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Abstract. National border areas are special places for the spread of Mycobacterium tuberculosis (MTB). These
regions concentrate vulnerable populations and constant population movements. Understanding the dynamics of the
transmission of MTB is fundamental to propose control measures and to monitor drug resistance. We conducted a
population-based prospective study of tuberculosis (TB) to evaluatemolecular characteristics ofMTB isolates circulating
in Roraima, a state on the border of Venezuela and Guyana. Eighty isolates were genotyped by IS6110-RFLP (restriction
fragment length polymorphism), spoligotyping, and 24-locus mycobacterial interspersed repetitive unit-variable number
of repeats tandem (MIRU-VNTR). Drug susceptibility tests were performed by using the proportion method and Gen-
eXpert® MTB/RIF (Cepheid, Sunnyvale, CA). Isolates showing a phenotypic resistance profile were submitted to
polymerase chain reaction (PCR) and sequencing. Spoligotyping showed 40 distinct patterns with a high prevalence of
Latin-American andMediterranean (LAM), Haarlem (H), and the “ill-defined” T clades.Mycobacterial interspersed repetitive
unit -VNTR and IS6110-RFLP showed clustering rates of 21.3%and 30%, respectively. Drug resistancewas detected in 11
(15.1%) isolates, and all were found to have primary resistance; among these, six (8.2%) isolates were streptomycinmono-
resistant, four (5.4%) isoniazid mono-resistant, and one (1.3%) multidrug resistant. This is the first study on the molecular
epidemiology and drug resistance profile of MTB from Roraima. Herein, we describe high diversity of genetic profiles
circulating in this region that may be driven by the introduction of new strain types because of large population flow in this
region. In summary, our results showed that analyses of these circulating strains can contribute to a better understanding of
TB epidemiology in the northern Brazilian border and be useful to establish public health policies on TB prevention.

INTRODUCTION

The global increase in human migrations, especially in
transnational border regions with high proportion of vulnera-
ble indigenous population, favors the spread of tuberculosis
(TB) between countries.1 The Roraima state, located in the
northern region of Brazil, has approximately 576,568 inhabi-
tants2 and in 2016, had an incidenceof 27.6 TBcases/100,000
inhabitants and a mortality of 0.8/100,000 inhabitants.3 In this
region, the indigenoussegment represents 10%of thegeneral
population, which is distributed in 35 indigenous territories.
The Yanomami territory is located at the border with Ven-
ezuela and the Macuxi/Wapichana territory at the border with
Guyana and Venezuela.4 After the National Integration Plan
was implemented two decades ago, the local population in-
creased 39%, where 30.5% migrated from northeastern and
northern regions.2

Among few studies conducted in Brazil to assess the dy-
namics of TB transmission in border regions, there was a
higher incidence of TB in the indigenous ethnicity,5,6 signifi-
cant molecular diversity in circulating isolates,7 and higher
resistance rates in frontier regions.8 The rate of multidrug/
rifampicin-resistant tuberculosis in Brazil is lower than that in

other Latin American countries (1.5% in new cases and 8% in
previously treated patients). However, an enhanced monitor-
ing of these regions is particularly relevant, considering the
resistance rates in the two countries at the northern Brazilian
border are significantly higher corresponding to 2.9% in new
cases and 17% in previously treated patients (Guyana), and
2.9% and 13% in Venezuela.9

The contribution of an intensified migratory flow and con-
sequent introduction of new Mycobacterium tuberculosis
(MTB) strains requires a greater investment in integrated TB
control programs in the border regions, as well as the moni-
toring of drug resistance and recent transmission in this re-
gion. In this sense, combining classical epidemiological data
with molecular data obtained from genotypic analysis can
provide an additional layer of information that enables a better
understanding of local TB transmission dynamics while allow-
ing a comparison against macro-epidemiological scenario.
Presently, no genotypic data are available for this specific re-
gion of Brazil, and molecular epidemiological data could help
identify cryptic transmission clusters that are otherwise un-
detected by classical epidemiological investigation. Moreover,
being a border state, the identification of clusteredMTB clinical
isolates associated with migrants can help identify risk factors
for the dissemination of imported cross-border strains.
Under this rationale, we conducted a cross-sectional study

consisting of a clinical-epidemiological description of the
TB cases and molecular characterization of MTB isolates
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circulating in the region toobtain ahigh-resolution snapshot of
the TB transmission in Roraima.

MATERIALS AND METHODS

Study population and data collection. From April 2015 to
September 2016, we established a surveillance network
composed of four laboratories: Casa de Saúde Indı́gena
(CASAI), Hospital Geral de Roraima, Laboratório Regional
Municipal, and Laboratório Central do Estado Roraima
(LACEN/RR) located in the city of Boa Vista, the capital of
Roraima. The inclusion criteria were pulmonary and/or pul-
monary plus extrapulmonary TB (PEPTB) cases with positive
culture, and we were included only patients with age ³ 13
yearswho answered a standardized questionnaire and signed
a written informed consent. Patients with no culture were ex-
cluded. The variables obtained during the interview included
birthplace, address, time duration in the actual city, job ac-
tivities in other municipality/countries, previous history of TB
treatment, last TB treatment outcome, contact with pulmo-
nary tuberculosis (PTB), classification of the current TB case
(new case or retreatment), and family relationship (city of
residence, length of residence, and frequency meeting with
relatives). Complementary sociodemographic data were
obtained from the National Reporting System on Notifiable
Diseases (SINAN), which included race/skin, education level,
TB treatment outcome, vulnerable population, and comor-
bidities (diabetes, mental disorder, drug addiction, smoking
history, and alcohol abuse). All collected data were stored and
analyzed by IBM SPSS Statistics 13.0 Program (IBM Corp.,
Armonk, NY). The frequency and percentages were analyzed for
all categorical variables. In accordance with the Brazilian guide-
lines, HIV testing was offered to all TB patients included in the
study. This study was conducted with the approval of the Re-
searchEthicsCommittee fromtheNationalPublicHealthSchool/
OswaldoCruzFoundation (numberCAE32357114.4.00005240).
Clinical samples and susceptibility testing. All sputum

specimens collected in the participating laboratories were
examined by microscopy and/or GeneXpert® MTB/RIF, pro-
cessed with the sodium hydroxide method, and inoculated in
the Ogawa–Kudoh culture medium. The cultures were incu-
bated at 37�C for up to 8weeks and checkedweekly for visible
colonies. Detection of acid-fast bacilli was performed in the
LACEN/RR with evaluation of microscopic aspects (Ziehl–
Neelsen staining, bacillus size, strand of bacilli in cords),10

colony aspect, growth time, and ρ-nitrobenzoic acid inhibition
test.11 Mycobacterium tuberculosis identification was per-
formed with the MPT64 protein detection–based immunochro-
matographic rapid test (SD Bioline Kit, Standard Diagnostics,
Inc., Kyonggi-do, Korea).12 Drug susceptibility tests (DSTs) were
performed using the proportion method in the Lowestein–
Jensemmedium. The concentrations tested were streptomycin
(SM), 4.0 μg/mL; isoniazid (INH), 0.2 μg/mL; rifampicin (RIF),
- 40 μg/mL; and ethambutol, 2.0 μg/mL.13 Isolates showing a
phenotypic resistance profile to RIF and INH were classified as
multidrug resistant (MDR).8

Detection of mutation in genes related to drug resis-
tance and phylogenetic analysis. Positive cultures with
confirmed MTB complex were sent to Laboratories of Uni-
versidade Federal da Grande Dourados, Brazil, and Uni-
versidade de Lisboa, Portugal, for molecular analysis. DNA
wasextracted froma freshculture to investigate chromosomal

mutational events related to drug resistance. The nucleotide
sequences of rpoB, katG, inhA, rrs, rpsL, and gidB geneswere
analyzed by PCR and sequencing.14 Rifampicin resistance
was reconfirmed using the GeneXpert MTB/RIF assay.15

The genetic relationship of MTB isolates and the recent trans-
missionwas evaluated using IS6110-RFLP (restriction fragment
length polymorphism),16 spoligotyping,17 and MIRU-VNTR
typing 24 loci.18 Restriction fragment length polymorphism
patterns were analyzed using the IS6110-RFLP database
(RIVM–Bionumerics; Applied Maths, Sint-Martens-Latem, Bel-
gium), and a genotypic cluster was defined as a group of two or
more isolates fromdifferent patientswhoseRFLP patternswere
identical with respect to the number and size of bands. Spoligo
patterns were further analyzed using SITVITWEB/SpolDB4
database19,20 and SPOTCLUST.21 Twenty-four loci MIRU-
VNTR typing was performed as previously described22 and
were considered cluster strains with 100% of similarity. The
patternswere analyzed using the algorithms available within the
BioNumerics software v.7.1 (Applied Maths, Sint-Martens-
Latem,Belgium).Percentagesimilaritybetweenfingerprintswas
scored by the Dice coefficient. The unweighted pair group
method, with arithmetic mean, with a 0.5% limit tolerance, was
used to construct a dendrogram.23

RESULTS

In the study period, 218 TB patients were notified in the
SINAN, of which 176 patients presented PTB, nine PEPTB,
and 33 extrapulmonary TB. Among the 185 PTB and PEPTB
cases, 115 (62.2%) were culture confirmed, and among them
80 (69.6%) were included in the epidemiological and molec-
ular study (Figure 1).
Among thepatients included in the study (n=80), themajority

were male (62.5%), nonwhite (81%), and age ranged between
21and60years (76.3%).Mostpatientshadaneducational level
below 8 years (32.3%), and a low proportion was registered in
the social protection government programs, as Bolsa Famı́lia
Program (17.7%). Patients had a history of smoking (24.6%),

FIGURE 1. Flowchart of recruitment of patients with tuberculosis.
SINAN = Sistema de Informação de Agravos de Notificação (National
Notifiable Diseases Information System).
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illicit drug use (20.8%), and alcoholism (20%). Most of these
caseswere reportedbyhospitals (60%)andamong indigenous,
41.7% (n = 5/12) were reported by CASAI (Table 1).
GeneXpert MTB/RIF showed that 1/55 (1.8%) strain was

resistant to RIF. Conventional DST detected resistance
to one or more drugs in 11/73 (15.1%) strains: six resistant
to SM, four resistant to INH, and one MDR-TB. Sequencing
analysis of rrs, rpsL, and gidB (SM resistance) showed
that four strains presented a point mutation in the gidB
(C413T/A138V), whereas rrs and rpsL genes showed a wild
type sequence (WT) in all isolates analyzed. Finally, no
mutations in the aforementioned genes were found in two
SM-resistant isolates. Analysis of katG and inhA promoter
region (INH resistance) genes showed that three isolates
carried a point mutation in the promoter region of inhA (C-
15T) gene, although in one isolate carried a pointmutation in
the katG gene (G994C/S315T). In addition, the MDR-TB
strain presented pointmutations in the katG (G994C/S315T)
and rpoB gene (C1332T/H445Y), causing INH and RIF re-
sistance, respectively.

Next, to evaluate the genetic diversity and clonality un-
derpinning local TB transmission dynamics in the region, all 80
MTB isolates included in the study were typed by IS6110-
RFLP, spoligotyping, and 24-loci MIRU-VNTR (Figure 2).
IS6110-RFLPanalysis showed67distinct profiles, ofwhich 24
isolates were grouped into 11 different genetic clusters
composed of two isolates (n = 10 clusters) and four isolates
(n = 1 cluster), yielding an estimated recent transmission rate
of 30% (24/80). Spoligotyping showed a high genetic diversity
with 40 distinct patterns and a higher frequency of SIT 64/LAM
6 (n = 16, 20.0%), SIT42/LAM 9 (n = 7, 8.75%), and SIT50/H3
(n = 5, 6.25%). Noteworthy, uncommon profiles in Brazil were
also detected: SIT1/Beijing (n = 2, 2.5%) and SIT100/MANU 1
(n = 1, 1.25%). The EAI6-BGD1 family was represented by
three isolates (3.75%)with sublineages SIT 129 (n = 1) and SIT
1,340 (n = 2). In addition were found three non-SIT (orphan
patterns) and nine unknown profiles.
The genotypic analysis by MIRU-VNTR (24 loci) showed

69 distinct profiles, including 17 isolates (21.3%) grouped into
six clusters, of which three contained INH- or SM-resistant
isolates. The largest cluster (Cluster D/n = 5) was composed
only of nonindigenous patients and non–drug-resistant iso-
lates. Two clusters (Clusters C and F) were composed of three
isolates exclusively from nonindigenous patients presenting
SM- and INH-resistant isolates. Cluster B presented two iso-
lates with different IS6110-RFLP and spoligotyping profiles,
which may occur in case of mixed bacterial populations. Two
clusters grouped isolates from indigenous patients of the
Yanomami (n=2) andMacuxi (n=2) ethnicity (Cluster A andE),
where one of these isolates presented SM resistance (Figure 2).
Comparing clusteredMTB isolates with those nonclustered

isolates, no statistically significant difference was observed
with the following variables: gender, ethnicity, scholar level,
length residence in Boa Vista, previous contact with TB, HIV
seropositivity, and unfavorable TB treatment (Supplemental
Table S1). Cluster D was the only one where evidence of
possible epidemiologic links was found in two patients living
on the same street. In the remaining clusters, no epidemio-
logical correlations were found. An interactive version of the
global phylogeny, with strains labeled by genotype, city of
origin, and year of isolation, is available at https://microreact.
org/project/rJmSTBEMV.

DISCUSSION

In this study, the genotypic diversity and drug resistance of
MTB isolated from a Brazilian state (Roraima) were charac-
terized, comparing demographic, clinical, and epidemiologic
characteristics of the patients. To investigate the transmission
between patients, the RFLP technique IS6110 and MIRU-
VNTR analysis were performed. Our results showed that most
of the MTB isolates had unique profiles, with a recent trans-
mission rate lower than those described in other studies car-
ried out in Brazil.7,24,25 This might be explained by several
factors, including period of sample collection and constant
migration flow (legal and illegal crossing of the border).
The capital Boa Vista gathered most of the cases. Since

2000, the region has been experiencing an increasing ac-
cessibility, leading to a high population growth, industrial, and
commercial development.26 People from Venezuela and
Guyana cross the borders to Brazil because of a lack of uni-
versal health care and/or economic and political crisis in their

TABLE 1
Sociodemographic and clinical characteristics of TB patients from the
state of Roraima, Brazil

Characteristics TB patients, n (%)

Gender
Male 50/80 (62.5)
Female 30/80 (37.5)

Age
Mean/SD 40.1/16.559
Median 37.5

Age range (years)
> 14–20 8/80 (10)
> 20–40 37/80 (46.3)
> 40–60 24/80 (30)
> 60 11/80 (13.7)

Race
White 3/79 (3.8)
Nonwhite 64/79 (81)
Indigenous 12/79 (15.2)

Schooling level
Illiterate 11/65 (16.9)
£ 4 years 15/65 (23.1)
> 4–8 years 18/65 (27.7)
> 8 years 21/65 (32.3)
Government social program 11/62 (17.7)

Vulnerable population:
1. Inmates 7/80 (8.7)
2. Homeless 3/80 (3.7)
3. Immigrants 2/80 (2.5)

Tb clinical presentation
Pulmonary 77/80 (96.3)
Pulmonary and extrapulmonary 3/80 (3.7)

Commorbidities
1. Smoking history 18/73 (24.6)
2. Drug addiction 16/77 (20.8)
3. Alcoholism 16/80 (20)
3. Diabetes 10/80 (12.5)
4. Mental disorder 1/80 (1.3)
5. Aids 8/72 (11.1)

Health care
Primary health units 27/80 (33.8)
Hospital 48/80 (60)
Casa de Saúde Indı́gena 5/80 (6.2)

Treatment outcome
Favorable 57/77 (74)
Unfavorable* 20/77 (26)
TB = tuberculosis.
* Death by other causes (n = 9); failure (n = 2); lost of follow-up (n = 10); tbdr (n = 6); changed

treatment (n = 1).
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countries.27 In 2017, the incidence of TB in the state increased
to 8.4 TB cases/100,000 inhabitants compared with that in
2016. Among the TB cases notified, 90%were from residents
inRoraima, 3.2% fromAmazonas, and6.9% fromGuyana and
Venezuela.28

The exact transmission source between individuals could
not be established in the clusters with similar genotypes;
however, transmission insights can be addressed, given that
most of our samples are from the same city. Even without ex-
plicitly reconstructing transmission events, some conclusions

FIGURE 2. Dendrogram based on MIRU-VNTR (24 loci) and presentation of the IS6110-RFLP (restriction fragment length polymorphism) and
spoligotyping profiles of Mycobacterium tuberculosis strains obtained from Roraima, Brazil.
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can be drawn because the combination of spatial and geno-
typing data suggested ongoing neighborhood transmission. In
addition, patient history showed that 59% of the individuals
grouped intoclustershadahistoryofclosecontactwitha family
member or a friend with TB.
Spoligotyping analysis showed that the LAM (62.5%), H

(16.25%), and the “ill-defined” T (10%) lineages presented the
highest frequency in this study, similar to the results described
in South American countries, including Venezuela.29–32 These
findings are also similar to reports of other Brazilian states,
describing the predominance of the LAM (46%), T family
(18.6%), and H family (12.2%), in Minas Gerais, Belém,
and Paraná, a Brazilian state bordering Paraguay and
Argentina.7,24,33,34 An interesting findingwas the identification
of untypical spoligotype profiles in Brazil (EAI, Beijing, and
MANU1), which are more common in the Far andMiddle East,
Asia, Oceania, and India.19,35

Regarding the indigenous population, the most frequent
patterns (SIT50/H3, SIT64/LAM6, SIT42/LAM9, and LAM9*)
were also identified in the nonindigenous patients. Surpris-
ingly, unlike the other common spoligotypes found in in-
digenous communities, the Beijing strains were identified in
our study in two patients (indigenous and nonindigenous),
living in the same neighborhood. These findings support the
introduction of new lineages in the indigenous population of
this region, which may be a result of social activities because
indigenous populations often go to urban areas.36

In contrast to previous studies,8,24 we have found a lower
frequency of resistance cases, which could be related to the
high rate of favorable treatment outcomes (80.6%) observed
in the Roraima state over a period of 13 years.37 Nucleotide
sequences of rpoB, katG, inhA, rrs, rpsL, and gidB genes were
analyzed and were compared with sequences from a sus-
ceptible MTB reference strain. All mutations identified in the
isolates were described in previous studies.38–41 No muta-
tions were found in the SM-resistant related genes in two
isolates, indicating that other mechanisms were responsible
for the resistance of this isolates.
Our findings highlight a great diversity of genetic profiles,

with the identification of main clades (LAM, H, and T) cir-
culating in this region. Although the lower recent trans-
mission rate and decreased number of resistant isolates
were identified in the study, the dissemination of these
strains always remains a public health problem. Imple-
mentation of prevention and infection control measures is
extremely important especially in a region with large pop-
ulation flow.
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hotmail.com. Flávia Patussi Correia Sacchi, Referent Center of Tu-
berculosis and Leprosy, Dourados Municipal Health Secretary,
Dourados, Brazil, E-mail: fpatussi@gmail.com. Jaciara de Lourdes do
Carmo Guimarães Diniz and Pedro Eduardo Almeida Silva Nucleus of
Research in Medical Microbiology, Faculty of Medicine, Federal Uni-
versity of Rio Grande, Rio Grande, Brazil, E-mail: jaciara_1988@
hotmail.com and pedrefurg@gmail.com. Mônica Maria Quirino
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