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Abstract 
Introduction: Mycobacterium tuberculosis genotyping has impacted evolutionary studies worldwide. Nonetheless, its application and the 
knowledge generated depend on the genetic marker evaluated and the detection technologies that have evolved over the years. Here we describe 
the timeline of main genotypic methods related to M. tuberculosis in Latin America and the main findings obtained. 
Methodology: Systematic searches through the PubMed database were performed from 1993 to May 2021. A total of 345 articles met the 
inclusion criteria and were selected. 
Results: Spacer oligonucleotide typing (spoligotyping) was the most widely used method in Latin America, with decreasing use in parallel with 
increasing use of mycobacterial interspersed repetitive unit-variable number tandem repeat (MIRU-VNTR) and whole genome sequencing 
(WGS). Among the countries, Brazil, Mexico, and Argentina had the most publications, and a considerable part of the articles were in 
collaboration with Latin American or non-Latin American institutions; a small proportion of studies needed partnerships to perform the 
genotypic methods. The genotypic methods allowed the identification of M. tuberculosis genotypes with greater capacity for clonal expansion 
and revealed the predominance of the Euro-American lineage in Latin America. There was a notable presence of the Beijing family in Peru 
and Colombia. 
Conclusions: The data obtained demonstrated the importance of expanding collaborative networks of tuberculosis (TB) research groups to 
countries with low productivity in this area, the commitment of the few Latin American countries to advance TB research, as well as the 
inestimable value of building a Latin America database, considering ease of population mobility between countries. 
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Introduction 

Despite the global efforts to control the 
dissemination of Mycobacterium tuberculosis, 9.9 
million new cases of tuberculosis (TB) were estimated 
in 2020. Of these, only 5.8 million were reported, 
representing an 18% reduction in the number of 
reported TB cases, when compared with 2019 (7.1 
million). This scenario was related with the coronavirus 
disease 2019 (COVID-19) pandemic. It is important to 
note that around 3% of the TB cases were in the 
Americas, which includes Latin America, mostly 
composed of lower middle and upper middle income 
developing countries [1,2]. 

Seeking to equalize TB incidence and mortality on 
a global level to that seen in high-income countries, the 
World Health Organization (WHO) has developed the 
end TB strategy supported by three pillars. The goal set 

in the third pillar is to intensify research and innovation 
for TB control. Increase in the use of molecular tools 
could improve the understanding of the epidemiological 
and evolutionary characteristics of M. tuberculosis in 
each country, thereby enabling the discovery of new 
tools while informing public health policies, 
interventions, and strategies that are appropriate to each 
socioeconomic context [3,4]. 

Genotypic methods have improved the 
understanding of the dynamics of transmission of 
several pathogens, especially during outbreaks and 
epidemics (e. g. [5,6]). However, since M. tuberculosis 
is a genetically conserved microorganism, the 
genotypic methods used in the 1980s were not very 
useful for this bacterium [7,8]. This scenario changed 
with the development and standardization of the 
IS6110-restriction fragment length polymorphism 
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(IS6110-RFLP) method in the 1990s [8], as well as the 
spacer oligonucleotide typing (spoligotyping) [9] and 
the mycobacterial interspersed repetitive unit-variable 
number tandem repeat (MIRU-VNTR) methods 
[10,11]. Currently, whole genome sequencing (WGS) 
using next-generation sequencing (NGS) technologies 
allows for a more complete understanding of this 
pathogen’s population structure while providing the 
ultimate discriminatory power [12–14]. 

The IS6110-RFLP method has a high 
discriminatory capacity and reproducibility; however, 
due to its need for a large amount of DNA with a high 
degree of purity and integrity (2-3 µg), difficult 
portability and because it is more laborious it has been 
progressively replaced by polymerase chain reaction 
(PCR)-based methods [14,15]. Spoligotyping has low 
discriminatory power compared to IS6110-RFLP, since 
it evaluates polymorphisms at a single direct-repeat 
locus, overestimating clonal transmissions, which 
limits its application as a molecular epidemiology tool. 
Nevertheless, Spoligotyping remains useful for 
discriminating genetic signatures and identifying 
phylogeographic distributions through specific spacer 
patterns [9,14,16]. 

MIRU-VNTR has integrated the possibility of 
studying M. tuberculosis both epidemiologically and 
phylogenetically, and it is currently considered the gold 
standard method, especially in lower middle and upper 
middle income developing countries, such as the Latin 
American countries. This is because it is highly 
reproducible. It is also as discriminatory as IS6110-
RFLP but more portable, and allows classification up to 
subfamily level, similar to spoligotyping [11,14,15,17]. 
Nonetheless, in depth understanding of a genotype and 
inference on the directionality of transmission is only 
possible by WGS-NGS, which detects genetic changes 

resulting from single nucleotide polymorphisms (SNP), 
insertions, and deletions, allowing accurate 
identification of genetic signatures and phylogenetic 
relationships. Although the time, cost, and complexity 
of WGS-NGS methodologies have been substantially 
reduced, their use is still limited to a few laboratories 
[12-14,18]. 

Even though the aforementioned genotyping 
methods are extremely useful for TB epidemiology, it 
should be noted that they were established and 
standardized in socioeconomically developed countries 
with lower TB incidence [8–12]. Applying these 
methods in regions with high TB incidence enabled 
their validation on a large scale, and contributed to the 
phylogeographic understanding of M. tuberculosis 
strains circulating in Latin America [11,19,20]. 

The objectives of this systematic literature review 
were (1) to investigate the usage trend of the 
conventional genotypic methods and WGS in Latin 
America; (2) to describe the distribution of studies 
among Latin American countries; (3) to evaluate the 
frequency of collaborations with Latin American and 
non-Latin American institutions and; (4) to present the 
most notable M. tuberculosis related contributions of 
genotypic methods in the pre- and post-WGS eras in 
Latin America. 

 
Methodology 

The articles selected for this study were published 
between 1993 (year of publication of the IS6110-RFLP 
method seminal article [8]) and May 2021 and 
recovered through the PubMed electronic platform. 
Searches were performed for all Latin American 
countries using the descriptors: Mycobacterium 
tuberculosis AND “(Restriction fragment length 
polymorphism OR RFLP)” / “Spoligotyping” / 
“(Mycobacterial interspersed repetitive OR MIRU)” / 
“(Whole genome sequencing OR WGS)” AND 
“Argentina” / “Bolivia” / “(Brasil OR Brazil)” / 
“Chile”/“Colombia” / “Costa Rica” / 
“Cuba”/“Ecuador” / “El Salvador” / “Guatemala” / 
“Haiti” / “Honduras” / “Mexico” / “Nicaragua” / 
“Panama” / “Paraguay” / “Peru” / “(República 
Dominicana OR Dominican Republic)” / “Uruguay” / 
“Venezuela”. 

The articles were reviewed by looking at the titles 
and/or abstracts, analyzing the methodologies to verify 
the inclusion criteria, and subsequently by reading the 
full texts. Only articles that met the following inclusion 
criteria were included in the final selection: 
• Used IS6110-RFLP, spoligotyping, MIRU-VNTR 

12-, 15- and/or 24-loci and/or WGS methods; Used 

Figure 1. Flowchart of the literature review methodology. 
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isolates from the country of the search: Latin 
American countries have been defined as American 
countries that share historical characteristics of 
colonization and speak romance languages with 
Latin roots (Spanish, Portuguese, and French). 

• Was not a review article. 
The searches for the Latin American countries 

resulted in 1,095 articles selected from the titles and/or 
abstracts. After removing duplicates and following the 
inclusion criteria, 337 articles met the eligibility criteria 
and were read in full (Figure 1). After reading the full 
text, additional eight articles were included through the 
references of the selected articles, to reach a total of 345 
articles. 

After selecting the 345 articles, the genotypic 
methods used and the number of articles published per 
year were tabulated to investigate the trend in the use of 
genotypic methods and to describe the distribution of 
studies in Latin American countries. The MIRU-VNTR 
method, at times, was stratified due to its discriminatory 
power and applicability variations: 12-loci MIRU-
VNTR has low discriminatory power and was used in 
epidemiological studies; 15- and 24-loci MIRU-VNTR 
(presented together throughout the article) have high 
discriminatory power and were used in epidemiological 
and phylogenetic studies. 

Collaborations with Latin American and/or non-
Latin American institutions were assessed by the 
authors institutional affiliations, mentioned in the 
articles. In addition, complementary analyses in the 
Biblioteca Virtual em Saúde (BVS) platform, which 
indexes Latin American articles, were performed, since 

this review used only the PubMed electronic platform, 
the major international database in biomedicine. 
Finally, the main contributions of the genotypic 
methods for the TB dynamic in Latin America were 
presented. 

 
Results 
Evolution of the use of genotypic methods in Latin 
America 

In molecular epidemiology, many authors use a 
combination of at least two genotypic methods to obtain 
more robust and accurate results, to achieve greater 
discriminatory power, and to compare different 
methods [21]. Considering this, 49.6% (171/345) of the 
articles analyzed used two or three genotypic methods 
simultaneously. For this reason, the sum of articles 
presented below for each method exceeds the total 
number of articles selected (345 articles). 

Figure 2 shows the overall use of IS6110-RFLP, 
spoligotyping, MIRU-VNTR and WGS in Latin 
America through the number of articles published 
between 1993 and May 2021. Spoligotyping was the 
most documented method in Latin America, reported in 
60.9% (210/345) of the articles reviewed. The second 
most used method was IS6110-RFLP in 39.7% 
(137/345) of articles, followed by MIRU-VNTR in 
37.4% (129/345), and WGS in 18.3% (63/345). 

Since the publication of the seminal article on 
spoligotyping in 1997 [9], its use increased rapidly, 
averaging 8.6 articles per year, and it continued to be 

Table 1. Articles that used individually or in combined 
genotypic methods in Latin America between 1993 and 2021. 

Genotypic method 

Number of 
articles 
N = 345, 

(%) 
Spoligotyping 58 (16.8) 
Spoligotyping + IS6110-RFLP 58 (16.8) 
Spoligotyping + MIRU-VNTR 62 (18.0) 
Spoligotyping + WGS 9 (2.6) 
Spoligotyping + IS6110-RFLP + MIRU-VNTR 14 (4.1) 
Spoligotyping + IS6110-RFLP + WGS 1 (0.3) 
Spoligotyping + MIRU-VNTR + WGS 8 (2.3) 
IS6110-RFLP 61 (17.7) 
IS6110-RFLP + MIRU-VNTR 2 (0.6) 
IS6110-RFLP + WGS 1 (0.3) 
MIRU-VNTR 27 (7.8) 
MIRU-VNTR + WGS 16 (4.6) 
WGS 28 (8.1) 
IS6110-RFLP: IS6110-Restriction Fragment Length Polymorphism; 
MIRU-VNTR: Mycobacterial Interspersed Repetitive Unit-Variable 
Number Tandem Repeat; Spoligotyping: Spacer Oligonucleotide typing; 
WGS: Whole Genome Sequencing. 

Figure 2. Use of genotypic methods in Latin America over time. 

Each line represents the evolution of one of the methods through the 
number of articles published with that method (y axis). At the bottom of 
the image are highlighted the years seminal articles were published on 
each method. NGS: Next-Generation Sequencing; IS6110-RFLP: 
IS6110-Restriction Fragment Length Polymorphism; MIRU-VNTR: 
Mycobacterial Interspersed Repetitive Unit-Variable Number Tandem 
Repeat; WGS: Whole Genome Sequencing; Spoligotyping: Spacer 
Oligonucleotide typing. 
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used even though new methods had been standardized. 
However, its use decreased progressively after 2014, 
following the increase in the use of MIRU-VNTR and 
WGS (Figure 2). The frequent use of spoligotyping was 
due in part because results from this method were easily 
interpreted, and due to the development of the 
international database, SITVIT2 [16]. This database 
allowed researchers to monitor the global distribution 
of genotypes and perform interlaboratory comparisons 
[16]. 

Spoligotyping was the second most used method 
individually, reported in 16.8% of the articles analyzed 
(58/345). Nonetheless, its limited discriminatory power 
warranted its use in combination with other genotyping 
methods [15]. Thus, we observed that spoligotyping 
was generally performed in combination with MIRU-
VNTR or IS6110-RFLP (Table 1). 

Although the seminal article on IS6110-RFLP was 
published in 1993 [8], there had been little variation in 
the number of articles using this method per year in 
Latin America, averaging 4.9 articles per year since its 
standardization (Figure 2). This may be because this 
method is laborious and requires high amount of 
purified DNA. On the other hand, the high 
discriminatory power can explain why IS6110-RFLP 
was the most used method alone [14, 15], present in 
17.7% (61/345) of the articles analyzed (Table 1). 

Regarding MIRU-VNTR, there were differences in 
the use of this method in the 12-loci format, 
standardized in 2000 [10], and in the 15- or 24-loci 
formats, standardized in 2006 [11]. Publications with 
MIRU-VNTR 12-loci varied little over the years, and it 
was rarely used alone (4/129) due to its low 

discriminatory power when compared to the IS6110-
RFLP method [15]. However, the use of MIRU-VNTR 
15- or 24-loci had increased over the years, averaging 
5.9 articles per year (Figure 2). In addition, the 15- or 
24-loci formats were used alone in 17.8% (23/129) of 
the articles that used this method. This was mainly 
because the 15- or 24-loci formats had high 
discriminatory power and can generally correlate with 
the spoligotyping genetic signatures [17]. 

MIRU-VNTR was frequently used in combination 
with other methods (102/129), mainly spoligotyping 
(62/129) (Table 1), to discriminate spoligotyping-
designated genotypes and enable more robust 
phylogenetic relationship analyses. The international 
online database, MIRU-VNTRplus [22], was also 
noteworthy, allowing genotype comparisons, and 
analysis of both phylogenetic relationships and 
genotypes geospatial distribution [11,22].  

Although the number of publications with WGS 
was low in Latin America (63/345), its use had been 
increasing rapidly since 2012 (Figure 2). WGS was 
used alone in 44.4% (28/63) of the articles containing 
this approach (Table 1). Nevertheless, it was often 
employed to provide additional resolution to the genetic 
profiles detected by spoligotyping and MIRU-VNTR 
and/or in studies with a limited number of strains. 

The small number of publications using WGS could 
be explained by the excessive cost of sequencing and 
the limited number of professionals trained to analyze 
the results. However, the reduction in sequencing cost 
and the development of simplified data analysis 
platforms made WGS accessible for more accurate 
molecular and evolutionary epidemiological analyses 

Table 2. Scientific production listed in PubMed on Mycobacterium tuberculosis genotyping in Latin American countries (1993–2021). 

Country TB new 
cases* 

TB incidence 
(100,000 pop)* 

Articles 
N (%) 

Articles with partnerships for 
the genotyping execution 

N (%) 

Articles with Latin 
American partnerships 

N (%) 

Articles with non-Latin 
America partnerships 

N (%) 
Argentina 13,000 29 45 (13.0) 4 (1.2) 7 (2.0) 14 (4.1) 
Bolivia 12,000 106 1 (0.3) 1 (0.3) 1 (0.3) 1 (0.3) 
Brazil 96,000 46 128 (37.1) 14 (4.1) 4 (1.2) 66 (19.1) 
Chile 3,300 18 8 (2.3) 1 (0.3) 2 (0.6) 2 (0.6) 
Colombia 18,000 35 37 (10.7) 10 (2.9) 5 (1.4) 18 (5.2) 
Costa Rica 510 10 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Cuba 730 6,5 7 (2.0) 0 (0.0) 4 (1.2) 4 (1.2) 
Dominican Republic 4,500 42 1 (0.3) 1 (0.3) 1 (0.3) 0 (0.0) 
Ecuador 7,900 46 7 (2.0) 1 (0.3) 3 (0.9) 1 (0.3) 
El Salvador 3,800 58 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Guatemala 4,600 26 2 (0.6) 2 (0.6) 0 (0.0) 2 (0.6) 
Haiti 19,000 170 6 (1.7) 6 (1.7) 0 (0.0) 5 (1.4) 
Honduras 3,000 31 5 (1.4) 4 (1.2) 0 (0.0) 3 (0.9) 
Mexico 30,000 23 52 (15.1) 9 (2.6) 1 (0.3) 27 (7.8) 
Nicaragua 2,800 43 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
Panama 1,600 37 7 (2.0) 4 (1.2) 0 (0.0) 5 (1.4) 
Paraguay 3,300 46 3 (0.9) 0 (0.0) 3 (0.9) 1 (0.3) 
Peru 39,000 119 45 (13.0) 18 (5.2) 5 (1.4) 32 (9.3) 
Uruguay 1,200 35 5 (1.4) 0 (0.0) 1 (0.3) 2 (0.6) 
Venezuela 13,000 45 15 (4.3) 3 (0.9) 5 (1.4) 5 (1.4) 
* Estimates of TB burden for 2019. Source: https://worldhealthorg.shinyapps.io/tb_profiles. 
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[13,14,23,24]. This was illustrated by the gradual 
increase in the use of WGS use over time, peaking in 
2020 (14/63). 

Large variations were observed while analyzing the 
specific contributions of each country. Only five 
countries (Brazil [39,9%], Mexico [22%], Argentina 
[10.6%], Peru [7.6%] and Colombia [7.3%]) 
contributed strongly over the years with approximately 
90% of the articles analyzed. The greater number of 
studies coming from these countries is corroborated by 
the trend found by Torres-Pascual et al. (37.1%; 15.1%; 
13%; 13%; and 10.7%, respectively) [25], despite the 
difference between the periods established for the 
searches. The contribution of other countries ranged 
from 0% to 4.3%.  

The countries with the highest representation of 
articles in this study, regardless of genotypic method, 
also had the highest estimates of TB incidence in Latin 
America. Together, Brazil, Mexico, and Peru account 
for more than 50% of the estimated TB burden for the 
Americas. The other countries, which have high (above 
45 cases/100,000 population) and intermediate 
(between 45 and 10 cases/100,000 population) TB 
incidence rates, as well as Costa Rica and Cuba, which 
have low TB incidence rates (below 10 cases/100,000 
population) (Table 2) [2], had few or no articles 
selected. 

To verify if the scarcity of articles could be 
associated with a limitation of this study, namely, the 
use of only one database, additional searches were 
performed on the BVS platform. Nevertheless, no 
articles using the genotypic methods analyzed were 
retrieved, except for three from Cuba and one from 
Haiti. Taken together, these data showed the low 
contribution of most Latin American countries to M. 
tuberculosis molecular research. There may be few 
research groups focused on epidemiological and 
evolutionary investigations of M. tuberculosis in these 
countries. 

Figure 3 shows the number of articles using IS6110-
RFLP (A), spoligotyping (B), 12-, 15- or 24-loci 
MIRU-VNTR (C), and WGS (D) in Latin America. 
Articles using IS6110-RFLP were distributed in 12 
countries, with more than 75% coming from Brazil, 
Argentina, and Mexico (Figure 3A). Only eight 
countries had five or more studies using spoligotyping 
(Figure 3B), with the largest proportion of these coming 
from Brazil, Mexico, Argentina, and Colombia. Among 
the countries that used the MIRU-VNTR method 
(Figure 3C), only seven had five or more articles, with 
most concentrated in Brazil, Peru, and Colombia. 
Regarding WGS (Figure 3D), more than 50% of the 

articles came from Peru and Brazil. In the other 
countries, the use of WGS was still scarce, ranging from 
zero to nine articles. Furthermore, WGS was used as the 
sole methodology in about 45% of the articles that used 
it. 

When comparing the frequency of methods among 
countries, Argentina was the only country that more 
frequently used IS6110-RFLP (68.9%; 31/45), mainly 
in combination with spoligotyping (21/31). 
Spoligotyping was used most frequently in Brazil 
(60.2%; 77/128), Colombia (75.7%; 28/37) and Mexico 
(73%; 38/52) and was used in combination with 12- and 
15/24-loci MIRU-VNTR in Brazil (34/77), 15/24-loci 
MIRU-VNTR (10/28) in Colombia, and IS6110-RFLP 
(18/38) in Mexico. Meanwhile, in Peru, WGS (48.9%; 
22/45) was used most frequently, either alone (45.5%; 
10/22) or with 15/24-loci MIRU-VNTR (45.5%; 
10/22). In the remaining countries, minor variation was 

Figure 3. Proportion of articles that used genotypic methods for 
each Latin American country (1993 to 2021). 

Countries that had no articles are not represented. Countries included in 
the category “other” had 1 to 4 articles. (A) Articles that used the IS6110-
RFLP method. Others: Chile, Ecuador, Honduras, Paraguay, Peru, and 
Uruguay. (B) Articles that used the Spoligotyping method. Others: 
Bolivia, Cuba, Ecuador, Guatemala, Honduras, Panama, Paraguay, and 
Dominican Republic. (C) Articles that used the 12-, 15- and/or 24 -loci 
MIRU-VNTR methods. Others: Bolivia, Chile, Cuba, Haiti, Panama, 
Paraguay, Dominican Republic, and Uruguay. (D) Articles that used the 
WGS. Others: Ecuador, Guatemala, Haiti, Mexico, and Uruguay. 
IS6110-RFLP: IS6110-Restriction Fragment Length Polymorphism; 
MIRU-VNTR: Mycobacterial Interspersed Repetitive Unit-Variable 
Number Tandem Repeat; WGS: Whole Genome Sequencing; 
Spoligotyping: Spacer Oligonucleotide typing. 
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seen in the proportion of articles published with each 
method, separately or in combination. 

Approximately 60% (202/345) of the Latin 
American studies analyzed were conducted in 
collaboration with other institutions, Latin American 
and/or non-Latin American. Partnerships with non-
Latin American institutions comprised 52.2% of the 
studies, while partnerships between Latin American 
institutions comprised only 2.9% of the studies. In 
addition, a small proportion (3.5%) of the studies 
established partnerships with both Latin American and 
non-Latin American institutions. Among the 13 
countries participating in Latin American 
collaborations, Argentina was the country that most 
frequently collaborated with the other Latin American 
countries, mainly Brazil and Colombia (Table 2). 

Latin American countries had also established 
collaborations with non-Latin American institutions in 
19 countries. The most frequent collaborators were the 
United States (US; 24.6%), France (11.6%) and the 
United Kingdom (6.1%). Approximately 85% of the 
studies conducted with partnerships with non-Latin 
American institutions came from Brazil, Peru, Mexico, 
Colombia, and Argentina (Table 2).  

Although a considerable portion of the studies were 
conducted in partnership with non-Latin American 
institutions, the genotypic methods were executed 
outside Latin America only in small portion, 
highlighting the commitment of Latin American 
countries to advance M. tuberculosis research. Of the 
345 articles, 20.9% carried out the genotypic methods 
through partnerships with 14 countries, mainly, US 
(12.5%), France (2.3%) and Spain (1.7%). The Latin 
American countries that performed the most genotypic 
methods through partnerships in approximately 70% of 
the collaborative studies, were Peru, Brazil, Colombia, 
and Mexico (Table 2). In almost half these studies 
(45.8%) the collaborations enabled WGS and were 
generally established with the US (66.7%). 

The small number of studies carried out with 
partnerships between Latin American institutions 
highlighted the importance of strengthening and 
expanding the collaborative networks of TB research 
groups, particularly for countries with low scientific 
productivity and high TB burdens, such as Bolivia, El 
Salvador, Haiti, Panama, and the Dominican Republic. 
The increased frequency of collaborations established 
between the US and Latin American countries was 
likely driven by the US’s significantly large investment 
in health and TB research and development [26,27]. 

 

Main contributions of genotypic methods to 
Mycobacterium tuberculosis research in Latin America 

M. tuberculosis has a long evolutionary history 
within Latin American population, but there is still no 
consensus as to when this interaction began. Pre-
Columbian paleontological evidence suggests that the 
presence of M. tuberculosis in the Americas predates 
the contact of native people with European explorers 
[28–30]. In contrast, the Euro-American M. 
tuberculosis lineage predominance in Latin America 
suggests that M. tuberculosis was introduced and 
disseminated in Latin America during the European 
colonization between the 16th and 19th centuries [31]. 

As expected, the Euro-American lineage was 
predominant in Latin America, especially the Latin-
American-Mediterranean (LAM), Haarlem and T 
families. Nonetheless, there were differences in the 
phylogeographic distribution of M. tuberculosis 
between Latin American countries and inside of each 
country. LAM (41.1%) was the predominant family in 
most Latin America countries. The Haarlem (20.4%) 
and T (18.7%) families, on the other hand, were 
intermittently the second and third most prevalent 
families. However, Haarlem was the most prevalent 
family in Bolivia and Peru, and T was significantly 
more prevalent in Mexico (data not shown). 

The most striking differences in Latin American 
countries are presented in Figure 4 and described 
below. These differences probably resulted from the 
diverse colonization processes and migratory flows that 
have occurred over the centuries (Figure 5) [31–34]. 

 

Figure 4. Specific genotypes associated with Latin American 
countries. 
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Genotypes associated with Euro-American lineage in 
Latin America 
Latin-American-Mediterranean family: Brazil, Venezuela, 
and Panama 

In Brazil, the joint use of spoligotyping with 
IS6110-RFLP and MIRU-VNTR demonstrated the long 
evolutionary history of the RDRio genotype, described 
in Rio de Janeiro, and confirmed that it belongs to the 
LAM family, with a possible ancestor in the LAM9 
subfamily [35–37]. It still showed specificities within 
the LAM subfamilies, with LAM1 and LAM2 
representing only the RDRio genotype, LAM3 
representing only wild-type genotypes, and LAM4-6 
and LAM9 presenting both genotypes [35]. 

The RDRio genotype is remarkably frequent in 
Brazil, although its prevalence varies widely between 
regions (15.5% to 52%) [38,39]. In Venezuela it was 
reported in almost 70% of LAM strains [40]. However, 
it appears to have a limited contribution to the TB 
burden in Argentina and Paraguay, even though they 
share a border with Brazil. This limited contribution can 
be explained by the high proportion of the LAM3 
subfamily in Argentina and by the low proportion of 
LAM1 and LAM2 in Paraguay [32,41]. 

In Venezuela, a considerable number of genotypes 
with regional specificities have been documented. An 
instance of this is the genotype SIT605, found 
predominantly in the state of Carabobo and in only two 
isolates outside the country [42,43]. Analyses of 45 

SNPs showed that it belongs to the LAM family, and 
due to its geographical distribution, it was named 
"Carabobo" [42]. Méndez et al. [40] inferred, by using 
spoligotyping and 24-loci MIRU-VNTR, that the 
SIT605 genotype could belong to the LAM1 subfamily, 
and evidenced that none of the SIT605 strains harbored 
the RDRio genotype. 

The use of the set of 24-loci revealed that all strains 
of the Carabobo genotype, regardless of region, had the 
same genotype profile for at least 21 loci, highlighting 
their high genetic similarity. The 24-loci MIRU-VNTR 
method confirmed the designation of the Carabobo 
genotype as belonging to the LAM family. Additionally 
this method demonstrated that the strains harboring the 
SIT1698, specific to Venezuela, seem to belong to the 
Carabobo genotype, since they shared the same 
genotype profile [40,42,44]. 

To elucidate the phylogenetic relationships among 
multidrug-resistant (MDR) strains in Panama, SNP-
based analyses were performed. These analyses showed 
the presence of a large cluster belonging to the LAM9 
subfamily (LAM9-c1 cluster) and composed of MDR 
strains. All strains in the LAM9-c1 cluster carried a 
specific combination of mutations in katG, rpoB and 
rrs, which conferred resistance to isoniazid, rifampicin, 
and streptomycin, respectively. The presence of this 
particular combination of mutations in all strains 
suggested continuous transmission from an already 
resistant strain, rather than independent acquisition of 
resistance [45]. 

Phylogenetic analyses also revealed a relationship 
between LAM9-c1 and the MDR/extensively drug-
resistant (XDR) strain from Kwazulu-Natal (KZN), 
South Africa. These strains share SNPs absent in other 
LAM strains but have unique groups of SNPs that differ 
from each other. Therefore, these strains did not evolve 
from each other, but probably shared a close common 
ancestor that was able to tolerate the accumulation of a 
large number of mutations [45]. 

The data obtained inferred transmission of the 
ancestor between Panama and South Africa, but did not 
allow the direction of this transmission to be 
established. However, Panama had experienced two 
large African immigrations, which may have 
introduced the ancestral genotype of LAM9-c1 into the 
country [45,46]. Phylogeographic analyses based on 
complete genomes support that the LAM9-c1 and KZN 
genotypes were closely related but inferred independent 
introductions of the ancestor of these genotypes to 
Panama and South Africa, brought over by Europeans 
during the late 19th century [31]. 

 

Figure 5. Probable introduction routes of different genotypes in 
Latin America.  

Continuous line: Introduction route established; Dashed line: 
Introduction route not established. Caribbean: Antigua, Barbuda, Aruba, 
Curaçao, Bahamas, Bermudas, Cayman Islands, Cuba, Dominica, 
Grenadines Islands, Guyana, Guadeloupe, Grenada, Jamaica, 
Martinique, Montserrat, Puerto Rico, Saint Lucia, Saint Barthelemy, 
Saint Kitts and Nevis, Dominican Republic, Haiti, Island of Saint Martin, 
Saint Vincent, Suriname, Trinidad, Tobago, Turks and Caicos Islands 
and Virgin Islands. 
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Haarlem family: Argentina and Paraguay 
During the 1990s, it was possible to record the 

occurrence of nosocomial outbreaks caused by M. 
tuberculosis MDR strains in Argentina using the 
IS6110-RFLP method. Although the initial outbreaks 
involved patients living with HIV [47,48], MDR strains 
spread rapidly among immunocompetent people, with 
reports of secondary micro-epidemics. The second and 
largest MDR-TB outbreak occurred in the reference 
hospital for infectious diseases in Buenos Aires. The 
strain called "M" was responsible for 92% of the cases. 
Two main variants of this strain, "Mm" and "Mn" were 
differentiated by the presence of an additional copy of 
IS6110 in the Mn variant (9 copies). It was notable that 
the M strain, which was associated with resistance to at 
least five drugs and rapid disease progression, was 
responsible for several secondary outbreaks [48–52].  

WGS analysis enabled the reconstruction of the 
evolutionary trajectory of the M strain during the 
outbreak, suggesting that its ancestor had already 
acquired resistance to isoniazid, rifampicin, and 
streptomycin in the early 1970s. Estimates suggested 
that the ancestor of the M strain could already be 
defined as pre-XDR by 1979 due to the acquisition of 
resistance to three more drugs, ethambutol, 
pyrazinamide, and kanamycin [53]. The phylogenetic 
analysis based on SNPs identified the M strain as 
Haarlem due to the presence of the three SNPs 
characteristic of this family in codons 754, 172 and 65, 
and this was consistent with the spoligotyping data 
(WGS: sub-lineage 4.1.2.1; spoligotyping: subfamily 
H2/SIT2) [52–54]. In addition, based on IS6110-RFLP 
and WGS data and the increasing incidence of MDR-
TB, it was suggested that few M strains were circulating 
in Argentina before entering the hospital, where it 
disseminated among HIV-positive patients and 
dispersed to other sites [53]. 

In Paraguay, the combined use of IS6110-RFLP, 
MIRU-VNTR, and spoligotyping allowed the 
identification of genetic patterns restricted to the 
country, which may have evolved from strains 
introduced during colonization and subsequently 
prospered locally. This scenario could be exemplified 
by the genetic pattern identified in a prison in Asunción, 
was named “Tacumbu”, in honor of the prison, and 
classified by spoligotyping as belonging to the 
Haarlem/SIT2643 family [55]. 

The fact that the M and Tacumbu genotypes are not 
found in people outside of Argentina and Paraguay 
reinforced the endemicity of these genotypes to these 
populations [52,55]. 

 

T family: Panama, Chile, and Mexico 
The T family was the most representative in Brazil 

according to the SITVIT2 database. However, the 
frequency of this family was significantly higher than 
LAM and Haarlem only in Mexico. The T1 subfamily, 
especially the T1/SIT53 genotype, was the most 
common among the regions studied. It should be noted 
that the predominance of T1/SIT53 was a result of 
centuries of extensive contact with the US, and that this 
genotype was found throughout the Mexican territory 
[56–58]. 

Although the T1/SIT53 genotype was frequently 
described, T2, T4-CEU1 and T3/SIT37 were rarely 
found in Latin American countries in proportions above 
2%. Nonetheless, T2 and T4-CEU1 genotype were 
highly represented in Panama and the T3/SIT37 
genotype in Chile. T3/SIT37 was usually found in East 
Africa, however it seemed to have a high capacity for 
adaptation and dissemination in Chile even though 
migration from Africa to Chile was rare. In contrast, the 
high prevalence of the T2 and T4-CEU1 subfamilies in 
Panama could be explained by the migration of 
Caribbeans and South Africans, respectively, during the 
construction of the Panama Canal in the early 20th 
century [46,59]. 

 
Other families: Haiti, Ecuador, and Uruguay 

In insular Central America, there was great genetic 
diversity of M. tuberculosis due to the movement of 
African slaves, Spanish, French, and later the English, 
which may explain the significant presence of the X 
family in Haiti [60,61]. The X3 subfamily was 
infrequent in most countries, not exceeding 2% of the 
genotypes of M. tuberculosis according to the SITVIT2 
database. However, in Haiti the X3 subfamily was 
highly disseminated. This subfamily was found mainly 
in the US and in the United Kingdom, which had strong 
influences in the Caribbean over the years. Therefore, 
the X3 subfamily was probably introduced in Haiti 
during the Anglo-Saxon colonization process [61, 62]. 

The genetic diversity of M. tuberculosis in Uruguay 
remained poorly understood, and what was known 
about the genotype prevalence referred to isoniazid-
resistant strains. The presence of the S family was 
noteworthy, and, unlike the rest of Latin America, it had 
strongly contributed to the resistant TB case load. This 
prevalence could be partially explained by the great 
migration of Italian communities to Uruguay in the 20th 
century, which continued to represent a considerable 
portion of the Uruguayan population [63]. More 
importantly, the highest proportion of the S family in 
South America to date was found in Ecuador (13.1%), 
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since the prevalence of this family in Uruguay refers to 
resistant strains [24]. 

 
Genotypes associated with other lineages in Latin 
America 
East-Asian lineage - Beijing family: Peru, Colombia, and 
Guatemala 

This family was phylogenetically divided into two 
main subfamilies, termed modern and ancient, 
considering the evolution time between these 
subfamilies and the ancestral genotype. The modern 
subfamily is predominant in China, although it is 
typically found throughout the world, whereas the 
ancient subfamily is predominant in Japan and Korea 
[21,64]. The Beijing family was found in low 
proportions in Latin America, but its prevalence had 
been increasing in Peru (16.4%) and Colombia (15.6%) 
[65,66]. 

Peru was home to the modern and ancient 
subfamilies due to the migratory flows that occurred in 
the late 19th century from China, Japan, and later, from 
Korea in the late 19th century. Peru is still considered 
the main source of transmission of the Beijing family to 
other Latin American countries [64,65]. The use of 
MIRU-VNTR allowed analysis of genetic variations 
among Beijing strains in Peru, which were not detected 
by spoligotyping. High rates of active and continuous 
Beijing transmission were identified, mainly with 
strains harboring the PCT001 genotype. This 
methodology also revealed that most XDR Beijing 
strains in Peru were phylogenetically closer to Japanese 
strains considering their similarity to the common 
Japanese MIRU pattern, MIRU International Type 11 
(MIT; code assigned by the SITVIT2 database) [64,67]. 

As in Peru, in Colombia, there was also a high 
prevalence of Beijing strains. However, the Beijing 
family was only associated with highly resistant 
phenotypes in Colombia, due to the SIT190 genotype, 
which is predominant in the US and China, but rare in 
Latin America [34,66,68]. SIT190 was responsible for 
almost all the Beijing cases in Buenaventura, Colombia, 
and was strongly associated with MDR-TB and new 
cases, indicating active transmission of this resistant 
genotype. The city of Buenaventura is one of the largest 
cities in Colombia, with strong tourist and commercial 
activities and is home to the country's main port, a place 
that appeared to have been the gateway for the Beijing 
family through Asian immigration [34,66]. 

The use of MIRU-VNTR in Colombia enabled 
more robust analyses of Beijing, to understand the 
distribution of SIT190 genotype within the country. 
Although highly homogeneous, these Beijing strains 

were subdivided into 12 distinct genotypic patterns, 
comprising 4 orphan strains and 8 phylogenetically 
connected patterns. However, some genotypes 
appeared to be more distant and had greater variability 
at the analyzed loci. This suggested the emergence of 
virulent clones, strongly associated with drug resistance 
[34,68]. In addition, other rare genotypes of the Beijing 
family in Latin America had been described in 
Colombia, among them SIT406. However, it was 
important to note that SIT406 had only been 
documented in about 20 strains worldwide [69,70]. 

Altogether, the data from Peru and Colombia 
supported the hypothesis of multiple introductions of 
the Beijing family in Latin America [34,64–67,70]. 

Finally, in Guatemala WGS analyses were 
performed to investigate the phylogenetic history of M. 
tuberculosis. Saelens et al. observed the presence of 
emerging fluoroquinolone-resistant Beijing strains, 
predominantly from the modern subfamily, which 
differed from each other by up to 31 SNPs, indicating 
the presence of a recently shared parent strain. These 
strains were also involved in a community outbreak 
initiated in a prison, where two closely related isolates 
were obtained from inmates at different times. Since the 
strains diverged in up to 31 SNPs, the outbreak had 
probably been occurring for several years, allowing the 
evolution of these strains within the prison [71].  

 
East-African-Indian lineage: Brazil and Mexico 

Strong phylogeographic specificities were observed 
in different regions of Brazil resulting from different 
migratory processes that occurred in each region 
[33,72–75]. We highlight the significant presence of the 
East-African-Indian (EAI) lineage in the northern 
region, specifically in Pará, in almost 10% of the TB 
cases. This was the result from the long history of 
forced migration of African slaves from East Africa, 
mainly from Mozambique, between the 16th and 19th 
centuries, as evident from the correlation between the 
strains identified in both countries using 24-loci MIRU-
VNTR and spoligotyping [33,74,75]. The genotypes 
EAI5/SIT924 and EAI6-BGD1/SIT129 were related to 
recent and specific genotypes in Pará, indicating the 
ability of the EAI lineage to spread in this population 
[33,74]. 

The EAI lineage was present in Acapulco, Mexico, 
where there was a high clustering of EAI2-Manila 
family isolates (26.2%). We highlight the EAI2-
Manila/SIT19 genotype, which seemed to behave as an 
emerging genotype due to the high transmission rate. 
The high prevalence of the EAI2-Manila family may be 
explained by the long history of commercial relations 
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with the Philippines between 1565 and 1815, a period 
when both countries were Spanish colonies [76–78]. 

 
Conclusions 

The present study highlights and dissects the 
implementation of M. tuberculosis genotyping methods 
in Latin America. The review of the literature showed 
that spoligotyping was the most widely used method in 
Latin America but since 2014, its use had been 
decreasing in parallel with an increase in the use of 
MIRU-VNTR and WGS. In addition, it shows that a 
considerable part of the studies was conducted in 
partnership with Latin American and/or non-Latin 
America institutions. However, only a small proportion 
of studies needed partnerships to perform the genotypic 
methods, reflecting the commitment of Latin American 
countries to the advancement of TB research and 
development. We highlight that Brazil, Mexico, 
Argentina, Peru, and Colombia contributed almost 90% 
of the Latin American articles and a predominance of 
the Euro-American strain in Latin America was 
observed.  

Extensive use of genotypic methods improved our 
understanding of the population structure of M. 
tuberculosis by revealing genetic factors that may 
influence transmission, M. tuberculosis transmission 
hotspots, and populations infected with highly virulent 
genotypes. Moreover, the development of a database of 
M. tuberculosis strains, as presented on the Community 
of Portuguese-Speaking Countries-TB website [79], 
would be interesting for Latin America, considering the 
ease of interaction among Latin peoples and their 
dispersion to all continents. Strategies such as these 
would allow greater articulation between research and 
public health services, ensuring that the genotypic 
methods evaluated can reflect on better therapeutic 
strategies and the development of adequate TB control 
protocols. 

 
 
Acknowledgements 
YCIN is a fellow of the Coordenação de Aperfeiçoamento de 
Pessoal de Nível Superior (CAPES). The collaboration 
between researchers from Brazil and Portugal is under the 
CAPES PrInt Program (Notice 041/2017–Projeto 
Institucional de Internacionalização–FURG/CAPES nº 
2400/18). 
 
Authors’ contribution 
YCIN: acquisition of data, analysis and interpretation of data, 
drafting the article, final approval of the version to be 
submitted; AJR: analysis and interpretation of data, drafting 
the article, final approval of the version to be submitted; 

NXM: acquisition of data, final approval of the version to be 
submitted; JV: analysis and interpretation of data, final 
approval of the version to be submitted; JP: analysis and 
interpretation of data, final approval of the version to be 
submitted; IBR: analysis and interpretation of data, final 
approval of the version to be submitted; PEAS: analysis and 
interpretation of data, final approval of the version to be 
submitted; AVG: conception and design of the study, 
acquisition of data, analysis, and interpretation of data, 
drafting the article, final approval of the version to be 
submitted. 
 
 
References 
1. World Health Organization (2021) Global tuberculosis report 

2021. Available: 
https://www.who.int/publications/i/item/9789240037021. 
Accessed: 7 Oct 2023. 

2. Pan American Health Organization (2020) Tuberculosis in the 
Americas. 2019 Regional Report. Available: 
https://iris.paho.org/handle/10665.2/53026. Accessed: 7 Oct 
2023. 

3. World Health Organization (2014) The end TB strategy. 
Global strategy and targets for tuberculosis prevention, care 
and control after 2015. Available: 
https://www.who.int/tb/strategy/End_TB_Strategy.pdf?ua=1. 
Accessed: 6 Jun 2021. 

4. World Health Organization (2015) A global action framework 
for TB research in support of the third pillar of WHO's end TB 
strategy. Available: 
https://www.who.int/publications/i/item/9789241509756. 
Accessed: 7 Oct 2023. 

5. Struelens MJ, Carlier E, Maes N, Serruys E, Quint WGV, van 
Belkum A (1993) Nosocomial colonization and infection with 
multiresistant Acinetobacter baumannii: outbreak delineation 
using DNA macrorestriction analysis and PCR-fingerprinting. 
J Hosp Infect 25: 15-32. doi: 10.1016/0195-6701(93)90005-K. 

6. Kluytmans J, van Leeuwen W, Goessens W, Hollis R, Messer 
S, Herwaldt L, Bruining H, Heck M, Rost J, van Leeuwen N, 
van Belkum A, Verbrugh H (1995) Food-initiated outbreak of 
methicillin-resistant Staphylococcus aureus analyzed by 
pheno- and genotyping. J Clin Microbiol 33: 1121-1128. doi: 
10.1128/jcm.33.5.1121-1128.1995. 

7. Hermans PWM, van Soolingen D, Dale JW, Schuitema ARJ, 
McAdam RA, Catty D, van Embden JDA (1990) Insertion 
element IS986 from Mycobacterium tuberculosis: a useful tool 
for diagnosis and epidemiology of tuberculosis. J Clin 
Microbiol 28: 2051-2058. doi: 10.1128/jcm.28.9.2051-
2058.1990. 

8. van Embden JD, Cave MD, Crawford JT, Dale JW, Eisenach 
KD, Gicquel B, Hermans P, Martin C, McAdam R, Shinnick 
TM, Small PM (1993) Strain identification of Mycobacterium 
tuberculosis by DNA fingerprinting: recommendations for a 
standardized methodology. J Clin Microbiol 31: 406-409. doi: 
10.1128/jcm.31.2.406-409.1993. 

9. Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van 
Soolingen D, Kuijper S, Bunschoten A, Molhuizen H, Shaw R, 
Goyal M, van Embden J (1997) Simultaneous detection and 
strain differentiation of Mycobacterium tuberculosis for 
diagnosis and epidemiology. J Clin Microbiol 35: 907-914. 
doi: 10.1128/jcm.35.4.907-914.1997. 



Castillos Ibrahim das Neves et al. – Genotyping and tuberculosis dynamics    J Infect Dev Ctries 2023; 17(10):1373-1386. 

1383 

10. Supply P, Mazars E, Lesjean S, Vincent V, Gicquel B, Locht 
C (2000) Variable human minisatellite-like regions in the 
Mycobacterium tuberculosis genome. Mol Microbiol 36: 762-
771. doi: 10.1046/j.1365-2958.2000.01905.x. 

11. Supply P, Allix C, Lesjean S, Cardoso-Oelemann M, Rusch-
Gerdes S, Willery E, Savine E, Haas P, van Deutekom H, 
Roring S, Bifani P, Kurepina N, Kreiswirth B, Sola C, Rastogi 
N, Vatin V, Gutierrez MC, Fauville M, Niemann S, Skuce R, 
Kremer K, Locht C, van Soolingen D (2006) Proposal for 
standardization of optimized mycobacterial interspersed 
repetitive unit-variable-number tandem repeat typing of 
Mycobacterium tuberculosis. J Clin Microbiol 44: 4498-4510. 
doi: 10.1128/JCM.01392-06. 

12. Comas Ĩ, Chakravartti J, Small PM, Galagan J, Niemann S, 
Kremer K, Ernst JD, Gagneux S (2010) Human T cell epitopes 
of Mycobacterium tuberculosis are evolutionarily 
hyperconserved. Nat Genet 42: 498-503. doi: 10.1038/ng.590. 

13. Feliciano CS, Namburete EI, Plaça JR, Peronni K, Dippenaar 
A, Warren RM, Silva WA, Bollela VR (2018) Accuracy of 
whole genome sequencing versus phenotypic (MGIT) and 
commercial molecular tests for detection of drug-resistant 
Mycobacterium tuberculosis isolated from patients in Brazil 
and Mozambique. Tuberculosis 110: 59-67. doi: 
10.1016/j.tube.2018.04.003. 

14. Oudghiri A, Chaoui I, Elmzibri M (2018) Molecular 
epidemiology of tuberculosis: a review of tools and 
applications. J Infect Dis Ther 6: 386. doi: 10.4172/2332-
0877.1000386. 

15. Ei PW, Aung WW, Lee JS, Choi G-E, Chang CL (2016) 
Molecular strain typing of Mycobacterium tuberculosis: a 
review of frequently used methods. J Korean Med Sci 31: 
1673-1683. doi: 10.3346/jkms.2016.31.11.1673. 

16. Couvin D, David A, Zozio T, Rastogi N (2019) Macro-
geographical specificities of the prevailing tuberculosis 
epidemic as seen through SITVIT2, an updated version of the 
Mycobacterium tuberculosis genotyping database. Infect 
Genet Evol 72: 31-43. doi: 10.1016/j.meegid.2018.12.030. 

17. Méndez MV, León C, Escalona A, Abadia E, da Mata O, de 
Waard J, Takiff HE (2016) Evaluation of discriminatory power 
of molecular epidemiology techniques in Mycobacterium 
tuberculosis Venezuelan isolates. Investig Clin 57: 25-37. 
[Article in Spanish]. 

18. Gauthier M, Bidault F, Mosnier A, Bablishvili N, Tukvadze N, 
Somphavong S, Paboriboune P, Ocheretina O, Pape JW, 
Paranhos-Baccala G, Berland JL (2015) High-throughput 
mycobacterial interspersed repetitive-unit-variable-number 
tandem-repeat genotyping for Mycobacterium tuberculosis 
epidemiological studies. J Clin Microbiol 53: 498-503. doi: 
10.1128/JCM.01611-14. 

19. Filliol I, Driscoll JR, Van Soolingen D, Kreiswirth BN, Kremer 
K, Valétudie G, Anh DD, Barlow R, Banerjee D, Bifani PJ, 
Brudey K, Cataldi A, Cooksey RC, Cousins D V., Dale JW, 
Dellagostin OA, Drobniewski F, Engelmann G, Ferdinand S, 
Gascoyne-Binzi D, Gordon M, Gutierrez MC, Haas WH, 
Heersma H, Kassa-Kelembho E, Ly HM, Makristathis A, 
Mammina C, Martin G, Moström P, Mokrousov I, Narbonne 
V, Narvskaya O, Nastasi A, Niobe-Eyangoh SN, Pape JW, 
Rasolofo-Razanamparany V, Ridell M, Rossetti ML, Stauffer 
F, Suffys PN, Takiff H, Texier-Maugein J, Vincen V, De 
Waard JH, Sola C, Rastogi N (2003) Snapshot of moving and 
expanding clones of Mycobacterium tuberculosis and their 
global distribution assessed by spoligotyping in an 

international study. J Clin Microbiol 41: 1963-1970. doi: 
10.1128/JCM.41.5.1963-1970.2003. 

20. Coll F, McNerney R, Guerra-Assunção JA, Glynn JR, Perdigão 
J, Viveiros M, Portugal I, Pain A, Martin N, Clark TG (2014) 
A robust SNP barcode for typing Mycobacterium tuberculosis 
complex strains. Nat Commun 5: 4812. doi: 
10.1038/ncomms5812. 

21. Monteserin J, Camacho M, Barrera L, Palomino JC, Ritacco V, 
Martin A (2013) Genotypes of Mycobacterium tuberculosis in 
patients at risk of drug resistance in Bolivia. Infect Genet Evol 
17: 195-201. doi: 10.1016/j.meegid.2013.04.010. 

22. Weniger T, Krawczyk J, Supply P, Niemann S, Harmsen D 
(2010) MIRU-VNTRplus: a web tool for polyphasic 
genotyping of Mycobacterium tuberculosis complex bacteria. 
Nucleic Acids Res 38: W326-W331. doi: 10.1093/nar/gkq351. 

23. Zurita J, Espinel N, Barba P, Ortega-Paredes D, Zurita-Salinas 
C, Rojas Y, Alcocer I (2019) Genetic diversity and drug 
resistance of Mycobacterium tuberculosis in Ecuador. Int J 
Tuberc Lung Dis 23: 166-173. doi: 10.5588/ijtld.18.0095. 

24. Garzon-Chavez D, Garcia-Bereguiain MA, Mora-Pinargote C, 
Granda-Pardo JC, Leon-Benitez M, Franco-Sotomayor G, 
Trueba G, de Waard JH (2020) Population structure and 
genetic diversity of Mycobacterium tuberculosis in Ecuador. 
Sci Rep 10: 6237. doi: 10.1038/s41598-020-62824-z. 

25. Torres-Pascual C, Sánchez-Pérez HJ, Ávila-Castells P (2021) 
Geographical distribution and international collaboration of 
Latin-American and Caribbean scientific publication on 
tuberculosis in PubMed. Rev Peru Med Exp Salud Publica 38: 
49-57. [Article in Spanish]. doi: 
10.17843/rpmesp.2021.381.5726. 

26. Stop TB Partnership, Treatment Action Group (2019) 
Tuberculosis research funding trends, 2005 - 2019. Treat 
Action Gr: 2005-2019. Available: 
https://www.treatmentactiongroup.org/wp-
content/uploads/2020/12/tbrd_2020_final_web.pdf. Accessed: 
6 June 2021. 

27. World Health Organization (2020) Global spending on health: 
weathering the storm 2020. Available: 
https://www.who.int/publications/i/item/9789240017788. 
Accessed: 7 Oct 2023. 

28. Allison MJ, Mendoza D, Pezzia A (1973) Documentation of a 
case of tuberculosis in pre-Columbian America. Am Rev 
Respir Dis 107: 985-991. 

29. Arriaza BT, Salo W, Aufderheide AC, Holcomb TA (1995) 
Pre-Columbian tuberculosis in Northern Chile: molecular and 
skeletal evidence. Am J Phys Anthropol 98: 37-45. doi: 
10.1002/ajpa.1330980104. 

30. Salo WL, Aufderheide AC, Buikstra J, Holcomb TA (1994) 
Identification of Mycobacterium tuberculosis DNA in a pre-
Columbian Peruvian mummy. Proc Natl Acad Sci 91: 2091-
2094. doi: 10.1073/pnas.91.6.2091. 

31. Brynildsrud OB, Pepperell CS, Suffys P, Grandjean L, 
Monteserin J, Debech N, Bohlin J, Alfsnes K, Pettersson JOH, 
Kirkeleite I, Fandinho F, da Silva MA, Perdigao J, Portugal I, 
Viveiros M, Clark T, Caws M, Dunstan S, Thai PVK, Lopez 
B, Ritacco V, Kitchen A, Brown TS, van Soolingen D, O'Neill 
MB, Holt KE, Feil EJ, Mathema B, Balloux F, Eldholm V 
(2018) Global expansion of Mycobacterium tuberculosis 
lineage 4 shaped by colonial migration and local adaptation. 
Sci Adv 4: eaat5869. doi: 10.1126/sciadv.aat5869. 

32. Monteserin J, Paul R, Gravina E, Reniero A, Hernandez T, 
Mazzeo E, Togneri A, Simboli N, López B, Couvin D, Rastogi 
N, Ritacco V (2018) Genotypic diversity of Mycobacterium 



Castillos Ibrahim das Neves et al. – Genotyping and tuberculosis dynamics    J Infect Dev Ctries 2023; 17(10):1373-1386. 

1384 

tuberculosis in Buenos Aires, Argentina. Infect Genet Evol 62: 
1-7. doi: 10.1016/j.meegid.2018.04.006. 

33. Conceição EC, Refregier G, Gomes HM, Olessa-Daragon X, 
Coll F, Ratovonirina NH, Rasolofo-Razanamparany V, Lopes 
ML, van Soolingen D, Rutaihwa L, Gagneux S, Bollela VR, 
Suffys PN, Duarte RS, Lima KVB, Sola CN (2019) 
Mycobacterium tuberculosis lineage 1 genetic diversity in 
Pará, Brazil, suggests common ancestry with east-African 
isolates potentially linked to historical slave trade. Infect Genet 
Evol 73: 337-341. doi: 10.1016/j.meegid.2019.06.001. 

34. Ramirez LMN, Ferro BE, Diaz G, Anthony RM, de Beer J, van 
Soolingen D (2020) Genetic profiling of Mycobacterium 
tuberculosis revealed "modern" Beijing strains linked to MDR-
TB from Southwestern Colombia. PLoS One 15: e0224908. 
doi: 10.1371/journal.pone.0224908. 

35. Lazzarini LCO, Huard RC, Boechat NL, Gomes HM, 
Oelemann MC, Kurepina N, Shashkina E, Mello FCQ, Gibson 
AL, Virginio MJ, Marsico AG, Butler WR, Kreiswirth BN, 
Suffys PN, Silva JRL, Ho JL (2007) Discovery of a novel 
Mycobacterium tuberculosis lineage that is a major cause of 
tuberculosis in Rio de Janeiro, Brazil. J Clin Microbiol 45: 
3891-3902. doi: 10.1128/JCM.01394-07. 

36. Lazzarini LCO, Spindola SM, Bang H, Gibson AL, 
Weisenberg S, Carvalho WDS, Augusto CJ, Huard RC, Kritski 
AL, Ho (2008) RDRio Mycobacterium tuberculosis infection 
is associated with a higher frequency of cavitary pulmonary 
disease. J Clin Microbiol 46: 2175-2183. doi: 
10.1128/JCM.00065-08. 

37. Peres RL, Vinhas SA, Ribeiro FKC, Palaci M, do Prado TN, 
Reis-Santos B, Zandonade E, Suffys PN, Golub JE, Riley LW, 
Maciel EL (2018) Risk factors associated with cluster size of 
Mycobacterium tuberculosis (Mtb) of different RFLP lineages 
in Brazil. BMC Infect Dis 18: 71. doi: 10.1186/s12879-018-
2969-0. 

38. de Almeida AL, Scodro RB de L, de Carvalho HC, Costacurta 
GF, Baldin VP, Santos NCS, Ghiraldi-Lopes LD, Campanerut-
Sá PAZ, Siqueira VLD, Caleffi-Ferracioli KR, Shibata FK, 
Sprada A, Cardoso RF (2018) RD Rio Mycobacterium 
tuberculosis lineage in the Brazil/Paraguay/Argentina triple 
border. Tuberculosis 110: 68-78. doi: 
10.1016/j.tube.2018.03.008. 

39. de Almeida IN, Vasconcellos SEG, De Assis Figueredo LJ, 
Dantas NGT, Augusto CJ, Hadaad JPA, Suffys PN, Da Silva 
Carvalho W, De Miranda SS (2019) Frequency of the 
Mycobacterium tuberculosis RDRio genotype and its 
association with multidrug-resistant tuberculosis. BMC Infect 
Dis 19: 556. doi: 10.1186/s12879-019-4152-7. 

40. Méndez MV, Abadía E, Sequera M, de Waard JH, Takiff HE 
(2020) Most LAM Mycobacterium tuberculosis strains in 
Venezuela, but not SIT605, belong to the RDRio subfamily. 
Infect Genet Evol 84: 104380. doi: 
10.1016/j.meegid.2020.104380. 

41. Díaz Acosta CC, Russomando G, Candia N, Ritacco V, 
Vasconcellos SEG, de Berrêdo Pinho Moreira M, de Romero 
NJ, Morcillo N, De Waard JH, Gomes HM, Suffys PN (2019) 
Exploring the "Latin American Mediterranean" family and the 
RDRio lineage in Mycobacterium tuberculosis isolates from 
Paraguay, Argentina and Venezuela. BMC Microbiol 19: 131. 
doi: 10.1186/s12866-019-1479-6 

42. Abadía E, Sequera M, Ortega D, Méndez MV, Escalona A, Da 
Mata O, Izarra E, Rojas Y, Jaspe R, Motiwala AS, Alland D, 
de Waard J, Takiff HE (2009) Mycobacterium tuberculosis 
ecology in Venezuela: epidemiologic correlates of common 

spoligotypes and a large clonal cluster defined by MIRU-
VNTR-24. BMC Infect Dis 9: 122. doi: 10.1186/1471-2334-9-
122. 

43. Sequera M, Delgado V, Araque W, Torrealba M, Núñez R, da 
Mata O, Abadia E, Howard T, de Waard J (2008) 
Mycobacterium tuberculosis: spoligotypes in the Carabobo 
state, Venezuela. Rev Chil Infectol 25: 362-367. [Article in 
Spanish]. doi: 10.4067/S0716-10182008000500009. 

44. Patiño MA, Abadía E, Gómez S, Maes M, Muñoz M, Gómez 
D, Guzmán P, Méndez MV, Ramirez C, España M, de Waard 
J, Takiff H (2014) Mycobacterium tuberculosis population 
structure and molecular epidemiological analysis in Sucre 
municipality, Miranda state, Venezuela. Investig Clin 55: 332-
351. [Article in Spanish]. 

45. Lanzas F, Karakousis PC, Sacchettini JC, Ioerger TR (2013) 
Multidrug-resistant tuberculosis in Panama is driven by clonal 
expansion of a multidrug-resistant Mycobacterium 
tuberculosis strain related to the KZN extensively drug-
resistant m. tuberculosis strain from South Africa. J Clin 
Microbiol 51: 3277-3285. doi: 10.1128/JCM.01122-13. 

46. Sambrano D, Correa R, Almengor P, Domínguez A, Vega S, 
Goodridge A (2014) Mycobacterium tuberculosis isolates from 
single outpatient clinic in Panama City exhibit wide genetic 
diversity. Am J Trop Med Hyg 91: 310-312. doi: 
10.4269/ajtmh.14-0134. 

47. Aita J, Barrera L, Reniero A, Lopez B, Biglione J, Weisburd 
G, Rajmil JC, Largacha C, Ritacco V (1996) Hospital 
transmission of multidrug-resistant Mycobacterium 
tuberculosis in Rosario, Argentina. Medicina (B Aires) 56: 48-
50. 

48. Ritacco V, Di Lonardo M, Reniero A, Ambroggi M, Barrera L, 
Dambrosi A, Lopez B, Isola N, de Kantor IN (1997) 
Nosocomial spread of human immunodeficiency virus-related 
multidrug- resistant tuberculosis in Buenos Aires. J Infect Dis 
176: 637-642. doi: 10.1086/514084. 

49. Alito A, Morcillo N, Scipioni S, Dolmann A, Romano MI, 
Cataldi A, van Soolingen D (1999) The IS6110 restriction 
fragment length polymorphism in particular multidrug-
resistant Mycobacterium tuberculosis strains may evolve too 
fast for reliable use in outbreak investigation. J Clin Microbiol 
37: 788-791. doi: 10.1128/JCM.37.3.788-791.1999. 

50. Palmero D, Ritacco V, Ambroggi M, Natiello M, Barrera L, 
Capone L, Dambrosi A, Di Lonardo M, Isola N, Poggi S, 
Vescovo M, Abbate E (2003) Multidrug-resistant tuberculosis 
in HIV-negative patients, Buenos Aires, Argentina. Emerg 
Infect Dis 9: 965-969. doi: 10.3201/eid0908.020474. 

51. Morcillo N, Zumarraga M, Imperiale B, Di Giulio B, Chirico 
C, Kuriger A, Alito A, Kremer K, Cataldi A (2007) 
Tuberculosis transmission of predominant genotypes of 
Mycobacterium tuberculosis in Northern suburbs of Buenos 
Aires city region. Rev Argent Microbiol 39: 145-150. 

52. Ritacco V, López B, Ambroggi M, Palmero D, Salvadores B, 
Gravina E, Mazzeo E, Imaz S, Barrera L (2012) HIV infection 
and geographically bound transmission of drug-resistant 
tuberculosis, Argentina. Emerg Infect Dis 18: 1802-1810. doi: 
10.3201/eid1811.120126. 

53. Eldholm V, Monteserin J, Rieux A, Lopez B, Sobkowiak B, 
Ritacco V, Balloux F (2015) Four decades of transmission of a 
multidrug-resistant Mycobacterium tuberculosis outbreak 
strain. Nat Commun 6: 7119. doi: 10.1038/ncomms8119. 

54. Geffner L, Yokobori N, Basile J, Schierloh P, Balboa L, 
Romero MM, Ritacco V, Vescovo M, Montaner PG, Lopez B, 
Barrera L, Alemán M, Abatte E, Sasiain MC, De La Barrera S 



Castillos Ibrahim das Neves et al. – Genotyping and tuberculosis dynamics    J Infect Dev Ctries 2023; 17(10):1373-1386. 

1385 

(2009) Patients with multidrug-resistant tuberculosis display 
impaired Th1 responses and enhanced regulatory T-cell levels 
in response to an outbreak of multidrug-resistant 
Mycobacterium tuberculosis M and Ra strains. Infect Immun 
77: 5025-5034. doi: 10.1128/IAI.00224-09. 

55. Candia N, Lopez B, Zozio T, Carrivale M, Diaz C, 
Russomando G, de Romero NJ, Jara JC, Barrera L, Rastogi N, 
Ritacco V (2007) First insight into Mycobacterium 
tuberculosis genetic diversity in Paraguay. BMC Microbiol 7: 
75. doi: 10.1186/1471-2180-7-75. 

56. Munro-Rojas D, Fernandez-Morales E, Zarrabal-Meza J, 
Martínez-Cazares MT, Parissi-Crivelli A, Fuentes-Domínguez 
J, Séraphin MN, Lauzardo M, González-y-Merchand JA, 
Rivera-Gutierrez S, Zenteno-Cuevas R (2018) Genetic 
diversity of drug and multidrug-resistant Mycobacterium 
tuberculosis circulating in Veracruz, Mexico. PLoS One 13: 
e0193626. doi: 10.1371/journal.pone.0193626. 

57. Vera-Cabrera L, Ramos-Alvarez J, Molina-Torres CA, Rivera-
Morales LG, Rendón A, Quiñones-Falconi F, Ocampo-
Candiani J (2014) Comparative Mycobacterium tuberculosis 
spoligotype distribution in Mexico. J Clin Microbiol 52: 3049-
3052. doi: 10.1128/JCM.01043-14. 

58. Molina-Torres CA, Moreno-Torres E, Ocampo-Candiani J, 
Rendon A, Blackwood K, Kremer K, Rastogi N, Welsh O, 
Vera-Cabrera L (2010) Mycobacterium tuberculosis 
spoligotypes in Monterrey, Mexico. J Clin Microbiol 48: 448-
455. doi: 10.1128/JCM.01894-09. 

59. Lagos J, Couvin D, Arata L, Tognarelli J, Aguayo C, Leiva T, 
Arias F, Hormazabal JC, Rastogi N, Fernández J (2016) 
Analysis of Mycobacterium tuberculosis genotypic lineage 
distribution in Chile and neighboring countries. PLoS One 11: 
e0160434. doi: 10.1371/journal.pone.0160434. 

60. Duchêne V, Ferdinand S, Filliol I, Guégan JF, Rastogi N, Sola 
C (2004) Phylogenetic reconstruction of Mycobacterium 
tuberculosis within four settings of the Caribbean region: tree 
comparative analyse and first appraisal on their 
phylogeography. Infect Genet Evol 4: 5-14. doi: 
10.1016/j.meegid.2003.09.001. 

61. Ocheretina O, Merveille YM, Mabou MM, Escuyer VE, 
Dunbar SA, Johnson WD, Pape JW, Fitzgerald DW (2013) Use 
of Luminex MagPlex magnetic microspheres for high-
throughput spoligotyping of Mycobacterium tuberculosis 
isolates in Port-au-Prince, Haiti. J Clin Microbiol 51: 2232-
2237. doi: 10.1128/JCM.00268-13. 

62. Ferdinand S, Sola C, Verdol B, Legrand E, Goh KS, Berchel 
M, Aubéry A, Timothée M, Joseph P, Pape JW, Rastogi N 
(2003) Molecular characterization and drug resistance patterns 
of strains of Mycobacterium tuberculosis isolated from patients 
in an AIDS counseling center in Port-au-Prince, Haiti: a 1-year 
study. J Clin Microbiol 41: 694-702. doi: 
10.1128/JCM.41.2.694-702.2003. 

63. Greif G, Coitinho C, Rivas C, Van Ingen J, Robello C (2012) 
Molecular analysis of isoniazid-resistant Mycobacterium 
tuberculosis isolates in Uruguay. Int J Tuberc Lung Dis 16: 
947-949. doi: 10.5588/ijtld.11.0559. 

64. Iwamoto T, Grandjean L, Arikawa K, Nakanishi N, Caviedes 
L, Coronel J, Sheen P, Wada T, Taype CA, Shaw MA, Moore 
DAJ, Gilman RH (2012) Genetic diversity and transmission 
characteristics of Beijing family strains of Mycobacterium 
tuberculosis in Peru. PLoS One 7: e49651. doi: 
10.1371/journal.pone.0049651. 

65. Barletta F, Otero L, de Jong BC, Iwamoto T, Arikawa K, Van 
der Stuyft P, Niemann S, Merker M, Uwizeye C, Seas C, 

Rigouts L (2015) Predominant Mycobacterium tuberculosis 
families and high rates of recent transmission among new cases 
are not associated with primary multidrug resistance in Lima, 
Peru. J Clin Microbiol 53: 1854-1863. doi: 
10.1128/JCM.03585-14. 

66. Ferro BE, Nieto LM, Rozo JC, Forero L, van Soolingen D 
(2011) Multidrug-resistant Mycobacterium tuberculosis, 
southwestern Colombia. Emerg Infect Dis 17: 1259-1262. doi: 
10.3201/eid1707.101797. 

67. Cáceres O, Rastogi N, Bartra C, Couvin D, Galarza M, 
Asencios L, Mendoza-Ticona A (2014) Characterization of the 
genetic diversity of extensively-drug resistant Mycobacterium 
tuberculosis clinical isolates from pulmonary tuberculosis 
patients in Peru. PLoS One 9: e112789. doi: 
10.1371/journal.pone.0112789. 

68. Murcia MI, Manotas M, Jiménez YJ, Hernández J, Cortès 
MIC, López LE, Zozio T, Rastogi N (2010) First case of 
multidrug-resistant tuberculosis caused by a rare "Beijing-like" 
genotype of Mycobacterium tuberculosis in Bogotá, Colombia. 
Infect Genet Evol 10: 678-681. doi: 
10.1016/j.meegid.2010.03.010. 

69. Puerto D, Erazo L, Zabaleta A, Murcia MI, Llerena C, Puerto 
G (2019) Characterization of clinical isolates of 
Mycobacterium tuberculosis from indigenous peoples of 
Colombia. Biomedica 39: 78-92. doi: 
10.7705/biomedica.v39i3.4318. 

70. Puerto G, Erazo L, Wintaco M, Castro C, Ribón W, Guerrero 
MI (2015) Mycobacterium tuberculosis genotypes determined 
by spoligotyping to be circulating in Colombia between 1999 
and 2012 and their possible associations with transmission and 
susceptibility to first-line drugs. PLoS One 10: e0124308. doi: 
10.1371/journal.pone.0124308. 

71. Saelens JW, Lau-Bonilla D, Moller A, Medina N, Guzmán B, 
Calderón M, Herrera R, Sisk DM, Xet-Mull AM, Stout JE, 
Arathoon E, Samayoa B, Tobin DM (2015) Whole genome 
sequencing identifies circulating Beijing-lineage 
Mycobacterium tuberculosis strains in Guatemala and an 
associated urban outbreak. Tuberculosis 95: 810-816. doi: 
10.1016/j.tube.2015.09.001. 

72. Malaspina AC, Cavalcanti HR, Leite CQF, Machado SMA, 
Viana BHJ, Silva RMG, Hage EF, Figueiredo WM, Marques 
E, Ferrazoli L, Arbex M, Lessi M, Fonseca LS, Rigouts L, Saad 
MHF (2008) Usefulness of Mycobacterium tuberculosis 
molecular typing in a tuberculosis low-endemic agro-industrial 
setting of Brazil. Jpn J Infect Dis 61: 231-233. doi: 
10.7883/yoken.JJID.2008.231. 

73. Mendes NH, Melo FA, Santos AC, Pandolfi JR, Almeida EA, 
Cardoso RF, Berghs H, David S, Johansen FK, Espanha LG, 
Leite SR, Leite CQ (2011) Characterization of the genetic 
diversity of Mycobacterium tuberculosis in São Paulo city, 
Brazil. BMC Res Notes 4: 269. doi: 10.1186/1756-0500-4-269. 

74. Conceição EC, Rastogi N, Couvin D, Lopes ML, Furlaneto IP, 
Gomes HM, Vasconcellos SEG, Suffys PN, Schneider MPC, 
de Sousa MS, Sola C, de Paula Souza e Guimarães RJ, Duarte 
RS, Batista Lima KV (2017) Genetic diversity of 
Mycobacterium tuberculosis from Pará, Brazil, reveals a higher 
frequency of ancestral strains than previously reported in South 
America. Infect Genet Evol 56: 62-72. doi: 
10.1016/j.meegid.2017.10.021. 

75. Gomes HM, Elias AR, Oelemann MAC, Pereira MA da S, 
Montes FFO, Marsico AG, Kritski AL, Filho L dos A, Caldas 
PC, Possuelo LG, Cafrune P, Rossetti ML, Lucena N, Saad 
MHF, Cavalcanti HR, Leite CQF, Brito RC de, Lopes ML, 



Castillos Ibrahim das Neves et al. – Genotyping and tuberculosis dynamics    J Infect Dev Ctries 2023; 17(10):1373-1386. 

1386 

Lima K, Souza M, Trindade R de C, Zozio T, Sola C, Rastogi 
N, Suffys PN (2012) Spoligotypes of Mycobacterium 
tuberculosis complex isolates from patients residents of 11 
states of Brazil. Infect Genet Evol 12: 649-656. doi: 
10.1016/j.meegid.2011.08.027. 

76. Nava-Aguilera E, López-Vidal Y, Harris E, Morales-Pérez A, 
Mitchell S, Flores-Moreno M, Villegas-Arrizón A, Legorreta-
Soberanis J, Ledogar R, Andersson N (2011) Clustering of 
Mycobacterium tuberculosis cases in Acapulco: spoligotyping 
and risk factors. Clin Dev Immunol 2011: 408375. doi: 
10.1155/2011/408375. 

77. López-Rocha E, Juárez-Álvarez J, Riego-Ruiz L, Enciso-
Moreno L, Ortega-Aguilar F, Hernández-Nieto J, Enciso-
Moreno JA, López-Revilla R (2013) Genetic diversity of the 
Mycobacterium tuberculosis complex in San Luis Potosí, 
México. BMC Res Notes 6: 172. doi: 10.1186/1756-0500-6-
172. 

78. Martinez-Guarneros A, Rastogi N, Couvin D, Escobar-
Gutierrez A, Rossi LMG, Vazquez-Chacon CA, Rivera-
Gutierrez S, Lozano D, Vergara-Castañeda A, Gonzalez-y-
Merchand JA, Vaughan G (2013) Genetic diversity among 
multidrug-resistant Mycobacterium tuberculosis strains in 
Mexico. Infect Genet Evol 14: 434-443. doi: 
10.1016/j.meegid.2012.12.024. 

79. Perdigão J, Silva C, Diniz J, Pereira C, Machado D, Ramos J, 
Silva H, Abilleira F, Brum C, Reis AJ, Macedo M, Scaini JL, 
Silva AB, Esteves L, Macedo R, Maltez F, Clemente S, Coelho 

E, Viegas S, Rabna P, Rodrigues A, Taveira N, Jordao L, 
Kritski A, Lapa e Silva JR, Mokrousov I, Couvin D, Rastogi 
N, Couto I, Pain A, McNerney R, Clark TG, von Groll A, 
Dalla-Costa ER, Rossetti ML, Silva PEA, Viveiros M, Portugal 
I (2019) Clonal expansion across the seas as seen through 
CPLP-TB database: a joint effort in cataloguing 
Mycobacterium tuberculosis genetic diversity in Portuguese-
speaking countries. Infect Genet Evol 72: 44-58. doi: 
10.1016/j.meegid.2018.03.011. 

80. World Health Organization, Pan American Health 
Organization (2022) Tuberculosis profile: WHO/PAHO. 
Available: https://worldhealthorg.shinyapps.io/tb_profiles. 
Accessed: 9 July 2022. 

 
Corresponding author 
Yasmin Castillos de Ibrahim das Neves, MSc. 
Medical Microbiology Research Center (NUPEMM), Faculty of 
Medicine, Universidade Federal do Rio Grande – FURG/ Street 
Visconde de Paranaguá, 102, Room 411 – General secretary of the 
Faculty of Medicine, Rio Grande, Rio Grande do Sul, Brazil. 
Tel: 55-5332334633 
Fax: 55-5332334633 
E-mail: yasmin.neves@furg.br 
 
Conflict of interests: No conflict of interests is declared. 

 


	Introduction
	Methodology
	Results
	Evolution of the use of genotypic methods in Latin America
	Main contributions of genotypic methods to Mycobacterium tuberculosis research in Latin America
	Genotypes associated with Euro-American lineage in Latin America
	Latin-American-Mediterranean family: Brazil, Venezuela, and Panama
	Haarlem family: Argentina and Paraguay
	T family: Panama, Chile, and Mexico
	Other families: Haiti, Ecuador, and Uruguay

	Genotypes associated with other lineages in Latin America
	East-Asian lineage - Beijing family: Peru, Colombia, and Guatemala
	East-African-Indian lineage: Brazil and Mexico


	Conclusions
	Acknowledgements
	Authors’ contribution
	References
	Corresponding author


