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Abstract 
Background: We aim to determine the proportions and patterns of resistance to first-line drugs: 
isoniazid (H), rifampicin (R), ethambutol (E) and streptomycin (S) among pulmonary tuberculosis 
patients. Methods: Strains were obtained from 1584 culture positive pulmonary tuberculosis pa-
tients. All specimens were inoculated into Löwenstein-Jensen media (LJ) and TK selective; drug 
susceptibility tests (DST) were performed for first-line drugs. Results: Multidrug resistant (MDR) 
were detected in 146 (9.2%) isolates. Three hundred (18.9%) isolates were resistant to H; 220 
(13.9%) to R; 168 (10.6%) to S; 137 (8.6%) to E. Any drug resistance was detected in 442 (27.9%) 
isolates. MDR rate was higher in male patients than females (P = 0.006). MDR rates were different 
according to the age groups (P = 0.02). The highest rate was in 35 - 44 years and the lowest rate 
was in 15 - 24 years. Conclusions: We found an association between middle age and male gender 
and MDR tuberculosis. 
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1. Background 
With over eight million cases and two million deaths annually, tuberculosis (TB) remains a major cause of mor-
bidity and mortality worldwide [1]. Recently, it has been shown that multidrug-resistance (MDR) is the most 
important cause for mortality in patients with tuberculosis [2] [3]. In 2012, the WHO reported estimated 310,000 
MDR-TB cases among notified TB patients with pulmonary TB in 2011. Almost 60% of these cases were in In-
dia, China and Russian Federation [4]. 

A country suffering from MDR-TB cases ranged between 500 and over per year should be considered hot 
spots for MDR-TB [5]. There were 191 - 263 MDR-TB cases per year notified between the years of 2005 and 
2009 in Turkey according to 2011 Turkey National Tuberculosis Report [6]. 

In our country, the main reason of drug resistance increase is the delay of TB control programmes application 
including DOTS (Direct Observation Therapy Strategy). 

Turkey Ministry of Health began to implement WHO-DOTS for TB in 2003 and reported 100% coverage by 
2006. In this study, we aimed to determine the resistance patterns and proportion against the first-line antituber-
culosis drugs among pulmonary tuberculosis patients. 

2. Methods 
In this study, drug susceptibility testing (DST) results of 1584 culture positive sputum was analyzed retrospec-
tively. Proportions and patterns of resistance to first-line drugs; isoniazid (H), rifampicin (R), ethambutol (E) 
and streptomycin (S) were searched among pulmonary tuberculosis (TB) patients. The study was carried out at 
the tuberculosis laboratory of Yedikule Chest Disease and Chest Surgery Education and Research Hospital, Is-
tanbul, Turkey, between 2008 and 2010. We obtained the materials from patients with pulmonary TB with un-
known treatment history. 

Samples were decontaminated by the NaOH-NALC decontamination method using a ready to-use kit, My- 
coprosafe (SALUBRİS). Decontamination solution contained 4% NaOH. From processed samples 0.5 ml was 
inoculated into Löwenstein-Jensen media (LJ) and TK selective (TK SLC). TK SLC tubes were monitored by 
Mycolor TK. TK medium contains pH indicators, and the color change basicaly depends on pH change due to 
bacterial growth. Mycobacterial growth causes its original red color to turn yellow [7]. Löwenstein-Jensen tubes 
were incubated in a regular 37˚C incubator. For susceptibility testing and M. Tuberculosis complex MOTT 
differentiation, 200 μL from the liquid portion of TK SLC was transferred to the suspension tube of the TK Anti 
TB and PNB kit. After shaking with glass beads, 500 μL of the suspension was transferred to a dilution tube that 
contained 4.5 mL of liquid to prepare a 1:10 dilution. From this diluted suspension, 200 μL was inoculated into 
each tube. The tubes were placed into Mycolor TK which analyzes the growth in the control and drug-con- 
taining tubes. Mycolor TK reports the results as susceptible or resistant. Inhibition of growth in the PNB tube 
indicates that the isolate belongs to the M. Tuberculosis complex group, and growth in PNB indicates MOTT. 

Drug critical concentrations were 0.2 µg/mL for H, 1.0 µg/mL for R, 7.5 µg/mL for E and 2 µg/mL for S. 
H37Rv strains is used for internal control strain for culture and DST. 

If more than one susceptibility test was performed per patients during three years period, initial test results 
were accepted in that study. 

Any drug resistance is indicated as total resistance for a drug with and without accompanying other drug re-
sistance. Multi drug resistance is defined resistance to at least both isoniazid and rifampicin. 

Istatistical Analysis 
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Patient demographics and 

disease characteristics were summarized using descriptive statistics. All numeric data were expressed as mean 
and standard deviation, and non-numeric data as frequency and percentage. Statistical mean difference between 
the groups was analyzed with Student t-test and in case of more than two groups with one-way ANOVA test. 
Chi-square test was used in non-numeric data. P value of <0.05 was considered significant. 

3. Results 
The mean age of cases was 38.6 ± 16.6 years; 1235 were (78%) male. Resistance to any drug was found in 
27.9%, to H in 18.9%, to R in 13.9 %, to S in 10.6% and to E in 8.6%. Multidrug resistance rates (HR, HRE, 
HRS and HRES) were 9.2%, 4.9%, 4.7% and 3.2%, respectively (Figure 1). 

The highest mono drug and MDR rates were determined in the year 2008. Results of drug susceptibility test-
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ing according to the years were given in Table 1. 
MDR rates were different according to the age groups (P = 0.02). The highest MDR rate was in 35 - 44 years 

and the lowest rate was in 15 - 24 years. Multi drug resistance rates according to the ages were given in Table 2. 
Additionally MDR TB was higher in male patients (n = 126, 10.2%) than females (n = 19, 5.4%) (P = 0.006). 

4. Discussion 
Multidrug-resistance is the independent factor for morbidity and mortality due to tuberculosis [2] [3]. Treatment 
of MDR-TB is difficult and drugs used for treatment are less potent, more toxic and more expensive than first 
line drugs [8] [9]. 

In 2008, the WHO reported a worldwide MDR rate was 5.3%. Similarly, the MDR rate in our country was 
 

 
Figure 1. First-line drug susceptibility pattern in culture positive pulmonary tuberculosis 
cases in Turkey, 2008-2010.                                                     

 
Table 1. Patterns of first-line combined drug resistance in pulmonary tuberculosis according to the time periods.            

 H n (%) R n (%) S n (%) E n (%) MDR n (%) Total n (%) 

2008 166 (26.5) 59 (13.5) 93 21.3 63 (14.4) 47 (10.8) 437 

2009 18 (10.6) 17 (10) 12 (7.1) 14 (8.2) 11 (6.5) 169 

2010 166 (17) 144 (14.7) 63 (6.4) 60 (6.1) 88 (9) 978 

2008-2010 300 (18.9) 220 (13.9) 168 (10.6) 137 (8.6) 146 (9.2) 1584 

 
Table 2. Multi drug resistance rates in pulmonary tuberculosis according to the ages.                                  

Age (years) MDR + n (%) MDR − n (%) Total 

15 - 24 26 (6.9%) 353 (93.1%) 379 

25 - 34 28 (7.1) 367 (92.9) 395 

35 - 44 36 (13.6%) 228 (86.4%) 264 

45 - 54 25 (10.5%) 214 (89.5) 239 

≥55 31 (10.1%) 276 (89.9%) 307 

Total 146 (9.2%) 1438 (90.8%) 1584 
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reported as 4.9% - 5.3% between the period of 2005-2009 years [6]. However, we found the rate of MDR TB in 
our hospital (6.5% - 10.8%) higher than this rate. Our hospital is the sole tertiary referral hospital of Istanbul 
Europe side; this might be the reason of our high MDR rate. 

In this study MDR TB rate was higher in male patients (10.2%) than females (5.4%). Similarly, there were 
studies reported higher MDR TB rate in males [10] [11]. This issue could be attributed to behavioral factors for 
tuberculosis such as smoking, alcohol consumption and malnutrition higher in males than females and the delay 
in seeking medical treatment in men [12]. Another factor is higher number of males than females with tubercu-
losis. However, some studies reported no difference for the rate of MDR TB with respect to gender [13] [14]. 

We detected the highest MDR rate in the age group of 35 - 44 years. A previous study conducted in Vietnam, 
reported the highest MDR rate in the same age group [13]. In another study from Turkey, the highest MDR rate 
was reported in the age group of 30 - 39 years [15]. We found the lowest MDR rate in the age group of 15 - 24 
years. Similarly, in the previous studies the lowest MDR rate was reported in the younger age groups (in the 10 - 
19 and 15 - 24 age groups) [13] [14]. Presumably, the reason of the low MDR rate in the younger age is the 
more new TB cases in this age group. 

In 2008, the WHO reported a worldwide resistance rate to H of 5.9%. H resistance rates higher than 10% can 
predict the development of MDR TB according to the WHO [16]. The higher resistance rate of H according to 
other first line drugs may be resulted by both its wide use in the chemoprophylaxis and latent TB [17]. Resis-
tance rate of H was declared between 11.5% - 14.4% in Turkey by National Tuberculosis Report 2011 [6]. In 
our study, we found the highest monoresistance against H (18.9%). These results are a concern for the risk of 
developing of MDR TB in our country. On the other hand, we detected R resistance rate as 13.9%. The resis-
tance rate for R in Turkey has been reported between 6.5% - 7.1% [6]. This R resistance rate is also in close re-
lation to MDR TB. Rifampicin resistance was found in approximately 5% of strains, a high proportion of R re-
sistance was associated with concurrent resistance to H [18]. Thus, the detection of resistance to R can be used 
as a marker for MDR-TB with a high level of accuracy [19]. 

Diagnosis and appropriate treatment of MDR-TB remain major challenges. Less than 5% of new and pre-
viously treated TB patients were tested for MDR-TB in most countries and the reported number of patients 
enrolled on treatment was equivalent to only 16% of the 290,000 MDR-TB patients in 2010 [20]. Otherwise, 
each untreated MDR-TB patient infects 10 - 15 people every year according to the WHO [16]. And, this will 
carry more serious proportions problem of primary resistance in the future. In our country, using of DST for di-
agnosis and treatment of TB is increasing. The financial of diagnosis and treatment of MDR TB cases are sup-
plied by the government in Turkey. 

The limitation of this study was that treatment history of the patients was not known and therefore the primary 
and secondary resistance rate was not given. However, we gave the combine resistance rate of MDR TB cases 
showing the resistance pattern of bacilli in the environment. Actually, the combined resistance rate gives more 
accurate idea in comparison of countries with respect to resistance rate. 

5. Conclusion 
MDR TB may become an important problem in our health facilities unless TB control programs are streng-
thened and continuous systemic surveillance is applied. Notification of the DST results with clinical data is a 
key element to get valid and representative information on drug resistance. Additionally, we detected an associ-
ation between age, gender and MDR TB. Whether age and gender could be considered as a risk factor for MDR 
TB or not, this issue should be investigated in more detailed studies. 
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