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Abstract 
Tuberculosis (TB) remains a serious public health problem, worsened by an increased frequency of multidrug-resistant (MDR) 

Mycobacterium tuberculosis strains. The World Health Organization (WHO) and the International Union Against Tuberculosis and Lung 

Disease (IUATLD) launched the Global Project on Anti-Tuberculosis Drug Resistance Surveillance to measure the prevalence of drug 

resistance. Data from the global reports on resistance to anti-tuberculosis (anti-TB) drugs have shown that drug resistance still presents 

worldwide and that MDR-TB is present in almost all the world. Though the Global Project (WHO) has been operating since 1994, very few 

countries and states have reported new information. Data from repeated surveys employing comparable methodologies over several years are 

essential to determine with any certainty in which direction the prevalence of drug resistance is moving. Drug-resistant tuberculosis and 

MDR-TB have been identified in Mexico, even with the existence of a National Tuberculosis Program based on Directly Observed 

Treatment, Short-course (DOTS). This review discusses available surveillance data on drug susceptibility data for TB in different states of 

Mexico. 
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Introduction 
The emergence of Mycobacterium tuberculosis 

strains resistant to anti-tuberculosis (anti-TB) drugs is 

a difficult problem to solve and is one of the greatest 

threats to public health worldwide [1,2]. The delays 

in diagnosis, therapy and treatment failures have 

complicated the epidemiology of this disease, and the 

emergence of multidrug-resistant M. tuberculosis 

strains mainly to the so-called first-line drugs have 

increased this problem [3-5]. The recent 

identification in 2006 of extensively drug-resistant 

(XDR) strains, which are resistant even to second-

line anti-TB drugs, has increased the epidemiological 

magnitude of TB worldwide [6]. The control measure 

suggested by the World Health Organization (WHO), 

Directly Observed Treatment, Short-course (DOTS) 

[7], has demonstrated its effectiveness in preventing 

the emergence of drug-resistant TB [8]. This strategy 

has, however, presented failures of important 

magnitude in TB-resistant populations presenting a 

poor response to short-term treatment with standard 

first-line drugs. This often leads to treatment failure 

and higher mortality [8-10] as well as greater periods 

of transmissibility of TB [11].  

 

 

The WHO estimates that about one third of the 

world's population (approximately 1.7 billion people) 

is infected with M. tuberculosis [12] and 9 million 

people develop active TB every year, with 3 million 

deaths [13,14]. Due to this epidemiological situation, 

in 1993 the WHO considered TB a global public 

health emergency. However, there are inconsistencies 

in the data, especially from developing countries 

[15,16]. This is in part due to extreme poverty and 

concomitant factors such as malnutrition, AIDS, 

diabetes and/or alcoholism. Developing countries 

account for 98% of cases and 95% of deaths from TB 

reported worldwide. Conversely, although resistance 

of M. tuberculosis was identified immediately after 

the initiation of therapy with anti-TB drugs (1950s) 

[17], it was not until the 1990s that this phenomena 

captured international attention due to multidrug-

resistant TB outbreaks in countries such as United 

States [3] and then, in most geographical areas of the 

world [18,19]. The WHO estimates about 50 million 

people are infected with strains of resistant-TB [12] 

and according to surveillance of drug resistance, the
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Ref. 
Year of 

publication 

Period of 

study 
states 

All cases (%) New cases (%) Treated cases (%) 

DR MDR H R E S Z DR MDR H R E S Z DR MDR H R E S Z 

37 1976 1974 Federal District - - - - - - - - - 3.9 - - 14.3 - - - - - - - - 

38 1982 1982 Federal District   - - - - - - - - - - - - 15.4 - - - - - - - - 

39 1985 1980-1985 Several states - - - - - - - - - - - - - - 50.4 - - - - - - 

5 1994 1986-1990 

Guanajuato, 

Hidalgo, Veracruz, 

Oaxaca 

- - - - - - - 19.1 - - - - - - - - - - - - - 

41 1995 1991-1993 
Federal District and 

state of Mexico  
30.0 64.0 24.0 19.0 10.0 12.0 - 17.0 6.0 9.0 6.0 2.0 2.0 - 46.0 35.0 44.0 35.0 19.0 24.0 - 

40 1995 1992 Chiapas 72.2 53.0 76.9 69.2 46.2 53.8 15.4 - - - - - - - - - - - - - - 

42 1998 1995-1996 Baja California 41.0 17.0 28.8 - 12.2 - - - 10.0 - - - - - - 43.3      

31 2000 1993-1999 Jalisco - 38.0 58.0 44.0 43.0 50.0 43.0 - 23.0 48.0 32.0 32.0 42.0 38.0 - 52.0 68.0 57.0 54.0 58.0 48.0 

11 2000 1995-1998 Veracruz 28.4 10.8 7.3 1.7 0.4 2.6 0.0 20.7 3.3 8.4 0.6 0.6 2.8 0.0 54.7 35.8 3.8 5.7 0.0 1.9 0.0 

32 2000 1995-1999 Veracruz 24.2 7.7 18.6 9.0 4.3 8.0 - 12.0 7.3 10.0 8.5 2.3 2.7 - 75.0 9.4 53.1 10.9 12.5 29.7 - 

25 2000 1997 
Sinaloa, Baja 

California, Oaxaca 
21.5 7.4 19.1 9.3 6.3 15.9 5.4 12.9 2.4 12.0 3.0 3.0 12.0 1.5 50.5 22.4 43.0 29.0 16.8 29.0 17.8 

43 2000 1998-1999 Baja California 25.8 13.3 24.1 13.3 13.3 11.6 8.3 8.4 1.8 8.9 1.8 1.8 3.6 1.8 48.9 30.6 44.8 28.6 30.6 24.2 19.6 

29 2001 

1991-1993 
Federal District and 

state of Mexico 

(principally) 

- - - - - - - - - - - - - - 78.9 35.3 6.0 5.6 - - - 

1994-1996 - - - - - - - - - - - - - - 68.3 30.0 8.3 8.9 - - - 

1997-2000 - - - - - - - - - - - - - - 15.8 12.5 1.0 0.5 - 0.6 - 

4 2001 1995-1999 Veracruz 25.0 6.2 12.0 8.1 3.9 4.9 - 18.8 1.6 5.7 2.4 2.4 4.1 - 49.2 23.8 36.5 30.2 9.5 7.9 - 

33 2001 2000 Nuevo Leon 53.5 - - - - - - 16.8 - - - - - - 27.7 71.4 - - - - - 

34 2002 2001 Chihuahua - - - - - - - 37.5 9.3 18.8 9.4 18.8 18.8 - - - - - - - - 

35 2004 1992-2000 Sonora 44.0 28.0 16.0 - - - - - - - - - - - - - - - - - - 

30 2004 2000 Coahuila - - - - - - - 32.0 4.5 - - - 13.6 4.5 - - - - - - - 

36 2004 2000-2003 

Federal District and 

state of Mexico 

(principally) 

- 32.6 6.1 6.1 - - - - - - - - - - - - - - - - - 

27 2006 2003-2004 San Luis Potosi 36.0 16.0 - - - - - 6.2 - - - - - - 32.9 - - - - - - 

26 2006 2003-2004 Sinaloa 37.8 18.1 27.2 18.1 18.1 21.2 15.1 17.5 0.0 0.0 0.0 0.0 17.5 0.0 69.2 46.1 69.2 46.1 46.1 26.9 38.4 

   Median 33.0 17.0 21.6 11.3 11.1 12.0 11.7 17.3 4.5 9.0 3.0 2.3 12.8 1.7 50.4 35.0 43.0 28.6 17.9 24.2 19.6 

  Minimum 21.5 6.2 6.1 1.7 0.4 2.6 0.0 6.2 0.0 0.0 0.0 0.0 2.0 0.0 15.8 9.4 1.0 0.5 0.0 0.6 0.0 

  Maximum 72.2 64.0 76.9 69.2 46.2 53.8 43.0 37.5 23.0 48.0 32.0 32.0 42.0 38.0 78.9 71.4 69.2 57.0 54.0 58.0 48.0 

Table. Reports about M. tuberculosis resistance in several states of Mexico. 1974-2006 

 

H: Isoniazid, R: Rifampin, E: Ethambutol, S: Streptomycin, Z: Pyrizinamide, DR: Resistance to at least one drug, MDR: Resistance to at least H and R 

New Cases: Patients without treatment, Treated Cases: Patients with previous treatment, All Cases: All patients. Some figures were reported by authors as Primary-, Secondary- and combined-resistance. 

 



Zazueta-Beltran et al. - Drug resistance of Mycobacterium tuberculosis                J Infect Developing Countries 2009 3(3):162-168. 

 

 

 

problem persists in almost all geographical areas of 

the world and levels are rising [19-22].  

In Mexico, TB remains endemic and 

approximately three thousand people die of this 

disease every year. The TB incidence rate was in 

decline until the end of the 1980's. Since then, the 

national incidence rate has remained almost stable, 

with slight variations [23]. The TB rate per 100,000 

population declined from 16.5 cases in 1984 to 14.3 

cases in 1990. From 1991 to 2002, the rate increased 

from 14.4 to 15.1 cases. Finally, in 2006 the rate 

decreased to 12.8 cases 

(http:/www.dgepi.salud.gob.mx).  

The WHO has defined terms for classifying 

resistance depending upon treatment outcomes. Thus, 

the term "resistance among new cases" refers to 

patients with pulmonary TB who have never received 

anti-TB drugs or have received less than 1 month of 

treatment. The term "resistance among previously 

treated cases" is used to refer to patients who had 

previously received anti-TB drugs for at least 30 

days. This group includes patients with relapse, 

treatment failures, and chronic cases. Finally, the 

term "resistance among all cases" refers to all TB 

patients without considering the history of 

tuberculosis treatment. However, in Mexico as in 

many countries, several reports still use the classical 

terminology. Thus, the "resistance among new cases" 

is also called "primary or initial resistance." The 

"resistance among previously treated cases" is also 

known as "secondary or acquired resistance" and the 

"resistance among all cases" is also named as 

"combined resistance." In this review we will cite the 

terms used by the authors of the respective 

publications. Likewise, we will use the term 

"multidrug-resistant” (MDR) to define an M. 

tuberculosis strain recovered from a patient who 

presents resistance to at least isoniazid (H) and 

rifampin (R). Similarly, the term "drug-resistant” 

(DR) will be used to define resistance to at least one 

(any) of the first-line anti-TB drugs used in Mexico: 

H, R, ethambutol (E), pyrazinamide (Z) and 

streptomycin (S) [24].  

Until now, studies about resistance in Mexico 

have included several geographic areas around the 

country (Fig. 1). However, some of these areas 

presented significant biases, because outcome-based 

measures have some significant limitations (different 

studies, methods, and population involved), which 

resulted in high degrees of variability between 

resistance levels found among different settings 

(Table 1). Only the survey conducted in 1997 

attempted to be representative of the population 

throughout the country but included only three states 

(Sinaloa, Baja California and Oaxaca) [25]. While 

these efforts have helped to understand and to control 

this infection, some recent studies have shown that 

drug-resistant M. tuberculosis remains in Mexico, 

and might still be increasing in some settings [26-36]. 

One of the first antecedents for the investigations 

of drug-resistant TB in Mexico is the report by 

Herrera et al., in 1974, in which 126 TB cases with 

primary resistance to H and S were studied. The 

prevalence of resistance in the Federal District was 

3.9% and 14.3% to H and S respectively [37]. 

Another study on primary resistance, carried out in 

1982, included several first-line anti-TB drugs which 

reported 19% resistance to one, two or three drugs, 

including 15.4% resistance to S [38]. From 1980 to 

1994, according to the National Diagnostic and 

Epidemiologic Reference Institute (InDRE), high 

levels of resistant-M. tuberculosis strains were 

reported in several states [39]. From 1980 to 1985, a 

50.4% secondary DR was reported. The primary DR 

increased from 10.6% in 1989 to 27.7% in 1994 and, 

although the secondary DR was stable, it was very 

high (74.3%). The trend of the combined DR 

increased from 59.4% in 1989 to 74.8% in 1994. In 

addition, the primary MDR increased: in 1989 it was 

8.5% and in 1994 it reached 11.1%. The secondary 

MDR was 40% on average. Another study performed 

between 1986 and 1990 by Laszlo and Kantor [5] 

reported 19.1% primary DR. In the 1990s, other 

studies were conducted in different parts of the 

country reporting alarming rates of resistance. For 

example in Chiapas, Alvarez-Gordillo and colleagues 

[40] reported rates of 72% DR in 1995, possibly 

attributed to an inadequate local program of infection 

control. In the same year, Sifuentes-Osornio and 

colleagues [41] reported rates of 30%, 17% and 46% 

for combined, primary and secondary DR, 

respectively, in the population from the Federal 

District and State of Mexico. A high prevalence of 

drug resistance has also been documented in the state 

of Veracruz. In fact, Garcia-Garcia and colleagues in 

2000 [11] reported a prospective study performed 

from 1995 to 1998 in this state, where the combined, 

primary and secondary DR were 28.4%, 20.7% and 

54.7%, respectively, while primary and secondary 

MDR were 3.3% and 35.8% respectively. In 1999, a 

slight decrease in resistance rates was found: down to 

25% for combined DR, 18.8% for primary DR, and 

42.9% for secondary DR. A similar decline was also 
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observed for MDR with rates of 1.6% and 23.8% for 

primary and secondary MDR, respectively [4]. 

In 1996, Peter and colleagues [42] conducted a 

binational study in San Diego California (United 

States) and Tijuana, Baja California (Mexico) 

reporting 41% combined DR and 17% MDR. In 

1999, another study by Laniado-Laborin and 

colleagues [43] in Baja California reported rates of 

25.8% and 13.3% for combined DR and MDR, 

respectively.  

Mycobacterium tuberculosis drug resistance has 

serious consequences for both the patient and the TB 

control program. Drug resistance increases the rate of 

treatment failure and the costs of TB control. Due to 

the problem of drug resistance and because previous 

studies considered only a small number of subjects in 

some settings of Mexico or had important 

methodological limitations, in 1997, the Secretary of 

Health of Mexico took action. In collaboration with 

The Centers for Disease Control and Prevention 

(CDC), a national survey of drug resistance for TB 

was developed and implemented as part of the 

WHO/IUATLD (International Union Against 

Tuberculosis and Lung Disease) global project on TB 

drug resistance. Their report describes results for 

three states in Mexico and presents the first 

population-based TB drug-resistance data available 

for the country [21, 25]. This was a prospective study 

in which Sinaloa (high incidence of TB), Baja 

California (high incidence) and Oaxaca (median  

 

 

incidence) states were selected. Patterns of drug 

resistance of 460 strains of M. tuberculosis were 

studied; finding 12.9%, 50.5% and 21.5% DR among 

new cases, treated cases and all cases, respectively. 

MDR was 2.4%, 22.4% and 7.4%, respectively. In 

this study, the overall resistance rate (21.5%) and 

MDR (7.4%) were higher than the median 

WHO/IUATLD global project figures (20% and 

5.3%, respectively,) as shown in Figure 2 [22, 25]. 

This population-based study of M. tuberculosis 

demonstrated moderately high levels of drug 

resistance in Mexico [25]. 

In 2001 a retrospective study was published by 

the National Institute of Respiratory Diseases in 

Mexico [29]. This study included patients from 

several states. Although these results indicate that the 

proportion among previously treated case-patients 

increased during the period from 1997 to 2000, the 

study was not representative of the statewide 

population.  

In the state of Coahuila in 2004, a study reported 

only 32% primary DR [30]. In the states of San Luis 

Potosi and Sinaloa, data was reported about drug-

resistance during 2003-2004. Fragoso-Morales and 

colleagues [27] reported 6.2%, 88.9% and 36% for 

primary, secondary and combined DR respectively in 

San Luis Potosi, while the combined MDR was 50%. 

We have previously reported the prevalence of 

resistance to the five first-line drugs in Sinaloa State; 

resistance to at least one anti-tuberculosis drug was 

Figure 1. States of Mexico reporting resistance of M. tuberculosis to first-line anti-TB Drugs up to and including 2006. 
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17.5%, 69.2% and 37.8% among new cases, 

previously treated cases and combined prevalence, 

respectively [26]. MDR among new cases was not 

detected, but MDR of previously treated cases was  

 
Figure 2.  Comparison of DR and MDR level from 

monitoring studies of drug-resistance by the WHO (report 

No.4) [22].  The national level studied in Mexico [25] and the median 

of the Mexican studies on resistance included in this review. 

 

46.1% and MDR of all cases was 18.1%.  

Thus, the rates presented here (see Table 1), 

show variability among the proportions of DR and 

MDR in different geographical areas of the country. 

The potential causes of this variability have been 

discussed above. The median ratios for the DR of the 

studies included in this review were 17.3%, 50.4% 

and 33.0% among new cases, treated cases, and all 

cases; MDR was 4.5%, 35.0% and 17.0% 

respectively. The states with higher rates of DR were 

Chihuahua with 37.5% (new cases), Federal District 

and State of Mexico with 78.9% (previously treated 

cases), and Chiapas with 72.2% (all cases). The MDR 

among new cases, previously treated cases, and all 

cases were higher in Jalisco (23.0%), Nuevo Leon 

(71.4%) and the Federal District and State of Mexico 

(64.0%). Lastly, the TB resistance studies in Mexico 

compared with the rate of drug-resistance 

surveillance conducted by the WHO/IUATLD 

suggest that the Mexican rate is higher than those 

reported worldwide (global project, report No.4; see 

figure 2). However, these data should be interpreted 

with caution because different studies, methods, and 

populations were involved in these reports.  

Recently, at least one case of XDR-M. 

tuberculosis has been reported in Mexico [22], 

indicating the inappropriate use of second-line drugs 

in a patient for whom first-line drugs are failing. This 

alarming finding is a public health emergency, but 

population-based surveillance data are needed to 

describe the magnitude and trends of XDR TB in 

Mexico. 

 

Conclusion 
Tuberculosis, declared a global emergency by the 

WHO, remains a serious public health problem. Drug 

resistance and multidrug-resistance (MDR) in 

particular are a substantial threat to TB control in 

some countries. Despite the existence of DOTS, 

Mexico is not exempt from the problems that 

represent the emergence of drug-resistant M. 

tuberculosis strains. Resistance rates from first-line 

drug-resistance studies in Mexican populations 

suggest higher levels than those reported by the 

WHO in all four phases of global surveillance and, in 

some cases, reach alarming levels. Moreover, patients 

with MDR-TB in Mexico are especially worrying, 

since such cases are significantly more difficult to 

treat, and mortality is higher than for drug-

susceptible cases. The results discussed in this review 

suggest that Mexico needs to strengthen strategies to 

prevent the emergence of new drug-resistant M. 

tuberculosis strains. Therefore, it is necessary and 

urgent to estimate the magnitude of the resistance of 

M. tuberculosis at a national level in order to evaluate 

the progress of DOTS under recent health care 

reforms and to follow trends in high-risk populations 

identified in the course of the surveys. 

According to WHO/IUATLD (report No.4, 

2008), Mexico has started a nationwide survey and 

has plans to test MDR-TB isolates for second-line 

drug resistance at a Supranational Reference 

Laboratory. This survey will be a priority to consider 

the future management of MDR-TB in Mexico. 

 

166 



Zazueta-Beltran et al. - Drug resistance of Mycobacterium tuberculosis                J Infect Developing Countries 2009 3(3):162-168. 

 

 

 

References 
1. Gleissberg V (1999) The threat of multidrug resistance: is 

tuberculosis ever untreatable or uncontrollable? Lancet 353: 

998-999. 

2. Kochi A, Vareldzis B, Styblo K (1993) Multidrug-resistant 

tuberculosis and its control. Res Microbiol 144: 104-110. 

3. Frieden TR, Sterling T, Pablos-Mendez A, Kilburn JO, 

Cauthen GM, Dooley SW (1993) The emergence of drug-

resistant tuberculosis in New York City. N Engl J Med 328: 

521-526. 

4. García-García ML, Sifuentes-Osornio J, Jiménez-Corona 

ME et al. (2001) Resistencia de Mycobacterium tuberculosis 

a los antimicrobianos en Orizaba, Veracruz. Implicaciones 

para el programa de prevención y control de la tuberculosis. 

Rev Invest Clin 53: 315-323. 

5. Laszlo A, de Kantor IN (1994) A random sample survey of 

initial drug resistance among tuberculosis cases in Latin 

America. Bull World Health Organ 72:603-610. 

6. Emergence of Mycobacterium tuberculosis with extensive 

resistance to second-line drugs--worldwide, 2000-2004. 

MMWR Morb Mortal Wkly Rep 2006 55: 301-305. 

7. World Health Organization. Treatment of Tuberculosis: 

Guidelines for National Programmes. Geneva, Switzerland. 

Report WHO/TB/97220 1997. 

8. Espinal MA, Kim SJ, Suarez PG, Kam KM, Khomenko AG, 

Migliori GB, Baez J, Kochi A, Dye C, Raviglione MC 

(2000) Standard short-course chemotherapy for drug-

resistant tuberculosis: treatment outcomes in 6 countries. 

Jama 283: 2537-2545. 

9. DeRiemer K, Garcia-Garcia L, Bobadilla-del-Valle M, 

Palacios-Martinez M, Martinez-Gamboa A, Small PM, 

Sifuentes-Osornio J, Ponce-de-Leon A (2005) Does DOTS 

work in populations with drug-resistant tuberculosis? Lancet 

365: 1239-1245. 

10. Espinal MA, Dye C (2005) Can DOTS control multidrug-

resistant tuberculosis? Lancet 365: 1206-1209. 

11. Garcia-Garcia ML, Ponce de Leon A, Jimenez-Corona ME, 

Jimenez-Corona A, Palacios-Martinez M, Balandrano-

Campos S, Ferreyra-Reyes L, Juarez-Sandino L, Sifuentes-

Osornio J, Olivera-Diaz H et al. (2000) Clinical 

consequences and transmissibility of drug-resistant 

tuberculosis in southern Mexico. Arch Intern Med 160: 630-

636. 

12.  World Health Organization. WHO Report on the 

Tuberculosis Epidemic. WHO/TB/97/224. Geneva: WHO. 

1997. 

13.   Estimates of future global tuberculosis morbidity and 

mortality. MMWR Morb Mortal Wkly Rep 1993, 42:961-

964. 

14.  Dye C, Scheele S, Dolin P, Pathania V, Raviglione MC 

(1999) Consensus statement. Global burden of tuberculosis: 

estimated incidence, prevalence, and mortality by country. 

WHO Global Surveillance and Monitoring Project. Jama 

282: 677-686. 

15.  World Health Organization. Global Tuberculosis Control: 

Surveillance, Planning, Financing. WHO Report 2007 

Geneva, Switzerland, WHO/HTM/TB/2007376. 

16.  Baez-Saldana AR, Perez-Padilla JR, Salazar-Lezama MA 

(2003) [Epidemiology of Tuberculosis in Mexico, 1981-

1998. Inconsistencies between reports of the WHO and the 

Ministry of health.]. Salud Publica Mex, 45:78-83. 

17.  Caminero Luna JA Origen, (2001) Presente y futuro de las 

resistencias en tuberculosis. Arch Bronconeumol  37:35-42. 

18.   Espinal MA, Laszlo A, Simonsen L, Boulahbal F, Kim SJ, 

Reniero A, Hoffner S, Rieder HL, Binkin N, Dye C, et al. 

(2001) Global trends in resistance to antituberculosis drugs. 

World Health Organization-International Union against 

Tuberculosis and Lung Disease Working Group on Anti-

Tuberculosis Drug Resistance Surveillance. N Engl J Med 

344: 1294-1303. 

19.   Pablos-Mendez A, Raviglione MC, Laszlo A, Binkin N, 

Rieder HL, Bustreo F, Cohn DL, Lambregts-van 

Weezenbeek CS, Kim SJ, Chaulet P, Nunn P (1998) Global 

surveillance for antituberculosis-drug resistance, 1994-1997. 

World Health Organization-International Union against 

Tuberculosis and Lung Disease Working Group on Anti-

Tuberculosis Drug Resistance Surveillance. N Engl J Med 

338: 1641-1649. 

20.  WHO/IUATLD Global Proyect on Antituberculosis Drug 

Resistance Surveillance. Anti-tuberculosis drug resistance in 

the world. Report 2: Prevalence and trends. 

WHO/CDC/TB/2000.278. Geneva. WHO, 2000. 

21.  WHO/IUATLD Global Proyect on Antituberculosis. Drug 

Resistance Surveillance 1999-2002. Anti-tuberculosis drug 

resistance in ther world. Third Global Report. 

WHO/CDC/TB/2004.343. Geneva, Switzerland. WHO, 

2004. 

22.  WHO/IUATLD Global Proyect on Antituberculosis. Drug 

Resistance Surveillance 2002-2007. Anti-tuberculosis drug 

resistance in the world. Four Global Report. 

WHO/HTM/TB/2008.394. Geneva, Switzerland. WHO, 

2008. 

23.  Tapia R, Ruiz C, Ferreira E: Epidemiología de la 

tuberculosis en México. En: Sada E, Sifuentes J eds. 

Tuberculosis. México. MCGraw-Hill Interamericana 

editores. México. 1995: 761-788. 

24.  Secretaría de Salud. Modificación a la Norma Oficial 

Mexicana NOM-006-SSA2-1993. Para la prevención y 

control de la tuberculosis en la atención primaria a la salud. . 

Diario Oficial de la Federación, 2000. Octubre: 9-33.  

25. Granich RM, Balandrano S, Santaella AJ, Binkin NJ, Castro 

KG, Marquez-Fiol A, Anzaldo G, Zarate M, Jaimes ML, 

Velazquez-Monroy O, et al. (2000) Survey of drug 

resistance of Mycobacterium tuberculosis in 3 Mexican 

states, 1997. Arch Intern Med (160: 639-644. 

26.   Zazueta-Beltran J, Muro-Amador S, Flores-Gaxiola A, 

Llausas-Magana E, Leon-Sicairos N, Canizalez-Roman A 

(2007) High rates of multidrug-resistant Mycobacterium 

tuberculosis in Sinaloa State, Mexico. J Infect 54: 411-412. 

27.  Fragoso Morales LE, Pastor Durango P, Magana Aquino M, 

Fajardo Santana H, Bobadilla de Valle M, Carrera de la 

Torre B, Ramirez Flores B, Sifuentes Osornio J: [Risk 

factors for drug-resistant tuberculosis in San Luis Potosi, 

Mexico 2003-2004]. Salud Publica Mex 2006, 48: 361-362. 

28.  Sifuentes Osornio J (2003) Epidemiología de la resistencia 

antimicrobiana en Mycobacterium tuberculosis en México. 

Gac Méd Méx  139: 477-480. 

29.   Olvera Castillo R (2001) Farmacorresistencia secundaria en 

tuberculosis. Tendencia en el Instituto Nacional de 

Enfermedades Respiratorias. Rev Inst Nal Enf Resp Mex  14: 

151-159. 

30.   Velasco-Rodriguez VM, Padua-Gabriel A, Esquivel-Molina 

C, Sanchez-Cabral O, Martinez-Ordaz V, Cicero-Sabido R 

(2004) Epidemiología y resistencia primaria a farmacos en 

casos incidentes de tuberculosis pulmonar. Rev Med IMSS  

42: 301-306. 

167 



Zazueta-Beltran et al. - Drug resistance of Mycobacterium tuberculosis                J Infect Developing Countries 2009 3(3):162-168. 

 

 

 

31.   Amaya-Tapia G, Martin-Del Campo L, Aguirre-Avalos G, 

Portillo-Gomez L, Covarrubias-Pinedo A, Aguilar-

Benavides S (2000) Primary and acquired resistance of 

Mycobacterium tuberculosis in Western Mexico. Microb 

Drug Resist, 6:143-145. 

32.   Garcia-Garcia ML, Jimenez-Corona ME, Ponce-de-Leon A, 

Jimenez-Corona A, Palacios-Martinez M, Balandrano-

Campos S, Ferreyra-Reyes L, Juarez-Sandino L, Sifuentes-

Osornio J, Olivera-Diaz H, et al (2000) Mycobacterium 

tuberculosis drug resistance in a suburban community in 

southern Mexico. Int J Tuberc Lung Dis, 4:S168-170. 

33.   Said-Fernandez S, Caballero-Olín G, Becerril-Montes P, 

Navarro-Marmolejo L, Valdovinos-Chavez S (2001) Perfiles 

de Resistencia a Medicamentos Antituberculosos de Primera 

y Segunda Elección en Cepas de Mycobacterium 

Tuberculosis Aisladas de Enfermos con Tuberculosis 

Pulmonar Radicados en el Sector Noroeste de la Ciudad de 

Monterrey y Atendidos por el IMSS. Revista de Salud 

Publica y Nutricion, 4. 

34.  Bernal-Alvarado KS, Herrera N, Pizarro-Chavez S, 

Grimaldo-Zuñiga N, Rivera-Chavira BE (2002) Frecuencia 

de Resistencia Primaria de Cepas de M. Tuberculosis 

Aisladas de Pacientes de la Ciudad de Chihuahua. Revista de 

Salud Publica y Nutricion, 5. 

35.   Martinez-Medina MA (2004) [Effect of shortened directly 

observed treatment on compliance and cure rate of 

pulmonary tuberculosis]. Gac Med Mex, 140:1-6. 

36.   Salazar-Lezama MA, Torres-Cruz A, Valdez-Vazquez RR, 

Lopez-Segundo E, Villareal-Velarde H, Quiñonez-Falconi 

F, Baez-Saldaña R (2004) Resultados de Tratamiento de 

Tuberculosis Resistente en 91 Pacientes del Instituto 

Nacional de Enfermedades Respiratorias: 2001-2003. 

Revista Instituto Nacional de Enfermedades Respiratorias, 

17:15-21. 

37.   Herrera TM, Blancarte ML, Anzaldo JG, Campos BL, 

Santíes VR (1976) Resistencias primarias en 126 casos de 

tuberculosis pulmonar. Salud Publica Mex 16: 111-114. 

38.   Blancarte ML, Anzaldo JG, Balandrano SS (1982) 

Resistencia primaria de Mycobacterium tuberculosis. Salud 

Publica Mex 24: 321-327. 

39.   Secretaria de Salud. Subsecretaria de coordinación y 

desarrollo. Instituto Nacional de Diagnóstico y Referencia 

Epidemiológicos. Resumen de actividades 1980-1994. 

México. 1994. 1994. 

40.   Alvarez-Gordillo GC, Halperin-Frisch D, Blancarte-

Melendres L, Vazquez-Castellanos J (1995) Factores de 

riesgo para resistencia a drogas antifimicas en Chiapas, 

México. Salud Publica Mex 37: 408-416. 

41.  Sifuentes-Osornio J, Ponce-de-Leon LA, Camacho-

Mezquita FE, Bobadilla-del-Valle JM, Infante-Suarez ML, 

Ramirez-Fernandez N, Hernandez-Gomez L, Nelson AM 

(1995) [Resistance of Mycobacterium tuberculosis in 

Mexican patients. I. Clinical features and risk factors]. Rev 

Invest Clin  47: 273-281. 

42.   Peter CR, Schultz E, Moser K, Cox M, Freeman R, 

Ramirez-Zetina M, Lomeli MR (1998) Drug-resistant 

pulmonary tuberculosis in the Baja California-San Diego 

County border population. West J Med 169: 208-213. 

43.  Laniado-Laborin R, Cabrales-Vargas N (2000) Tratamiento 

acortado estrictamente supervisado: Estrategia necesaria, 

pero no suficiente para controlar la tuberculosis en Baja, 

California, México. Rev Inst Nal Enf Resp Mex 13:23-27. 
 
 

Corresponding Author: Dr. Adrián Canizalez-Roman, 
Autonomous University of Sinaloa, School of Medicine, 

80246 Culiacan Sinaloa, Mexico  

Phone: (52) 6677538802, Fax: (52) 6677538801 

 E-mail: adriancanizalez@gmail.com 
 
Conflict of interest: No conflict of interest is declared. 

 

 

 

 

168 


