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ABSTRACT

Introduction: This study was planned to determine the second line drug resistance and molecular epidemiological profiles of
multidrug resistant Mycobacterium tuberculosis isolates isolated from different geographical regions of Turkey.

Material and Method: In our study, 63 MDR M. tuberculosis isolates were evaluated for the drug susceptibility sent from
different tuberculosis laboratories of Turkey. Secondary antituberculosis drugs resistance was evaluated by indirect proportion
method. Epidemiological origins were evaluated by using IS6110-RFLP and spoligotyping methods.

Results: Cycloserine, ethionamide, capreomycin, thiacetozone, ofloxacin, kanamsin and paraaminosalicylic acid resistance
rates were 15.87%, 19.04%, 7.93%, 6.34%, 11.11%, 12.69% and 6.34.%, respectively. According to spoligotyping results, 11
different patterns were obtained, including 52 isolates consisting of 5 clusters and 11 patterns consisting of a single isolate.
When we compared our results with the spoligotype database in the world; 42 of 52 isolates forming 5 clusters were identified
as predefined spoligotypes (LAM7-TUR, LAMY, T clade). 10 isolates showed the characteristics of the U spoligotype family.
Of the 11 isolates that produced 11 different patterns, 8 were Haarlem and T spoligotypes. It was found that 2 isolates had the
characteristics of Orphan and 1 isolate had the characteristics of BOV family.

Conclusion: In our study, LAM7-TUR, LAMY, T clade spoligotype families are common in our country and in the world were
determined.
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INTRODUCTION

Tuberculosis (TB) is one of the most common infectious
diseases worldwide. Approximately 1.5 billion people
worldwide are infected with TB bacilli, 10 million new
cases occur each year and 3 million people die from TB (1).
Development of multiple drug resistance (MDR) to TB
drugs is a major problem worldwide. Multidrug-resistant
tuberculosis (MDR-TB) is called TB caused by strains
of Mycobacterium. M. tuberculosis (MTB) resistant to
INH and RIF. It is man-made and is considered to be the
heaviest form of resistant TB because resistance to the
two most effective drugs of treatment develops (2-4). The
MDR-TB problem has been experienced in developing
countries where inadequate treatment programs have
been implemented for years.
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In recent years, it has been observed in developed
countries due to HIV prevalence. Second line drugs
should be added to the treatment. Factors in the
development of second line drug resistance are the
education level of the community and health personnel,
health infrastructure, cooperation of related units and
the determinant factors in the development of MDR-
TB (2,5-7). The rates of resistance to a single drug or a
greater number of TB drugs vary according to societies
and regions. Single drug resistance is reported as 20%
and multiple drug resistance is reported as 10% in
developing countries. This rate is even higher in patients
who previously received TB treatment. For effective
treatment, drug susceptibility tests, detection of resistant
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cases and initiation of second line antiTB drugs are of
great importance in terms of treatment and prevention
of spread of the disease (1,8-10).

Many new methods have been developed to accelerate
the diagnosis of TB. These include radiometric methods,
DNA probes, mycolic acid chromatography, PCR and
serological tests (11,12). Each country has to establish
TB treatment programs according to epidemiological
characteristics and requirements, prevalence of primary
resistance, attitudes and behaviors of patients regarding
TB treatment, health infrastructure and economic
strength, and determine appropriate treatment regimens
and methods of application for these different clinical
situations. As a result of the studies, it has been shown
that the clinical and epidemiology of TB has changed and
resistance to multiple drugs has disrupted the efficacy of
the regimens used in the treatment (1,3,10). Innovations
in molecular biology have opened new horizons in the
diagnosis of TB cases and epidemiological studies.
Today, geographic distribution maps of TB are made
using molecular epidemiological typing methods such as
spoligotyping, IS6110-RFLP (Restriction fragmentlength
polymorphysm), MIRU etc. This can give information
about disease control, which different strains are present,
their drug resistance status, and what precautions can be
taken? (13-17).

In this study, it was aimed to determine the epidemiologic
origins of MDR-TB strains isolated from different
geographical regions by second line drug resistance profile
and molecular epidemiologic methods (spoligotyping,
IS6110 RFLP) by indirect proportion method.

MATERIAL AND METHOD

Ethics committee approval is not required for this
study, as there is no study conducted on individuals or
containing biological material.

Patients and Bacterial Strains

This study performed in collobaration between
[nénii  University Faculty of Medicine Departmant of
Microbiology between November 2006 and November
2007. The study was carried out within the scope
of TUBITAK SBAGHD63 project with the official
permission of the Refik Saydam Hygiene Center. The
63 isolates used in the study consisted of MTB strains
isolated from sputum samples taken from patients with
suspected tuberculosis with clinical, symptomatic and
radiological findings in Kayseri, Trabzon, [zmir, Elazig,
Denizli, Corum and Ankara provinces of our country. A
value above 15 mm was recorded in PPD confirmation
tests of all patients, and positive results were obtained
with AARB staining in smear tests. MDR-TB was detected
in all patients according to the indirect proportion drug
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susceptibility test results. In the study (7) TB isolates,
which were found to have multiple drug resistance
from the isolates sent for external quality control in the
sensitivity tests from the Supranational TB Laboratory
(Roma, Italia), were evaluated as controls.

Bacteriology and Drug Susceptibility Testing

All patient specimens submitted for acid-fast culture
were processed by the N-acetyl-L cysteine-NaOH
decontamination procedure recommended by the
BACTECTM MGITTM 960 TB system manufacturer
(Becton Dickinson) (18-20). Isolates grown in MGIT
tube were also subcultured on Lowenstein Jensen (LJ])
medium at 37°C. Fresh cultures on L] medium were
used as a source of the organisms. Differentiation of the
MTBC and non-TB mycobacteria were performed by BD
MGIT™ TBC Identification Test. Testing for susceptibility
to rifampicin (RIF), isoniazid (INH), streptomycin
(SM), and ethambutol (EMB) was performed by the
BACTECTM MGITTM 960 TB drug susceptibility test
kit. Drug susceptibility testing against rifampicin (R),
isoniazid (I), streptomycin (S), and ethambutol (E) was
performed by using standard proportion method on LJ
medium (11,12).

DNA Extraction

A loopful of bacteria colonies was suspended in 400 pl
1x TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0), and
inactivated at 80°C for 20 minutes. Bacterial DNA was
extracted by the standard cetyl-trimethyl ammonium
bromide (CTAB) (Merck, Darmstadt, Germany) method,
as described previously. The pellet of DNA was dried at
room temperature, resuspended in 1x TE buffer and
stored at 4°C until use (21).

Molecular Typing

Spoligotyping was performed by using a commercially
available kit (Isogen Bioscience BV, Maarssen, The
Netherlands) according to the instructions supplied
by the manufacturer as previously described (26).
The spoligotiyping method was performed according
to manufacturer instructions (27,28). The DNA
concentration was estimated spectrophotometrically. The
spacers between the direct repeats in the target region
were amplified by using Dra biotinylated at the 5 and
DRb primers. The amplified DNA was hybridized to a
set of 43 immobilized oligonucleotides derived from the
spacer sequences of M. tuberculosis H37Rv and M. bovis
BCG P3 by reverse line blotting. Detection of hybridizing
DNA was done by enhanced chemiluminescence
(ECL; Enhanced Chemo-Luminescence Detection
kit; Amersham, Little Chalfont, England), followed by
exposure to X-ray film (Hyperfilm ECL, Amersham), in
accordance with the instructions of the manufacturer.
M. tuberculosis strain H37Rv and the Pasteur strain
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of M. bovis BCG P3 were used as reference strains for
spoligotyping. The spoligotyping results were entered in
a binary format as Excel spreadsheets and were compared
to the World Spoligotype Database of the Institute
Pasteur de Guadeloupe (29). An isolate was assigned a
shared type if the same spoligotype was found for isolates
obtained from two or more patients in the world. If no
matching spoligotype was identified in the database, the
isolate was defined as unique. The shared types formed
by a unique isolate in the database and a Turkish isolate,
or two or more Turkish isolate alone, were defined as new
shared types. IS6110 RFLP was performed according to
reference literatures (22-27).

Statistical Analysis

Descriptive statistics were calculated as count and
percent. Spoligotyping and IS6110 RFLP typing test
results were shared as cluster and group name.

Tablo 1.Critical drug concentration (CC) and critically resistant

(CR) bacteria rate of tuberculosis drugs in L] medium

%1 CP i¢in CC %10 CP icin CK
Drug (g m) (uzs mD)
Isoniazid 0.2 -
Rifampicin 40 =
PAS 0.5 0.25
Cycloserine 40 30
Etionamide 30 20
Kanamycin 30 20
Capreomycin 40 20
Ofloxacin 2 -
Tiasetozone - 10.0
Drugs Isolates
Number %
Sensitive to all 32 50.79
Drug resistance
Resistant to only one drug
Cycloserine (CYC) 4 6.34
Etionamide (ETN) 4 6.34
Capreomycin (CAP) 2 3.17
Tiasetozone (TIA) 3 4.76
Oflaxacin (OFL) 3 4.76
Kanamycin (KAN) 4 6.34
Paraaminosalicylic acid (PAS) 0 -
Total 20 31.74
Resistant to only two drug
ETN+KAP 1 1.58
TIA+OFL 1 1.58
CYC+ETN 2 3.17
Total 4 6.34
Resistant to only three drug
ETN+ KAP+KAN 1 1.58
ETN+KAN+PAS 1 1.58
SKS+OFL+PAS 1 1.58
KAP+KAN+PAS 1 1.58
SKS+ETN+OFL 2 3.17
Total 6 9.52
Resistant to four drugs
SKS+ETN+KAN+PAS 1 1.58
Total (Resistance) 31 49.20

RESULTS

All 63 isolates used in this study were resistant to first
line drugs rifampicin and isoniazid. The results of the
second line drug susceptibility tests of these isolates
are given in Table 2. According to the test results, 32
(50.79%) of 63 isolates were susceptible to 7 minor drugs
and 31 (49.20%) were resistant to at least one drug. While
20 isolates were resistant to one drug (31.74%), 4 were
resistant to two drugs (6.34%), 6 were resistant to three
drugs (9.52%) and 1 (1.58%) to four drugs.

Of 63 isolates, 32 (50.79%) were susceptible to 7 minor
drugs and 31 (49.20%) were resistant to at least one drug.
Among the resistant isolates; While 20 isolates were
resistant to one drug (31.74%), 4 were resistant to two
drugs (6.34%), 6 were resistant to three drugs (9.52%)
and 1 (1.58%) to four drugs. No resistance was detected
in all 7 drugs. When the resistance rate for each second
line drug was evaluated in general, the highest resistance
was found to be 12 (19.04%) against etionamide and the
lowest resistance to PAS in 4 isolates (Table 3).

The spoligotyping results of 63 isolates were shown in
Table 4.

Table 3. Number and percentage of 63 minor MDR-resistant

strains found to be resistant to 7 second line antituberculosis drugs
by indirect proportion method

Number of
Lty resistant strains Percent (%)
Cycloserine (CYC) 10 15.87
Etionamide (ETN) 12 19.04
Capreomycin (CAP) 5 7.93
Tiasetozone (TIA) 4 6.34
Oflaxacin (OFL) 7 11.11
Kanamycin (KAN) 8 12.69
Paraaminosalicylic acid (PAS) 4 6.34

Table 4. Spoligotypes of isolate clusters

Cluster Size of  Isolates of Spoligotype Spoligptype
cluster Percentage® pattern family®
A 1 1.58 760177777720771 H3
B 1 1.58 774777777420771 H4
© 1 1.58 776023037760771 Orphan
D 1 1.58 777737774020771 H1
18 1 1.58 777737777760700 T3
F 1 1.58 777777000437771 Orphan
G 16 25.39 777777404760771 LAM?7-TUR
H 1 1.58 7777776007607 71 T1
I 4 6.34 777777607760771 LAMY
] 1 1.58 777777637760771 T
K 1 1.58 777777760000731 U
IL, 10 15.87 777777770000771 U
M 1 1.58 777777774020771 H1
N 2 3.17 777777777720771 H3
(@) 20 30.15 777777777760771 T1
P 1 1.58 777777777777400 BOV

a LAM: Latino—American, and Mediterranean familiies
b7 isolates could not be typed by spoligotyping The RFLP pattern of 5 isolates
contained more than 6 bands.
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16 spoligotypes were detected by this method. Eleven
isolates (17.46%) formed separate spoligotype, 52
(82.53%) isolates formed 5 clusters (G,I,L, N, O). Sixteen
samples (cluster G) showing the same spoligotype
were identified as the LAM-7 TUR spoligotype family.
The largest spoligotype cluster (20 isolates, cluster 0)
matched the T1 family. Four isolates in cluster ] were
identified as LAM 9 spoligotype. 2 isolates in cluster N,
1 isolate in cluster B and 1 isolate in cluster are defined
as Haarlem 3, Haarlem 4, Haarlem 1 spoligotype,
respectively. The isolates (1 isolate) in clusters A and
M shared the key characteristics of the Haarlem family.
Although 1 isolate in cluster K and 10 isolate in cluster
L have characteristic spoligotip characteristics of U
family, filling of 15-24 spacers in the K cluster and
25-32 spacers in the L cluster requires more detailed
identification for the U family. One isolate in the P
cluster showed the characteristic features of the BOV
(Bovis) family with the absence of 33-43 spacers. The
isolates (1 isolate) in clusters C and F were defined as
orphan. 63 MDR tuberculosis isolate was also genotyped
by IS6110-RFLP method. No results were obtained due
to low DNA concentration in 32 isolates. 3 clusters were
formed in 31 isolates.

1 234 56 7 8910 1112131415 16171819 20212223 24 2526 27 26 29 30 31 3233 34 35 36 37 38 39 40 414243

Figure 1. Evaluation of MTB isolates by spoligotyping method

i

Figure 2. Evaluation of MTB isolates by IS 6110 RFLP method
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DISCUSSION

Multi drug-resistant tuberculosis remains an important
threat all over the World. It is the development of
resistance to drugs used against the disease that presents
TB as a problem for today and the future. The most
important reason for this is treatment failure. Drug
regimens were given to patients who were the result of
insufficient TB control programs in the past and drugs
were used unattended, causing drug resistance rates to
increase. In the regulation of follow-up and treatment
of patients, it is important to know the drug resistance
rates in the community and to determine the individual
resistance status. In the direction of Directly Observed
Treatment (DOT) and DGT-plus (DOT-plus) strategies,
which have been on the agenda in recent years, and
due to the major and minor antiTB-resistant cases that
are increasingly encountered in daily practice, drug
susceptibility tests have become more important today,
laboratory methods used to determine drug sensitivity
and studies on this subject have been accelerated (1-5).

In Turkey, susceptibility tests to second generation
drugs are carried out only in the National Tuberculosis
Reference and Research Laboratory. Therefore, there are
limited data on second line drug sensitivity rates. In most
of the studies, only a few of these drugs were included in
the study and it was not stated how much strains in these
studies were MDR- MTB isolate.

In our study, the susceptibility of 63 multi-drug resistant
MTB strains were isolated from different geographic
regions to 7 minor antiTB drugs was determined according
to the indirect proportion method in the Lowenstein-
Jensen medium, which is accepted as the reference
method. While 32 (50.79%) of 63 isolates were sensitive
to 7 minor drugs, 31 (49.20%) were found resistant to at
least one drug. In the evaluation made among the resistant
isolates; while 20 isolates were resistant to one drug
(31.74%), 4 were resistant to two drugs (6.34%), 6 to three
drugs (9.52%) and 1 (1.58%) to four drugs. Among the
isolates examined, resistance to 7 drugs was not detected.
When the resistance rate for each minor drug is generally
evaluated; resistance rates for CYC, ETN, CAP, TIA, OFL,
KAN and PAS, respectively; 15.87%, 19.04%, 7.93%,
6.34%, 11.11%, 12.69% and 6.34% were found. The highest
resistance in our study was found in ETN (19.04%).

In another study in the same center conducted by Kayali
et al. (28) ; second-line drug resistance rates for ETN,
CYC, KAN, PAS,OFL, TIA, and CAP in a different set
of MDR-TB samples were found as 22%, 8%, 6%, 6%,
2%, and 0%, respectively. Our results were similar to this
study.

Simsek et al. (29) in their evaluation of 122 MDR MTB
isolates using the E-test method; found that 119 (98%)
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isolates were susceptible to CAN, OFL, ETN and linezolid
(LIN), while 3 (2%) were resistant to ETN and CAN. The
Etest method is a standardized gradient method and is a
more reliable test. The fact that our rates are higher may
be due to the difference in method.

Second line drug susceptibility varies in different regions
of the world, this situation is similar in Turkey.

Bektore et al. (30) investigated the susceptibility status
of 81 MDR-TB isolates isolated from MDR-TB patients
living in Istanbul, Izmir and Manisa to first- and second-
line anti-TB drugs with the fully automated BACTEC
MGIT960 system; determined the rates of resistance to
second-line anti-TB drugs as 1.2% for Amikacin (AMK)
and CAN, 2.5% for OFL and levofloxacin (LVX), 14.8%
for CPM, 37% for ETN, and did not detect resistance to
LIN. ETN resistance rate in our study was found to be
similar to this study.

There are studies showing that resistance to izoniazide
(INH) associated with mutations in the inhA gene.
Considering that the isolates studied are INH resistant,
our conclusion supports this hypothesis. However, in our
study, strains sensitive to etionamide were also detected.
This suggests that INH resistance developing with other
mechanisms does not cause resistance development
against etionamide. In the study conducted by Cigek et
al. (31). With the method of probing in MB 7H10 agar
for the detection of sensitivity against minor drugs in 100
strains of MTB, ethionamide resistance was found to be
4%, but it was found that all strains of MTB, which are
resistant to multi drug, are sensitive to ethionamide.

This situation can be explained by its role in different
mechanisms in INH resistance. This rate is quite low
compared to ETN resistance, which was found to be
19.04% in our study. This difference suggests that all
MTB isolates used in our study may be due to the fact
that they are MDR. The resistance rate we found in the
strains of MDR- MTB against TIA is 6.34%.

The most studied secondline antiTB drug in our country
is TIA. In the first studies carried out by the national
reference center in our country; Tumer and Savran (32)
used the properation method to determine the resistance
to TIA. While 8% of 2345 strains of MTB were found to
be resistant to TIA in 1992, this ratio was found to be 6%
in 1639 isolates in 1993. Osmanlioglu (33) determined
the average resistance to TIA as 8% in cultures sent to
the RSHMB tuberculosis national reference laboratory
in 1990 from all regional TB laboratories. However, no
information is given about the extent to which these
origins are MDR- MTB. In a study conducted by Kayali
(28), while 50 MDR-MTB isolates were found to be 2%
in TIA resistance by the method of proportions, this rate
was higher in our study (6.34%). In this study, resistance

to OFL was determined as 11.11%. The development of
cross resistance among the commonly used quinolone
group antibiotics can be held responsible for this situation.
Ozkiitiik et al. (34) found 5% OFL resistance in their
studies evaluating 40 MDF-TB strains with BACTEC 460
TB radiometric semi-automated culture system.

In our study, the 11.11% resistance we found in MDR
-MTB isolates suggests that quinolones may be developed
as a result of the empirical starting of quinolones in
patients with TB over time. The rate of resistance to
PAS was found to be 6.34%. Cicek et al. (31) found 12%
resistance for PAS. Strains of MDR -MTB were found to
be sensitive to PAS. In this study, the resistances of CYC,
CAP and CAN were found as 15.87%, 7.93% and 12.69%,
respectively. Pfyfter et al. (35) conducted a three-phase
study in 1999. While phase I had strains sensitive to all
drugs, phase 2 had strains known to be susceptible and
resistant to drugs, and phase 3 had a large working group,
mostly composed of resistant strains. Resistance to CYC
was found to be 7.85% in phase 3. In the same study,
resistance to CAN and CAP was 45% and 30% in phase
2, respectively; found to be 8.26% in phase 3. The values
we detected in our study are higher.

Since TB is a highly contagious and drug resistant
disease, it requires better surveillance programs and a
rapid diagnosis of the disease. It is thought that there
are geographical differences in terms of epidemiological
differences between strains. In epidemiological studies,
comparing the strains isolated from different geographic
regions with each other and monitoring individual strains,
It suggests that strains associated with transmission
routes, high virulence and multiple drug resistance can
be detected worldwide (36).

With the introduction of molecular methods to routine
use, epidemiology studies have become easier. Typing of
bacterial strains, TB prevalence and spread are the most
important topics studied. In studies conducted with
spoligotyping and 1S6110 methods, MTB isolates were
sensitively typed (37,38).

Thanks to the data obtained from these studies, it is
planned to establish treatment protocols quickly and
control the disease according to the epidemiological
origin. In this study, epidemiological origins of strains
of 63 MDR-TB isolates sent from different geographical
regions (Kayseri, Trabzon, {zmir, Elazig, Denizli, Corum,
Ankara) of Turkey were investigated by spoligotyping
and IS6110 RFLP method.

No results were obtained due to low DNA concentration
in 32 isolates. 3 clusters were formed in 31 isolates. All
isolates were studied by spoligotiping method to better
identify clusters of related strains. Spoligotyping was
used as the second method, especially in strains with 6
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or fewer copies of 1S6110. The spoligotypes of the two
samples detected by two bands with IS6110 method were
the same. The combined use of the two methods reduced
the fraction of clustered strains.

In this study, the percentage of clusters we determined
using the 1S6110 and spoligotiping method was found
to be similar to the clusters recently characterized by the
combination of IS6110 and pTBN12 fingerprint methods.
16 spoligotype were determined by spoligotiping method.
11 isolates (17.46%) were separate spoligotip and 52
(82.53%) isolates formed 5 clusters. Sixteen samples
showing the same spoligotype were from the LAM-7
TUR spoligotip family. The largest spoligotip cluster
matched the T1 subset. 4 isolates were identified as LAM
9 spoligotype. Two isolates were defined as Haarlem 3,
1 isolate Haarlem 4, 1 isolate Haarlem 1 spoligoty. Two
isolates shared key characteristics of the Haarlem family.
Although the 11 U family has the characteristic spoligotip
features, the exact definition needs to be confirmed by the
world database.In our study, the LAM-7 TUR spoligotip
family unique to our country was identified. The data
obtained from our study showed compatibility with
other similar studies conducted in our country (39-46).

U family is a spoligotip defined in Eastern Europe and
especially in Russia according to Spol4B program 64.
The fact that it belongs to the province of Trabzon in 11
isolates supports that it will belong to the spoligotip U
family determined in this group due to its geographical
proximity. In our study, while 1 isolate showed the
character characteristics of the BOV family, 2 isolates
were found to be orphan (47).

In a study recently reported by Karagoz et al. (39) in our
country; 13 different spoligotypes were defined by the
spoligotyping method, and a total of 188 strains (94.0%)
were included in the cluster. The most prominent spoligo
family was the T family (43.0% of the strains). The other
group consisted of LAM (26.0%), H (8.0%), X and S
(both 6.0%), and U (5.0%). The study also found a Beijing
profile of 6.0%.

In another study in Turkey, Cavusoglu et al. (48) were
investigated genotype distribution of M. tuberculosis in
Aagean region in 470 M. tuberculosis isolates from 470
patients in 1996-2014. In this study, they reported that
among the 470 M. tuberculosis strains, 132 different
spoligopatterns were identified and 46 different cluster
for 384 strains were determined. The most predominant
spoligotypes were determined as T1(n:116, 24.7%),
and LAM7-TUR (n:38, 8.1%) followed by H3 (5.7%),
T1(4.7%) and Unknown (4.3%), respectively. MDR -TB
was determined in 12 isolates, of which six were Beijing.

In our study, similar results were obtained with these
studies.
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The limitation of this study is that comprehensive studies
with more samples are needed to identify definitive
epidemiological groups across the country.

CONCLUSION

As a result; control and treatment of MTB infections is
critical worldwide. Mapping of isolated strains according
to geographical regions is important for controlling the
disease and knowing whether the disease is an infection
or reactivation.

At this stage, epidemiological studies are valuable. It is
concluded that it would be beneficial to carry out these
studies with internationally accepted methods that
determine the genotype of the strains. Extensive studies
with more isolates are needed to assess the effectiveness
and transmission of the tuberculosis control strategy. In
susceptibility tests, the factors of the method used can
affect the results. The main differences are in practice
differences, inoculum amount, medium used and drug
concentrations. Therefore, it is not possible to talk about
complete standardization in comparing the results
obtained in different centers. Despite this, studies can have
information about resistance rates in different regions.
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