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ABSTRACT
Lineage 2 (East Asian), which includes the Beijing genotype, is one of themost prevalent lineages of
Mycobacterium tuberculosis (Mtb) throughout the world. The Beijing family is associated to hyper-
virulence and drug-resistant tuberculosis. The study of this genotype’s circulation in Latin America is
crucial for achieving total control of TB, the goal established by the World Health Organization, for
the American sub-continent, before 2035. In this sense, the present work presents an overview of
the status of the Beijing genotype for this region, with a bibliographical review, and data analysis of
MIRU-VNTRs for available Beijing isolates. Certain countries present a prevalent trend of <5%,
suggesting low transmissibility for the region, with the exception of Cuba (17.2%), Perú (16%)
and Colombia (5%). Minimum Spanning Tree analysis, obtained from MIRU-VNTR data, shows
distribution of specific clonal complex strains in each country. From this data, in most countries,
we found that molecular epidemiology has not been a tool used for the control of TB, suggesting
that the Beijing genotype may be underestimated in Latin America. It is recommended that
countries with the highest incidence of the Beijing genotype use effective control strategies and
increased care, as a requirement for public health systems.
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Introduction

In 1993, tuberculosis (TB) was declared a global emer-
gency by the World Health Organization (WHO) and
continues to be. According to the WHO, TB is among
the 10 leading causes of death in the world and is the
greatest cause of death due to a single infectious agent.
The resistance of Mycobacterium tuberculosis (Mtb) to
antituberculous drugs is a global challenge and repre-
sents a serious public health issue. In 3.3% of the new
cases of TB and in 18% of previously treated cases, the
infection is multidrug-resistant (TB-MDR) or resistant to
Rifampicin (TB-RR). In addition, about 1.7 billion people
(23% of the world population) are latently infected with
Mtb, and thus, represent a threat to the elimination of TB
[1]. Despite all efforts to control its impact, which accom-
pany the high number of people with latent TB, HIV
infection, diabetes, cancer, autoimmune diseases, the
application of biological therapy, malnutrition, poverty,
etc., there has not been a significant global reduction of
this disease. Strains that are resistant to first- and second-
line drugs are being found with greater frequency. In
2017, the WHO estimated there were about 10 million
incident cases of TB in the world, with 1.6 million
deaths [1].

Bacterial genotype is determinant in the evolution and
prognosis of active TB. Indeed, there are several Mtb

lineages that affect human populations, suggesting that
the tubercle bacillus has developed a high degree of
adaptation to the host [2]. Using the latest global phylo-
genetic reconstructions of the Mtb complex by single
point mutations (SNPs) in different countries, 34,167
SNPs were found in the whole genome of 220 clinical
isolates [3,4]. There are 7 phylogeographic lineages
denominated 1–7, divided into two groups; modern
lineages, and ancient or ancestral lineages. Modern
lineages are characterized by being monophyletic, they
share a single, globally common ancestor and present
a deletion in the Tuberculosis Differentiation Region 1
(TbD1), where a significant number of genes from the
mycobacterial membrane protein large (mmpL) family
are located. Mycobacterial membrane proteins are
involved in the transport of cell wall components, such
as PDIM (Phthiocerol Dimycocerosates) and specific poly-
ketides, as well as in the expulsion of anti-TB drugs (efflux
pumps). ThemmpS6 andmmpL6 genes are located in this
region, both code for amembrane transport protein [5,6].
The following lineages belong to the group of modern
lineages; lineage 2 (East Asian) which includes the Beijing
genotype; lineage 3 (East African and Central Asia); and
lineage 4 (Euro American). The ancestral lineages are
paraphyletic, they are lineage 1 (East Africa, Philippines
and, Edge of the Indian Ocean); lineage 5 (West African 1);
lineage 6 (West African 2); and lineage 7 (Ethiopia) [3,7,8].
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Using large sequence polymorphisms ‘LSPs’ and multi-
locus sequencing, lineage 7 had never been previously
detected. This lineage is now identified by whole gen-
ome sequencing, from 36 clinical isolates from the
Weldiya region in Ethiopia. These strains are character-
ized by an atypical pattern of spoligotyping, which is the
loss of spacers 4–34. These isolates show an intact TbD1
region, and according to the sequencing data, this new
lineage is located between ancestral lineage 1 and mod-
ern lineages 2, 3, and 4 [9–11].

Of the aforementioned lineages, two of them are
predominant worldwide: the Euro-American lineage,
with wide distribution in Europe and America, which is
less prevalent in South Africa and Southeast Asia [2]; and
the Beijing lineage that has highest prevalence in Asia
and Europe [12], but it is distributed worldwide [13].

For patients infected with Beijing strains, it is quite
important to have an appropriate follow-up, since this
particular genotype is associated with multi-resistant
phenotype and increased pathogenicity [14].

The aim of the present study is to describe the dis-
tribution of the Beijing genotype in the Latin American
and the Caribbean region, trying to give useful basis for
the implementation of effective control and surveillance
strategies in this region.

Generalities of M. tuberculosis complex

TB is caused by members of the Mycobacterium tubercu-
losis complex (MTBC), which are the species that most
frequently infect humans. Some time ago, it was generally
believed that TB was caused by a pathogen with uniform
characteristics, since its genomewas considered as highly
conserved andwithout horizontal gene transfer. The only
strain that showed horizontal gene transfer and recombi-
nation between different strains is M. canettii, a smooth
variant of MTBC that is one of the oldest members of this
complex and exhibit higher genetic variability in compar-
ison with other members of the complex. So far, there is
no evidence of human-to-human transmission of this
strain and there are reports of about 60 unique cases in
Africa, suggesting that the origin of this bacterium is
environmental, and no specific reservoir has been identi-
fied [3,15]. Even though M. canettii can produce gene
horizontal transfer, there is no evidence that other mem-
bers of the MTBC can do it, preventing this strain as
a source of genetic variability to other members.

The members from MTBC are classified into two
groups: (i) those which have adapted to humans,
like M. tuberculosis sensu stricto, that has subtle genomic
differences to differentiate them [16], and M. africanum,
which only circulates in Africa [17]. This latter strain is
divided into two groups according to their biochemical
and geographical characteristics. M. africanum subtype
I with similar properties to M. bovis; and M. africanum
subtype II, which has similar properties to M. tuberculosis
[18], (ii) the second group of strains is those that have

adapted to animals, such as Mycobacterium microti [19],
Mycobacterium bovis [20], Mycobacterium pinnipedii [21],
Mycobacterium mungi [22], M. orygis [23], Mycobacterium
suricattae [24], Chimpanzee bacillus [25] and free-living
Mycobacterium canettii [26]. Strains that are adapted to
animals can cause disease in humans by zoonotic trans-
mission [27]. In fact, the taxonomic classification of
Mycobacterium species is subject to constant modifica-
tions and updates, genetic analysis, and variations in
diverse findings. For example, Rojas MA et al. [28] per-
formed whole genome sequencing of ATCC strains for
each species of the complex, as well as subsequent DNA-
DNA digital hybridization tests, identification of Average
Nucleotide Identity, and calculation of phylogenomic
distances to propose the conformation of MTBC, the
speciesM.tuberculosis,M.africanum,M.bovis,M.caprae,M.m-
icroti, and M. pinnipedii, were considered as heterotypic
synonyms of M. tuberculosis. The term var is recom-
mended to differentiate them, for example,M. tuberculo-
sis var africanum. Thus, species M. canettii, M. mungi,
and M. orygis should all be considered to be strains
of M. tuberculosis. Although this proposition is relevant,
it should be validated by expert taxonomists [28].

M. tuberculosis began its clonal expansion along the
African continent. Initially, it was believed that MTBC
originated in animal hosts, but with the current and
available evidence it is thought that the bacteria co-
evolved with humans [3,7]. The availability of new
generation sequencing methodologies (NGS), and
whole genome sequencing (WGS) determined that
the ancestral MTBC strains were phylogenetically sepa-
rated from strains adapted to animals, before the
Neolithic demographic transition from the African con-
tinent, and before humanmigration outside Africa [29].
This resulted in the dispersion of some members of
MTBC and the acquisition of specificity, in terms of the
predominance of genotypes in certain geographical
regions. As such, bacterial distribution has been
altered by the ability of human populations to navi-
gate, trade, and interact with distant populations, and
in consequence, there are bacterial adaptations to cer-
tain populations that have created lineages, subli-
neages, families, and genotypes [30,31]. In fact, the
presence of the MTBC genetic material found in bony
lesions in mummies from Egyptian, European, Asian,
African, and pre-Columbian civilizations, dating to anti-
quity supports this claim. These observations are
widely described [32,33], and suggest a possible co-
evolution with humans [27,32,34–38].

M. tuberculosis shows low capacity of genetic mate-
rial exchange in both, intra-species and inter-species
[39], as well as limited transduction in the CRISPR (clus-
tered regularly interspaced short palindromic repeats)
locus or DR locus (Direct Repeats), which restrict the
acquisition of bacteriophages´ DNA [40]. Even so, there
is a large variation in its bacterial phenotype. Thus, small
variations such as mutations (SNPs, deletions, and
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insertions) and changes at the regulatory level, often
induced by selective environmental pressures or human
influences contribute to induce variations in the bacter-
ial phenotype. Different studies performed in animals
[41–44], cellular models [45–48], and human studies
[49–51] demonstrated the existence of hyper, hypo,
and mild virulent strains [52–54], as well as variation in
resistance to antibiotics [55–57].

Differences in virulence and in the drug-resistance
profile have an overall negative impact on treatment
efficacy, which makes the goal of decreasing mortal-
ity and incident TB cases in the world difficult to
achieve, particularly by specific mycobacterial geno-
types, such as Beijing [34]. Therefore, the aim of this
work is to analyze the available published literature
related to the circulation of the Beijing genotype
of M. tuberculosis in Latin America and the
Caribbean, with special emphasis on Colombia, in
order to highlight the relevant findings of this geno-
type in America and its effect on the Latin-American
population.

Beijing genotype: origin, description,
classification and global presence

The Beijing genotype, which belongs to lineage 2 or East
Asian lineage of M. tuberculosis, is a phylogeographic
lineage responsible for TB in at least a quarter of the
total cases worldwide [58]. This genotype was described
for the first time in 1995 by Van Soolingen et al., from
a population study of circulating TB genotypes in China,
between 1992 and 1994. In this study, all the clinical
isolates subsequently named as Bejing were found to
share the same RFLP-IS6110 pattern, with 15 to 20 copies
of this insertion-sequence, also these strains showed
a significantly different spoligotype than isolates from
other regions in the world that only demonstrated
spacers 35 to 43 in the DR locus. These type of strains
circulate not only in China, but also in neighboring coun-
tries such as Mongolia, South Korea, and Thailand [59].
Strains with these genotypic characteristics are known as
typical or classical Beijing. Clinical isolates with differ-
ences in RFLP-IS6110 banding patterns and lacking spo-
ligotyping spacers 35 to 43 are known as atypical Beijing
or Beijing-like [60]. There is another group of strains that
have been denominated ‘Pseudo-Beijing’, which show
the lineage´s typical spoligotype, but they have
a shorter deletion (100-bp or less) in the differentiation
regions (RD) RD207 and RD105, than the deletion
detected in typical Beijing strains [61]. Furthermore,
strains of this genotype were identified in the 90s in
New York City, in HIV+ patients, in hospitals and prisons.
At that time, they were known as Multidrug-Resistant
(MDR) ‘W’ strains. Later, it became evident that these
strains were part of a small sublineage of the Beijing
family. For strains in this phylogenetic group, the denomi-
nation W/Beijing is commonly used [62,63].

It is believed that the success of this genotype at
a global level is determined by diverse causes, such as
vaccination with M. bovis Calmette–Guerin bacilli (BCG)
[64], which is massively used in the Asian region. This
hypothesis is based on several studies that have isolated
this kind of strain in vaccinated patients from endemic
countries [59,65,66]. Strains of Beijing genotype have
been associated with outbreaks of multidrug-resistant
tuberculosis (MDR-TB), and from Eastern Asia, this strain
has spread to diverse regions throughout the world.
Compared to other MTBC lineages, it seems that the
Beijing lineage has selective advantages, such as higher
ability to acquire drug resistance, high mutagenic capa-
city, and increased transmissibility and hypervirulence
[12]. These last two characteristics are observed more
frequently in strains with lesser degrees of ancestral
evolution, mainly in areas whose presence is most
recent; such as countries from Latin America, southern
Africa and in Eastern Europe. Strains with higher ances-
try, particularly from East Asia, show variable antibiotic
susceptibility and mild virulence [58].

Lineage 2 or East Asian strains are characterized by
the presence or deletion of diverse long sequence poly-
morphisms (LSP), whose size varies between 224 and
11,985-bp. LSPs contribute to the classification of this
genotype. Thus, so far all these studied strains show
RD105 and RD207 deletions, which are responsible for
the lack of the first 34 spacers in the DR locus (Direct
Repeats), present in all members of the MTBC [67].
RD181 is characteristic of almost all strains of the
Beijing family, and is a marker of early evolution;
RD150 and RD142 may or may not be present in such
strains, and this is a characteristic of strains with more
recent evolution [68].

The identification of the LSPs has been extended by
PCR amplification, partial or total sequencing, or
through a hybridization probe. Considering that
these are large genomic deletions, they involve partial
or total deletion of mycobacterial genes that produce
virulence variations [69]. These major genomic dele-
tions are: RD 105, 4267-bp, completely deletes Rv0072
genes coding part of an uncharacterized permease
transport protein type ABC [70]; Rv0073 codes for an
ATP-like glutamine ATP binding protein, and partially
eliminates Rv0071 genes that encode a possible intron
type II maturase, which is a gene not essential for the
in vitromycobacterial growth [71]. Rv0073 codes for an
ATP-like glutamine ATP binding protein, and partially
eliminates Rv0071 genes, that encodes for a possible
intron type II maturase, a gene not essential for the
in vitro bacterial growth [72].

Other significant deletions founded in Beijing
strains are deletion RD207, 7399-bp, that is mainly
responsible for the loss of spacers in the DR locus
(Direct Repeats) of this genotype, and is responsible
for the characteristic spoligotype of 9 spacers, 34 to 43;
which produce partial deletion of 7 genes and loss of
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the insertion sequence IS6110. The genes deleted in
this region are: Rv2814c codes for a transposase sub-
unit required for the transposition of IS6110; Rv2815c
is the gene that codifies a putative transposase for
IS6110 that merges with Rv2814c, which is possibly
responsible for the change in the reading frame
Rv2816c, Rv2817c, Rv2818c, Rv2819c, and Rv2820c,
which codify conserved hypothetical proteins and cor-
respond to possible specific genomic islands for Mtb
during translation [73]; Rv2816c, Rv2817c, Rv2818c,
Rv2819c, and Rv2820c code for conserved hypothetical
proteins, corresponding to possible specific genomic
islands for Mtb [74,75]. Rv2816c, Rv2817c, Rv2818c,
Rv2819c, and Rv2820c code for conserved hypothetical
proteins, corresponding to possible specific Mtb geno-
mic islands [75]. RD142 is a 2851-bp deletion, a region
with four genes: Rv1190 and Rv1191, which code for
hypothetical proteins; Rv1192 codes for a protein of
unknown function; and for sigma factor L (sigL) [75–
77]. RD 152 is a deletion of 11,985-bp, that involves the
loss of 12 cutl, picD, and wag22 genes, which are anti-
genic members belonging to the PE-PGRS protein
family [78]; Rv1754c codes for a conserved protein
rich in proline; Rv1756c and Rv1757c codify a putative
transposase subunit of IS6110; Rv1760 encodes
a possible triacylglycerol synthetase, responsible for
the accumulation of cell wall lipids; Rv1761c codifies
a possible hydrophobic end transporter protein
involved in cell wall lipid metabolism; Rv1762c encodes
a protein of unknown function; Rv1763 and Rv1764
codify putative transposases for the insertion of
IS6110; and Rv1765c encodes a hypothetical conserved
protein from Mtb’s cytosol [72,77].

Another important marker for the identification of
Mtb Beijing genotype isolates from Asia is an intact pks
15/1 gene [79]; this gene encodes enzymes that contri-
bute in the synthesis of Phthiocerol Dimycocerosates
(PDIM), a lipid virulence factor located in the cell wall
[80–85], which is the most apolar lipid of the cell wall
and is structurally related to phenolic glycolipid. Its
structure is so dense that it has been called the cell
wall CERA [77]. PDIM is present in all species of
theMTBC, and in some non-tuberculous mycobacteria
(MNT) that are pathogenic in humans and animals. All
the strains that produce phthiocerol dimycocerosates or
phthiocerol phthioceranates also synthesize structurally
related substances, such as phenolphthiocerol [86]. In
theory, virulent Mtb strains have a whole copy of this
gene and produce PDIM. However, strains of H37Rv and
CDC1551 have a deletion of seven base pairs in this
gene, that affect the production of both PDIM and pep-
tide PGLs; strains from lineage 2 characteristically pro-
duce both lipids, which are probably related to
exacerbated virulence. This has been demonstrated in
animal models (Mouse and Guinea Pig), and cellular
models (macrophages), with virulent strains (HN878)
deficient in pks 15/1, or strains transfected with this

gene (CDC1551, H37Rv, Erdman), showing higher viru-
lence, with respect to their wild counterpart [79,87].

In addition, other geneticmarkers have been used for
the classification of Beijing strains in ancestral or mod-
ern sublineages. The presence of an intact NTF (Noise
Transfer Function) locus, with an intact RD181, is char-
acteristic of earlier or ‘atypical ancestral’ strains; when it
is deleted these strains are classified as ‘ancestral’ or
‘classical ancestral’ [88]. The most modern strains of
the Beijing family are characterized by the presence of
one or two copies of IS6110 inserted in the NTF chro-
mosomal region, and by single nucleotide mutations
(SNPs) in the genes Mut2 and Mut4, that code for repair
enzymes of DNA and are unique to the Beijing genotype
[89]. In Mut2, the mutation occurs in codon 58, produ-
cing the change of glycine for arginine, and in the Mut4
gene, the change of arginine for glycine is in codon 48.
Those Beijing strains that do not present SNPs in these
genes are called modern strains [90,91].

According to recent phylogeographic studies, based
on MIRU-VNTR analysis and identification of SNPs in the
whole genome sequence of 4,987 Beijing strains from
99 countries [12], it was suggested that this lineage
originated in the northeastern region of Asia, in north-
ern China, Korea, and Japan, approximately 6,600 years
ago. It was determined that this genotype has six sub-
lineages, or main groups or clonal complexes (CC): CC1,
CC2, CC3, CC4, CC5 and CC6, and a basal sublineage BL7.
With these seven sublineages, a phylogenetic minimum
spanning tree (MStree) was built and grouped in three
main branches. Subsequently, the presence of IS-6110
was investigated in the NTF region in a subgroup of 337
isolates, and the clonal complexes 1 to 5 (CC1-CC5) were
classified as typical modern strains. The presence of such
insertion-sequences in CC6 and BL7 was classified as
atypical Beijing ancestral variants, due to the absence
of one or two copies of IS6110 in the NTF region [12]. In
addition, these sublineages have different dispersion
patterns worldwide: CC1 (Central Asia around the Black
Sea), CC2 (Russia and Eastern Europe), CC3 (East Asia,
Pacific Ocean, and Americas), CC4 (Eastern and Southern
Africa, and Pacific Ocean), CC5 (Pacific Ocean,
Micronesia, and Polynesia), CC6, and BL7 (East Asia,
North America, and Mexico) [12,92]. Thus, depending
on the genetic markers, different results for lineage 2
phylogeny are obtained, which means that there is no
consensus regarding the whole characterization of this
group. With the aim of unifying the classification of this
lineage, an evolutionary and comparative analysis was
recently carried out with all the markers used in various
studies [93]. In this analysis, the genome of 1,398 lineage
2 strains from 32 countries in 13 independent studies
was included. After excluding repetitive regions, mobile
elements, genes from the PE-PPE family, genes asso-
ciated with drug resistance, and artifactual SNPs asso-
ciatedwith InDels, 39,786 SNPswere used to reconstruct
a maximum likelihood phylogeny. The obtained results
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divided lineage 2 into two phylogenetic clades: proto-
Beijing and ‘classical’ Beijing. Proto-Beijing clade strains
are characterized by RD105 deletion and atypical spoli-
gotyping pattern, containing spacers 1–43 [93]. The
‘classical’ Beijing clade strains are characterized by
RD207 deletion; an early branch within the clade that
contains the intact mutT2, mutT4, and ogt genes.
Subsequent evolutionary stages consist of acquiring
deletion RD181, and a mutation in the mutT4 gene
(codon 48). Another important monophyletic group
consists of strains with mutations in the mutT4 (codon
48) and ogt (codon 37) genes. All these branches are
considered ‘ancestral’ Beijing, as such, within the Beijing
clade. The largest monophyletic group (1,212 strains
from the aforementioned study) contains strains with
mutations in mutT2 (codon 58), mutT4 (codon 48), ogt
(codon 12), and the presence of the insertion-sequence
IS6110 in the NTF region. These strains are considered
‘modern’ Beijing. Finally, the Beijing clade is divided into
eight groups, two to five subgroups, depending on the
study´s characteristics.

Shitikov et al. proposed another classification of line-
age 2, which includes proto-Beijing and Beijing clades,
and has a greater discriminatory power (HGDI 0.79)
compared with other methods of genotyping [93]. This
classification considers 10 groups within the Beijing
clade, three of them belong to the ‘ancestral’ Beijing
group (ancestral Asia 1, ancestral Asia 2, ancestral
Asia 3), and seven belong to the ‘modern’ Beijing
group (Asian African 1, Asian African 2, Asian African 2/
RD142, Asian African 3, Pacific RD150, Europe/Russia B0/
W148 outbreak, and Central Asia).

Presence of the Beijing genotype in Latin
America and the Caribbean

As previously mentioned, the Beijing genotype is
widely dispersed in the world, and due to the genotyp-
ing studies typing MTBC clinical isolates, the identifica-
tion of this genotype is more frequent.

The countries that form Latin America, or the ‘New
World,’ were settled by people from European countries
like Spain, France, Portugal, England and Holland [94].
The entire American region is divided into North America,
Central America, and South America. The Latin American
region, which is characterized by Spanish migration and
settlement, is divided into North America (Mexico),
Central America (Guatemala, Belize, El Salvador,
Honduras, Nicaragua, Costa Rica, and Panama), South
America (Colombia, Venezuela, Peru, Ecuador, Bolivia,
Paraguay, Uruguay, Chile, Argentina, Brazil, Guyana,
Guyana, and Suriname), and the Caribbean islands. The
most representative islands are The Greater Antilles
(Cuba, Dominican Republic, and Puerto Rico), the Dutch
and French Antilles, Trinidad and Tobago, among others.

Due to European migration, several diseases were
spread, such as smallpox, measles, and possibly

tuberculosis, which were of devastating proportions.
However, we know that TB was already present in
America before the European migration, due to the iso-
lation ofMtb DNA in pre-Columbianmummies [38]. Thus,
it is reasonable to think that the variety of genotypes that
we know today in the American continent are a product
not only of European migration but also of the arrival of
African slaves that brought with them their respective
Mtb genotypes, resulting in wide genetic variability. More
recently, due to wide intercontinental travel, genotypes
from the Asian continent, such as the Beijing genotype,
have been introduced into the American population, and
are the subject of the present review [1]. According to the
estimated data produced by the WHO, in 2017, the
American continent contributed to about 3% of the glo-
bal caseload of TB, which corresponds to around 300,000
cases per year. The countries with the highest rate of
incidence are Haiti, Peru, and Bolivia, with 100–199
cases per 100,000 inhabitants. The rest of the countries
in the subcontinent have average incidence rates of
25–99 cases per 100,000 inhabitants, with the exception
of Chile, which is a low incidence country with 0–24 cases
per 100,000 inhabitants [1].

Methodology

In the present study, a non-systematic search of pub-
lished articles located on the internet was carried out
looking for reported genotypes of M. tuberculosis, as
well as for articles whose subject was the Beijing–line-
age 2 genotype from East Asia, that considered the
fields of classical molecular epidemiology typing, and/
or modern typing methodologies such as complete
genome sequencing. All available results for Beijing
strains genotyping were considered in the context of
each country´s genetic variability. Other documents,
such as dissertations, graduate theses, and research
posters were also considered (Figure 1). It should be
mentioned that in addition to the search in databases
using keywords, a document search of articles and
reports of interest was also carried out.

Initially, only those documents that reported Beijing
genotype were included. Then, even those articles that
did not report Beijing strains were included, in order to
get the full view of each country´s context of the dis-
ease. January 2019 was the time limit of this biblio-
graphic search. Previous to this date, all published
articles have been consulted, the consolidated data is
shown in Supplementary Table 1. Furthermore, we per-
formed a Minimum Spanning Tree based in the MIRU-
VNTR classification of 24 loci, which were found in the
articles that reported results in Beijing strains, in order to
determine how these strains were related to each other.
Considering that the number of strains with 24 loci was
very low, we consulted MIRU data reported by Merker
et al. [12], and used as has been reported for Latin
American countries (Supplementary Table 2).
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Results and discussion

A total of 86 articles published in Latin America were
detected and reviewed in order to get information
about Mtb genotypes. According to the methodology
criteria, the summation of reports of the Beijing geno-
type corresponds to the percentage for each lineage.
Due to the view obtained exclusively from the summa-
tion of collected data, temporal variations over certain
time periods cannot be identified.

A relevant bibliography from articles, academic dis-
sertations, or official reports in Belize, El Salvador,
Nicaragua, and Costa Rica was not found since these
countries do not have available data. The countries
with available information are shown in Table 1. The
number of genotyped isolates, included the Beijing
family, in each country from reliable sources are
included. Mexico is the country with the greatest num-
ber of available sources (16 articles), followed by Brazil
(14 manuscripts), Colombia (13 articles) and Peru (10
papers), among others.

The information in Table 1, along with information
from other genotypes in the region obtained from the
bibliographic review (Supplementary File 1), are shown

by country in Figure 2. N.D (not determined) corre-
sponds to strains that were not typified by either spo-
ligotyping or MIRU-VNTR. It is also important to
mention that the Beijing genotype is the second
most frequent in Cuba after the T family. In Peru, it is
the third most frequent after the LAM and Haarlem
genotypes. In Colombia, Beijing genotype is the fourth
most frequent after the LAM, Haarlem, and T family. In
Guatemala, Beijing is the most frequent genotype.
Figure 3 shows the timeline of the appearance of
Beijing genotype by country, as described by biblio-
graphical sources.

According to the information for the Latin American
region, the lineage 2/Asian represented by Beijing
genotype corresponds to 3.9% of the identified iso-
lates (980/25,184), being 91.4% (896/980) SIT1/Beijing
‘classic’ genotype, characterized by spoligotyping by
the absence of the first 34 spacer sequences in the
CRISPR region. Interestingly, 8.1% (80/896) of the
strains were SIT190/Beijing-like, which are character-
ized by the lack of spacer 40; being the most common
strains within the Beijing variant. Less than 1% total
cases of other Beijing-like genotypes were found in
Mexico, Guatemala, Ecuador, and Cuba.

Figure 1. Search Methodology.
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Table 1.

Country N° papers N° typed samples Beijing per country n (%) References

México 16 1901 25 (1.31%) [95–103]
[104–107,167]

Guatemala 2 553 13 (2.3%) [169,176]
Honduras 1 206 1 (0.5%) [108]

Panamá 3 351 4 (1.13%) [109,110,170]
Haití 1 157 1 (0.63%) [111]
Islas del Caribe 4 1091 8 (0.73%) [171,179–181]

Cuba 4 649 112 (17.2%) [112,159–161]
Colombia 13 1989 100 (5.0%) [113–118,183]

[119–122,168,174,175]
Venezuela 5 2790 8 (0.30%) [123–127]

Perú 10 6206 634 (16%) [128–132,163,164]
[133–135]

Ecuador 3 512 9 (1.17%) [136,177]

Bolivia 1 100 0 (0%) [137]
Chile 4 645 4 (0.62%) [138–141]

Paraguay 1 220 1 (0.45%) [142]
Argentina 5 3375 23 (0.83%) [143–147]

Brasil 14 4439 37 (0.87%) [90,137,148–152]
[153–158,172]

Total Sub-Continental 87 25,184 980 (3.9%)

Figure 2. M. tuberculosis genotypes distribution by country in Latin America.

Figure 3. Timeline of Beijing in Latin American countries.
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The countries with the higher number of Beijing gen-
otype isolates were Cuba (17.26%, n = 112), Peru (16%,
n = 634), and Colombia (5%, n = 100) (Table 1, Figure 2).
The genotypes present in Cuba are SIT1/Beijing classic,
and only one strain is SIT190/Beijing-like [159]. Even
though Cuba has one of the lowest TB incidence rates
in Latin America [160], this country has the greatest pre-
sence of the Beijing genotype compared to other coun-
tries in the region, as has been reported since 1995. It is
important to highlight that the presence of the Beijing
genotype in Cuba has increased from 11.3% to 25.6%,
between 1995 and 2010 [160].

The high frequency of Beijing genotype in Cuba can
be explained by the diplomatic/commercial exchange
that this country has held with the ex-Soviet Union,
which could export these strains to the island with
a high resistance to first-line antibiotics, especially to
streptomycin due to the high circulation of resistant
strains in Russia [161]. However, more studies are
needed to confirm this hypothesis. The most common
genotype in Cuba is the T genotype (19.5%), which is
the most common family in any Latin American
country.

Peru is the country with the second largest isolates
of Beijing genotype in Latin America, 16% (634/25,123
strains). The Beijing genotype is usually found in
patients from Lima and its surroundings, where almost
a third of the country’s population is concentrated
(30.3%, census 2017). There were no reports of the
Beijing genotype in other regions in the country. The
first Beijing genotype isolate was reported in 1999, in
Lima [162,163]. Nevertheless, the arrival of this geno-
type in Peru may have been produced by Chinese and
Japanese migrations to Peru during the seventeenth
century, which is much earlier than any anti-
tuberculous therapy, resulting in a founder effect and
susceptible strains [164]. The later manifestation of
drug resistance in Peru is the consequence of an inap-
propriate TB control program, but its impact has varied
among genotypes. The emergence of the Beijing gen-
otype’s immunity did not achieve any impact; LAM
strains underwent different mutations that allowed
them to become resistant and to have a greater impact
[164]. All reported Beijing genotypes in Peru were SIT1.

Colombia is the third country with the greatest
presence of Beijing genotype (5%, n = 100), which
has been reported since 1997, specifically in the port
city of Buenaventura, on the pacific coast [165].
Reports in Colombia are produced from national stu-
dies in many regions of the country. It is interesting
that Buenaventura is the only city with reported Beijing
genotype isolates. Unlike other countries in the region,
the SIT190/Beijing-like is the most common genotype
in Colombia (79%); and it is almost exclusively present
here, with the exception of Cuba, which has reported
one case caused by this genotype. SIT406/Beijing-like
is the other Beijing-like genotype recently reported in

Colombia, isolated in an indigenous patient [166], and
which has also been detected in a patient in
Guadalajara, Mexico [167]. Another consideration to
recognize is that Beijing-like strains cover the whole
chemotherapy-resistant range, from monoresistant to
extensively resistant strains (XDR) [169–172,187], dif-
ferently from phenotypes reported in other countries
where a correlation to resistance is not seen, except in
Cuba where the correlation is identified. As so, a study
made in Cali (Colombia) with 10 cases of XDR-TB found
5 to be carrying the SIT190/Beijing genotype. Three
were new cases; one was a relapse; one was
a treatment failure; four of the patients passed
away [170].

A recent study undertaken in Colombia, by our
research group, along with the Instituto Nacional de
Salud, genotyped 201 isolates of multidrug-resistant
M. tuberculosis; 34.32% (25 cases) came from Antioquia;
24.37% (21 cases) came from Valle del Cauca (where
Buenaventura is located). These regions show the great-
est number of new cases annually, and the greatest num-
ber of TB-MDR cases in the country. As high as 4.9% (10
cases) come from Atlántico. The genotypes most fre-
quently found were SIT42/LAM9 with 25 isolates
(12.4%); SIT190/Beijing with 21 isolates (10.4%); and
SIT62 (H1) with 21 isolates (10.4%) [173]. An interesting
feature of the present study is the genotypic and pheno-
typic differences among Beijing genotype strains isolated
from Peru, Colombia, and Cuba, which can be explained
from a historical, social, and biological perspective. In
Cuba, probably the Beijing genotype has been brought
by the ex-soviet immigration, which has introduced resis-
tant strains to the island. In Peru, the existence of Beijing
genotype is probably the consequence of massive
Japanese and Chinese immigration, which started many
years ago and continues until today. There is not
a historical explanation of how Beijing genotyped was
introduced to Colombia. One possibility is that Beijing
strains were introduced through Buenaventura, which is
the most active port for commercial and migratory
exchange with Asia, located on Colombia´s pacific coast;
unlike the port of Barranquilla, which is located on the
Caribbean coast where this genotype is not found
[165,174] (Llerena, Rodriguez et al.,manuscript in prepara-
tion). Another characteristic of the Colombian strains is
the relation with antibiotic resistance that can be
explained by two hypotheses. One hypothesis, proposed
by Lasserson et al. [165], attributes this event to a failure in
implementing TB control programs in the region, as well
as by flaws in applying DOTS strategy. It is also possible
that some already resistant Beijing genotype strains are
coming directly from Asia through Buenaventura.

From an anthropological point of view, it seems that
the initial population infected with the Beijing genotype,
in Peru, is mainly Chinese and Japanese, while in
Colombia, the main population infected with this geno-
type is Afro-Colombian. In Cuba, the infected population
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is mestizo and the dominant strains are drug-resistant;
brought by Eastern European individuals. This suggests
that the Beijing genotype does not infect selectively
a specific human population.

According to the data collected in Colombia, the
increase of the Beijing genotype has been seen from
1999 until today [175], reaching 5% of total TB patients
(Table 1 and Figure 1). The data from the dissertation
mentioned above were not taken into account for the
calculations made in this review since it is a study
designed for MDR strains and might modify the results.

The information obtained from Guatemala comes
from two articles. In an article from 2015, which is the
most recent [176], 5 out of 11 Beijing strains were char-
acterized by genome sequencing. The obtained results
suggest that the strains circulating in Guatemala are
derived from different founding events, one of them
being ancestral. The contribution to TB cases is low,
with 13 Beijing isolates from 553 reported cases (2.3%).

In spite of having open borders with countries where
Beijing genotype is relatively common, such as Peru
(16%) and Colombia (5%); Ecuador reported scare iso-
lates Beijing genotype, only 1.17% (Table 1, Figure 2),
with a strong correlation to drug immunity [177].

From the consulted bibliography, Mexico is the coun-
try with the highest mycobacterial genetic variability,
with a total of 16 different genotypes, being LAM family
the most prevalent genotype (lineage 4 Euromerican),
followed by the Harlem, T, S, and X families; all of which
belong to the same lineage. The Beijing genotype is
poorly represented, with 25/1901 isolates (1.3%); mainly
the SIT1/Beijing classic genotype. Only one SIT406/
Beijing-Like isolate was found, characterized by lacking
1–36 spacers, typified by locus DR by spoligotyping,
different from the Beijing Classic, which is characterized
by the lack of spacers 1–34, and the presence of spacers
35–43. The rest of the countries in the region present an
incidence rate lower than 1%, even for countries with
large populations, like Brazil. Countries from the south-
ern cone region (Chile, Argentina, and Paraguay) have
had historically very low incidence of Beijing genotype,
suggesting lesser immigration, either from Asia or
Eastern Europe. Eastern Caribbean islands, unlike Cuba,
have different epidemiological data, which is possibly
influenced by migration, mainly from France and the
Netherlands [178–181]. Finally, it is important to men-
tion that information about the Beijing genotype in
Honduras, Haiti, Bolivia, and Paraguay is limited, consid-
ering that there is just one article available per country.

Various studies suggest that theM. Tuberculosis SIT1/
Beijing genotype strains have an increased virulence
compared to other genotypes [163], even compared to
ancestral Beijing strains [164], which is a genotype
found in only one strain, in Guatemala [176]. SIT1/
Beijing genotype strains are considered highly transmis-
sible and multi-drug resistant. However, it seems that it
is not completely true in America, because since 1994,

when the first Beijing isolate was reported until today,
this genotype has kept in general a low profile in the
majority of the Latin America countries [162]. This low
frequency of Beijing family strains in this region also
suggests low transmissibility and virulence, as was sug-
gested by Garzón-Chávez in Ecuador [182]. In contrast,
in Colombia, another hypothesis has been proposed,
based on experimental data of in-vivo infections, using
a murine model in BALB/c mice infected with
Colombian strains (Cerezo et al., unpublished data).
The results show that mice infected with the Beijing-
like strains die at a faster rate than mice infected with
LAM control, and Beijing classic strains, circulating in
Colombia. These results agree with clinical findings
since most of the patients infected with the SIT190/
Beijing-like genotype have died because of tuberculosis
[183]. Furthermore, using an experimental model of
transmission show that mice infected with this strain
do not infect cohoused healthy mice, because infected
mice die before transmitting the infection, supporting
the high virulence of this strain and its low transmissi-
bility (Cerezo et al., unpublished data). This could
explain why in Colombia, despite the increase of
Beijing genotype isolates, there has not been any drastic
increase in TB cases.

MST analysis

With the aim of performing a more profound analysis
of Beijing genotype strains circulating in Latin America,
the data from the 24-locus MIRU-VNTR typing used in
this study were compared with the data obtained from
the 24-locus MIRU-VNTR typing of isolates from other
countries in the region, reported by Merker et al. [12].
Supplementary File 2 provides a graph of the corre-
sponding database. Our review included information
from 300 strains, another 157 strains were added from
Merker [12]. Thus, a total of 457 strains were analyzed
with the MIRU-VNTRplus platform (www.miru-vntrplus.
org) [184]. The distribution of Beijing strains is Bolivia
n = 1, Brazil n = 9, Colombia n = 12, Cuba n = 10,
Ecuador n = 14, El Salvador n = 3, Guatemala n = 5,
Haiti n = 2, Honduras n = 6, Jamaica n = 2, Mexico n =
89, Panamá n = 2, Peru n = 268, Puerto Rico n = 27,
Venezuela n = 8. Minimum spanning tree (MST), clonal
complex, and dendrogram are represented in Figure 4,
Supplementary File 3, and Supplementary Figure 1,
respectively.

According to the Minimum spanning tree (Figure 4),
it can be noted that each country forms its own clonal
complex; except Ecuador, which is presenting a high
heterogeneity among its own strains, but presenting
no clonal complex. Therefore, it is not possible to infer
the background of the Beijing genotype in this coun-
try. However, some of the strains are closer to Mexican
complex 2 strains; one of the strains is distantly related
to the Colombian complex 6 strains. These findings
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partially agree with Garzón-Chavez [182], informing
that Ecuadorian strains are diverse, do not conform
a complex and are closer to Brazilian strains. In con-
trast, this study suggests that they are closely related
to Mexican strains [182]

Colombian strains conform clonal complexes 3 and 6,
which are related to Brazilian strains making up both
clonal complexes 11 and 9. This is an unexpected result,
even considering that both countries share common
borders, that there is no direct relation between both
populations, possibly due to the existence of geogra-
phical barriers. One Colombian strain from complex 6 is
related to another strain from Ecuador, which is itself
correlated to Mexican strains from complex 2.

Mexican strains conform clonal complex 2, including
strains from Guatemala, El Salvador, Honduras, Cuba,

and Puerto Rico. This result shows a close relation
between the populations sharing the same geographi-
cal area, Central American and Western Caribbean
zones. It is worth highlighting that Venezuelan strains
conform complex 10, which is related to complex 2,
where Puerto Rican strains are found.

Peruvian strains form six complexes, closely related
to each other, being complex 1 the one with the highest
number of strains. There are no similar relations with the
strains from Ecuador, Colombia, Brazil, and Bolivia, even
as these countries share common borders with Peru.
This indicates that once Japanese and Chinese immi-
grants introduced new strains, as mentioned previously,
these strains circulated within Lima’s population, and
from then onwards they started spreading to other
regions in the country. This hypothesis has not been

Figure 4. MST of Beijing genotype in Latin America.
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confirmed due to the lack of information about the
Beijing genotype in other regions of Peru. The fact is
that these strains are contained within Peru, and sug-
gest that there has not been any migration of infected
individuals to other bordering countries.

In brief, when the Beijing genotype is introduced
into a country, it co-evolves with the population that it
infects, and it is transmitted over time to neighboring
populations, creating specific clonal strains in each
country. Variables like migration among countries can
alter clonality and generate more diversity, as seen in
countries like Mexico and Peru.

It can be seen from this study that molecular epide-
miology is not considered an important tool for control-
ling TB, since there are no routine studies genotyping
clinical isolates, and determining the TB transmission
dynamic within the whole population of countries in the
region. Selected studies performed in specific regions,
generally in big cities, can be found. Hence, the Beijing
genotype may be underestimated in the Latin American
region. Finally, we suggest that in order to achieve the TB
eradication goal for 2035 in Latin America, it is important
to study the lineages circulating throughout the region,
especially the Beijing genotype, which is correlated in
some countries with drug resistance and hypervirulent
phenotype, as is the case in Colombia. The implementa-
tion of effective strategies of control by governments’
health-care systems, where the Beijing genotype has
a great presence, is of vital importance.
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