied areas. In vitro (10.1%; 260/2580) and animal models (6.9%;
177/2580) accounted for a minor fraction of the literature. Eight circulating HBV genotypes
(A-H) were detected, dominated by A (43.4%; 4138/9528), F (29.3%; 2787 /9528), and D
(19.8%; 1885/9528), while genotype H was largely confined to Mexico (3.2%; 306/9528).
Marked geographic clustering was observed (p < 0.001), reflecting both autochthonous
American and immigrant lineages. Conclusions: Epidemiological studies represent the
most consolidated domain in LAC, yet research remains concentrated in a few countries
with persistent experimental and clinical gaps. Fostering cross-border collaboration and in-
vesting in underexplored translational areas will be decisive in achieving regional hepatitis
B elimination.

Keywords: hepatitis B virus; Latin America and the Caribbean; HBV genotypes; bibliometrics;
text mining; phylogenetic analysis; molecular epidemiology; public health

1. Introduction

Hepatitis B virus (HBV) remains a major global cause of liver-related morbidity and
mortality, disproportionately affecting low- and middle-income regions [1]. In the Region
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of the Americas, HBV infection affects an estimated 2.8 million people, of whom 2.1 million
live in Latin America and the Caribbean (LAC) [2,3]. The average HBV-related mortality
rate in the region is 2.1 deaths per 100,000 population [2,4,5]. The highest mortality rates
have been reported in Caribbean islands, including the Dominican Republic, Puerto Rico,
and the Virgin Islands; in continental areas, the highest rates are observed in Bolivia and
Guyana [4].

The impact of HBV in LAC is shaped by marked geographic and socioeconomic
inequities [6]. Furthermore, current clinical guidelines are largely derived from studies
conducted in North America, Europe, and Asia, which may limit their applicability to
LAC populations [7-9]. At the same time, the region exhibits a complex genetic back-
ground resulting from the admixture of Indigenous American, European, and African
ancestries, alongside a high diversity of HBV genotypes, including endemic variants F
and H [10-12]. These host and viral factors interact with structural challenges—such
as limited access to diagnostics, restricted treatment availability, and under-resourced
healthcare systems—thereby contributing to heterogeneous patterns of disease progression
and clinical outcomes. Disparities in research and diagnostic capacity may influence HBV
epidemiology. Many with chronic HBV remain undiagnosed, especially in low- and middle-
income countries, due to gaps in surveillance and healthcare [13,14]. These limitations may
lead to underestimation of disease burden and bias data on viral diversity and outcomes,
worsening regional inequities in knowledge and health efforts.

In this context, building the regional evidence base is crucial to inform effective and
equitable HBV control strategies in LAC. Despite the significant burden of liver disease
and the World Health Organization’s goal to eliminate viral hepatitis by 2030 [15], the
HBYV research landscape in LAC is fragmented and unevenly developed. It is unclear if
current studies sufficiently reflect regional health priorities or address relevant clinical
and experimental gaps. Furthermore, the extent to which viral genetic diversity impacts
disease outcomes and informs intervention strategies has not been systematically explored
in the regional context. Addressing these obstacles requires a thorough understanding of
research activity, thematic priorities, and knowledge gaps across LAC. Thus, this study
provides an integrated assessment of HBV research in the region through the integration
of bibliometrics, text-mining and phylogenetic approaches. Specifically, we aimed to
(i) analyze geographical and temporal trends in scientific production, (ii) identify thematic
gaps across experimental and clinical domains, and (iii) characterize the distribution and
diversity of HBV genotypes. By linking patterns of scientific production with viral genetic
diversity, this study aims to inform research prioritization and to support the development
of context-specific strategies for HBV control in LAC.

2. Materials and Methods
2.1. Search Strategy

This study was conducted using two complementary methodological approaches: (i) a
systematic bibliometric review of HBV research in LAC, and (ii) phylogenetic analysis of
HBV sequences retrieved from the GenBank database (Figure 1). To ensure comprehensive
coverage, the literature was retrieved from three major databases: PubMed, Scopus, and
Web of Science, encompassing all available publications through December 2025. The search
strategy employed a combination of HBV-related terms (“hepatitis B”, “hepatitis B virus”,
and “HBV”), viral antigen descriptors (hepatitis B surface antigen [HBsAg], hepatitis B
core antigen [HBcAg], and hepatitis B e antigen [HBeAg]), and historical nomenclature
(“Australian antigen” and “Dane particle”).
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Figure 1. Flow diagram of article selection and HBV sequence analysis. The left panel shows the
systematic screening process for published articles, including identification, application of exclusion
criteria, and final inclusion for text analysis. The right panel illustrates the bioinformatic workflow
applied to hepatitis B virus (HBV) sequences retrieved from GenBank.

These terms were systematically paired with the names of all 47 countries and terri-
tories in the region. Geographic coverage was organized into four subregions: Mexico,
Central America, South America, and the Caribbean, including both independent nations
and dependent territories to ensure complete regional representation. No language restric-
tions were applied during database searches; publications originally written in regional
languages (Spanish, Portuguese, French, and Dutch) were included, as indexed databases
provide standardized English titles, abstracts, and author keywords. For all databases,
article metadata—including titles, abstracts, complete author lists, institutional affiliations,
journal names, publication years, and document types—were retrieved using the Rentrez
package in R v1.2.3 [16] for PubMed or directly through native export tools for Scopus and
Web of Science. Duplicate records were identified and removed based on article titles and,
when available, PubMed identifiers (PMIDs).

2.2. Study Classification

After harmonizing variables and removing duplicate records, publications were classi-
fied by document type: original articles, reviews, case reports, clinical trials, meta-analyses,
editorials/letters, and consensus or guideline documents. For records lacking explicit study
designations, publication types were inferred using a hierarchical keyword-based classifica-
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tion strategy applied to title and abstract fields. The classification hierarchy was as follows:
“meta-analysis” for meta-analyses; “systematic review” or “review” for reviews; “clinical
trial” or “randomized controlled trial” for clinical trials; “case report” for case reports; “edi-

i 7o

torial,” “letter,” “comment,” “news,” or “newspaper” for editorials and correspondence;

i ” o

and “journal article,” “article,” “comparative study,” or “observational study” for original

articles. Records that did not match any criteria were categorized as unclassified.

To identify experimental models, only publications classified as clinical trials, case
reports, or original articles were selected for further analysis. Studies were categorized
as having an identifiable research model or being unspecified based on the presence of
model-specific terminology in titles and abstracts. Three model categories were defined

”

using specific keyword sets: (i) human studies—identified by terms such as “patients,

7oasy

“human,” “adults,” “children,” “infants,

a i s a

cohort,” “subjects,” “volunteers,” “clinical,”

a

“serum,” “plasma,” and “blood samples”; (ii) in vitro studies—identified by “Madin-Darby

a ”oasy

cell line,” “in vitro,

a ”

canine kidney cells,” “Pichia pastoris, apoptosis,” “hepatocytes,

7o 7o i

“co-transfection,” “yeast,” “HepG2,” “cysteine,” “expression,” “transgenic tobacco plants,”

i 7

and “mammalian cells”; and (iii) animal studies—identified by “chimpanzees,” “mice,’

” o ” o

“rats,” “primates,” “animal model,” “avian,” and “bat.”

2.3. Text Mining Analysis

A text mining analysis was conducted to identify thematic patterns across human,
animal, and in vitro studies. For each category, article titles and abstracts were concate-
nated to form a unified text corpus; publications lacking abstracts were excluded. Text
preprocessing was performed in R using the tidytext (v0.3.1), stringr (v1.5.0), and dplyr
(v1.1.2) packages [17-19]. The combined text corpus was tokenized into individual words,
followed by systematic removal of non-informative terms across four predefined categories:
(i) statistical terminology (median, mean, p-value, confidence interval, standard deviation,
significance, regression, odds ratio); (ii) generic domain-related vocabulary (polymerase,
chain, copies, amplification, international units, serum, samples); (iii) common function
words and connectors (and, the, in, with, of, to, by, on, for, from, between); and (iv) stan-
dard English stopwords (is, was, were, this, that, it, are, has, have, had). In addition, all
numerical characters and punctuation marks were removed.

After text cleaning, word frequency distributions were calculated separately for each
study model. To capture semantic relationships, bigrams (two-word sequences) were ex-
tracted, and bigram frequency matrices were constructed for each category. Co-occurrence
networks were generated using the igraph (v1.3.5) and ggraph (v2.1.0) packages [20,21],
with bigrams filtered using model-specific frequency thresholds (>50 occurrences for
human studies and >10 occurrences for animal and in vitro studies) to balance inter-
pretability and coverage. Networks were represented as undirected graphs, in which
nodes corresponded to individual terms and edges represented bigram co-occurrence.
Node size was scaled according to term frequency, defined as the cumulative number
of bigram occurrences containing each term, while edge width and transparency were
mapped to bigram frequency using a logyg transformation to account for right-skewed
distributions. Semantic community detection was performed using the Louvain modularity
optimization algorithm, with identified clusters subsequently ranked and renumbered
in descending order of cumulative word frequency. Network topologies were computed
using the Fruchterman-Reingold force-directed layout algorithm over 10,000 iterations. To
ensure complete algorithmic determinism and spatial reproducibility across runs, fixed
pseudo-random seeds were established prior to layout generation: set.seed(123) for human
studies, set.seed(456) for in vitro models, and set.seed(789) for animal models. Both algo-
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rithms and spatial projections were executed via the igraph (v1.3.5) and ggraph (v2.1.0)
packages in R [20,21].

2.4. HBV Genotyping and Subgenotyping

To perform the phylogenetic analysis of HBV in LAC, sequences reported through
December 2025 were obtained from the NCBI Virus resource (Taxonomy ID: 10407; https:
/ /www.ncbi.nlm.nih.gov/labs/virus/vssi/#/ (accessed on 15 December 2025) from an
initial pool of 137,337 global records. Based on geographic metadata, 9538 sequences
from LAC were filtered and downloaded in FASTA format (including full-length genomes,
individual genes, and partial diagnostic fragments).

Due to HBV sequence heterogeneity, a comprehensive multiple-sequence alignment of
all sequences against reference genomes was not feasible. We therefore implemented an in-
dividualized genotyping approach in which each HBV sequence was aligned independently
against a curated reference panel of 148 full-length HBV genomes (~3266 bp) representing
genotypes A through ] with multiple representatives per subgenotype. Multiple sequence
alignments were performed using a progressive alignment algorithm in the DECIPHER
R package v2.24.0 [22]. Pairwise genetic distances were calculated using the raw propor-
tional distance method. Phylogenetic trees were constructed using the neighbor-joining
method, and cophenetic distances (branch-length distances in the tree) were computed to
identify the closest reference sequences; both analyses used the ape R package v5.8 [23].
Genotype assignments were categorized by similarity into four confidence levels: Excel-
lent (>95%), Good (90.0-94.9%), Satisfactory (80.0-89.9%), and Limited (<80.0%). Only
sequences with Satisfactory or higher confidence were included in downstream analyses.
Methodological accuracy was validated by independently genotyping a randomly selected
subset of 10% of the sequences (1 = 954) using the web-based NCBI HBV Genotyping
Tool (https:/ /www.ncbi.nlm.nih.gov/projects/genotyping /formpage.cgi (accessed on 15
December 2025), which yielded a 100% concordance rate in genotype classification. The
accession numbers of the reference sequences, together with the genotype and subgenotype
assignments for all analyzed samples (n = 9528), are provided in Supplementary Table S1.

2.5. Statistical Analysis

Descriptive statistics were used to summarize publication counts by country, year,
journal, publication type, HBV genotype/subgenotype, and study model (human, animal,
or in vitro). Categorical variables were reported as frequencies and proportions. For the
text mining component, the most frequent terms and bigrams within each study model
were identified using a frequentist approach [21]. All statistical and text mining analyses
were performed using R software (v4.5.1, Great Square Root, R Foundation for Statistical
Computing, Vienna, Austria). Statistical significance was defined as a two-tailed p < 0.05.

3. Results
3.1. Geographic Distribution and Temporal Trend of Hepatitis B Research

The geographic distribution of HBV research output across LAC is summarized in
Figure 2A. Country-of-origin data were available for 4083 publications published between
1970 and 2025. Brazil accounted for half of the total output (50.9%; 2078/4083), followed by
Mexico (11.8%; 482/4083) and Argentina (9.4%; 382/4083). Together, these three countries
contributed 72.1% of the regional literature. Intermediate levels of productivity were
observed in Cuba (4.8%), Chile (4.4%), Colombia (3.1%), Peru (3.1%), and Venezuela (3.0%).
In contrast, Central American and Caribbean territories accounted for lower proportions of
indexed records (<0.1% each).
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Figure 2. Spatial and temporal distribution of hepatitis B research in Latin America and the Caribbean.
(A) Proportion of hepatitis B studies by country; percentages are calculated relative to total regional
publications (n = 4083), and countries/territories with 0.0% are not labeled for visual clarity. (B) Tem-
poral evolution of publications over time. (C) Top 20 journals in which the included hepatitis B
studies were published.

The temporal evolution of HBV research in LAC is shown in Figure 2B. Annual
publication counts remained low during the 1970s (<20 articles per year) and increased
gradually throughout the 1980s and 1990s, surpassing 50 publications in 1993. After 2000,
research productivity increased markedly, exceeding 100 publications per year in 2005 and
150 by 2014. Peak output was reached in 2021, with 219 publications. A subsequent decline
was observed, with 161 publications in 2023, 149 in 2024, and 120 in 2025.

The distribution of HBV publications across journals is shown in Figure 2C. The top
20 journals accounted for 32.6% (1331/4083) of all identified articles, spanning regional and
international publication venues. The most represented journals were Revista da Sociedade
Brasileira de Medicina Tropical (3.4%; 138/4083), Annals of Hepatology (2.6%; 108/4083), and
Revista do Instituto de Medicina Tropical de Sio Paulo (2.5%; 104/4083). International journals
were also well represented, including the Journal of Medical Virology (2.0%; 82/4083), Vaccine
(1.8%; 74/4083), and PLoS One (1.8%; 73/4083).

3.2. Types of Publications in Hepatitis B Research

Out of the 4083 publications that were found, 88.9% (3628/4083) had abstracts and
could be classified as content (Figure 3A). Original articles accounted for the majority
of publications (75.8%; 2749/3628), followed by reviews (14.0%; 509/3628), case reports
(4.7%; 169/3628), and clinical trials (3.8%; 139/3628). Other publication types, including
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meta-analyses, editorials or letters, and guidelines, collectively represented 1.6% (57/3628),
whereas only 0.1% (5/3628) remained unclassified.

A B
Original Article
Review 14% (509/3628) Human studies
Case Report -  4.7% (169/3628)
Clinical Trial 9 3.8% (139/3628)
In vitro studies - 10.1% (260/2580)
Meta-Analysis — 0.8% (29/3628)
Guideline/Consensus —{0.4% (13/3628)

Editorial/Letter - 0.4% (15/3628) Animal studies 4 6.9% (177/2580)

Unclassified —0.1% (5/3628)

T T T I I T T T T T
0 20 40 60 80 0 20 40 60 80 100
Publications (%) Publications (%)

Figure 3. Distribution of hepatitis B publications by article type and study model. (A) Proportion
of publications by publication type. (B) Distribution of studies by experimental model. In panel
(B), percentages exceed 100% because certain publications employed hybrid or multiple experimen-
tal models.

Original articles, case reports, and clinical trials (1 = 3057) were incorporated into the
study-type analysis to further describe the research design. Of these, 84.4% (2580/3057)
offered enough methodological information to be classified (Figure 3B). Human studies
predominated, accounting for 95.8% (2471/2580) of publications. In vitro and animal
studies represented 10.1% (260/2580) and 6.9% (177/2580), respectively. Percentages
exceed 100% because some studies used multiple experimental models.

3.3. Principal Thematic Structure of Hepatitis B Research in Latin America and the Caribbean

Text-mining analysis revealed clear differences in the thematic structure of HBV re-
search across experimental models (Figure 4). Human-based studies (Figure 4A) generated
32 clusters, with the six largest accounting for most of the conceptual landscape. Cluster 1
was the most prevalent (36.54%; 49,283 /134,882), mainly focusing on core virology, DNA
characterization, and vaccination strategies, featuring terms such as hepatitis, HBV, vaccine,
DNA, vaccination, genotypes/genotype f, and occult infection. Cluster 2 (13.64%; 18,393 /134,882)
centered on the clinical reality of co-infection, grouping terms such as patients, HCV, HIV-
infected, coinfected, and hemodialysis. Cluster 3 (12.75%; 17,202/134,882) was dedicated to
serological profiling and diagnostics (anti, HBsAg, antigen, HBc, surface, and HDV)). Clus-
ter 4 (5.77%; 7776/134,882) encompassed clinical outcomes and liver pathology (cirrhosis,
transplantation, fibrosis, biopsy, and the regional comorbidity Chagas). Cluster 5 (5.76%;
7765/134,882) reflected epidemiological determinants, with terms such as risk, prevalence,
factors, increased, and rates. Cluster 6 (5.19%; 7003 /134,882) specifically addressed blood
safety and transmission routes, as evidenced by terms like blood, donors, banks, transfusion,
sexually transmitted, and borne infections.
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Figure 4. Bigram network analysis of HBV publications stratified by experimental model. (A) Human
studies (co-occurrence threshold > 50), (B) in vitro studies (threshold > 10), and (C) animal studies
(threshold > 10). Node size reflects individual keyword frequency, while edge width and transparency
indicate bigram co-occurrence strength (logjp—scaled). Shaded convex polygons delineate semantic
clusters identified by the Louvain modularity algorithm, numbered sequentially (1 to k) in descending
order of total cluster weight. Numbered red badges mark cluster centroids.

In vitro studies (Figure 4B) comprised 23 clusters. Cluster 1 (29.70%; 3398/11,440)
focused on viral replication and its interaction with other pathogens (HBV, infection, replica-
tion, load, HIV, and recombinant). Cluster 2 (17.01%; 1946/11,440) comprised terms related
to laboratory cell systems, including cells, cell lines, mammalian, HepG2, and peripheral blood
mononuclear cells. Cluster 3 (12.96%; 1483/11,440) was related to viral protein characteri-
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zation, including HBsAg, surface, antigen, fusion, and the oncogenic HBx protein. Cluster 4
(8.26%; 945/11,440) highlighted the use of human-derived cellular models, involving hu-
man hepatocytes and immunodeficiency contexts. Cluster 5 (7.03%; 804/11,440) was linked to
molecular biology and transcriptional activity (expression, gene, mnRNA, and levels). Cluster
6 (5.68%; 650/11,440) represented research into tissue-level damage and disease mechanics,
with terms including liver disease, damage, agents, and biopsies.

Animal-model studies (Figure 4C) were consolidated into 19 clusters, with the top
four defining the pre-clinical research pipeline. Cluster 1 (29.23%; 1751/5990) was pri-
marily associated with the development of prophylactic and therapeutic tools (vaccine,
candidate, therapeutic, antigen, and HBsAg). Cluster 2 (25.57%; 1532/5990) was focused
on viral dynamics and molecular infection markers (hepatitis, HBV, infection, DNA, viral
load, and recombinant). Cluster 3 (14.44%; 865/5990) was related to the characterization of
the immune response, particularly humoral and monoclonal antibody production. Cluster 4
(6.98%; 418/5990) reflected the standardization of laboratory models, specifically the use of
transgenic and BALB/c mice.

3.4. Complex Regional Patterns of HBV Genotype and Subgenotype Diversity in LAC

A total of 9528 HBV sequences from LAC were retrieved from GenBank (Figure 5). The
sequences were released between January 1998 and December 2025. Sequence availability
was highly heterogeneous across countries, with Argentina (45.5%; 4332/9528) and Brazil
(30.2%; 2872 /9528) together accounting for 75.6% of all sequences (7204/9528), compared
with 24.4% (2324 /9528) from the remaining countries combined. Eight HBV genotypes
(A-H) were detected. Genotype A was the most prevalent (43.4%; 4138/9528), followed
by F (29.3%; 2787/9528), D (19.8%; 1885/9528), and H (3.2%; 306/9528); genotypes C
(1.4%; 130/9528), E (1.2%; 116/9528), B (1.1%; 103/9528), and G (0.7%; 63/9528) were de-
tected at lower frequencies. Subgenotype distribution varied significantly across countries
(p <0.001).
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Figure 5. Geographic distribution and genetic diversity of hepatitis B virus in Latin America and the
Caribbean. The left panel indicates the number of HBV sequences deposited in GenBank by country;
the central panel shows country-level proportions of HBV subgenotypes; the right panel summarizes
HBV genotype composition; and the top panel displays overall subgenotype abundance.
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Within genotype A, subgenotypes A2 (59.2%; 2452 /4138) and Al (38.1%; 1575/4138)
predominated. Expressed as a proportion of each country’s total sequences, A2 was
most frequent in Cuba (69.4%; 376/542), Argentina (41.3%; 1791/4332), and Panama
(33.3%; 32/96), whereas Al predominated in Martinique (78.6%; 88/112), Brazil (42.2%;
1211/2872), and Haiti (33.3%; 37/111). Within genotype F, half of the sequences (50.8%;
1417 /2787) belonged to subgenotype F1b, followed by F4 (21.3%; 595/2787) and F3 (12.8%;
357/2787). F1b was especially prevalent in Peru (90.8%; 177/195) and Chile (77.3%; 51/66).
Subgenotype F4 was most often detected in Paraguay (82.0%; 50/61) and Bolivia (62.5%;
15/24), while F3 was dominant in Ecuador (72.6%; 53/73), Colombia (64.5%; 165/256),
and Venezuela (49.5%; 98/198). In genotype D, the most common subgenotypes were D3
(41.5%; 782/1885), D2 (15.0%; 283 /1885), and D6 (13.1%; 247 /1885). D4 was also frequently
found in Haiti (25.2%; 28/111) and Cuba (12.7%; 69/542). D3 was predominantly detected
in Brazil (21.8%; 625/2872), Paraguay (8.2%; 5/61), and Haiti (6.3%; 7/111). D2 was most
frequently identified in Brazil (7.1%; 204/2872) and Chile (6.1%; 4/66), while D6 was
primarily observed in Argentina (3.3%; 144/4332) and Brazil (2.9%; 82/2872). Although
the Dominican Republic and Guyana showed proportional detection of D6, the absolute
number of sequences from these countries was limited and should be interpreted with
caution. Genotype H was largely restricted to Mexico (75.3%; 292/388), with limited
detection elsewhere. Among minor genotypes, genotype C included subgenotypes C2
(75.4%; 98 /130) and C1 (24.6%; 32/130). C2 was more common in Bolivia (25.0%; 6/24),
Colombia (7.0%; 18/256), and Argentina (1.0%; 45/4332), while C1 was predominantly
found in Panama (8.3%; 8/96) and Suriname (3.9%; 4/103). Genotype E was detected in
Haiti (12.6%; 14/111), Colombia (4.3%; 11/256), Suriname (3.9%; 4/103), and Argentina
(1.5%; 63/4332). Subgenotypes B3 and B2 comprised equal proportions of genotype B
(39.8% each; 41/103), with B3 being most prevalent in Suriname (38.8%; 40/103) and B2
identified across Panama (11.5%; 11/96), Bolivia (8.3%; 2/24), and Suriname (6.8%; 7/103).
Finally, genotype G was most frequently detected in Mexico (9.0%; 35/388), Colombia
(2.0%; 5/256), Brazil (0.4%; 12/2872), and Argentina (0.2%; 10/4332).

4. Discussion

This study provides an integrated assessment of HBV research in LAC and identifies
three key findings. First, HBV research is concentrated in a limited number of countries,
which may reflect underlying inequalities in research capacity across the region. Second,
research was predominantly oriented toward serological and observational epidemiology,
whereas basic experimental models and specific clinical domains—such as hepatocellular
carcinoma, antiviral therapy, and metabolic comorbidities—had a lower relative repre-
sentation. Third, HBV in LAC exhibits high genetic diversity, with non-A genotypes
predominating and subgenotypes showing clear geographic structuring. Together, these
findings suggest a mismatch between patterns of research activity, regional health needs,
and the underlying viral landscape, which may pose challenges to current HBV control
and elimination efforts.

The historical evolution of HBV research in LAC provides important context for
understanding current structural inequalities. Early investigations in the 1970s were
conducted in Mexico, Chile, and Brazil when HBV infection was still referred to as the
“Australia antigen” [24-26]. In Mexico, Salazar-Mallén et al. documented HBs antigen
prevalence in patients with lepromatous leprosy and those with Down syndrome [25,26].
Septlveda et al. later found a prevalence of 0.66% among blood donors [27]. In Chile,
Velasco and Katz described the HBs antigen in different clinical situations and related it to
chronic liver disease [28,29]. In Brazil, Salzano and Blumberg found the antigen in healthy
individuals and in patients with leprosy or leukemia [30].
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Despite these early contributions, research activity in the region remained limited
until the mid-1980s, likely reflecting technological and economic constraints, especially
the high cost and limited availability of immunodiffusion assays, which were among the
main diagnostic tools available at the time [31]. Between 1987 and 2021, publication output
grew steadily alongside advances in diagnostic and molecular technologies, notably ELISA
for HBV surface antigen detection and PCR for viral DNA analysis, which facilitated
research across diverse settings [32-34]. These advances enabled the identification of
HBYV genotypes A-D in 1988, with endemic genotypes F and H discovered in the 1990s
and 2002, respectively [35-38]. Increased recognition of HBV’s role in hepatocellular
carcinoma contributed to greater public health attention and research activity [39]. The
2021-2024 decline in publications may reflect shifts in research funding toward COVID-
19, perceptions of control through vaccination in high-income countries, and ongoing
challenges in low- and middle-income countries, where transmission, diagnosis, and
treatment issues persist [40-43]. Together, these dynamics may help explain the current
uneven patterns of research activity and persistent knowledge gaps across LAC [44].

Our study identified a strong concentration of HBV research in LAC, with more than
70% of publications originating from Brazil, Mexico, and Argentina. This pattern suggests
that large parts of the region may be underrepresented in epidemiological and clinical
literature. Brazil’s prominent position is likely associated with sustained investment in
science and technology, with research expenditure reaching 1.19% of GDP in 2023—one of
the highest rates in LAC—compared with 0.60% in Argentina and 0.25% in Mexico [45,46].
This investment is further supported by strong institutional frameworks, including or-
ganizations such as the Sao Paulo Research Foundation (FAPESP), the National Council
for Scientific and Technological Development (CNPq), and the Coordination for the Im-
provement of Higher Education Personnel (CAPES), which fund long-term research and
graduate training programs [47-50]. These structural advantages are also reflected in publi-
cation patterns, including the prominence of national journals such as Revista da Sociedade
Brasileira de Medicina Tropical and Revista do Instituto de Medicina Tropical de Sdo Paulo. At
the same time, international journals—including Journal of Medical Virology, Vaccine, and
PLoS One—featured prominently, suggesting a dual regional-international dissemination
strategy [51]. Together, sustained investment, strong institutional support, and access
to indexed publication platforms may help explain Brazil’s leading contribution to HBV
research in LAC. Addressing these imbalances, however, will require not only increased
funding but also stronger cross-border collaboration. In this context, partnerships with the
region’s most productive research groups (Supplementary Figure S1) could help expand
research activity and strengthen collaborative networks. Promoting research exchanges and
training programs may facilitate the transfer of technical expertise and the standardization
of protocols across the region.

Our text-mining analysis identified distinct patterns across HBV research fields in LAC.
Observational and epidemiological studies in human populations represented the most
consolidated fields, particularly research on serological profiling, co-infections, hepatitis B
vaccination, genotype and subgenotype characterization, liver pathology, and transfusion
safety. The prominence of these fields may reflect several interrelated factors, including
the urgent public health need to prevent viral transmission and ensure blood safety in
endemic and vulnerable populations [52]; growing interest in evaluating vaccination
coverage as hepatitis B immunization programs expand [8]; the feasibility of cross-sectional
designs using routinely collected hospital and laboratory data [53]; and differences in
infrastructure and technical capacity that may favor population-level surveillance over
basic experimental research [46,54]. These observational studies provide essential evidence
for characterizing the burden and distribution of HBV infection, identifying populations at
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increased risk, monitoring vaccination programs, describing circulating viral genotypes and
clinical manifestations, and informing strategies for disease prevention and control [52].

Conversely, the least-represented HBV research fields were hepatocellular carcinoma
(HCC), antiviral therapy, and comorbidities such as diabetes, obesity, and nutritional
management. Expanding research in these areas is particularly relevant given the rising
regional burden of metabolic dysfunction-associated steatotic liver disease (MASLD) in
LAC, estimated at 44.4% [55,56]. This burden is driven by the displacement of traditional
native diets by ultra-processed foods, alongside sedentary lifestyles and escalating rates
of type 2 diabetes, together fostering a pronounced obesogenic environment [57]. Host
genetic variation could further compound this metabolic scenario. Notably, the region has
the highest prevalence worldwide of the patatin-like phospholipase domain-containing protein
3 (PNPLA3) p.1148M risk allele (rs738409), which is associated with both MASLD and HCC
in patients with cirrhosis [58,59]. In regional cohorts, such as in Mexico, the PNPLA3 GG
genotype confers a 2.24-fold increased risk of elevated alanine aminotransferase (ALT)
levels, indicating heightened susceptibility to hepatic necroinflammation [60]. In addition
to host factors, viral genetic diversity may also influence liver disease progression in the
region; notably, HBV subgenotype F1b is prevalent in several South American populations
and has been detected in patients with HCC, particularly in Peru, compounding the risk of
HBV-related cirrhosis and liver cancer [61]. Together, these findings highlight the need for
an integrated research approach to determine how host factors (genetic and metabolic), the
obesogenic environment, and HBV genotype diversity influence the progression of liver
disease across LAC countries.

We also found that basic experimental research was the least represented domain
in LAC, with in vitro studies accounting for 10.1% and animal models for 6.9%. This
pattern may have important implications for regional research development, as these
experimental platforms constitute a critical preclinical pipeline for developing regionally
relevant antiviral therapies and for discovering and validating nutrients and nutritional
interventions with potential anti-HBV activity [62-66]. Without sufficient local preclinical
research, HBV care in LAC may become increasingly reliant on discoveries and therapeutic
strategies developed in North America, Europe, and Asia [7-9], potentially limiting the
region’s capacity to develop clinical and nutritional strategies tailored to its populations.
Strengthening basic research capacity and technical expertise in LAC is therefore essential
to expand the regional evidence base and complement existing epidemiologic and clinical
research, ultimately supporting comprehensive HBV prevention, treatment, and elimination
efforts [2,3].

At the same time, studies on viral genetic diversity provide other perspectives
on the regional HBV scenario. Analysis of HBV sequences deposited in GenBank
(1998-2025) revealed substantial genotype/subgenotype diversity across LAC, with
marked geographic variation in their distribution. Lineages associated with indigenous
populations—particularly genotypes F and H—were regionally predominant and showed
clear geographic clustering consistent with early human migration into the Americas and
subsequent long-term isolation and host-virus co-evolution [11,12,67]. Genotype F showed
the most pronounced geographic structuring: subgenotype F1b predominated in Peru and
Chile, F3 in Ecuador and Colombia, F4 in Paraguay, Bolivia, and Argentina, and Fla was
highly represented in Costa Rica. Genotype H, by contrast, was observed almost exclu-
sively in Mexico. Together, these patterns are consistent with prior evidence that genotypes
F and H are largely restricted to the Americas and closely associated with indigenous
populations [11,12,68], with their subgenotypic divergence likely reflecting ancient viral
lineages introduced by early human populations and shaped by subsequent geographic
isolation over millennia [69,70].
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HBV genotypes associated with European lineages, particularly in the Southern Cone,
showed substantial prevalence. Subgenotype A2 was common in Argentina and Cuba,
while genotype D (D2, D3, D6) was widespread in Argentina, Brazil, and Uruguay. Glob-
ally, A2 dominates Northern and Western Europe, and D in Southern Europe and the
Mediterranean [71]. These patterns are consistent with HBV lineages introduced during
Spanish and Portuguese colonization and likely amplified by European immigration in the
19th and 20th centuries [72]. Meanwhile, HBV genotypes associated with African lineages
showed regional clustering, notably in Brazil and the Caribbean, where subgenotype Al
and genotype E predominated. Haiti had a distinct profile with a high co-prevalence of A1,
E, and D4, likely linked to the transatlantic slave trade and forced displacement from West
and Central Africa [73]. Recent evidence suggests ongoing introduction of genotype E into
the Americas, including Mexico and Colombia [74,75], with contemporary migration likely
influencing its distribution.

Genotypes associated with Asian lineages, particularly B and C, are observed at
lower frequencies but show localized enrichment. B3 is concentrated in Suriname, and
C2 in Bolivia and Panama. These patterns are consistent with HBV lineages introduced
through labor migrations from East and Southeast Asia since the late 1800s. Japanese labor
migration to Peru (1899) and Brazil (1908) contributed to the introduction and regional
dissemination of these lineages [76]. Phylogenetic studies suggest that genotypes B and C
identified in Bolivia cluster with Asian lineages and are likely linked to Japanese immigrants
who arrived during the rubber boom in the late 19th century in the Mapiri River region;
these lineages have since been transmitted within local populations [77]. In Suriname,
subgenotype B3 has been linked to Javanese ancestry [78].

Genotype G seems to be driven by more recent transmission dynamics, unlike the lin-
eages discussed above, whose distributions are largely a reflection of historical population
movements [79]. The highest number of reported HBV genotype G sequences among LAC
countries was observed in Mexico, followed by Colombia, Venezuela, Brazil, and Argentina.
This genotype has been linked to contemporary transmission networks—particularly
among men who have sex with men (MSM)—where it has been repeatedly identified
in transmission clusters and shows elevated prevalence among individuals living with
HIV [80,81].

The present study shows a heterogeneous distribution of HBV genotypes of Indige-
nous American, European, African and Asian origins across LAC, which could present
important challenges for regional immunization strategies. Currently, most commercial
recombinant HBV vaccines are formulated with HBsAg derived from subgenotype A2
(serotype adw2; GenBank J02205.1) [82], based on the pioneering work of Chilean scientist
Pablo Valenzuela and colleagues, who in the early 1980s first achieved the expression
and assembly of functional, immunogenic 22-nm HBsAg particles in Saccharomyces cere-
visiae [83,84]. Here, we found that subgenotype A2 predominated only in Argentina,
Cuba, and Panama, whereas non-A2 lineages accounted for 74.3% of the sequences ana-
lyzed across LAC, primarily represented by the autochthonous genotypes F and H. These
Amerindian clades are among the most phylogenetically divergent lineages described
to date, predominantly expressing the adw4 serotype, whereas genotype A expresses
adw? [12,36,38]. This serotypic divergence carries direct immunological relevance, since
vaccine-induced protection depends primarily on neutralizing anti-HBs antibodies target-
ing conformational epitopes within HBsAg [85]. A comparable scenario has already been
documented in Indigenous Australians, where standard A2-based vaccination conferred
sub-optimal protection against the divergent genotype C4, resulting in breakthrough in-
fections despite antibody titers conventionally considered protective (>10 IU/mL) [86].
To address this challenge, several Asian countries have begun combining universal A2-
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based immunization with regionally targeted vaccines, particularly genotype C-based
formulations [87]. This approach could be of particular interest to explore in LAC, where
evaluating whether combining the standard A2 vaccine with formulations incorporating
native genotypes F or H truly broadens cross-protective immunity could help optimize
long-term protective efficacy and accelerate regional HBV elimination.

Finally, the study has several limitations. The bibliometric analysis was based on
publicly available titles and abstracts of articles indexed in PubMed, Scopus, and Web of
Science; inclusion of full-text articles may have provided a more granular understanding of
specific methodologies. Additionally, as with any text-based approach, certain terms may
have multiple meanings, although we sought to reduce this ambiguity by incorporating
bigram mapping into our network analysis. Furthermore, our HBV bibliometric search
approach was designed specifically around hepatitis B literature; therefore, the lower
frequency of metabolic and oncological terms reflects their limited co-reporting within HBV
cohorts and should not be misinterpreted as a low prevalence of MASLD or liver cancer, nor
as a lack of broader research on these conditions in LAC. In parallel, GenBank records were
subject to geographic sampling bias, with over 75% of sequences originating from Argentina
and Brazil. Despite these limitations, this study provides a comprehensive assessment of
the HBV research landscape in LAC to date. By integrating historical publication trends,
identifying areas of opportunity in experimental and metabolic research, and tracing the
impact of historical migration on contemporary viral genetic diversity, these findings may
help inform future regional research priorities.

5. Conclusions

This study provides a comprehensive overview of the evolution, current landscape,
and key gaps in HBV research across LAC. Research output remains concentrated in a
limited number of countries and is mainly observational, while substantial gaps persist
in experimental research and in key clinical areas, including hepatocellular carcinoma,
antiviral therapy, and metabolic comorbidities. The high diversity of HBV genotypes and
subgenotypes identified in the region—spanning Indigenous American, European, African,
and Asian lineages—and the predominance of non-A genotypes underscore the need for
region-specific approaches to both vaccination and treatment. Addressing these gaps will
likely require greater investment in experimental and translational research, as well as
stronger regional collaboration, to support the development of HBV control strategies that
are better aligned with the region’s epidemiological and virological context.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/pathogens15101025/s1: Supplementary Figure S1: Top 40 First and
Last Authors in Hepatitis B Virus Research in Latin America and the Caribbean; Table S1: Genotype
and subgenotype assignments of 9528 HBV sequences from Latin America and the Caribbean
retrieved from GenBank.

Author Contributions: Conceptualization, A.P. and S.R.; methodology, A.J.-A., K.G.-A., IM.M.-M.
and A.P; writing—original draft preparation, A.J.-A.; writing—review and editing, A.J.-A., SR,
IMM.-M,, K.G.-A. and A P; supervision, A.P. and S.R; project administration, A.P. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was partly funded by Universidad de Guadalajara (CUCS), grant number
PRO-SNII 2025, for authors A.P,, S.R. and A.J.-A.

Institutional Review Board Statement: Not applicable because the sequence dataset was downloaded
from GenBank.

Informed Consent Statement: Not applicable.

https://doi.org/10.3390/pathogens15101025


https://www.mdpi.com/article/10.3390/pathogens15101025/s1
https://www.mdpi.com/article/10.3390/pathogens15101025/s1
https://doi.org/10.3390/pathogens15101025

Pathogens 2026, 15, 1025 15 of 18

Data Availability Statement: The datasets analyzed in this study were obtained from PubMed,
Scopus, and Web of Science, as well as from NCBI Virus (https:/ /www.ncbi.nlm.nih.gov/labs/virus/
vssi/; accessed on 25 January 2026). The dataset is publicly available from these sources.

Acknowledgments: LM.M.-M. gratefully acknowledges the academic scholarship provided by the
Secretarfa de Ciencia, Humanidades, Tecnologia e Innovacién (SECIHTI).

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.  Hsu, Y.C,; Huang, D.Q.; Nguyen, M.H. Global burden of hepatitis B virus: Current status, missed opportunities and a call for
action. Nat. Rev. Gastroenterol. Hepatol. 2023, 20, 524-537. [CrossRef] [PubMed]

2. World Health Organization (WHO). Global Hepatitis Report 2024: Action for Access in Low- and Middle-Income Countries; WHO:
Geneva, Switzerland, 2024; Available online: https://www.who.int/publications/i/item /9789240091672 (accessed on 13
May 2025).

3.  Pan American Health Organization (PAHO). Hepatitis B and C in the Americas: Hepatitis B; PAHO: Washington, DC, USA, 2016;
Available online: https:/ /iris.paho.org/items/176b4a2a-e725-4bab-bfob-6c67e5c04ec9 (accessed on 20 February 2025).

4. GBD 2019 Hepatitis B Collaborators. Global, regional, and national burden of hepatitis B, 1990-2019: A systematic analysis for
the Global Burden of Disease Study 2019. Lancet Gastroenterol. Hepatol. 2022, 7, 796-829. [CrossRef] [PubMed]

5. Magri, M.C.; Manchiero, C.; Dantas, B.P.; Bernardo, WM.; Abdala, E.; Tengan, EM. Prevalence of hepatitis B in Latin America and
the Caribbean: A systematic review and meta-analysis. Arch. Virol. 2026, 171, 88. [CrossRef] [PubMed]

6. Gnyawali, B.; Pusateri, A.; Nickerson, A; Jalil, S.; Mumtaz, K. Epidemiologic and socioeconomic factors impacting hepatitis B
virus and related hepatocellular carcinoma. World J. Gastroenterol. 2022, 28, 3793-3802. [CrossRef] [PubMed]

7. Terrault, N.A,; Lok, A.S.F; McMahon, B.J.; Chang, K.-M.; Hwang, J.P,; Jonas, M.M.; Brown, R.S,, Jr.; Bzowej, N.H.; Wong, ].B.
Update on prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology 2018,
67,1560-1599. [CrossRef] [PubMed]

8.  European Association for the Study of the Liver. EASL clinical practice guidelines on the management of hepatitis B virus
infection. J. Hepatol. 2025, 83, 502-583. [CrossRef] [PubMed]

9.  Sarin, S.K.; Kumar, M.; Lau, G.K.; Abbas, Z.; Chan, H.L.Y.; Chen, C.J.; Chen, D.S.; Chen, H.L.; Chen, PJ.; Chien, R.N.; et al.
Asian-Pacific clinical practice guidelines on the management of hepatitis B: A 2015 update. Hepatol. Int. 2016, 10, 1-98. [CrossRef]
[PubMed]

10. Ruiz-Linares, A.; Adhikari, K.; Acufia-Alonzo, V.; Quinto-Sanchez, M.; Jaramillo, C.; Arias, W.; Fuentes, M.; Pizarro, M.; Everardo,
P; de Avila, F; et al. Admixture in Latin America: Geographic structure, phenotypic diversity and self-perception of ancestry
based on 7342 individuals. PLoS Genet. 2014, 10, e1004572. [CrossRef] [PubMed]

11.  Alvarado-Mora, M.V,; Pinho, J.R. Distribution of HBV genotypes in Latin America. Antivir. Ther. 2013, 18, 459—465. [CrossRef]
[PubMed]

12.  Roman, S; Jose-Abrego, A.; Fierro, N.A.; Escobedo-Melendez, G.; Ojeda-Granados, C.; Martinez-Lopez, E.; Panduro, A. Hepatitis
B virus infection in Latin America: A genomic medicine approach. World J. Gastroenterol. 2014, 20, 7181-7196. [CrossRef]
[PubMed]

13.  World Health Organization. Global Hepatitis Report, 2017; World Health Organization: Geneva, Switzerland, 2017; Available
online: https:/ /www.afro.who.int/sites/default/files /2017-06 /9789241565455-eng.pdf (accessed on 24 April 2026).

14. The European Union HCV Collaborators. Hepatitis C virus prevalence and level of intervention required to achieve the WHO
targets for elimination in the European Union by 2030: A modelling study. Lancet Gastroenterol. Hepatol. 2017, 2, 325-336.
[CrossRef] [PubMed]

15.  World Health Organization. Global Health Sector Strategy on Viral Hepatitis 2016-2021: Towards Ending Viral Hepatitis; WHO:
Geneva, Switzerland, 2016; Available online: https://www.who.int/publications/i/item/WHO-HIV-2016.06 (accessed on 24
July 2025).

16. Winter, D.J. Rentrez: An R package for the NCBI eUtils API R J. 2017, 9, 520-526. [CrossRef]

17.  Silge, J.; Robinson, D. Tidytext: Text mining and analysis using tidy data principles in R. J. Open Source Softw. 2016, 1, 37.
[CrossRef]

18.  Wickham, H. Stringr: Modern, consistent string processing. R J. 2010, 2, 38—40. [CrossRef]

19.  Wickham, H.; Frangois, R.; Henry, L.; Miiller, K. dplyr: A Grammar of Data Manipulation, R Package Version 1.1.2. 2023. Available

online: https://CRAN.R-project.org/package=dplyr (accessed on 25 July 2025).

https://doi.org/10.3390/pathogens15101025


https://www.ncbi.nlm.nih.gov/labs/virus/vssi/
https://www.ncbi.nlm.nih.gov/labs/virus/vssi/
https://doi.org/10.1038/s41575-023-00760-9
https://www.ncbi.nlm.nih.gov/pubmed/37024566
https://www.who.int/publications/i/item/9789240091672
https://iris.paho.org/items/176b4a2a-e725-4bab-bf9b-6c67e5c04ec9
https://doi.org/10.1016/S2468-1253(22)00124-8
https://www.ncbi.nlm.nih.gov/pubmed/35738290
https://doi.org/10.1007/s00705-026-06562-z
https://www.ncbi.nlm.nih.gov/pubmed/41721875
https://doi.org/10.3748/wjg.v28.i29.3793
https://www.ncbi.nlm.nih.gov/pubmed/36157533
https://doi.org/10.1002/hep.29800
https://www.ncbi.nlm.nih.gov/pubmed/29405329
https://doi.org/10.1016/j.jhep.2025.03.018
https://www.ncbi.nlm.nih.gov/pubmed/40348683
https://doi.org/10.1007/s12072-015-9675-4
https://www.ncbi.nlm.nih.gov/pubmed/26563120
https://doi.org/10.1371/journal.pgen.1004572
https://www.ncbi.nlm.nih.gov/pubmed/25254375
https://doi.org/10.3851/IMP2599
https://www.ncbi.nlm.nih.gov/pubmed/23792558
https://doi.org/10.3748/wjg.v20.i23.7181
https://www.ncbi.nlm.nih.gov/pubmed/24966588
https://www.afro.who.int/sites/default/files/2017-06/9789241565455-eng.pdf
https://doi.org/10.1016/S2468-1253(17)30045-6
https://www.ncbi.nlm.nih.gov/pubmed/28397696
https://www.who.int/publications/i/item/WHO-HIV-2016.06
https://doi.org/10.32614/RJ-2017-058
https://doi.org/10.21105/joss.00037
https://doi.org/10.32614/RJ-2010-012
https://CRAN.R-project.org/package=dplyr
https://doi.org/10.3390/pathogens15101025

Pathogens 2026, 15, 1025 16 of 18

20.

21.

22.
23.

24.
25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Csardi, G.; Nepusz, T. The igraph Software Package for Complex Network Researc. Available online: https:/ /igraph.org (accessed
on 25 July 2025).

Pedersen, T.L. ggraph: An Implementation of Grammar of Graphics for Graphs and Networks, R Package Version 2.1.0. 2022.
Available online: https://CRAN.R-project.org/package=ggraph (accessed on 25 July 2025).

Wright, E.S. Using DECIPHER v2.0 to analyze big biological sequence data in R. R ]. 2016, 8, 352-359. [CrossRef]

Paradis, E.; Schliep, K. Ape 5.0: An environment for modern phylogenetics and evolutionary analyses in R. Bioinformatics 2019,
35, 526-528. [CrossRef] [PubMed]

Blumberg, B.S.; Alter, H.].; Visnich, S. A “New” Antigen in Leukemia Sera. JAMA 1965, 191, 541-546. [CrossRef] [PubMed]
Salazar-Mallen, M.; Escobar, A.; Somolinos-Palencia, ]J. Genes, Hepatitis and Australian Antigen. Gac. Med. Mex. 1970,
100, 1053-1056. [PubMed]

Salazar-Mallen, M.; Escobar, A.; Somolinos Palencia, J. Study of the Australia Factor among the Population of Mexico City. Rev.
Investig. Salud Publica 1970, 30, 189-196. [PubMed]

Sepulveda, B.; Landa, L.; Aubanel, M.; Rodriguez-Moyado, H. Study of the Hepatitis Associated Antigen (Australia) in
Professional Blood Donors. Gac. Med. Mex. 1971, 102, 615-627. [PubMed]

Velasco, M.; Katz, R. The Australian Antigen in Samples of the Chilean Population and in Different Pathological States. Rev. Med.
Chile 1970, 98, 1-5. [PubMed]

Velasco, M.; Katz, R. Hepatitis-Associated Antigen in Chronic Liver Disease. Lancet 1970, 1, 779. [CrossRef] [PubMed]

Salzano, EM.; Blumberg, B.S. The Australia Antigen in Brazilian Healthy Persons and in Leprosy and Leukaemia Patients. J. Clin.
Pathol. 1970, 23, 39-42. [CrossRef] [PubMed]

Schmidt, N.J.; Lennette, E.H. Complement fixation and immunodiffusion tests for assay of hepatitis-associated “Australia
antigen and antibodies. J. Immunol. 1970, 105, 604-613. [CrossRef] [PubMed]

Wolters, G.; Kuijpers, L.P.; Kacaki, J.; Schuurs, A.H. Enzyme-linked immunosorbent assay for hepatitis B surface antigen. J. Infect.
Dis. 1977, 136, S311-S317. [CrossRef] [PubMed]

Mullis, K.B.; Faloona, F.A. Specific synthesis of DNA in vitro via a polymerase-catalyzed chain reaction. Methods Enzymol. 1987,
155, 335-350. [CrossRef] [PubMed]

Panduro, A.; Roman, S.; Leal-Mercado, L.; Cardenas-Benitez, ].P.; Mariscal-Martinez, .M. Evolution of hepatology practice in

”

Mexico and Latin America: From biochemical markers to genomic medicine. World J. Hepatol. 2025, 17, 109092. [CrossRef]
[PubMed]

Okamoto, H.; Tsuda, F.; Sakugawa, H.; Sastrosoewignjo, R.I.; Imai, M.; Miyakawa, Y.; Mayumi, M. Typing hepatitis B virus
by homology in nucleotide sequence: Comparison of surface antigen subtypes. J. Gen. Virol. 1988, 69, 2575-2583. [CrossRef]
[PubMed]

Naumann, H.; Schaefer, S.; Yoshida, C.F,; Gaspar, A.M.; Repp, R.; Gerlich, W.H. Identification of a new hepatitis B virus (HBV)
genotype from Brazil that expresses HBV surface antigen subtype adw4. J. Gen. Virol. 1993, 74, 1627-1632. [CrossRef] [PubMed]
Roman, S.; Panduro, A. HBV endemicity in Mexico is associated with HBV genotypes H and G. World ]. Gastroenterol. 2013,
19, 5446-5453. [CrossRef] [PubMed]

Arauz-Ruiz, P.; Norder, H.; Robertson, B.H.; Magnius, L.O. Genotype H: A new Amerindian genotype of hepatitis B virus
revealed in Central America. J. Gen. Virol. 2002, 83, 2059-2073. [CrossRef] [PubMed]

Beasley, R.P; Hwang, L.Y.; Lin, C.C.; Chien, C.S. Hepatocellular carcinoma and hepatitis B virus. A prospective study of 22,707
men in Taiwan. Lancet 1981, 2, 1129-1133. [CrossRef] [PubMed]

Pley, C.M.; McNaughton, A.L.; Matthews, P.C.; Lourenco, J. The global impact of the COVID-19 pandemic on the prevention,
diagnosis and treatment of hepatitis B virus (HBV) infection. BM] Glob. Health 2021, 6, €004275. [CrossRef] [PubMed]

Lok, A.S.; Ward, J.W.; Chang, M.H.; Cohen, C. Hepatitis B Vaccination: A Remarkable Success Story That Must Continue.
Gastroenterology 2026, 170, 447-451. [CrossRef] [PubMed]

European Centre for Disease Prevention and Control. Evidence Brief: Hepatitis B and C; ECDC: Stockholm, Sweden, 2022; Available
online: https://www.ecdc.europa.eu/sites/default/files/documents /Evidence%20brief%20hepatitis%20B%20and %20C.pdf
(accessed on 24 May 2025).

Jaquet, A.; Muula, G.; Ekouevi, D.K.,; Wandeler, G. Elimination of Viral Hepatitis in Low and Middle-Income Countries:
Epidemiological Research Gaps. Curr. Epidemiol. Rep. 2021, 8, 89-96. [CrossRef] [PubMed]

Mironova, M.; Ghany, M.G. Hepatitis B Vaccine: Four Decades on. Vaccines 2024, 12, 439. [CrossRef] [PubMed]

World Bank. Research and Development Expenditure (% of GDP)—Brazil, Mexico, Argentina; World Bank: Washington, DC, USA,
2024; Available online: https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?locations=BR-MX-AR (accessed on 15
April 2025).

Ciocca, D.R.; Delgado, G. The reality of scientific research in Latin America; an insider’s perspective. Cell Stress Chaperones 2017,
22,847-852. [CrossRef] [PubMed]

https://doi.org/10.3390/pathogens15101025


https://igraph.org
https://CRAN.R-project.org/package=ggraph
https://doi.org/10.32614/RJ-2016-025
https://doi.org/10.1093/bioinformatics/bty633
https://www.ncbi.nlm.nih.gov/pubmed/30016406
https://doi.org/10.1001/jama.1965.03080070025007
https://www.ncbi.nlm.nih.gov/pubmed/14239025
https://www.ncbi.nlm.nih.gov/pubmed/4256977
https://www.ncbi.nlm.nih.gov/pubmed/4249777
https://www.ncbi.nlm.nih.gov/pubmed/5139522
https://www.ncbi.nlm.nih.gov/pubmed/4157367
https://doi.org/10.1016/s0140-6736(70)91009-3
https://www.ncbi.nlm.nih.gov/pubmed/4191279
https://doi.org/10.1136/jcp.23.1.39
https://www.ncbi.nlm.nih.gov/pubmed/5266005
https://doi.org/10.4049/jimmunol.105.3.604
https://www.ncbi.nlm.nih.gov/pubmed/4989555
https://doi.org/10.1093/infdis/136.supplement_2.s311
https://www.ncbi.nlm.nih.gov/pubmed/908857
https://doi.org/10.1016/0076-6879(87)55023-6
https://www.ncbi.nlm.nih.gov/pubmed/3431465
https://doi.org/10.4254/wjh.v17.i10.109092
https://www.ncbi.nlm.nih.gov/pubmed/41179728
https://doi.org/10.1099/0022-1317-69-10-2575
https://www.ncbi.nlm.nih.gov/pubmed/3171552
https://doi.org/10.1099/0022-1317-74-8-1627
https://www.ncbi.nlm.nih.gov/pubmed/8345355
https://doi.org/10.3748/wjg.v19.i33.5446
https://www.ncbi.nlm.nih.gov/pubmed/24023487
https://doi.org/10.1099/0022-1317-83-8-2059
https://www.ncbi.nlm.nih.gov/pubmed/12124470
https://doi.org/10.1016/s0140-6736(81)90585-7
https://www.ncbi.nlm.nih.gov/pubmed/6118576
https://doi.org/10.1136/bmjgh-2020-004275
https://www.ncbi.nlm.nih.gov/pubmed/33402334
https://doi.org/10.1053/j.gastro.2025.10.295
https://www.ncbi.nlm.nih.gov/pubmed/41241364
https://www.ecdc.europa.eu/sites/default/files/documents/Evidence%20brief%20hepatitis%20B%20and%20C.pdf
https://doi.org/10.1007/s40471-021-00273-6
https://www.ncbi.nlm.nih.gov/pubmed/34532216
https://doi.org/10.3390/vaccines12040439
https://www.ncbi.nlm.nih.gov/pubmed/38675820
https://data.worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?locations=BR-MX-AR
https://doi.org/10.1007/s12192-017-0815-8
https://www.ncbi.nlm.nih.gov/pubmed/28584930
https://doi.org/10.3390/pathogens15101025

Pathogens 2026, 15, 1025 17 of 18

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

National Council for Scientific and Technological Development (CNPq). Institutional Programs; CNPq: Brasilia, Brazil, 2023;
Available online: http://www.cnpq.br (accessed on 20 June 2025).

Coordination for the Improvement of Higher Education Personnel (CAPES). Graduate Support and Funding Initiatives; CAPES:
Brasilia, Brazil, 2023. Available online: http://www.capes.gov.br (accessed on 20 June 2025).

Oswaldo Cruz Foundation (Fiocruz). Research and Innovation in Infectious Diseases; Fiocruz: Rio de Janeiro, Brazil, 2023; Available
online: https:/ /portal.fiocruz.br/en/infectious-diseases-research (accessed on 20 June 2025).

University of Sao Paulo (USP). Scientific Production and Impact; USP: Sao Paulo, Brazil, 2023; Available online:
https:/ /wwwb.usp.br/english/research/ (accessed on 20 February 2025).

Rocha-e-Silva, M. Impact factor, Scimago Indexes and the Brazilian journal rating system: Where do we go from here? Clinics
2010, 65, 351-355. [CrossRef] [PubMed]

Schmunis, G.A.; Cruz, ].R. Safety of the blood supply in Latin America. Clin. Microbiol. Rev. 2005, 18, 12-29, Correction in Clin.
Microbiol. Rev. 2005, 18, 582.. [CrossRef] [PubMed]

Laguna-Meraz, S.; Roman, S.; Jose-Abrego, A.; Sigala-Arellano, R.; Panduro, A. A hospital-based study of the prevalence of
HBYV, HCV, HIV, and liver disease among a low-income population in West Mexico. Ann. Hepatol. 2022, 27, 100579. [CrossRef]
[PubMed]

Molinelli, A.R.; Palavecino, E.L.; Jara-Aguirre, ].C.; Cosby, K.; Targowski, A.; Goldsmith, B.M.; Sierra-Amor, R.; Garcia, ].D.;
Algeciras-Schimnich, A.; Zabaleta, E.H.; et al. Current State and Needs of Clinical Laboratories in Latin America: A Cross-Country
Assessment. ]. Appl. Lab. Med. 2026, 11, 927-938. [CrossRef] [PubMed]

Olaez-Ramos, C.E.; Mojica-Zamudio, K.L.; Sandoval-Rodriguez, A.; Armendariz-Borunda, J. Epidemiology and diagnostic of
MASLD in Latin America: A yet to be met challenge. Front. Pharmacol. 2026, 16, 1700072. [CrossRef] [PubMed]

Younossi, Z.M.; Golabi, P; Paik, ] M.; Henry, A.; Van Dongen, C.; Henry, L. The global epidemiology of nonalcoholic fatty liver
disease (NAFLD) and nonalcoholic steatohepatitis (NASH): A systematic review. Hepatology 2023, 77, 1335-1347. [CrossRef]
[PubMed]

van Tulleken, C. Ultra-processed foods and public health: Evidence of harm and of conflicts of interest in the food industry to
evade regulation. Future Healthc. J. 2025, 12, 100263. [CrossRef] [PubMed]

Romeo, S.; Kozlitina, J.; Xing, C.; Pertsemlidis, A.; Cox, D.; Pennacchio, L.A.; Boerwinkle, E.; Cohen, J.C.; Hobbs, H.H. Genetic
variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. Nat. Genet. 2008, 40, 1461-1465. [CrossRef]
[PubMed]

Urias, E.; Tedesco, N.R.; Burkholder, D.A.; Moran, L].; Miller, M.].; Jasty, V.S.J.; Patil, S.; Zoellner, S.; Wijarnpreecha, K.; Chen, V.L.
PNPLA3 risk allele is associated with risk of hepatocellular carcinoma but not decompensation in compensated cirrhosis. Hepatol.
Commun. 2024, 8, e0441. [CrossRef] [PubMed]

Idilman, R.; Karatayli, S.C.; Kabacam, G.; Savas, B.; Elhan, A.H.; Bozdayi, A.M. The role of PNPLA3 (rs738409) c>g variant on
histological progression of non-alcoholic fatty liver disease. Hepatol. Forum 2020, 1, 82-87. [CrossRef] [PubMed]

Elizalde, M.M.; Mojsiejczuk, L.; Speroni, M.; Bouzas, B.; Tadey, L.; Mammana, L.; Campos, R.H.; Flichman, D.M. Molecular and
biological characterization of hepatitis B virus subgenotype F1b clusters: Unraveling its role in hepatocarcinogenesis. Front.
Microbiol. 2022, 13, 946703. [CrossRef] [PubMed]

Chang, Y; Liu, Q.Y,; Zhang, Q.; Rong, YM.; Lu, C.Z.; Li, H. Role of nutritional status and nutritional support in outcome of
hepatitis B virus-associated acute-on-chronic liver failure. World . Gastroenterol. 2020, 26, 4288—4301. [CrossRef] [PubMed]
Jose-Abrego, A.; Rivera-Iniguez, I.; Torres-Reyes, L.A.; Roman, S. Anti-hepatitis B virus activity of food nutrients and potential
mechanisms of action. Ann. Hepatol. 2023, 28, 100766. [CrossRef] [PubMed]

Yamashita, A.; Fujimoto, Y.; Tamaki, M.; Setiawan, A.; Tanaka, T.; Okuyama-Dobashi, K.; Kasai, H.; Watashi, K.; Wakita, T.;
Toyama, M.; et al. Identification of Antiviral Agents Targeting Hepatitis B Virus Promoter from Extracts of Indonesian Marine
Organisms by a Novel Cell-Based Screening Assay. Mar. Drugs 2015, 13, 6759-6773. [CrossRef] [PubMed]

Yuen, M.F; Lim, S5.G.; Plesniak, R.; Tsuji, K.; Janssen, H.L.A.; Pojoga, C.; Gadano, A.; Popescu, C.P; Stepanova, T.; Asselah, T.; et al.
Efficacy and Safety of Bepirovirsen in Chronic Hepatitis B Infection. N. Engl. J. Med. 2022, 387, 1957-1968. [CrossRef] [PubMed]
Jose-Abrego, A.; Roman, S.; Laguna-Meraz, S.; Panduro, A. Host and HBV Interactions and Their Potential Impact on Clinical
Outcomes. Pathogens 2023, 12, 1146. [CrossRef] [PubMed]

Panduro, A.; Roman, S.; Laguna-Meraz, S.; Jose-Abrego, A. Hepatitis B Virus Genotype H: Epidemiological, Molecular, and
Clinical Characteristics in Mexico. Viruses 2023, 15, 2186. [CrossRef] [PubMed]

Kocher, A ; Papac, L.; Barquera, R.; Key, EM.; Spyrou, M.A.; Hubler, R.; Rohrlach, A.B.; Aron, F; Stahl, R.; Wissgott, A.; et al. Ten
millennia of hepatitis B virus evolution. Science 2021, 374, 182-188. [CrossRef] [PubMed]

Jose-Abrego, A.; Roman, S.; Laguna-Meraz, S.; Rebello-Pinho, J.R.; Justo Arevalo, S.; Panduro, A. Tracing the evolutionary history
of hepatitis B virus genotype H endemic to Mexico. Front. Microbiol. 2023, 14, 1180931. [CrossRef] [PubMed]

Schaefer, S. Hepatitis B virus genotypes in Europe. Hepatol. Res. 2007, 37, S20-S26. [CrossRef] [PubMed]

https://doi.org/10.3390/pathogens15101025


http://www.cnpq.br
http://www.capes.gov.br
https://portal.fiocruz.br/en/infectious-diseases-research
https://www5.usp.br/english/research/
https://doi.org/10.1590/S1807-59322010000400001
https://www.ncbi.nlm.nih.gov/pubmed/20454490
https://doi.org/10.1128/CMR.18.1.12-29.2005
https://www.ncbi.nlm.nih.gov/pubmed/15653816
https://doi.org/10.1016/j.aohep.2021.100579
https://www.ncbi.nlm.nih.gov/pubmed/34793967
https://doi.org/10.1093/jalm/jfag019
https://www.ncbi.nlm.nih.gov/pubmed/41808422
https://doi.org/10.3389/fphar.2025.1700072
https://www.ncbi.nlm.nih.gov/pubmed/41668812
https://doi.org/10.1097/HEP.0000000000000004
https://www.ncbi.nlm.nih.gov/pubmed/36626630
https://doi.org/10.1016/j.fhj.2025.100263
https://www.ncbi.nlm.nih.gov/pubmed/40692632
https://doi.org/10.1038/ng.257
https://www.ncbi.nlm.nih.gov/pubmed/18820647
https://doi.org/10.1097/HC9.0000000000000441
https://www.ncbi.nlm.nih.gov/pubmed/38780253
https://doi.org/10.14744/hf.2020.2020.0023
https://www.ncbi.nlm.nih.gov/pubmed/35949720
https://doi.org/10.3389/fmicb.2022.946703
https://www.ncbi.nlm.nih.gov/pubmed/35966715
https://doi.org/10.3748/wjg.v26.i29.4288
https://www.ncbi.nlm.nih.gov/pubmed/32848334
https://doi.org/10.1016/j.aohep.2022.100766
https://www.ncbi.nlm.nih.gov/pubmed/36179798
https://doi.org/10.3390/md13116759
https://www.ncbi.nlm.nih.gov/pubmed/26561821
https://doi.org/10.1056/NEJMoa2210027
https://www.ncbi.nlm.nih.gov/pubmed/36346079
https://doi.org/10.3390/pathogens12091146
https://www.ncbi.nlm.nih.gov/pubmed/37764954
https://doi.org/10.3390/v15112186
https://www.ncbi.nlm.nih.gov/pubmed/38005864
https://doi.org/10.1126/science.abi5658
https://www.ncbi.nlm.nih.gov/pubmed/34618559
https://doi.org/10.3389/fmicb.2023.1180931
https://www.ncbi.nlm.nih.gov/pubmed/37293217
https://doi.org/10.1111/j.1872-034X.2007.00099.x
https://www.ncbi.nlm.nih.gov/pubmed/17627630
https://doi.org/10.3390/pathogens15101025

Pathogens 2026, 15, 1025 18 of 18

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Zehender, G.; Svicher, V.; Gabanell, E.; Ebranati, E.; Veo, C.; Lo Presti, A.; Cella, E.; Giovanetti, M.; Bussini, L.; Salpini, R.; et al.
Reliable timescale inference of HBV genotype A origin and phylodynamics. Infect. Genet. Evol. 2015, 32, 361-369. [CrossRef]
[PubMed]

Wolf, ].M.; Pereira, V.; De Carli, S.; Godoi, T.P.M.; Wortmann, A.C.; Stumm, G.Z.; Galvan, J.; Soldera, J.; Simon, D.; Lunge, V.R.
Tracing back hepatitis B virus genotype D introduction and dissemination in South Brazil. Infect. Genet. Evol. 2020, 82, 104294.
[CrossRef] [PubMed]

Andernach, L.E.; Nolte, C.; Pape, ].W.; Muller, C.P. Slave trade and hepatitis B virus genotypes and subgenotypes in Haiti and
Africa. Emerg. Infect. Dis. 2009, 15, 1222-1228. [CrossRef] [PubMed]

Escobar-Escamilla, N.; Fragoso-Fonseca, D.E.; Arreguin-Porras, D.M.; Esteban-Valencia, M.d.C.; Corona-Valdespino, E.; Falcon-
Acosta, J.I; Vazquez-Campuzano, R.; Garces-Ayala, F; Ortiz-Alcantara, ].M.; Lopez-Martinez, I.; et al. Complete Genome
Sequence of Hepatitis B Virus Genotype E, the First Molecular Characterization from an Imported Case in Mexico. Genome
Announc. 2016, 4, e00187-16. [CrossRef] [PubMed]

Alvarado Mora, M.V,; Romano, C.M.; Gomes-Gouvea, M.S.; Gutierrez, M.F.; Carrilho, EJ.; Pinho, ].R. Molecular epidemiology
and genetic diversity of hepatitis B virus genotype E in an isolated Afro-Colombian community. J. Gen. Virol. 2010, 91, 501-508.
[CrossRef] [PubMed]

Masterson, D.M. The Japanese in Latin America; University of Illinois Press: Champaign, IL, USA, 2018; Available online:
https:/ /revista.drclas.harvard.edu/nikkei-latin-america/ (accessed on 22 May 2025).

Khan, A.; Tanaka, Y.; Saito, H.; Ebinuma, H.; Sekiguchi, H.; Iwama, H.; Wakabayashi, G.; Kamiya, T.; Kurbanov, F; Elkady, A.;
et al. Transmission of hepatitis B virus (HBV) genotypes among Japanese immigrants and natives in Bolivia. Virus Res. 2008,
132, 174-180. [CrossRef] [PubMed]

MacDonald-Ottevanger, M.S.; Boyd, A.; Prins, M.; van der Helm, ].].; Zijlmans, C.W.R.; Hindori-Mohangoo, A.D.; Harkisoen,
S.; Hermelijn, S.M.; Brinkman, K.; Codrington, J.; et al. Differences in prevalence of hepatitis B virus infection and genotypes
between ethnic populations in Suriname, South America. Virology 2021, 564, 53-61. [CrossRef] [PubMed]

Araujo, N.M.; Osiowy, C. Hepatitis B Virus Genotype G: The Odd Cousin of the Family. Front. Microbiol. 2022, 13, 872766.
[CrossRef] [PubMed]

Jose-Abrego, A.; Panduro, A.; Fierro, N.A.; Roman, S. High prevalence of HBV infection, detection of subgenotypes F1 b, A2, and
D4, and differential risk factors among Mexican risk populations with low socioeconomic status. J. Med. Virol. 2017, 89, 2149-2157.
[CrossRef] [PubMed]

Jose-Abrego, A.; Roman, S.; Rebello Pinho, J.R.; de Castro, V.ED.; Panduro, A. Hepatitis B Virus (HBV) Genotype Mixtures, Viral
Load, and Liver Damage in HBV Patients Co-infected with Human Immunodeficiency Virus. Front. Microbiol. 2021, 12, 640889.
[CrossRef] [PubMed]

Cassidy, A.; Mossman, S.; Olivieri, A.; De Ridder, M.; Leroux-Roels, G. Hepatitis B vaccine effectiveness in the face of global HBV
genotype diversity. Expert Rev. Vaccines 2011, 10, 1709-1715. [CrossRef] [PubMed]

Valenzuela, P,; Gray, P.; Quiroga, M.; Zaldivar, J.; Goodman, H.M.; Rutter, W.J. Nucleotide sequence of the gene coding for the
major protein of hepatitis B virus surface antigen. Nature 1979, 280, 815-819. [CrossRef] [PubMed]

Valenzuela, P.; Medina, A.; Rutter, W.J.; Ammerer, G.; Hall, B.D. Synthesis and assembly of hepatitis B virus surface antigen
particles in yeast. Nature 1982, 298, 347-350. [CrossRef] [PubMed]

Lazarevic, I.; Banko, A.; Miljanovic, D.; Cupic, M. Inmune-Escape Hepatitis B Virus Mutations Associated with Viral Reactivation
upon Immunosuppression. Viruses 2019, 11, 778. [CrossRef] [PubMed]

Cheah, B.C.; Davies, ].; Singh, G.R.; Wood, N.; Jackson, K.; Littlejohn, M.; Davison, B.; McIntyre, P.; Locarnini, S.; Davis, ].S.; et al.
Sub-optimal protection against past hepatitis B virus infection where subtype mismatch exists between vaccine and circulating
viral genotype in northern Australia. Vaccine 2018, 36, 3533-3540. [CrossRef] [PubMed]

Inoue, T.; Tanaka, Y. Cross-Protection of Hepatitis B Vaccination among Different Genotypes. Vaccines 2020, 8, 456. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/pathogens15101025


https://doi.org/10.1016/j.meegid.2015.03.009
https://www.ncbi.nlm.nih.gov/pubmed/25784568
https://doi.org/10.1016/j.meegid.2020.104294
https://www.ncbi.nlm.nih.gov/pubmed/32247034
https://doi.org/10.3201/eid1508.081642
https://www.ncbi.nlm.nih.gov/pubmed/19751583
https://doi.org/10.1128/genomeA.00187-16
https://www.ncbi.nlm.nih.gov/pubmed/27034495
https://doi.org/10.1099/vir.0.015958-0
https://www.ncbi.nlm.nih.gov/pubmed/19846674
https://revista.drclas.harvard.edu/nikkei-latin-america/
https://doi.org/10.1016/j.virusres.2007.12.005
https://www.ncbi.nlm.nih.gov/pubmed/18207274
https://doi.org/10.1016/j.virol.2021.09.005
https://www.ncbi.nlm.nih.gov/pubmed/34656809
https://doi.org/10.3389/fmicb.2022.872766
https://www.ncbi.nlm.nih.gov/pubmed/35432294
https://doi.org/10.1002/jmv.24913
https://www.ncbi.nlm.nih.gov/pubmed/28792071
https://doi.org/10.3389/fmicb.2021.640889
https://www.ncbi.nlm.nih.gov/pubmed/33746932
https://doi.org/10.1586/erv.11.151
https://www.ncbi.nlm.nih.gov/pubmed/22085174
https://doi.org/10.1038/280815a0
https://www.ncbi.nlm.nih.gov/pubmed/471053
https://doi.org/10.1038/298347a0
https://www.ncbi.nlm.nih.gov/pubmed/7045698
https://doi.org/10.3390/v11090778
https://www.ncbi.nlm.nih.gov/pubmed/31450544
https://doi.org/10.1016/j.vaccine.2018.01.062
https://www.ncbi.nlm.nih.gov/pubmed/29735323
https://doi.org/10.3390/vaccines8030456
https://www.ncbi.nlm.nih.gov/pubmed/32824318
https://doi.org/10.3390/pathogens15101025

	Introduction 
	Materials and Methods 
	Search Strategy 
	Study Classification 
	Text Mining Analysis 
	HBV Genotyping and Subgenotyping 
	Statistical Analysis 

	Results 
	Geographic Distribution and Temporal Trend of Hepatitis B Research 
	Types of Publications in Hepatitis B Research 
	Principal Thematic Structure of Hepatitis B Research in Latin America and the Caribbean 
	Complex Regional Patterns of HBV Genotype and Subgenotype Diversity in LAC 

	Discussion 
	Conclusions 
	References

