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Abstract: 

Spoligotyping and sequencing of the pncA gene may be a preferable method in 
epidemiological studies. In this study, 175 positive sputum samples from patients suffering 
from multidrug resistant tuberculosis in Minsk, Belarus were analyzed. Spoligotyping was 
used to determine the linage or geno-family of the strain and sequencing of the pncA gene 
was carried out to detect mutations that would cause the PZA resistance. The great 
variability of mutations in the pncA gene is unique for all of the drug resistance genes of M. 
tuberculosis which makes it well suited to use together with spoligotyping as an 
epidemiologic marker.   

The two major geno-families that were represented among the samples were Beijing and T1.  
The T1 family was homogenous and all the samples contained the same mutations in the 
pncA gene, which suggests a clonal spread of the strain in Minsk. In contrast the Beijing 
family was heterogeneous consisting of several different mutations suggesting trouble in the 
medical treatment leading to acquired resistance. 

The situation regarding multidrug resistant tuberculosis in Minsk, Belarus is very serious and 
and there is an urgent need for better diagnostic methods as well as better drugs for 
treatment and vaccine.   

 

Introduction: 

Tuberculosis remains a major global health issue. Around the world the TB cases is still rising and in 
2010 8.8 million new tuberculosis cases was recorded as well as 1.1 million deaths from tuberculosis 
among HIV negative and another 0,45 million deaths from tuberculosis among HIV positive patients . 
[1] The increasing incidence of multidrug resistant tuberculosis is a severe threat to successful 
treatment of individual patients and means a great risk for further spread of mycobacterium 
tuberculosis strains all over the world, [2]these concerns stressing the needs for improved diagnostic 
methods, better drugs for treatment and a more effective vaccine. [3] 

The majority of the multidrug resistant tuberculosis cases originate from China and India, however 
according to WHO, the highest incidence with up to around 20% of new cases and 60% of re-
treatment cases is to be found in the countries of the former Soviet Union of Eastern Europe. [2]  

Although the tuberculosis incidence in Belarus nearly has been halved in the last decades from 
80/100000 in 1990 to 45/100000 in 2010 [4], Minsk is no exception when it comes to an increase in 
multidrug resistant tuberculosis and extensively drug-resistant tuberculosis [4].   Earlier studies 
showed that one out of two (49%) of all TB infected patients in Minsk city were infected with a 
multidrug resistant tuberculosis strain. [2] When compared with Sweden where there was 
6.26/100000 cases of M. tuberculosis in 2011 and only 2.8% of these cases are multidrug resistant 
tuberculosis, it is easy to understand that the situation in Belarus, Minsk is serious. [5] 



The high levels of multidrug resistant tuberculosis in Minsk city indicates on serious troubles in 
treatment organization and control in Minsk as well as the entire Belarus. [4] It has been speculated 
that the turbulence that appeared as a result of the disintegration of the Union of the Soviet Socialist 
Republics in 1991 may be an important factor for the emergence of the drug-resistant epidemic. The 
economic crises led to interruptions in drug supply and an overall impairment of the health sector. 
There was also a lack of standardized treatment regimens [6]and an increase in previously unseen 
social problem and poverty. [4] 

In this study, isolates from culture-verified cases of pulmonary multidrug resistant tuberculosis 
collected in Minsk city, was sent for molecular characterization to SMI in Stockholm.  The 
characterization was carried out by spoligotyping to identify the different geno-families and clusters 
of the studied tuberculosis strains and sequencing of the pncA gene to find if these methods could be 
used as molecular markers in epidemiological studies. It could also be interesting to see if mutations 
that may cause the Pyrazinamide resistance and if different strains shared the same mutations to 
determine any occurrence of clonal spread in Minsk, Belarus. 

It is known that there are certain clones of the M. tuberculosis strains that are responsible for a 
significant proportion of the resistance problem in Eastern Europe as well as Belarus. Most of these 
clones belong to the Beijing family [2]. Up until now, the Beijing genotype has been studied most 
extensively and it was first described in 1995.[3] Members of the Beijing family of M. tuberculosis 
constitute a relatively homogenous group of bacteria [7] and are genetically highly conserved, which 
suggests that the spread of the Beijing strains started relatively recently. [3] 

Pyrazinamide (PZA) is one of the most important first-line, anti-tuberculosis drugs in the treatment of 
multi drug resistant tuberculosis (MDRTB) [8]. Pyrazinamide is bactericidal to the semidormant form 
of M. tuberculosis and plays an important role for a shorter therapy period since PZA appears to kill 
up to 95% of the semidormant bacteria that is persisting in the low pH environment. [9]  
Pyrazinamide as an inactive prodrug is hydrolyzed to a toxic acid called pyrazionic acid (POA) by 
Pyrazinamidase, an enzyme that is expressed by mycobacterium tuberculosis. [8] 

It has been suggested that presence of POA may cause a pH reduction that would have a non-specific 
inhibitory effect of the cell metabolism of M. tuberculosis.[10, 11] Studies has also indicated that 
there may be a disruption of the membrane potential of M. tuberculosis that affects the transport 
during acidic conditions.[9] 

Pyrazinamidase is a non-essential enzyme encoded by de gene pncA. Mutations in the pncA gene 
generally cause a loss or a decrease in the function of Pyrazinamidase and are an important 
mechanism for PZA resistance in mycobacterium tuberculosis.[8] 

It has been reported previously that it is a correlation between PZA resistance and mutations in the 
pncA gene as well as a great diversity of mutation has been found, including deletions, insertions and 
missense mutations.[8]  The mutations may occur all over the pncA gene as well as the regulatory 
promoter region. [9] Even though mutations in the pncA gene seem to be the major mechanism for 
PZA resistance there is a significant amount of samples that seem resistant in tests but don’t have 
any mutations in the pncA gene. This may suggest that there is a second resistance mechanism [8], or 
indicate on inadequate conditions during the PZA resistance testing of M. tuberculosis. The method 



used for PZA resistance testing is very vulnerable and may during slightly changed conditions give a 
false negative response and strains that seem resistant, may not always be. [12] 

The second method that was used in the study was spacer oligonucleotide typing or “spoligotyping”. 
Spoligotyping is a relatively easy method that is based on detection of DNA polymorphism in the 
direct repeat region (DR). [7] This region in the genome of M. tuberculosis has a unique structure that 
is interspersed with by DNA spacers of 35-41bp in length.  The number and presence of these 
particular spacer sequences may vary a lot between different strains. [13] The difference in the 
number of the spacers is due to the evolution and probably by homologous recombination. [14] To 
visualize this DNA polymorphism in the DR region of M. tuberculosis the region and the different 
spacers are amplified with PCR. The primers are complementary to the DR region and the reverse 
primer is also labeled with biotin so that all of the PCR products would be biotin-labeled for 
detection. [7] 

Based on the spacer of the H3R7v strain and the BCG vaccine P3 strain, 43 oligonucleotides are used 
for the hybridization. The oligonucleotides are covalently linked to a membrane in parallel lines. The 
denatured PCR-products are loaded and hybridized to the oligonucleotides on the membrane with 
buffer between each sample with the help of a mini-blot.  [7] After the hybridization, unbound PCR-
products are removed and to detect the biotin-labeled bound product [14], streptavidine-preoxidase 
conjugate is added to the membrane and the chemilumescense that comes as a result from the 
reaction is detected on film. [7] 

Spoligotyping as a method has many advantages, besides that it is easy to perform; it is also a cheap 
and fast process. [7] It can be used for epidemiological typing of M. tuberculosis as a complement to 
restriction fragment length polymorphism (RFLP) when the isolates have less than five IS6110 copies. 
Spoligotyping as a method is also easier to perform, faster and less expensive than RFLP.[13] Since 
spoligotyping was introduced more than ten years ago tens of thousands isolates have been 
analyzed. That gives us a global picture of the M. tuberculosis strains and makes it possible to 
compare the gained results with existing references. [14] The database SITVIT2 (http://www.pasteur-
guadeloupe.fr:8081/SITVITDemo) is used to recognize tuberculosis strains by utilizing spoligotype 
reference matching. [15] An updated version of this database contains 60.000 spoligotype patterns 
distributed to 2300 shared types.  [16] 
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Methods and material: 

pnc A 

The DNA was already extracted when the laboratory work was started. A master mix for a 
Polymerase Chain Reaction was prepared according to table 1 in a pre-PCR area. 

Table 1: Master Mix for pncA PCR reaction  

Volume Substance  Final concentration 
2 µL MgCl2 solution 25mM Applied Biosystems 2mM 

2.5 µL 10*Buffer Applied Biosystems 1*buffer 
0.5 µL Frw-primer: PncAF3 5’-

AAGGCCGCGATGACACCTCT-3’ 10µM 
0,02µM 

0.5 µL Rev-primer: PncAR4 5’-
GTGTCGGAGAAGCGGCCGAT-3’ 10µM 

0,02µM 

2 µL dNTP 10mM Applied Biosystems 8µM 
0.1 µL Amplitaq gold 5U/µl Applied Biosystems 0.5U 

16.4 µL Milliq Water  
 

23µl of the master mix was then portioned into each well in a 96 well plate and 2µL of each DNA 
sample was added to the master mix filled wells. Mq water was used as a negative control and H37Rv 
was added as a positive control. The 96-well plate was then covered whit a plastic lid and the order 
of the loaded DNA samples as well as the location of the positive and negative control was noted 
carefully.  

The closed plate with the total volume of 25µL in each well was brought to the fast PCR machine that 
was programmed to perform a general PCR according to table 2: 

Table: PCR schedule for pncA 

Reaction step Temperature (°C) Time Cycles 
Initial denaturation 95 10min 1 

Denaturation 95 40s *35 
Annealing 58 40s *35 
Elongation 72 1.5min *35 

Final elongation 72 4min 1 
 4 ∞ 1 

 

The result from the PCR was controlled on a gel (1g sepharose to 100ml TBE-buffer) containing gel-
red nucleic acid stain (Biotioum) to visualize the DNA. 2µL of 6xtri-trax loading dye (Fermentas) was 
mixed with 6µL of PCR-product and then loaded on the gel. Direct load wide range DNA marker 
(Sigma) was loaded at each end of the gel to facilitate the later analyze of the gel. The gel was 
running with TBE buffer and an electric voltage of 120v for 25 to 30 minutes. The DNA fragments on 
the gel were afterwards visualized with UV-light. 



The samples that maintained an adequate PCR product were then prepared for the cycle seq 
sequencing step. These PCR products had to be purified to make sure that remaining primers and 
nucleotides were removed before sequencing. That was performed with a mixture of 1 part FastAP 
thermo sensitive alkaline phosphatase( Fermentas (1u/µL)) and 0.5 parts of Exonuclease I (Fermentas 
(20u/µL)). 15µL of PCR product was transferred to a new well plate and 4.5µL of the 
exonuclease/alkaline phosphatase mix was added to each well. The mixture was then heated to 37°C 
for 15 minutes to activate the enzyme and then heated to 80°C for 15 minutes to deactivate the 
enzyme. 

A master mix was prepared for each sample to the cycle sequence reaction step according to table 3. 

Table 3:  Master Mix for cycle Sequence reaction 

Volume Substance Concentration 
2µL Big dye terminator 3.1  
4µL 5*buffer 1*buffer 

8µL/10µL H2O  
2µL F3 10µM/P3-F 10µM 1µM 
2µL R4 10µM/P4-R 10µM 1µM 

4µL/2µL Template  
 

The sequencing step was preformed with 4 different primers for each sample to cover the whole 
pncA gene as well as 200bp upstream and downstream. The primers used were F3 (5’-
AAGGCCGCGATGACACCTCT-3’) and R4 (5’-GTGTCGGAGAAGCGGCCGAT-3’)  as well as P3-F (5’-
ATCAGCGACTACCTGGCCGA-3’) and P4-R(5’-GATTGCCGACGTGTCCAGAC-3’). The master mix was then 
portioned out in 48 wells for each mix in two 96 well plates. Afterwards the template was added 2µL 
to the wells containing master mix with primers P3-F and P4-R and 4µL to the wells containing 
master mix with primers R4 and P3.  

 The reaction was then carried out in a fast PCR-machine according to table 4. 

 

Table 4: PCR schedule for sequence reaction. 

Reaction step Temperature (°C) Time Cycles 
Initial denaturation 94 10s 1 

Denaturation 94 10s *35 
Annealing 57 5s *35 
Elongation 60 4min *35 

 4 ∞ 1 
 

Two sephadex filter plates was prepared during the PCR was running. An exact amount of sephadex 
powder was poured into the wells with special equipment and 300µL of water was added to the 
powder, the filter was left for swelling for at least three hours before the remaining water was 
centrifuged away for 5 minutes at 910xg in RT. After the PCR had finished the samples was carefully 



added to the center of each filter and the filter plates was then centrifuged once again for 5 minutes 
at 910*g in RT.  The product was collected in two 96 well plates for Sanger sequencing. 

The sequences from the four different primers were then assembled for each sample and compared 
to a reference sequence of the pncA gene (http://genolist.pasteur.fr/TubercuList/). Different 
mutations in the samples were observed and compared.  

The software that was used to assemble and compare the sequences to a reference sequence was 
CLC main workbench 6. 

Spoligotyping 

To detect DNA polymorphism in the DR region of the M. tuberculosis bacteria spoligotyping can be 
used as a complement to RFLP. The whole DR region for each sample, including DNA from M. 
tuberculosis H37Rv and M. bovis BCG as positive controls and H2O as negative control, was first 
amplified with PCR by using DRb and biotinylated  DRa primers. The master mix of each sample was 
prepared according to table 5. 

 

Table 5: Master Mix for spoligotyping PCR. 

Volume Substance Concentration 
5 µL 10xPCR buffer+MgCl2 Roche  
1µL dNTPs (2.5mM)  
4 µL Primer DRa 5’-

GGTTTTGGGTCTGACGAC-3’  
20pmol 

4 µL Primer Drb 5’-
CCGAGAGGGGACGGAAAC-3’(l) 

20pmol 

0.25µL Hot star taq, 5U/µL, Qiagen  
3 µL MgCl2  (25mM)  

16.4 µL H2O, Mol Bio grade VWR  
 

48µL of the master mix was aliquoted in a 96 well-plate 2µL of template (20ng/µL) was added. The 
PCR was programmed according to table 6. 

Table 6: PCR schedule for spoligotyping. 

Reaction step Temperature (°C) Time Cycles 
Initial denaturation 96 5min 1 

Denaturation 96 1min *27 
Annealing 55 1min *27 
Elongation 72 30s *27 

Final elongation 72 7min 1 
 4 ∞ 1 

 

For the hybridization and for washing the membrane several buffers needed to be prepared and 
incubated one day before. 10% SDS was prepared by adding 80mL of MQH2O to 8g of SDS. 



Afterwards 200mL 10xSSPE was mixed with 800mL of MQH2O to generate 2xSSPE. 2XSSPE/0.1% SDS 
was prepared by adding 2mL 10% SDS to 198ml 2xSSPE. After that, 20mL of this buffer was poured 
into a falcon tube and saved for later use in RT. The rest of the buffer was incubated in 60°C. At last, 
two buffers of2XSSPE/0. 5%SDS was prepared by adding 15mL of 10%SDS to 285ml 2xSSPE each, one 
mixture was incubated in 42°C and the other one in 60°C. The remaining 2xSSPE was saved in RT and 
used later when regenerating the membrane.  

When all of the buffers are prepared and incubated over night 20µL of the PCR product was mixed 
with 150µL of 2xSSPE/0.1%SDS buffer in an Eppendorf tube. The PCR product was then boiled for 10 
minutes and then put on ice for another 10 minutes. Afterwards the samples were centrifuged 
shortly and stored in -20 for hybridization.  

Before the hybridization, the RIVM membrane that was sent from the Netherlands was washed in 
2xSSPE/0.1%SDS for five minutes.  Tweezers was used to move the membrane and the membrane 
was placed in the miniblot. The wells were emptied from liquid with vacuum before the controls and 
the samples were loaded on the membrane with buffer between each sample.  The membrane was 
put in an incubator for hybridization in 60 minutes at 60°C. 

After the hybridization, the PCR products were removed with vacuum, and the membrane was 
transferred to and washed in a plastic box twice 2xSSPE/0.5%SDS for 10minutes at 42°C. 

The membrane was then moved to a hybridization tube. Before incubating, 5.0µL streptavidine-
peroxidase  conjugate was mixed with 20mL 2xSSPE/0.5%SDS, 42°C in a falcon tube. The mix was 
then poured into the hybridization tube and the membrane was then incubated again for 60 minutes 
at 42°C.   

Afterwards the membranes was washed twice with 150mL of 2xSSPE/0.5% SDS for 10 minutes and 
then rinsed with twice with 2xSSPE for 5 minutes. 

When the membrane was washed properly it was transferred to a plastic film and 1.4ml of ECL 
detection reagent 1 and 1.4mL of ECL detection reagent 2 was mixed and spread over the 
membrane. The membrane was then covered with the plastic film and the chemilumesense reaction 
is then visualized. If the signal is too weak or too strong, the membrane can be visualized again with 
longer or shorter exposure time 

To regenerate the membrane, it was washed by incubate it with 1%SDS twice for30 minutes. The 
membrane was also washed in a new plastic box with 20mM EDTA. The membrane is stored at 4°C in 
a closed plastic bag containing a small amount of 20mM EDTA. 

The spoligotype pattern was analyzed in Bionumerics software, and compared with the existing 
reference database SITVIT 2 to generate the different geno-families of the patient samples. 

 

 

 



 

Results: 

pncA  

A great variation of different mutations in the pncA gene was found all over the gene in the 
different strains although no mutations were found in the regulatory region. The majority of 
the mutations were missense mutation that caused alterations in the amino acid sequence 
(97.2%), but there were also a few strains that contained silent mutations that did not 
chance the amino acid as well as insertions and deletions that led to an out of frame 
sequence. Even thought there was a great variation of mutations some of the missense 
mutation seemed to occur more often than others. For example did the mutations Asp49Gly 
and Trp68Gly represent 30.9% respectively 12.6% of the total amount of samples with 
mutations (71), while other mutations occurred twice and a few, for example Thr176Pro only 
occurred once .  

Spoligotyping 

The spoligotyping was performed on 175 samples and showed a majority of strains from the 
Beijing family (35.9%) and from the T1 family (23.8%). Other lineages that was represented 
in a lower frequency was LAM9, Manu 2, H1, H3, H4, T2, T3, T4, T3_CEU1, T5, T5_RUS1,  S, 
U, BOVIS1_BCG and CAS1_DELHI. The spoligo patterns for 13.6% of the samples were not 
able to find in the SITVIT2 database and the genotype for these samples could not be 
verified. 

By usage of the information gained from the pncA analysis and the spoligotyping it is 
possible to compare the different geno-families with the different mutations in the pncA 
gene. The resistant samples that with the help of spoligotyping was found to belong to the 
Beijing family (31) had a great variation of mutations, most of these mutations like 
Leu172pro occurred in two to three of the samples, while Trp68Gly occurred in 25.8% of the 
Beijing samples that contained mutations. The mutations that were found in the T1 family 
showed almost no variation at all; 90.1% of the T1 samples had the Asp49Gly mutation and 
only two of the 22 samples that belonged to the T1 family had other mutations and different 
spoligo pattern. The spoligo patterns were exactly the same for all samples in the T1 family 
that contained the Asp49Gly mutation.  

Another geno-family that seemed to share the common mutations was LAM9. All of the 
samples with mutations had the mutation Val21Ala accept from one. In total there were only 
6 samples that had the genotype LAM9 and some more samples that showed the same 
trend would have been preferred. The majority of the samples with LAM9 genotype show 
exactly the same spoligo pattern. 



The rest of the geno-families occurred in such low frequency that it was impossible to see if 
there was any correlation between linkeage and pncA mutations.  

 

 

Fig1: Comparison of the results from both spoligotyping and pncA sequencing. 

Lineage Mutation 
 

number of samples 

    ― GAC49AAC Asp49Asn 1 
― TGG68GGG Trp68Gly 1 
― TTC94TTA Phe94Leu 1 
Beijing ACG114CCG Thr114Pro 1 
Beijing ACT176CCT Thr176Pro 1 
Beijing AGA174AGG Arg174Arg 1 
Beijing ATG1ACG Met1Thr 1 
Beijing CAC57GAC His57Asp 3 
Beijing CAT71TAT His71Tyr 1 
Beijing CTG172CCG Leu172Pro 5 
Beijing Del48-58 out of frame 1 
Beijing GAA37TAA Glu37End 1 
Beijing GAC63GGC Asp63Gly 1 
Beijing GGC150GGGC out of frame 2 
Beijing GGT16GGGT out of frame 1 
Beijing GTG139GGG Val139Gly 3 
Beijing TGC131GGTGC out of frame 1 
Beijing TGG68GGG Trp68Gly 8 
BOVIS1_BCG CAC57GAC His57Asp 1 
CAS1_DELHI CGG-124GG, TCC65TCT Ser65Ser 1 
H4 TGG119TCG Trp119Ser 1 
LAM 9 GTA21CTA,GTG130GTGGG Val21Leu, out of fram  1 
LAM 9 GTA21CTA Val21Leu 1 
LAM 9 TGC14CGC Cys14Arg 1 
LAM9 GTA21GCA Val21Ala 3 
LAM9 GTA21GCA, GAC158GGAC Val21Ala,instertion 1 
T1 DelG-5 Deletion 1 
T1 GAC49GGC Asp49Gly 21 
T1 TTC94TTA Phe94Leu 1 
T3 GAT136GAAT out of frame 1 
T5 GTA21CTA Val21Leu 1 

 

 



Discussion: 

Previously studies have revealed extremely high levels of multidrug resistant tuberculosis in 
Minsk, Belarus.[4] This drug-resistant epidemic may originate from previous economic crises 
after the disintegration of the Soviet Union that led to an impaired health sector, interrupted 
drug supplies and failures in standardizing treatment regimens. [6] There is also a correlation 
between some chronic diseases like HIV and Tuberculosis [3] as well as social problems like 
poverty, imprisonment and alcoholism.   

In this study 175 positive sputum samples from patients suffering from susceptible and 
multidrug resistant tuberculosis was analyzed. Spoligotyping was used to detect the 
different geno-families of the samples and sequencing was used to detect mutations in the 
pncA gene that could correlate with the PZA resistance. Comparison of these two methods 
may work as a new tool for epidemiological studies as well as pncA sequencing would be a 
good way to detect Pyrazinamide resistance.  

The mutations found in the different strains were insertions, deletions as well as missense 
mutations. The mutations were distributed all over the gene and had a great variability as in 
previous studies. 97.2% of the mutations led to amino acid substitutions, stop codons and 
frame shifts that may cause impairment in the protein function. Some of the samples did not 
have mutations in the pncA gene. These samples are wild type and likely susceptible to 
Pyrazinamidase.  

Some of the pncA mutations occurred in several different patient samples and one of the 
most frequent mutation were Asp49Gly [17] that occurred in 30.9% of the samples 
containing a mutation and Trp68Gly [18] that occurred in 12.6% of the samples containing 
mutations. Other mutations occurred in a fewer amount of samples or in one single sample. 
The highly diversity of mutation profile in the pncA gene is unique for all of the drug resistant 
genes in M. tuberculosis [12], that makes sequencing of the pncA gene a possible 
complement as an epidemiological marker in tuberculosis studies. 

Spoligotyping of the patient samples showed a majority of strains belonging to the Beijing 
family (35.9%). Both drug susceptible Beijing strains and drug resistant Beijing strains have 
caused substantial transmission of tuberculosis and are responsible for several outbreaks of 
multidrug resistant tuberculosis all over the world, [19] including Belarus. Another group 
that was represented in the samples was the T1 family. T1 as a group consists of several 
strains with different spoligo patterns and are more heterogeneous than the Beijing family. 
A few clusters of Lam9 were found among the samples, LAM9 is rarer and often localized to 
India and Iran. [20] 

Spoligotyping alone is not enough as an epidemiological marker for M. tuberculosis. 
Previously RFLP has been used for this purpose but Spoligotyping in combination with pncA 
sequencing may be a new and more effective method to use in epidemiological studies of 



PZA resistant tuberculosis. It has several advantages since it is inexpensive, fast and easy to 
perform and since mutations in the pncA gene is a good indicator of PZA resistance. A 
Multidrug resistant strain of M. tuberculosis with identical spoligo pattern and similar 
mutations in the pncA gene is assumed to belong to the same cluster because of the high 
diversity of mutations in the pncA gene. MIRU/vntr can be used as a complement to this 
method. 

When comparing the results from both of the methods it was possible to see a specific 
cluster of strains belonging to the T1 family. The strains had identical spoligo pattern and the 
same mutation in codon 49 (Asp49Gly). This mutation is not very common and the findings 
suggest that there is a clonal spread of this T1 strain in Minsk city and a case of primary 
resistance. This homogeneity of the T1 strain indicates on a major spread of this resistant 
strain among people in Minsk city and a serious problem in control of the disease.  

The spoligo pattern for almost every sample belonging to the Beijing-family is identical in 
this study, but this group has a great variation of pncA mutations. Some of these mutations 
can be found in several of the samples and they may be linked as a cluster even though the 
group is heterogeneous. This suggests that there is no massive spread of the same resistant 
strains as in T1 case. Instead the high variability indicates that new mutations in the Beijing-
family occur now and then. This variation of mutations in the Beijing family may due to 
problems in the medical treatment of the tuberculosis patients. Troubles in the treatment 
process may contribute to acquired resistance and new mutations after initiation of 
treatment causing relapse and further spread of the disease.  

The findings that were made regarding the Lam9 –family may suggest that there is a clonal 
spread of Lam9 in Minsk since the group was very homogenous. However the amount of 
samples belonging to the Lam9 may not be enough to be certain.  

Spoligotyping and pncA sequencing may be used as an epidemiological marker in 
retrospective and preventive cases of PZA resistant tuberculosis and as a complement to 
phenotypic methods to detect PZA resistance. It is very important to find easier and cheaper 
techniques to prevent further spread of multidrug resistant tuberculosis. The situation in 
Minsk, Belarus is still very serious and better treatment regimen is needed to inhibit 
acquired development of resistance. It is also important to discover multidrug resistant cases 
of M. tuberculosis since a diseased patient well be infectious even after initiation of 
treatment.   



Fig. 2: Spoligotyping patterns for T1 and Beijing on a membrane.
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