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SUMMARY: Though generally curable, tuberculosis (TB) is becoming increasingly resistant to commonly used
antibiotics. Drug-resistant and multidrug-resistant (MDR)-TB is a consequence of monotherapy, insufficient
drug therapy and national TB control programs. The present study was designed to reveal the resistance to major
antimicrobial drugs (isoniazid [INH], streptomycin [SM], ethambutol [EMB], and rifampicin [RIF]) of
Mycobacterium tuberculosis isolated from the respiratory specimens of TB patients in Duzce, Turkey. A total of
62 TB patients (46 male, 16 female; age: 17 -75 mean: 42 ± 15.9) were included in the study; 52 (83.8%)
were new cases and susceptible to all anti-TB drugs, while 10 (16.2%) were previously treated cases. Antimicrobial
susceptibility tests were performed by the proportion method in Löwenstein-Jensen medium. Fifty-two of the 62
(83.8%) isolated M. tuberculosis strains were found to be susceptible to all drugs, and 7 (11.3%), 5 (8%), and 3
(4.8%) were resistant to SM, INH, and RIF, respectively; 3 (4.8%) were MDR. There were no EMB-resistant
strains. The results of this study show the presence of drug-resistant and MDR strains of TB at Duzce in the
northwest part of Turkey.

Mycobacterium tuberculosis infects one-third of the world’s
population (1), and tuberculosis (TB) still accounts for a large
number of deaths and great morbidity worldwide. The
disease, while generally curable, is becoming increasingly
resistant to commonly used antibiotics (2). The modern era
of TB began in 1946 with a demonstration of the efficacy of
streptomycin (SM). In 1952, the much more effective drug
isoniazid (INH) became available, making TB curable in the
great majority of patients, and in 1970, rifampicin (RIF) came
to be recognized as at least equal to INH. Drug-resistant (DR)-
TB has been reported since the early days of the introduction
of chemotherapy, however, the global magnitude of DR-TB
has not been well studied until recently (2). The detection of
M. tuberculosis and its drug susceptibility pattern is increas-
ingly being recognized as an important component of global
TB control (3), and it is critical to test the drug susceptibility
of TB bacilli in order to guide therapy (4). The first survey of
drug resistance was released in 1998 and included data from
35 countries (5). In 1992, the Third World Congress on TB
concluded that there was little recent information on the
global magnitude of multidrug-resistant (MDR)-TB, defined
as resistance to at least INH and RIF. According to the World
Health Organization (WHO) report of 2004, the population
of Turkey was 70,318,000, the total number of TB cases
reported to the WHO was 18,043, and the case notifica-
tion rate was 26 per 100,000 people (6). Based on the
data collected from several local and regional studies, the
emergence and rapid growth of MDR-TB are still a matter of

great concern. Because treatment approaches are often
inappropriate, case finding is mainly passive, follow-up is
inconsistent, the rates of treatment completion are low,
and therapy is not directly observed. Thus, estimates of the
overall prevalence and cure rate throughout the country
cannot be made accurately (7).

In a recent study in Turkey, it was shown that primary
resistance to INH and RIF is 8.6 and 5.6%, respectively, and
acquired resistance is 25.3 and 26.5%, respectively, and the
primary and secondary MDR rates were 3.1 and 18.5%,
respectively (9). We conducted this study to determine drug
resistance to anti-TB drugs among TB patients in the Duzce
district in the northwest part of Turkey.

Sixty-two clinical M. tuberculosis strains were isolated
from respiratory samples of TB patients between December
of 2000 and February of 2004. Of these 62 patients, 46 (74%)
were male and 16 (26%) were female, and they were aged
between 17 - 75 years (mean: 42 ± 15.9). The respiratory
samples were obtained in a sterile container in the morning.
After decontamination, samples were stained by Ehrlich-
Ziehl-Neelsen (EZN) for the presence of acid-fast bacilli, and
inoculated to Löwenstein-Jensen (LJ) medium (Biomerieux,
Marcy l’Etoile, France). All cultures were incubated at 37°C
for 4 to 6 weeks. M. tuberculosis strains were differentiated
from other mycobacteria by tests such as slow growing, the
pigmentation properties of colonies, nitrate reduction, niacine
accumulation, and heat-stable catalase tests.

Drug susceptibility tests were performed in the Tuber-
culosis Reference and Research Laboratory in the Refik
Saydam Hygiene Center, Ankara. Resistance to anti-TB drugs
was defined according to the proportional method (10) as
greater than 1% (10% for SM) growth in the presence of criti-
cal drug concentrations with LJ medium. The critical drug
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concentrations were the following: INH, 0.2 μg/ml; RIF, 40
μg/ml; SM, 4 μg/ml; ethambudtol (EMB), 2 μg/ml. M.
tuberculosis H37Rv was used as a susceptible control strain.

We use the term “new case” here to refers to TB patients
who have never received ant-TB drugs or who received them
for no more than 1 month of treatment. The term “previously
treated case” refers to patients who had received at least
1 month of anti-TB therapy in the past. Previously treated
cases included relapse, treatment failure, patients returning
after defaulting, and chronic cases. “MDR-TB” was defined
as TB resistant to chemotherapy with at least INH and RIF
(8). “Drug resistance among new cases (primary drug resist-
ance)” is defined as the presence of resistant M. tuberculosis
in new TB cases who, in response to direct questioning, deny
having had previous anti-TB treatment or having been treated
for more than 1 month with no evidence of any such treat-
ment history. Patients who are diagnosed with TB and start
anti-TB treatment and whose bacilli develope drug resistance
to one or more of the medicines used during treatment
are said to have developed “acquired (or secondary) drug
resistance”(8). Newly diagnosed TB was treated with INH,
RIF, pyrazinamide (PRZ) and EMB, and relapsed TB was
treated with INH, RIF, PRZ, EMB, and SM. Patients were
clinically judged to have completed treatment if they received
anti-TB drugs for a minimum of 6 months and had no micro-
biologic or clinical evidence of TB during the last 3 months
of treatment (6).

Fifty-two of 62 (83.8%) TB patients were new cases and
susceptible to all anti-TB drugs, and 10 of 62 (16.2%) were
previously treated cases. The characteristics of all cases are
shown in Table 1. Seven (11.3%) of 62 cases, 5 (8%), and 3
(4.8%) were resistant to SM, INH, and RIF, respectively, and
3 (4.8%) were MDR. All RIF-resistant isolates were also
found to be resistant to INH. There was no EMB resistance.
The rate of resistant M. tuberculosis isolates is shown in Table
2 and the distribution of DR isolates is shown in Table 3. All
new cases completed their 6-month anti-TB regimens with
no relapse, and all previously treated cases completed their
8-month anti-TB regimens with one case of relapse. All MDR
cases have been referred to a center which specializes in

MDR-TB for follow up.
Drug resistance in TB has been reported since the early

days of the introduction of chemotherapy (2). In the 1960s,
primary resistance to at least one drug with a prevalence of
3-13% was reported in some European countries, the United
States, and Japan (11-14). DR-TB is primarily a conssequence
of monotherapy, insufficient drug therapy and national TB
control programs, or poor socio-economic environments,
delayed diagnosis, inadequate treatment regimens, non-
compliance by patients, and significant rates of nosocomial
transmission. The first report of a global project on anti-TB
drug resistance was warmly welcomed because it demon-
strated that the joint efforts of the WHO and the International
Union Against Tuberculosis and Lung Disease (IUATLD) had
been successful (15). The second report gives the results of
a survey conducted in 58 different geographical settings
between 1996 and 1999, 3 years after the first survey (35
settings) (8), for the purpose of collecting worldwide
information on the DR of M. tuberculosis. The results of the
second survey are satisfactory because they show no clear
increase in the prevalence of MDR since the first survey: the
median prevalence of MDR in strains isolated from new cases
was 1.4% (range 0 to 14.4%) in the first survey and 1% (range
0 to 14.1%) in the second survey; and the median prevalence
of MDR in strains isolated from previously treated cases was
13% (range 0 to 54%) in the first survey and 9.3% (range 0 to
48.2%) in the second survey (8). The available data suggest
that globally, primary MDR-TB is not a problem (median
1% in 64 countries) (2). In 2000, the WHO reported that
resistant to INH, RIF, EMB, and SM was 2.2 -16.5, 0.3 -5.3,
0-6.5, and 1.6-13.4%, respectively, and MDR-TB was found
at a rate of 3.1 -48.2% (15).

Over a 21-year study period in Turkey, the total resistance
to INH, RIF, and SM were determined to be 10.5, 6.9, and
7.0%, respectively, and MDR-TB was found in 194 divided
by 3,319 (5.8%) samples (16). Additionaly, Saygan et al.
reported the following rates of resistance in a set of 562
samples: INH, 94 (16.73%); SM, 68 (12.10%); EMB, 24
(4.3%); RIF, 89 (15.84%); and MDR-TB, 59 (10.5%) from
all regional TB laboratories of Turkey (17). Kart et al. have
also studied the resistance pattern of drugs in two cities of
Turkey (Zonguldak and Kayseri) from 1992 to 1999, finding
resistance levels to INH, RIF, SM, and EMB of 14.4, 10.6,
21.1, and 2.4%, respectively (18). These rates of DR and MDR
in Turkey are consistent with those reported by the WHO as
well as with those found in the present study. In conclusion,
secondary DR-TB and MDR-TB are a matter of concern
in the northwest part of Turkey as well as throughout the

Table 2.  The rate of resistance to M. tuberculosis isolates

Drug
No. of resistant isolates/no. of

Drug resistance (%)
total isolates

SM 7/62 11.3

INH 5/62   8

RIF 3/62   4.8

MDR 3/62   4.8

EMB 0/62 –

SM, streptomycin; INH, isoniazid; RIF, rigampicin; MDR, multidrug
resistant; EMB, ethambutol.

Table 3.  The distribution of drug resistance of
M. tuberculosis strains

Sample no. INH RIF SM

1 R R R

2 R R S

3 R R S

4 R S R

5 R S S

6 S S R

7 S S R

8 S S R

9 S S R

10 S S R

S, susceptible; R, resistant.

Table 1.  The ratio of drug resistance among new TB cases and
previously treated cases

No. of DS isolates No. of
No. of

(%) primary DR
secondary DR Total

(%)

New cases 52 (83.8 ) 0   0 52

Previously
  0 0 10 (16.2) 10

treated cases

Total 52 0 10 62

DS, drug susceptible; DR, drug resistance.
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country. Additional studies with larger groups of subjects are
still needed.

REFERENCES

1. Raviglione, M. C. (2003): The TB epidemic from 1992
to 2002. Tuberculosis, 83, 4-14.

2. Espinal, M. A. (2003): The global situation of MDR-
TB. Tuberculosis, 83, 44-51.

3. Espinal, M. A., Kim, S. J., Suarez, P. G., Kam, K. M.,
Khomenko, A. G., Migliori, G. B., Baez, J., Kochi, A.,
Dye, C. and Raviglione, M. C. (2000): Standard short-
course chemotherapy for drug-resistant tuberculosis:
treatment outcomes in 6 countries. JAMA, 283, 2537-
2545.

4. Haas, D. W. (2000): Mycobacterium tuberculosis. p.
2577-2582. In Mandell, G. L., Bennett, J. E. and Dolin,
R. (eds.), Mandell, Douglas, and Bennett’s Principles and
Practice of Infectious Diseases. 5th ed. Churchill
Livingstone, New York.

5. Pablos-Mendez, A., Raviglione, M. C., Laszlo, A.,
Binkin, N., Rieder, H. L., Bustreo, F., Cohn, D.
L., Lambregts-van-Weezenbeek, C. S., Kim, S. J.,
Chaulet, P. and Nunn, P. (1998): Global surveillance for
antituberculosis-drug resistance, 1994-1997. N. Engl. J.
Med., 338, 1641-1649.

6. World Health Organization (2004): Global Tuberculosis
Control. Surveillance, Planning, Financing. Communi-
cable Diseases. World Health Organization, Geneva.

7. Tahaoglu, K., Torun, T., Sevim, T., Atac, G., Kir, A.,
Karasulu, L., Ozmen, I. and Kapakli, N. (2001): The
treatment of multidrug-resistant tuberculosis in Turkey.
N. Engl. J. Med., 345, 170-174.

8. World Health Organization (2000): Anti-Tuberculosis
Drug Resistance in the World. Report No. 2: Prevalence
and Trends the WHO/IUATLD Global Project on Anti-
Tuberculosis Drug Resistance Surveillance. World Health
Organization, Geneva.

9. Kilicaslan, Z., Ozturk, F., Sarimurat, N., Cuhadaroglu,
C., Caglar, E. and Erem, A. (2003): Microscopic exami-
nation and treatment outcomes of new pulmonary tuber-

culosis cases in Istanbul dispensaries between 1998 and
2000. Int. J. Tuberc. Lung Dis., 7, 1059-1063.

10. Canetti, G., Rist, N. and Grosset, J. (1963): Mesure
de la sensibilite du bacille tuberculeux aux drogues
anti-bacillaries par la methode des proportions. Tuber.
Pneumol., 27, 217-272.

11. Miller, A. B., Tall, R., Fox, W., Lefford, M. J. and
Mitchison, D. A. (1966): Primary drug resistance in
pulmonary tuberculosis in Great Britain: second national
survey. Tubercle, 47, 92-108.

12. Canetti, G., Gay, P. and Le Lirzin, M. (1972): Trends in
the prevalence of primary drug resistance in pulmonary
tuberculosis in France from 1962 to 1970: a national
survey. Tubercle, 53, 57-83.

13. Hobby, G. L., Johnson, P. M., Crawford-Gagliardi, L.,
Boytar, V. and Johnson, G. E. (1966): Primary drug
resistance: a continuing study of drug resistance in
tuberculosis in a veteran population within the United
States. V. September 1963 to September 1965. Am. Rev.
Respir. Dis., 94, 703-708.

14. Tuberculosis Research Committee (1970): Primary drug
resistance to the major anti-tuberculosis drugs in Japan.
Tubercle, 51, 152-171.

15. World Health Organization (1997): Anti-Tuberculosis
Drug Resistance in the World. The WHO/IUATLD
Global Project on Anti-Tuberculosis Surveillance. World
Health Organization, Geneva.

16. Bengisun, J. S., Karnak, D., Palabiyikoglu, I. and Saygun,
N. (2000): Mycobacterium tuberculosis drug resistance
in Turkey, 1976-97. Scand. J. Infect. Dis., 32, 507-510.

17. Saygan, M. B., Ocak, F., Ceyhan, I., Cesur, S., Tarhan, G.,
Gumuslu, F., Beker, G., Guner, U. and Coşkun, E. (2003):
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bacterium tuberculosis suşlarının major antitüberküloz
ilaçlara duyarlılıkları. Mikobakteri Sempozyumu, 11-13
Haziran 2003, Malatya, Turkiye (in Turkish).

18. Kart, L., Altın, R., Tor, M., Gulmez, I., Oymak, S. F.,
Atmaca, H. M. and Erdem, F. (2002): Antituberculosis
drug resistance patterns in two regions of Turkey: a
retrospective analysis. Ann. Clin. Microbiol. Antimicrob.,
1, 1-5.


