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Clinical and epidemiological profiles of individuals  
with drug-resistant tuberculosis
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Drug-resistant tuberculosis (TB) is a growing global threat. Approximately 450,000 people developed multidrug-
resistant TB worldwide in 2012 and an estimated 170,000 people died from the disease. This paper describes the 
sociodemographic, clinical-epidemiological and bacteriological aspects of TB and correlates these features with the 
distribution of anti-TB drug resistance. Mycobacterium tuberculosis (MT) cultures and drug susceptibility testing were 
performed according to the BACTEC MGIT 960 method. The results demonstrated that MT strains from individuals who 
received treatment for TB and people who were infected with human immunodeficiency virus were more resistant to TB 
drugs compared to other individuals (p < 0.05). Approximately half of the individuals received supervised treatment, 
but most drug-resistant cases were positive for pulmonary TB and exhibited positive acid-fast bacilli smears, which 
are complicating factors for TB control programs. Primary healthcare is the ideal level for early disease detection, but 
tertiary healthcare is the most common entry point for patients into the system. These factors require special attention 
from healthcare managers and professionals to effectively control and monitor the spread of TB drug-resistant cases.

Key words: tuberculosis - diagnosis - antimicrobial resistance

doi: 10.1590/0074-02760140316
Financial support: FAPERP
+ Corresponding author: hsppedro@ial.sp.gov.br
Received 29 August 2014
Accepted 29 January 2015

An inadequate capacity to quickly and accurately di-
agnose tuberculosis (TB) in developing countries (WHO 
2011) and the growing threat of multidrug-resistant TB 
strains (MDR-TB) are global concerns (Said et al. 2012). 
Approximately 450,000 people developed MDR-TB 
worldwide in 2012, with an estimated 170,000 deaths an-
nually. Most TB cases and deaths occurred in men, but 
this disease remains one of the top three causes of deaths 
in women worldwide (WHO 2013). The lack of low-cost 
testing, the long duration of treatment, the lack of an ef-
fective vaccine and the emergence of drug-resistant TB 
in low-income countries are limiting factors for disease 
control worldwide (Lawn & Zumla 2011).

The Brazilian National Tuberculosis Control Pro-
gram (PNCT) recommends antibiotic susceptibility test-
ing (AST) to evaluate bacilli resistance to anti-TB drugs, 
detect treatment failure and monitor the primary and/or 
acquired nature of resistance, which interrupts the trans-
mission cycle of drug resistance to control and cure the 

disease (MS/SVS/DVE 2008, 2011, Parrish & Carroll 
2011). These strategies reduce the risk of drug-resistant 
TB and MDR-TB, which are particularly important in 
immunosuppressed individuals. AST is performed using 
the following first-line drugs: streptomycin (SM), rifam-
picin (RMP), isoniazid (INH), ethambutol (EMB) and 
pyrazinamide (PZA) (MS/SVS/DVE 2011).

Epidemiological features and disease control vary ac-
cording to the geographic region. Therefore, knowledge of 
the characteristics of patients with drug-resistant TB is es-
sential to develop therapeutic measures and establish poli-
cies to control the problem in Brazil (Melo et al. 2003).

This study identified the antimicrobial response of 
MT to the drugs that comprise anti-TB polychemother-
apy to identify possible correlations between resistance 
and the sociodemographic and clinical-epidemiological 
features of patients.

MATERIALS AND METHODS

This cross-sectional study was conducted in a city 
located in the northern region of the state of São Paulo 
(SP) (coordinates: 20º49’11’’S 49º22’46’’W) with a pop-
ulation of 408,258 individuals (IBGE 2010) [estimated 
population in 2014: 415,769 individuals (SES/CVE/DCT 
2008)��������������������������������������������������]. This municipality is a priority in the PNCT be-
cause of the high incidences of TB and human immu-
nodeficiency virus (HIV) (SES/CVE/DCT 2008, Ven-
dramini et al. 2010, SMPGE 2013).
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The majority of the population in this study lives in a 
city with demographic and social indicators that are sim-
ilar to developed countries. The United Nations Devel-
opment Program considers a Human Development Index 
of 0.797 high and the levels of wealth, life expectancy 
and education are good (SMPGE 2013). The incidence 
of TB in 2009 was 23.1/100,000. The TB-HIV co-infec-
tion rate was 23% and the TB detection rate was 73.2%. 
Cure, dropout and mortality rates were 77.7%, 6.8% and 
15.5%, respectively (SMSH 2009, Ponce et al. 2013).

The population of this study consisted of patients 
whose samples were cultured, identified and subjected to 
AST of MT between 2009-2013. Patients of both genders 
who were suspected of having TB that was subsequently 
confirmed using a positive acid-fast bacilli (AFB) smear 
or MT strain typing were included in the study.

Data were retrieved from the records of the regional 
reference laboratory for the Epidemiological Surveillance 
Groups (GVE) 29 and 30, which serve 102 municipalities 
in the region and an estimated population of 1,493,835 in-
habitants [population of GVE 29: 1,237,177 and popula-
tion of GVE 30: 256,658 (SES/CVE/DCT 2008)]. All cul-
tures from GVE 30 were sent to the reference laboratory. 
Other laboratories also (2 hospitals and 3 laboratories 
from the private healthcare network) cultured samples 
from GVE 29. However, culture samples that were found 
positive in other laboratories and fulfilled the criteria 
established by the PNCT (SES-SP/CVE/DT 2002, MS/
SVS/DVE 2008) were sent to the reference laboratory for 
typing and susceptibility testing.

Sociodemographic and clinical-epidemiological data 
were collected from the medical records of patients who 
received TB treatment in the Municipal Reference Cen-
tre for Tuberculosis Control and Government Health 
Clinics and were complemented by the TB Surveillance 
System of São Paulo State (TB-WEB) (SES/CCD/CVE/
DCT 2008), which is a system that was developed as a 
joint venture between the State Department of Health 
and São Paulo State Data Processing Company. Collect-
ed data included gender, age, years of schooling, AFB 
smear and HIV test results, deprivation of liberty, use of 
alcohol, tobacco and illicit drugs, clinical presentation of 
the disease and details of previous TB treatment.

All subjects with positive MT complex samples for 
which AST was performed in the mycobacteria labora-
tory of the Regional Reference Laboratory during the 
study period were included.

Samples that were contaminated during strain iden-
tification or AST and samples with insufficient material 
to perform all tests were excluded.

Samples in the laboratory were used for the direct 
examination of AFB in smears stained using the Ziehl-
Neelsen method. Bacilli were counted using a semiquan-
titative scale (score) according to the bacterial index as 
recommended by the Brazilian Ministry of Health (MS/
SVS/DVE 2008).

Associated microbiota were eliminated from clinical 
specimens during culturing following the neutralisation 
and decontamination procedures of Petroff’s method. 
The decontaminated material was inoculated in flasks 
containing MGIT 960 medium (Becton & Dickinson, 
USA) according to the manufacturer’s instructions 
(Parrish & Carroll 2011).

Positive cultures were examined using AFB after 
subculture in Ogawa-Kudoh medium in a bacteriological 
incubator at 37ºC to obtain colonies (Miller et al. 2002). 
MT was identified in grown colonies using the PNB 
growth inhibition method (medium with p-nitrobenzoic 
acid at 500 µg/mL) to identify colony morphology and 
confirm the presence of cord factor following the tech-
niques recommended in the Manual of Tuberculosis 
Bacteriology (MS/SVS/DVE 2008).

Strains identified as MT were tested to assess their 
susceptibility to the antimicrobial drugs that comprise the 
polychemotherapy recommended by the Brazilian Minis-
try of Health: INH, RMP, SM and EMB (MS/SVS/DVE 
2008). Susceptibility to PZA was performed separately 
using the pyrazinamidase test (Collins et al. 1997).

Susceptibility testing was performed using the 
BACTEC MGIT 960 system (Becton & Dickinson) 
following the manufacturer’s instructions with some 
modifications as suggested by Giampaglia et al. (2007). 
Briefly, the turbidity of the MT inoculum was adjusted 
to McFarland scale 1. This suspension was diluted 1:5 
and 1:100 using sterile distilled water. Then, 0.5 mL of 
the 1:5 inoculum was added to tubes containing BBL-
MGIT 960 medium and the following drugs in the re-
spective final concentrations were added: SM 1.0 µg/
mL, INH 0.1 µg/mL, RMP 1.0 µg/mL and EMB 5.0 µg/
mL. Simultaneously, the 1:100 suspension was used to 
inoculate a tube containing the culture medium without 
drugs (growth control tube).

The tubes were incubated for five and 12 days at 37ºC 
in an automated MGIT 960 device (Becton & Dickin-
son). Readings were taken at hourly intervals during this 
period until the final growth index was attained in the 
growth control tube and a subsequent final report was 
issued (Kruuner et al. 2006, Rüsch-Gerdes et al. 2006, 
Parrish & Carroll 2011).

Patients resistant to at least one antibiotic in the poly-
chemotherapy regimen for TB were classified as mono-
resistant. Patients resistant to at least INH and RMP 
based on the AST were classified as MDR-TB and pa-
tients with resistance to two or more drugs, except for 
both RMP and INH, were classified as poly-resistant 
(MS/SVS/DVE 2011).

Patients were stratified based on AFB smear results 
(positive or negative), schooling (less than, equal to or 
more than 8 years of education) and age (15-45 years and 
older than 45 years) for statistical analyses.

Chi-square and Fisher’s exact tests were used for sta-
tistical analyses and the odds ratio was used as a measure 
of association. A significance level of 5% was adopted.

The Research Ethical Committee of the Adolfo Lutz 
Institute in SP approved the study (protocol 079/2011).

RESULTS

The TB-WEB database identified 1,579 patients 
who received TB treatment in GVE 29 and 30 during 
the study period (municipal: 794 subjects; regional: 785 
subjects). AFB smears (n = 887) and cultures (n = 151) 
were used as the diagnostic criteria for 1,038 of the pa-
tients registered in the TB-WEB system. There was no 
bacteriological confirmation for the remaining cases. 
The population of the current study included 84.1% (n = 
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127/151) of TB cases confirmed by cultures and 24.9% 
(n = 221/887) of cases confirmed by AFB smears.

A total of 348 MT strains, isolated from 348 individ-
uals, were subjected to AST. All of these patients were 
being treated in the Healthcare Services of the region.

The patients had a mean age of 38.8 years [standard 
deviation (SD) 3.6] and the majority (n = 295; 84.8%) were 
male. Stratification according to the TB-WEB system 
revealed that most patients had either four-seven years 
(36.4%) or eight-11 years (28.9%) of schooling, 18.4% of 
subjects were diagnosed with TB previously and 18.4% 
were HIV-positive. Alcoholism (27.6%), smoking (20.4%) 
and drug addiction (17%) were the other most commonly 
observed problems. Approximately 94% of cases were 
positive for pulmonary TB and 56% received supervised 
treatment or directly observed treatment, short-course.

Collected clinical samples sent to the laboratory in-
cluded sputum (95.6%), bronchoalveolar lavage fluid 
(1.4%), gastric lavage fluid (1.2%), pleural fluid (0.6%), 
blood (0.6%), ascitic fluid (0.3%) and cerebrospinal fluid 
(0.3%). A total of 70.1% of the samples were used to di-
agnose TB and 29.9% were used for treatment control. 
The highest number of MT strains (33.6%) was identi-
fied in prisons, followed by primary (28.2%), tertiary 
(24.1%) and secondary healthcare institutions (12.9%). 
The lowest percentage of MT strains (1.2%) was identi-
fied in the private healthcare network.

A total of 317/348 (91.1%) of the analysed cases were 
susceptible to all tested drugs and 31/348 (8.9%) were 
resistant to one or more drugs used in TB treatment 

regimens. Drug-resistance was distributed as follows: 
23 strains were resistant to one drug used to treat TB; 
MDR-TB was observed in six strains and poly-resistance 
was observed in two strains (Table I).

Seven of the patients with any type of resistant strain 
were diagnosed at the primary healthcare level and 10 pa-
tients were diagnosed at the secondary healthcare level. 
Nine patients were diagnosed at the tertiary healthcare 
level. Three patients were diagnosed in closed institutions 
(prisons) and two patients were diagnosed in other institu-
tions. AST was performed concomitant to TB diagnostic 
tests for 24 patients with resistant strains. All 31 MT iso-
lates were obtained from pulmonary clinical specimens.

Table II describes the distribution of sociodemograph-
ic, epidemiological and clinical aspects associated with 
drug resistance. Patients most frequently appeared in the 
15-45 year age group, who had less than eight years of 
schooling, with smear-positive pulmonary TB and who 
submitted to supervised treatment. Other features, such as 
the use of alcohol and tobacco and being deprived of lib-
erty, were not positively associated with TB resistance.

Drug-resistant TB was positively associated with 
HIV infection and previous TB treatment (Table II).

Seven (7/31) patients with drug-resistant TB were 
also HIV-positive and received previous treatment. The 
most frequent resistance profile in these individuals was 
INH-mono-resistant TB (n = 3).

DISCUSSION

A further understanding of drug-resistant TB is es-
sential to eradicate this disease worldwide. This study 
demonstrated the resistance of MT strains to TB poly-
chemotherapy in a strategic region of SP. The rate of 
drug-resistance in the study area was lower than other 
parts of the country, but the study area lies where SP con-
verges with the southern region of the states of Minas 
Gerais (MG) and Mato Grosso do Sul. The study area 
is the headquarters of the eighth São Paulo Administra-
tive Region, which is an important centre for healthcare 
and other services (SMPGE 2013). Healthcare services 
are provided to the local population and the region of the 
states mentioned above and the state of Goiás (Gazetta et 
al. 2007). This region is also a distribution centre of illicit 
drugs to other states and it has a high rate of acquired im-
mune deficiency syndrome (AIDS), which influences TB 
co-infections (Santos et al. 2009). Control measures need 
to be prioritised to contain the spread of resistant strains 
because of the geographical proximity to other Brazilian 
states and the intense migration of people seeking jobs.

The results of gender (Fandinho et al. 1999, Brito et 
al. 2004, Zaman et al. 2005, Mendes et al. 2007, Roz-
man et al. 2007, Vieira et al. 2007, Coelho et al. 2012, 
Micheletti et al. 2014), mean age (Teixeira et al. 2001, 
de Souza et al. 2006, Mendes et al. 2007, Rozman et al. 
2007, Vieira et al. 2007, Marques et al. 2010, Coelho et 
al. 2012, Micheletti et al. 2014) and educational level 
(Brito et al. 2004, Vieira et al. 2007) were similar to oth-
er authors. These data demonstrate that TB mainly af-
fects adult males with low educational levels (Baptista et 
al. 2002, Melo et al. 2003, Motta et al. 2009, Vendramini 
et al. 2010, Valença et al. 2012).

Co-infection with HIV is a challenge for the diagnosis 
and treatment of TB and disease control requires a global 

TABLE I
Laboratory diagnostic results of clinical specimens from 

patients diagnosed with Mycobacterium tuberculosisa 

Tests n (%)

Acid-fast bacilli smear
Positive 221 (63.5)
Negative 127 (36.5)

Antibiotic susceptibility testing
Susceptible 317 (91.1)
Resistant

Mono-resistant (n = 23)
INH 7 (2)
RMP 4 (1.1)
PZA -
SM 12 (3.4)
EMB -

Multidrug-resistant (n = 6)
INH + RMP
INH + RMP + PZA
SM + INH + PZA + RMP

2 (0.6)
3 (0.9)
1 (0.3)

Poly-resistant (n = 2)
SM + INH 2 (0.6)

Total 31 (8.9)

a: n = 348; EMB: ethambutol; INH: isoniazid; PZA: pyrazina-
mide; RMP: rifampicin; SM: streptomycin. 
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TABLE II
Distribution of the main sociodemographic, epidemiological and clinical characteristics associated with drug resistance

Characteristic Susceptible Resistant OR 95% CI p Totala

Gender
Male 269 26 0.92 0.33-2.53 0.900 295
Female 48 5 53

348
Age group (years)

15-45 230 23 0.91 0.39-2.13 0.987 253
> 45 87 8 95

348
Educational levela (years)

< 8 164 12 1.04 0.39-2.64 1.000 176
≥ 8 105 8 113

289a

HIVa

Negative 248 17 3.36 1.51-7.47 0.004 265
Positive 52 12 64

329a

AFB smear
Negative 117 10 1.22 0.55-2.69 0.698 127
Positive 200 21 221

348
Deprivation of libertya

No 174 21 0.33 0.12-0.91 0.035 191
Yes 124 5 129

320a

Alcoholisma

No 225 20 1.30 0.58-2.90 0.526 245
Yes 86 10 96

341a

Tobacco smokinga

No 246 23 1.16 0.48-2.84 0.813 269
Yes 64 7 71

340a

Drug addictiona

No 256 28 0.32 0.07-1.41 0.133 284
Yes 56 2 58

342a

Clinical presentation
Pulmonary 304 31 2.66 0.00-2.66 0.165 335
Extrapulmonary 13 - 13

348
Previous TB treatmenta

No 259 14 5.66 2.57-12.47 < 0.001 273
Yes 49 15 64

337a

Type of treatmenta

Supervised 180 15 0.79 0.31-2.00 0.818 195
Self-administered 106 7 113

308a

a: data not available at TB Surveillance System of São Paulo State; AFB: acid-fast bacilli; CI: confidence interval; HIV: human 
immunodeficiency virus; OR: odds ratio; TB: tuberculosis. 
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effort (Lawn & Zumla 2011, MS/SVS/DVE 2011, Müller 
et al. 2013, Zumla et al. 2013). The municipality in this 
study exhibited high co-infection rates compared to na-
tional and state levels (Vendramini et al. 2010). Therefore, 
this area is a priority for TB control. Anti-TB drug re-
sistance was associated with HIV infection in this study. 
Approximately 40% of the drug-resistant strains were 
from patients living with HIV/AIDS, which suggests that 
special attention and healthcare measures should be tar-
geted to this population. The World Health Organization 
(WHO) recommends that these patients undergo AST at 
the beginning of treatment and the standard WHO-recom-
mended drug treatment should be adopted while awaiting 
the AST results. Rapid molecular tests should also be used 
to detect drug-resistant TB (CT/GTD 2009).

Most drug-resistant TB cases occur because of irreg-
ular treatment and treatment dropout. The current study 
demonstrated that previous TB treatment was associated 
with drug resistance, which was described previously (de 
Souza et al. 2006, Faustini et al. 2006, Hoffner et al. 2009, 
Wang et al. 2012, Al-Hajoj et al. 2013, Liu et al. 2013, 
Micheletti et al. 2014). Other factors, such as alcoholism 
and illicit drugs, were not associated with antibiotic resis-
tance, but these factors contribute to the treatment drop-
out rate and noncompliance to treatment (MS/SVS/DVE 
2011). Additionally, interactions with antiretroviral ther-
apy may cause intolerance and toxic effects (Zumla et al. 
2013). Smoking may also prolong treatment and overload 
the public healthcare system because smoking is associ-
ated with delayed sputum culture conversion and a higher 
recurrence rate (CT/GTD 2009). The economic impact 
should also be mentioned because the treatment of drug-
resistant cases is more expensive than nondrug-resistant 
cases (García 2003, de Souza et al. 2006). Drug-resistant 
TB is more difficult to treat because it may prolong the 
infectious period, reduce the odds of cure and result in 
increased transmission (French et al. 2008).

The high number of patients with resistant strains 
who exhibited positive AFB smears contributes to dis-
ease transmission. Notably, the percentage of patients 
with resistant strains at diagnosis may facilitate the 
spread of resistant MT, which could be a complicating 
factor for TB control programs and therapeutic regi-
mens. These results suggest the need for a systematic 
monitoring of circulating strains. Approximately half 
of the individuals underwent supervised treatment, but 
most individuals had pulmonary cases that were used for 
diagnostic assessment. These cases were smear-positive 
and drug-resistant, which are complicating factors for 
control programs and require the attention of surveil-
lance teams with rapid interventions, as stressed by the 
WHO (2011). This type of surveillance is essential to ef-
fectively monitor and control the spread of a global TB 
epidemic (Talip et al. 2013) and reduce the transmission 
of resistant strains (Marais et al. 2013).

The local healthcare network is composed of 13 Gov-
ernment Healthcare Clinics, 11 Family Healthcare Clin-
ics, five Emergency Care Clinics, one Tuberculosis and 
Leprosy Outpatient Clinic, one Sexually Transmitted 
Disease/AIDS Outpatient Clinic and six hospitals (Ponce 
et al. 2013). However, more than half of the cases in this 
study were diagnosed at the tertiary level (i.e., in hospitals 
where the patient is usually diagnosed in a severe condi-

tion) or prisons, which are closed institutions with a high 
risk of TB transmission. Ponce et al. (2013) reported that 
approximately 40% of the cases were diagnosed at hos-
pitals since 2000, which was after the decentralisation of 
TB control measures and investments in primary health-
care. The rate of total TB cases and drug-resistant cases in 
the current study (24.1%) was lower than the abovemen-
tioned study. However, MDR-TB (SM+INH+PZA+RMP) 
was detected in a young female healthcare professional 
who died quickly during the early treatment stage of 
the disease. The fact that she was a healthcare profes-
sional at a hospital is worrisome because there was a risk 
of transmission/exposure of this resistant strain to other 
professionals and patients of that hospital. The Centre for 
Epidemiological Surveillance (SES/CVE/DCT 2013) rec-
ommends that all TB cases in healthcare professionals 
be investigated quickly. Surveillance, hospital infection 
control and occupational healthcare services should be 
involved in these investigations because the Social Wel-
fare Regulation of the Brazilian Ministry of Health (MS/
SVS 1999) considers TB an occupational or work-related 
disease. Primary healthcare is the ideal level for early 
disease detection, but tertiary healthcare has been the 
entry point of patients into the system, which increases 
the risk of transmission and suggests that TB diagnosis is 
delayed. This fact requires special attention from health-
care managers and professionals.

Prisoners are at a greater risk of infections because of 
conditions that include overcrowding, poor air circulation, 
poor hygiene and sanitation, nutritional deficiency, high-
risk behaviours, including alcohol abuse and illicit drug 
use and contact with other infectious diseases (Martin et 
al. 1994, Reyes & Coninx 1997, Lobacheva et al. 2007).

Notably, the results of this study indicate that resis-
tance to anti-TB antibiotics was lower in liberty-deprived 
individuals than nondetainees. However, the WHO rec-
ommends that TB control policies should target prisons 
and long-term care facilities to minimise the risk of 
transmission by instituting changes in the organisation 
of the service, including training and a reorganisation of 
care. Local TB control programs should prioritise health 
surveillance measures to diagnose the disease at the pri-
mary healthcare level (MS/SVS/DVE 2011). Addition-
ally, professionals working in governmental and nongov-
ernmental institutions should discuss the need for more 
investment targeted at groups who are at highest risk for 
resistant MT strains (e.g., HIV-positive individuals, indi-
viduals in contact with patients with drug-resistant TB, 
homeless people and patients seen in hospitals and pris-
ons without effective control measures) (Kritski 2010).

Studies in different regions of the states of Rio de 
Janeiro, Rio Grande do Sul, Ceará, Mato Grosso, SP and 
MG reported variations in resistance levels in respiratory 
samples (Araújo et al. 2005, de Souza et al. 2006, Men-
des et al. 2007, Rozman et al. 2007, Marques et al. 2010, 
Coelho et al. 2012, Micheletti et al. 2014). Resistance to 
any drug in the current study was detected in 8.9% of 
the cases, which is lower than the abovementioned val-
ues. MDR-TB cases are less common, but these cases are 
the most severe (Pereira 2012). The rates of MDR and 
poly-resistance in the current study were also identified 
in other studies in the state (Baptista et al. 2002, Rozman 
et al. 2007, Coelho et al. 2012).
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The lack of complete information of some variables 
in the TB-WEB system hindered analyses in this study. 
Nevertheless, the information presented here is valuable 
for the management and prevention of drug-resistant TB 
in the study area and other areas of the country.

It is important to emphasise that knowledge of the mo-
lecular profiles of the strains that are circulating in the 
region and the implementation of rapid molecular tests for 
routine diagnosis will promote faster measures to control 
TB, particularly the transmission of TB strains that are 
resistant to currently available treatment drugs. Skills and 
resources are required for these tests, which are in ac-
cordance with the Stop TB Strategy towards eradication. 
These tests should be implemented particularly in devel-
oping countries, such as Brazil (Zumla et al. 2013).

The sociodemographic and clinical-epidemiological 
features of infections caused by MT revealed that most 
TB patients were working-age adult males with less than 
eight years of schooling. Pulmonary TB accounted for the 
majority of TB cases and more than half of the patients re-
ceived supervised treatment. TB was diagnosed primarily 
in closed institutions or at the tertiary healthcare level.

High rates of resistance to TB treatment drugs were 
detected in individuals who were HIV-positive or who 
had previously received TB treatment. Alcoholism, 
smoking and drug addiction were not correlated with 
drug resistance. Resistance to anti-TB antibiotics was 
lower in liberty-deprived individuals than nondetainees.

The status of the antimicrobial response of MT to 
anti-TB polychemotherapy revealed that most of these 
patients were diagnosed at secondary and tertiary 
healthcare levels and closed institutions. The frequency 
of mono-resistant strains was higher in these patients, 
but the presence of patients with MDR-TB in hospitals 
requires closer attention.

The majority of patients with resistant strains had pos-
itive smears, which is a high risk factor for disease trans-
mission that facilitates the spread of resistant MT strains.

REFERENCES

Al-Hajoj S, Varghese B, Shoukri MM, Al-Omari R, Al-Herbwai M, 
Alrabiah F, Alrajhi AA, Abuljadayel N, Al-Thawadi S, Zumla A, 
Zignol M, Raviglione MC, Memish Z 2013. Epidemiology of an-
tituberculosis drug resistance in Saudi Arabia: findings of the first 
national survey. Antimcrob Agents Chemother 57: 2161-2166.

Araújo AK, Menezes EA, Santos CD, Cunha FA, Campelo CL 2005. 
Avaliação da resistência de drogas antituberculosas no estado do 
Ceará no período de 2000-2002. Rev Bras Anal Clin 37: 15-18.

Baptista IMFD, Oelemann MC, Opromolla DVA, Suffys PN 2002. 
Drug resistance and genotypes of strains of Mycobacterium tu-
berculosis isolated from human immunodeficiency virus-infect-
ed and non-infected tuberculosis patients in Bauru, São Paulo, 
Brazil. Mem Inst Oswaldo Cruz 97: 1147-1152.

Brito RC, Gounder C, Lima DB, Siqueira H, Cavalcanti HR, Pereira 
MM, Kritski AL 2004. ����������������������������������������Resistência aos medicamentos anti-tuber-
culose de cepas de Mycobacterium tuberculosis isoladas de pa-
cientes atendidos em hospital geral de referência para tratamento 
de AIDS no Rio de Janeiro. J Bras Pneumol 30: 425-432.

Coelho AGV, Zamarioli LA, Telles MA, Ferrazoli L, Waldman EA 2012. 
A study of multidrug-resistant tuberculosis in risk groups in the city 
of Santos, São Paulo, Brazil. Mem Inst Oswaldo Cruz 107: 760-766.

Collins CH, Grange JM, Yates MD 1997. Identification of species. In 
CH Collins, JM Grange, MD Yates (eds.), Tuberculosis bacteri-

ology: organization and practice, 2nd ed., Butterworth-Heine-
mann, Oxford, p. 69-97.

CT/GTD - Comissão de Tuberculose, Grupo de Trabalho das Dire-
trizes para Tuberculose 2009. III Brazilian Thoracic Association 
Guidelines on Tuberculosis. III Diretrizes para Tuberculose da 
Sociedade Brasileira de Pneumologia e Tisiologia. J Bras Pneu-
mol 35: 1018-1048.

de Souza MB, Antunes CMF, Garcia GF 2006. Perfil de sensibilidade 
e fatores de risco associados à resistência do Mycobacterium tu-
berculosis em centro de referência de doenças infecto-contagio-
sas de Minas Gerais. J Bras Pneumol 32: 430-437.

Fandinho FCO, Kritski AL, Hofer C, Conde Jr H, Ferreira RMC, Silva 
MG, Fonseca LS 1999. Drug resistance patterns among hospital-
ized tuberculous patients in Rio de Janeiro, Brazil, 1993-1994. 
Mem Inst Oswaldo Cruz 94: 543-547.

Faustini A, Hall AJ, Perucci CA 2006. Risk factors for multidrug resist-
ant tuberculosis in Europe: a systematic review. Thorax 61: 158-163.

French CE, Glynn JR, Kruijshaar ME, Ditah IC, Delpech V, Abu-
bakar I 2008. The association between HIV and antituberculosis 
drug resistance. Eur Respir J 32: 718-725.

García VD 2003. Rapid detection of resistance in Mycobacterium 
tuberculosis: a review discussing molecular approaches. Clin 
Microbiol Infect 9: 349-359.

Gazetta CE, Vendramini SHF, Ruffino-Netto A, Oliveira MRC, Villa 
TCS 2007. Estudo descritivo sobre a implantação da estratégia de 
tratamento de curta duração diretamente observado no controle 
da tuberculose em São José do Rio Preto e seus impactos (1998-
2003). J Bras Pneumol 33: 192-198.

Giampaglia CMS, Martins MC, Vieira GB, Vinhas SA, Telles MA, 
Palaci M, Marsico AG, Hadad DJ, Fonseca LS, Kritski A 2007. 
Multicentre evaluation of an automated BACTEC 960 system for 
susceptibility testing of Mycobacterium tuberculosis. Int J Tu-
berc Lung Dis 11: 986-991.

Hoffner S, Drobniewski F, Barrera L, van Soolingen D, Boulabhal 
F, Paramasivan CN, Kam KM, Mitarai S, Nunn P, Raviglione M 
2009. Epidemiology of antituberculosis drug resistance 2002-07: 
an updated analysis of the Global Project on Anti-Tuberculosis 
Drug Resistance Surveillance. Lancet 373: 1861-1873.

IBGE - Instituto Brasileiro de Geografia e Estatística 2010. Cidades. 
Available from: ibge.gov.br/cidadesat/topwindow.htm?1.

Kritski AL 2010. Emergência de tuberculose resistente: renovado de-
safio. J Bras Pneumol 36: 157-158.

Kruuner A, Yates MD, Drobniewski FA 2006. Evaluation of MGIT 
960-based antimicrobial drugs with drug-resistant clinical strains 
of M. tuberculosis. J Clin Microbiol 44: 811-818.

Lawn SD, Zumla AI 2011. Tuberculosis. Lancet 378: 57-72.

Liu Q, Zhu L, Shao Y, Song H, Li G, Zhou Y, Shi J, Zhong C, Chen C, 
Lu W 2013. Rates and risk factors for drug resistance tuberculosis 
in northeastern China. BMC Public Health 13: 1171.

Lobacheva T, Asikainen T, Giesecke J 2007. Risk factors for develop-
ing tuberculosis in remand prisons in St. Petersburg, Russia - a 
case-control study. Eur J Epidemiol 22: 121-127.

Marais BJ, Mlambo CK, Rastogi N, Zozio T, Duse AG, Victor TC, 
Marais E, Warren RM 2013. Epidemic spread of multidrug-resis-
tant tuberculosis in Johannesburg, South Africa. J Clin Microbiol 
51: 1818-1825.

Marques M, Cunha EAT, Ruffino-Netto A, Andrade SMO 2010. Per-
fil de resistência de Mycobacterium tuberculosis no estado de 
Mato Grosso do Sul, 2000-2006. J Bras Pneumol 36: 224-231.

Martin V, Gonzáles P, Caylà JA, Mirabent J, Cañellas J, Pina JM, Mi-
ret P 1994. Case finding of pulmonary tuberculosis on admission 
to a penitentiary center. Tuber Lung Dis 75: 49-53.



241Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 110(2), April 2015

Melo FAF, Afiune JB, Neto JI, Almeida EA, Spada DTA, Antelmo 
ANL, Cruz ML 2003. Aspectos epidemiológicos da tuberculose 
multirresistente em serviço de referência na cidade de São Paulo. 
Rev Soc Bras Med Trop 36: 27-34.

Mendes JM, Lourenço MC, Ferreira RMC, Fonseca LS, Saad MHF 
2007. Resistência a drogas em cepas de Mycobacterium tubercu-
losis isoladas de amostras de escarro de pacientes ambulatoriais 
sintomáticos - Complexo de Manguinhos, Rio de Janeiro, Brasil. 
J Bras Pneumol 33: 579-582.

Micheletti VCD, Moreira JS, Ribeiro MO, Kritski AL, Braga JU 2014. 
Tuberculose resistente em pacientes incluídos no II Inquérito Na-
cional de Resistência aos Fármacos Antituberculose realizado em 
Porto Alegre, Brasil. J Bras Pneumol 40: 155-163.

Miller N, Cleary T, Kraus G, Young AK, Spruill G, Hnatyszyn HJ 
2002. Rapid and specific detection of Mycobacterium tuberculo-
sis from acid-fast bacillus smear-positive respiratory specimens 
and BacT/Alert MP culture bottles by using fluorogenic probes 
and real-time PCR. J Clin Microbiol 40: 4143-4147.

Motta MSC, Villa TCS, Golub J, Kritski AL, Ruffino-Netto A, Silva 
DF, Harter RG 2009. Acess to tuberculosis diagnosis in Itaboraí 
city, Rio de Janeiro, Brazil: the patient’s point of view. Int J Tu-
berc Lung Dis 13: 1137-1141.

MS/SVS - Ministério da Saúde/Secretaria de Vigilância em Saúde 
Brasil 1999. Portaria/MS 1.339/1999, Regulamento da Previdên-
cia Social, MS, Brasília.

MS/SVS/DVE - Ministério da Saúde/Secretaria de Vigilância em 
Saúde/Departamento de Vigilância Epidemiológica Brasil 2008. 
Manual nacional de vigilância laboratorial da tuberculose e ou- 
tras micobactérias, MS/SVS/DVE, Brasília, 436 pp.

MS/SVS/DVE - Ministério da Saúde/Secretaria de Vigilância em 
Saúde/Departamento de Vigilância Epidemiológica Brasil 2011. 
Manual de recomendações para o controle da tuberculose no 
Brasil, MS/SVS/DVE, Brasília, 284 pp.

Müller B, Borrell S, Rose G, Gagneux S 2013. The heterogeneous 
evolution of multidrug-resistant. Trends Genet 29: 160-169.

Parrish NM, Carroll KC 2011. Role of the clinical mycobacteriology 
laboratory in diagnosis and management of tuberculosis in low-
prevalence settings. J Clin Microbiol 49: 772-776.

Pereira AM 2012. Georreferenciamento e genotipagem de Mycobac-
terium tuberculosis isolados de pacientes atendidos na cidade de 
Goiânia - GO pelo método de MIRU-VNTR, MsD Thesis, Univer-
sidade Federal de Goiás, Gioânia, 94 pp.

Ponce MAZ, Wysocki AD, Scatolin BE, Andrade RLP, Arakawa T, 
Ruffino-Netto A, Monroe AA, Scatena LM, Vendramini SHF, 
Villa TCS 2013. Diagnóstico da tuberculose: desempenho do pri-
meiro serviço de saúde procurado em São José do Rio Preto, São 
Paulo, Brasil. Cad Saude Publica 29: 945-954.

Reyes H, Coninx R 1997. Pitfalls of tuberculosis programmes in pris-
ons. BMJ 31: 1447-1450.

Rozman LM, Santo AH, Rozman MA 2007. Resistência do Myco-
bacterium tuberculosis às drogas em pacientes HIV+ em cinco 
municípios da Baixada Santista, São Paulo, Brasil. Cad Saude 
Publica 23: 1051-1059.

Rüsch-Gerdes S, Pfyffer GE, Casal M, Chadwick M, Siddiqi S 2006. 
Multicenter laboratory validation of the BACTEC MGIT 960 tech-
nique for testing Micobacterium tuberculosis to classical second-
line drugs and newer antimicrobial. J Clin Microbiol 44: 688-692.

Said HM, Kock MM, Ismail NA, Baba K, Omar SV, Osman AG, 
Hoosen AA, Ehlers MM 2012. Comparison between the BACTEC 
MGIT 960 system and the agar proportion method for suscepti-
bility testing of multidrug resistant tuberculosis strains in a high 
burden setting of South Africa. BMC Infect Dis 12: 369.

Santos MLSG, Ponce MAZ, Vendramini SHF, Villa TCS, Santos 
NSGM, Wysocki AD, Kuyumijian FG, Gazetta CE 2009. A di-
mensão epidemiológica da coinfecção TB/HIV. Rev Lat Am En-
fermagem 17: 683-688.

SES/CCD/CVE/DCT - Secretaria de Estado da Saúde/Coordenadoria 
de Controle de Doenças/Centro de Vigilância Epidemiológica 
Prof Alexandre Vranjac/Divisão de Controle da Tuberculose 
Brasil 2008. �����������������������������������������������TB-WEB - Sistema Estadual de Notificação da Tu-
berculose. Available from: cve.saude.sp.gov.br/htm/TB/mat_tec/
manuais/DvTBC_TBWEB_2008.pdf.

SES/CVE/DCT - Secretaria de Estado da Saúde/Centro de Vigilância Ep-
idemiológica Prof Alexandre Vranjac/Divisão de Controle da Tuber-
culose Brasil 2008. TB em números. Secretaria de Estado da Saúde, 
São Paulo. Available from: cve.saude.sp.gov.br/indicador.htm.

SES/CVE/DCT - Secretaria de Estado da Saúde/Centro de Vigilância 
Epidemiológica Prof Alexandre Vranjac/Divisão de Controle da 
Tuberculose Brasil 2013. Relatório de oficina realizada nos dias 
17 e 18 de junho/2013 com os GVEs e municípios para discussão 
dos casos de tuberculose ocorridos em profissionais de saúde e da 
educação. Available from: cve.saude.sp.gov.br/htm/cve_tb.html.

SES-SP/CVE/DT - Secretaria do Estado da Saúde de São Paulo/Centro 
de Vigilância Epidemiológica Prof Alexandre Vranjac/Divisão de 
Tuberculose 2002. Manual de orientação para coleta de amostras 
de escarro e outros materiais para baciloscopia e cultura para 
diagnóstico e controle da tuberculose, SES-SP, São Paulo, 26 pp.

SMPGE - Secretaria Municipal de Planejamento e Gestão Estratégica 
2013. Conjuntura econômica, 28th ed., SMPGE, São José do Rio 
Preto, 91 pp.

SMSH - Secretaria Municipal de Saúde e Higiene de São José do Rio 
Preto 2009. Controle de tuberculose ARE/VE. ��������������������Situação da tubercu-
lose em São José do Rio Preto, SMSH, São José do Rio Preto.

Talip BA, Sleator RD, Lowery CJ, Dooley JS, Snelling WJ 2013. An 
update on global tuberculosis (TB). Infect Dis (Auckl) 6: 39-50.

Teixeira L, Perkins MD, Johnson JL, Keller R, Palaci M, Dettoni VV, 
Rocha LMC, Debanne S, Talbot E, Dietze R 2001. Infection and 
disease among household contacts of patients with multidrug-
resistant tuberculosis. Int J Tuberc Lung Dis 5: 321-328.

Valença MS, Rocha JZ, Ramis IB, Carrion LL, Madruga C, Macedo 
MB, Scaini CJ, Von Groll A, Silva PEA 2012. Improving tubercu-
losis control through the partnership between university and the 
health system. Rev Soc Bras Med Trop 45: 491-495.

Vendramini SHF, Santos NSGM, Santos MLSG, Chiaravalloti-Neto 
F, Ponce MAZ, Gazetta CE, Villa TCS, Netto AR 2010. Análise 
espacial da co-infecção tuberculose/HIV: relação com níveis so-
cioeconômicos em município do sudeste do Brasil. Rev Soc Bras 
Med Trop 43: 536-541.

Vieira RCA, Fregona G, Palaci M, Dietze R, Maciel ELN 2007. Perfil 
epidemiológico dos casos de tuberculose multirresistente do Es-
pírito Santo. Rev Bras Epidemiol 10: 56-65.

Wang X, Fu Q, Li Z, Chen S, Liu Z, Nelson H, Yang Q, Jia Z, Dye C 
2012. Drug-resistant tuberculosis in Zhejiang Province, China, 
1999-2008. Emerg Infect Dis 18: 496-498.

WHO - World Health Organization 2011. Global tuberculosis control: 
WHO report 2011, WHO, Geneva, 246 pp.

WHO - World Health Organization 2013. Global tuberculosis control: 
WHO report 2013, WHO, Geneva, 304 pp. 

Zaman K, Rahim Z, Yunus M, Arifeen S, Baqui A, Sack D, Hossain 
S, Banu S, Islam MA, Ahmed J, Breiman R, Black R 2005. Drug 
resistance of Mycobacterium tuberculosis in selected urban and 
rural areas in Bangladesh. Scand J Infect Dis 37: 21-26.

Zumla A, Raviglione M, Hafner R, von Reyn CF 2013. Tuberculosis. 
N Engl J Med 368: 745-755.


