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ABSTRACT

INTRODUCTION In 2007, Poland, the Czech Republic, and Slovakia joined the Schengen Agreement,
abolishing restrictions on people crossing the borders. Currently, these areas are places of population
movements for economic, family, and touristic reasons. This favors the transmission of infectious dis-
eases, including tuberculosis, and requires enhanced control over the spread of the source of infection
in the population of patients living in the border areas.

0BJECTIVES The aim of this study was to investigate the genetic relatedness among Mycobacterium
tuberculosis complex strains isolated from patients living in 3 border areas: Poland, the Czech Republic,
and Slovakia.

PATIENTS AND METHODS The study group consisted of 209 patients with tuberculosis diagnosed and
treated between 2007 and 2011 in health care facilities in the Silesia Province in Poland (121 patients
[58%]), Zilina in Slovakia (57 [27%]), and the Moravian—Silesian Region in the Czech Republic (31 [15%]).
Genotyping of strains was performed using spoligotyping and IS6770-Mtb1-Mtb2 polymerase chain reaction.
RESULTS Among 209 strains, 23 molecular families (clusters) were identified. Seventeen clusters were
identified as national. Six international clusters consisted of 30 strains isolated from patients of various
nationalities.

concLusions  We identified 6 potential outhreaks of tuberculosis transmission between patients of
different nationalities. The circumstances favorable to potential contacts of patients included mainly
travelling to the neighboring countries, hospital stays, and addictions. However, there was no evidence
of an epidemiological link between these patients, so it may be assumed that if they had come in con-
tact with one another, it was accidental. We observed that the greater incidence of tuberculosis on the
Polish territory did not affect the incidence in the Czech Republic or Slovakia over the analysis period.

INTRODUCTION  Tuberculosis constitutes a sig-
nificant health problem worldwide. The World

behind are the appearance of multidrug-resis-
tant tuberculosis (MDR; defined as resistance to

Health Organization (WHO) estimates that ap-
proximately one-third of the global population is
infected with Mycobacterium tuberculosis (M. tu-
berculosis) complex strains."? There are 8 to 9 mil-
lion new cases recorded each year, and the number
of deaths due to tuberculosis amounts to about 1
million people per year. Although high incidence
rates affect mainly developing countries with poor
social and economic conditions, tuberculosis is
present in everyday medical practice. The reasons

at least rifampicin and isoniazid among the first-
-line antitubercular drugs), pre-extensively drug-
-resistant tuberculosis (pre-XDR, defined as MDR
resistance in addition to resistance to any fluo-
roquinolones or at least 1 injectable second-line
drugs), and extensively drug-resistant tubercu-
losis (XDR; caused by MDR strains resistant to
any fluoroquinolones and at least 1 injectable sec-
ond-line drugs), as well as frequent coexistence
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of tuberculosis and infection with human immu-
nodeficiency virus (HIV).%5

It has been proved that about 5% to 10% of in-
fected persons who do not receive treatment for
latent tuberculosis infection will develop tubercu-
losis disease at some time in their lives. For peo-
ple whose immune systems are weak, especially
those with HIV infection, the risk of developing
tuberculosis is much higher than for people with
normal immune system function.?

The development of tuberculosis shortly after
infection is treated as the consequence of recent
transmission, whereas cases of longer periods of
mycobacteria latency are treated as reactivation.””?

Molecular epidemiology is one of the main ar-
eas in tuberculosis research that is widely used to
study the transmission epidemics and outbreaks
of tubercle bacilli. It exploits the presence of vari-
ous polymorphisms in the genome of the bacteria
that can be widely used as genetic markers. Many
DNA typing methods apply these genetic mark-
ers to differentiate various strains and to study
the evolutionary relationships between them. The
3 widely used genotyping tools to differentiate
M. tuberculosis strains are IS6110 restriction frag-
ment length polymorphism (RFLP), spacer oligo-
typing (spoligotyping), and mycobacterial inter-
spersed repeat units—variable number of tandem
repeats (MIRU-VNTR). A new prospect towards
molecular epidemiology was introduced with the
development of whole-genome sequencing and
the next-generation sequencing methods, where
the entire genome is sequenced, which not only
helps in spotting minute differences between the
various sequences but also saves time and cost.
Next-generation sequencing has also proved to be
useful in identifying single nucleotide polymor-
phisms, comparative genomics, and also various
aspects of transmission dynamics. These tech-
niques enable the identification of mycobacteri-
al strains and facilitate the study of their phylo-
genetic and evolutionary traits.

While searching for the source of infection, mo-
lecular testing supplemented with epidemiologi-
cal investigation is the only way to obtain reliable
results. If an access to information about the cir-
cumstances of contact with a potential source of
infection is not possible, such tests are frequent-
ly the only proof of transmission of tuberculosis
in the human environment.'%"

Tuberculosis spreads easily because it is trans-
mitted by droplet infection. Long-term studies
on tuberculosis transmission in the setting of
the infected individual have shown that the risk
of infection in such conditions is very high and
depends on the degree of infectivity of the index
case, duration of exposure, proximity of contacts,
and environmental factors."?

People that are the most exposed to infection
and incidence of tuberculosis are those from the
so called contacts strictly defined by the WHO.'3-15
Currently, when people from various regions of
the world have vast possibilities of moving around
and administrative borders of the states are of

smaller significance, there is a potential threat
of increased disease transmission among people
of different nationalities.

The aim of the present analysis was to evalu-
ate the transmission of tubercle bacilli between
patients living in 3 neighboring countries: Po-
land, the Czech Republic, and Slovakia. In 2007,
these countries acceded to the Schengen Agree-
ment that abolished border checks. People are
currently moving across these borders for eco-
nomic, personal, and touristic reasons. In these
areas, the lowest incidence rate of tuberculosis
(4.22/100 000) was noted in the Moravian Re-
gion in the Czech Republic; slightly higher, in
the Zilina Region in Slovakia (5.59/100000);
and the highest, in the Silesia Province in Po-
land (28.00/100000).'

PATIENTS AND METHODS The study group in-
cluded 209 patients with bacteriologically con-
firmed tuberculosis, who between the years 2007
and 2011 were diagnosed and treated in health
care centers in cross-border areas of Poland (121
patients [58%]), Slovakia (57 [27%]), and the
Czech Republic (31 [15%]). M. tuberculosis was
cultured from the following clinical material:
sputum (175 patients [84%]), bronchial wash-
ings (13 [6%]), gastric washings (9 [4%]), fluid
from the pleural cavity (6 [3%]), laryngeal swab (3
[1.5%]), urine (2 [1%]), and forearm tissue punc-
tate (1 [0.5%]).

Microbiological data about strains were ob-
tained from the laboratory staff, and informa-
tion about the patients—from the documenta-
tion collected by clinicians.

The strains were cultured on solid media: egg-
-based L-J medium, Ogawa and Sulova medi-
um, or in automated systems: BBL MGIT, isoto-
pic Bactec 460-Tb (Becton Dickinson, New Jer-
sey, United States), and colorimetric MB/BacT
(BioMerieux, Marcy I'Etoile, France). Identifica-
tion of M. tuberculosis species was performed us-
ing the niacin test and molecular method (Hain
Lifescience, Nehren, Germany). Drug-resistance
of M. tuberculosis strains was determined on fluid
and solid media in accordance with the method-
ology applied in laboratories for mycobacterium
species.!” Genotyping of strains was performed
with the use of spoligotyping and IS6110-Mtb1-
-Mtb2 polymerase chain reaction (PCR).'®'3

RESULTS Epidemiological characteristic of pa-
tients The study group comprised 148 men and
61 women. The age of patients ranged from 2 to
96 years (mean age, 58.1 years). Two age groups
predominated: 45-64 years and older than 65
years. Among 205 patients (98%), pulmonary tu-
berculosis was diagnosed; in the remaining cases
(4 [2%]), extrapulmonary type was observed: 2
subjects had tuberculosis of the urinary system,
1 patient—of soft tissues; and 1 patient—of the
lymph nodes. In the population of patients with
pulmonary tuberculosis, concomitant diseases
were as follows: in 15 patients, specific pleuritis;
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TABLE 1 Spoligotyping results for 157 Mycobacterium tuberculosis complex strains distributed among 25
spoligopatterns, examined by I1S6770-Mth1-Mth2 polymerase chain reaction

Spoligotype by the SpolDB4 database No. of strains

1. T153 48
2. H3 50 28
3. H3 99 1
4. T4 CEU1 39 8
5. H1 47 9
6. T5 68 5
1. S34 4
8. U (likelyH3) 237 4
9. T337 4
10. T5 44 4
11. T1520 3
12. LAM5 93 3
13. BOV 820 2
14, H2 2 2
15. T1_RUS2 280 2
16. U 9o 2
17. U (likelyH) 46 2
18. T11278 2
19. T252 2
20. Beijing 1 2
21. LAM9 42 2
22. H4 35 2
23. H3 511 2
24. 377777777000371 2
(not registered in SpolDB4)
25. 760007770000000 2
(not registered in SpolDB4)
total 157

in 4, specific peripheral lymph adenitis; in 1 pa-
tient, the larynx was involved; and in 1 patient,
pneumoconiosis-tuberculosis was diagnosed.

Of the whole study group, 168 patients (80%)
were diagnosed for the first time, 39 subjects
(19%) had been treated earlier, and in the case of
2 patients (1%), the data were insufficient. There
were 26 patients (12%) who came from the fami-
lies with at least 1 person with a history of tuber-
culosis, while 180 patients (86%) did not report
having such a history. In 3 patients (2%), such in-
formation has not been obtained.

Genotyping by spoligotyping At the initial stage
of the molecular analysis, genomic DNA of 209
strains underwent spoligotyping. The obtained
genetic patterns were compared with an interna-
tional spoligotype database, SpolDB4, and each
pattern was determined. We identified 77 spoli-
gotypes, and 177 strains (85%) were proved to
be registered in the database. Thirty-two strains
(15%) had new patterns, not recorded in the
worldwide register. Unique (single) patterns
were found in 52 strains (25%), and the remain-
ing 157 strains (75%) were divided into 25 clus-
ters including from 2 to 48 strains. The results of

spoligotyping and the division of strains into spe-
cific molecular families are presented in TABLES 1
and 2.

The following spoligotypes were the most com-
mon: T1 53 was identified in 48 patients (23%);
H3 50, in 28 patients (10%); H3 99, in 11 patients
(5%); H147, in 9 patients (4%), and T4 CEU1 39,
in 8 patients (4%). From 2 patients (1%), bovine
mycobacteria, BOV 820, were cultured, and in 2
patients (1%), the Beijing family strains of M. tu-
berculosis were identified.

Genotyping by 1S6110-Mtb1-Mtb2 polymerase chain
reaction Further stages of the molecular analy-
sis concentrated on 157 strains, which, as a result
of spoligotyping, constituted 25 genetic families
(clusters), whereas the strains with single geno-
types were excluded.

A genetic relationship between strains within
the families was examined using [S6110-Mtb1-
-Mtb2 PCR, by analyzing the value of the PCR
products obtained in 2 independent reactions.
The compatibility of spoligotypes and identity of
DNA profiles of the strains compared in 2 ampli-
fications decided about their belonging to 1 mo-
lecular cluster.
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TABLE 2 Spoligotyping results for 52 Mycobacterium tuberculosis complex strains presenting single spoligopatterns,
excluded from the IS6770-Mtb1-Mtb2 polymerase chain reaction analysis

Spoligotype by the SpolDB4 database Spoligotypes not registered in the SpolDB4 database

1. T1 358 1 376777760020771
2. LAM3 and S /convergent 4 2 677777776413771
3. T1120 3 677777777360771
4. T1 167 4 757377777720771
5. T2-T1373 5. 757777743760771
6. H3-T3 36 6 770000403760771
7. H3-S 914 7 770002777760771
8. T1612 8. 771347777720671
9. T1 (T4_CE1 ancestor?) 9. 775347777720661
10. T3 10. 775347777760661
1. U 1562 11. 777741007760471
12. T1 205 12. 777741777720771
13. T1 276 13. 777767757760671
14. H3 49 14, 777777700000171
15. LAM3 33 15. T77777777740171
16. H1 151 16. 777771000000031
17. T1 291 17. 771357774020771
18. H3 1238 18. 677777737760731
19. T1628 19. 776177747760431
20. H1 62 20. 777777607760771
21. EAI5 617 21. 000000000000111
22. H1 283 22. 777717000020711
23. T1 285 23. 707777777760371
24. H3 183 24, 777777400760771

25. 777774037760771

26. 740377774020771

21. 777777774720731

28. 777777400060771

Based on this criterion, the number of strains
that formed clusters was reduced from 157 to 82,
whereas the number of identified molecular fami-
lies decreased from 25 to 23 (TABLE 3). At this stage
of the analysis, molecular affinity of strains be-
longing to the following 11 spoligotypes was ex-
cluded: T3 37, T5 44 (in each 4 strains), Beijing
1, BOV 820, H2 2, T1_RUS2 280, LAM9 42, H4
35,H3 511, T11278, and T2 52 (in each 2 strains).

A subsequent stage of the study consisted in a
detailed epidemiological analysis of 82 patients.
The strains cultured from these patients were
divided among 23 genetic clusters. The isolated
strains were assigned to particular families. Thirty-
-nine (19%) strains were isolated from Polish pa-
tients, 10 strains (7%) from Czech patients, and
33 strains (23%) were cultured in Slovakia. Sev-
enteen clusters were identified as national: 10
clusters were found among the strains cultured
from Polish patients and 7 from Slovak patients.

Six clusters (A-F) included 30 strains isolated
from patients of various nationalities: 14 Slovaks,
10 Czechs, and 6 Poles, and they were determined
as international clusters (TABLE 4).

Among the population from the Czech Repub-
lic and Slovakia, 3 international clusters were

identified: A/H3 50 (8 patients from Slovakia
and 5 from the Czech Republic), D/T4_CEU1 39
(2 from Slovakia and 2 patients from the Czech
Republic), and F/H1 47 (1 from Slovakia and 1 pa-
tient from the Czech Republic). The B/T1 53 clus-
ter was common to the patients of all nationali-
ties: the strains with such a DNA profile were iso-
lated from 2 Poles, 3 Slovaks, and 1 Czech. C/T1
53 was typical of 3 patients from Poland and 1 pa-
tient from the Czech Republic. The strains with
the genetic pattern E/S 34 were isolated from 1
female patient from Poland and 1 male patient
from Slovakia.

DISCUSSION  The analysis focused on the assess-
ment of M. tuberculosis transmission between
patients living in 3 adjoining countries: Poland,
the Czech Republic, and Slovakia. Epidemiologi-
cal data were supplemented by the results of mo-
lecular tests, on the basis of which potential ep-
idemic foci were identified. Within these poten-
tial foci, the strains of identical DNA patterns
were isolated. It was assumed that the separate
groups of tuberculosis patients that expelled the
strains belonging to the same cluster reflect pos-
sible transmission.?
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TABLE 3  Results after spoligotyping and the combination of spoligotyping and the I1S6770-Mtb1-Mtb2 polymerase
chain reaction analysis

Genotyping methods No. and percentage of No. and percentage of No. of No. of strains in
strains in molecular strains presenting clusters the individual
clusters single spoligotypes cluster

spoligotyping 157 52 25 2-48

(209 strains) (75%) (25%)

spoligotyping + 82 127 23 2-10

IS6110-Mtb1-Mtb2 PCR  (39%) (61%)

(157 strains)

Abbreviations: PCR, polymerase chain reaction

TABLE 4  Selected epidemiological data about patients in international groups of tuberculosis transmission

Molecular cluster No. of strains/patients  Nationality / No. of patients Epidemiological data

A 13 Slovakia/8 7 newly detected
H3 50 Czech Republic/5 6 previously treated
1 patient — tuberculosis in
a household
2 patients — tourists
1 HIV-positive patient
B 5 Poland/2 2 previously treated
T153 Slovakia/2 3 newly detected
Czech Republic/1 3 patients — tuberculosis in
a household
2 patients — tourists
C 4 Poland/3 3 Polish patients living close to
T153 Czech Republic/1 each other
D 4 Czech Republic/2 all patients previously treated
T4 CEU1 39 Slovakia/2 2 patients — tourists
E 2 Poland/1 Polish woman — tuberculosis in
34 Slovakia/1 household
F 2 Czech Republic/1 all newly detected tourists
H1 47 Slovakia/1

36

Abbreviations: HIV, human immunodeficiency virus

The initial stage of the molecular analysis of
the strains included spoligotyping. The technique
is widely considered to be the screening meth-
od of choice in the molecular testing tuberculo-
sis epidemiology. It allows to divide M. tuberculo-
sis complex strains into 10 main genetic families
(Beijing, Beijing-like, CAS, EAI, Haarlem, LAM,
MANU, X, S, and T). The analysis conducted in 122
countries showed that the most frequent spoli-
gotypes in European countries are H, LAM, and
T.2' A high proportion of strains of these genetic
types was also observed in the present analysis:
the most frequently isolated strains in the study
population belonged to the family T (90 [43%])
and H (62 [3%]). It should be emphasized that
within the T family, the most frequent was T1 53
(48 [23%]), which, as shown by Augustynowicz-
Kope¢,? is the most common spoligotype in the
population of tuberculosis patients in Poland.

In the study population, 2 patients (Poles) with
Beijing tuberculosis were found. Although the cul-
tured strain was susceptible to antimycobacteri-
al drugs, the patient died despite treatment. In
Poland, patients with tuberculosis of the Beijing

genotype are registered each year and, although
this genotype is typical of Asian countries, this
form of tuberculosis affects more and more people
worldwide.? It is believed that it is the most viru-
lent and dangerous type, often incurable, and re-
sulting in death. It has been proved that patients
infected with Beijing mycobacteria more frequent-
ly and more rapidly develop active form of the dis-
ease, compared with patients infected with the
strains of another genotype. Mycobacteria with
this DNA profile are considered to be endemic to
the region of China, but it has been proved that
Beijing tuberculosis caused an epidemic also in
other regions of the world, mainly in the coun-
tries of the former Soviet Union. Beijing tuber-
culosis constitutes approximately 50% of cases
identified in East Asia and concerns at least 13%
of all patients with tuberculosis worldwide.?*?” In
Poland, it has been identified for the first time in
2000, in population with MDR tuberculosis. Since
then, significant changes in this group of patients
have been observed. In the studies conducted by
Koziniska et al?® between 2000 and 2004, Beijing
strains were isolated mainly from foreigners (69%
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of strains). Probably because of legal and illegal
crossing of the Polish eastern border, the influx
of immigrants from Asia (Vietnam, Kazakhstan,
and Chechnya), and failure to appropriately con-
trol the transmission of the disease, MDR Beijing
tuberculosis started to spread among the Polish
population and the proportion has been reversed:
at present, 39% of strains are isolated from for-
eigners and 61%—from Poles.?8

An interesting finding was the identification
of another mycobacteria spoligotype untypical
of Europe, namely, EAI, in 1 patient from Slova-
kia. It is the second most frequent type of tuber-
culosis, just after the Beijing family, identified in
patients from Asia and the Far East (34%), Mid-
dle East, and Central Asia (24%) and Oceania
(23%). The EAI strain was isolated from the pa-
tient coming from Asia; therefore, it may be pre-
sumed that the patient had been infected in his
country of origin.

Bovine mycobacterial, BOV 820, were iden-
tified in 2 Poles. The molecular analysis exclud-
ed the genetic relationship between the strains,
which implies that the patients were infected with
this type of tuberculosis by 2 independent and un-
identified sources. There have been numerous re-
ports of tuberculosis transmission between an-
imals and humans. It has been proved that the
transmission of the source of infection may go
in 2 directions: from humans to animals and, in-
versely, bovine tubercle bacilli may be transmitted
from animals (mainly domestic and farm ones)
to their keepers.?%30

In order to investigate the phenomenon of
transmission between patients, we applied the
2-stage molecular analysis of the strains. The re-
sults of the first stage of the study again proved
that spoligotyping is insufficient for investigat-
ing the routes of transmission of mycobacteria;
however, it should be underlined that the meth-
od has numerous advantages, such as it is per-
formed quickly, has high repeatability of the re-
sults, and big capacity (45 strains may be ana-
lyzed during 1 test). Furthermore, the method
does not require large amounts of DNA and re-
lies on genetic material isolated merely from sev-
eral bacterial cells. Another important advantage
of spoligotyping is the numeric record of molec-
ular patterns of mycobacteria (binary and octag-
onal formats) and the possibility of cataloguing
in the central database, SpolDB4.%

As mentioned above, spoligotyping identifies
main molecular families among M. tuberculosis,
but it is not an appropriate tool to examine rela-
tionships between mycobacteria belonging to 1
chain of infection transmission. In order to ana-
lyze the genome of the examined group of strains
in detail, methods having greater ability to dif-
ferentiate strains are used, usually MIRU-VNTR,
[S6110-RFLP, and gene sequencing.’? In the pres-
ent study, spoligotyping was supplemented with
1S6110-Mtb1-Mtb2 PCR, a method that has been
already described as having similar ability to dif-
ferentiate strains as MIRU-VNTR. The strength

of this method is that it is fast, fairly robust, and
easy to perform, but has significant technical lim-
itations, including the need of high-quality DNA
and therefore requiring prior culture of the iso-
lates and the determination of results based on
visual inspection of images of band patterns that
are difficult to share between laboratories.'®33:34

Increasing differentiating power of the ge-
netic methods used in the study correlated with
the reduced number of strains constituting pos-
sible epidemiological groups. In spoligotyping,
such groups were composed of 157 strains (75%),
whereas in IS6110-Mtb1-Mtb2 PCR, the number
of strains constituting potential epidemic groups
was reduced to 82 (39%). The strains isolated from
the remaining 127 patients (61%) had unique sin-
gle, not repeated, DNA profiles.

The history of the patients allowed us to es-
tablish that the study group included 27 individ-
uals with a history of close contact with the fam-
ily member with tuberculosis. Hence, it may be
presumed that the source of infection in case of
these patients was their home environment. It
is well known that a sputum-positive member of
the family poses the biggest danger to the closest
people. Such person is classified as belonging to
the first epidemiological circle that requires spe-
cial epidemiological surveillance. In their studies,
Koziniska et al*>3% have shown that transmission
of tuberculosis occurred in 89% of the families
that were under epidemiological investigation.
High rates of transmission were also observed in
numerous analyses conducted on other hermet-
ic and small populations: the homeless, residents
of social assistance homes, and hospital patients.

In the case of the remaining patients whose
cultured strains had individual DNA profiles and
who did not have a family history of tuberculo-
sis, reactivation of the past infection or trans-
mission of the strain “imported” to a given pop-
ulation from the outside should be considered.
Also, it cannot be excluded that the presence of
single genotypes may be caused by the changes in
the genome of M. tuberculosis caused by DNA re-
arrangements that resulted from treatment, an-
other host during transmission, or transforma-
tions connected with evolution.37-%

The main objective of the study was to show
whether there is transmission of tuberculosis be-
tween the populations of 3 adjoining countries.
It has to be emphasized that the study was con-
ducted in the so called third epidemiological circle,
which, according to the WHO definition, means
the population of patients who contact acciden-
tally (in bars, shops, during travel) and in whom
the index case is difficult to identify.*04!

Six (A-F) potential foci of international trans-
mission were analyzed. It included 30 patients:
14 Slovaks, 10 Czechs, and 6 Poles. Considering
the circumstances of possible contacts that could
have enabled the transmission of the infection, we
first of all considered journeys to the neighbor-
ing countries, hospital stays, and addictions (alco-
holism). There was no evidence of certain strictly
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specified circumstances of contact between the
patients; therefore, it may be assumed that they
only could have met accidentally.

As already mentioned, the molecular relation-
ship between strains could be the result of recent
transmission, but it is necessary to examine oth-
er factors causing the clustering results, especial-
ly in situations where there is no epidemiological
evidence on the link between patients.

The amount of recent transmission depends
heavily on the genotyping system applied, and
its discriminatory power determines the propor-
tion of clustered isolates. Our results have shown
the importance of a combined strategy for M. tu-
berculosis typing, in which clusters defined upon
spoligotyping would be subject to further differ-
entiation using methods with high discriminatory
power.334? Spoligotyping and [S6110-Mtb1-Mtb2
PCR produced clustering rates of 75% and 39%,
respectively. The combination of these 2 methods
provided certain and reliable evidence of the re-
lationship of the tested strains.

However, clustering of M. tuberculosis isolates
does not always represent recent transmission,
and it can also reflect the persistence of well-con-
served circulating endemic strains.*® The absence
of epidemiological data to confirm a clonal rela-
tionship among the isolates was an important
limitation of this study.

Of note are significant differences in the in-
cidence of tuberculosis in the analyzed area: the
lowest incidence rate was observed in the Mora-
vian Region in the Czech Republic; slightly high-
er, in the Zilina Region in Slovakia; and the high-
est, in the Silesia Province in Poland.'®

Numerous authors suggest that the epidemi-
ological situation in border areas is influenced
by the situation of the country with a higher in-
cidence of tuberculosis.***> However, the results
of the present study have not shown that a high-
er incidence in Poland impacted on the number
of tuberculosis cases in the border regions in the
Czech Republic or Slovakia.
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STRESZCZENIE

WPROWADZENIE W 2007 roku Polska, Czechy i Stowacja przystapity do uktadu z Schengen znoszacego
kontrolg osdb przekraczajgcych granice. Aktualnie tereny te sg miejscami przemieszczania sig ludnosci
z powodéw ekonomicznych, rodzinnych i turystycznych. Fakt ten sprzyja transmisji choréb zakaz-
nych, m.in. gruzlicy, i wymaga wzmozonej kontroli rozprzestrzeniania sig zrédta zakazenia w populacji
chorych zamieszkujgcych tereny przygraniczne.

CELE Celem pracy byto zbadanie pokrewienstw genetycznych szczepéw Mycobacterium tuberculosis
complex wyhodowanych z materiatéw klinicznych pobranych od chorych z terenéw przygranicznych
Polski, Czech i Stowaciji.

PACJENCI I METODY  Grupe badang stanowito 209 chorych na gruzlice diagnozowanych i leczonych w latach
2007-2011 w placéwkach opieki zdrowotnej na terenie wojewddztwa $laskiego w Polsce (121 chorych
[58%]), zylinskiego na Stowacji (57 [27%]) i morawsko-$laskiego w Czechach (31 [15%]). Typowanie
genetyczne szczepédw wykonywano stosujac spoligotyping i IS6110-Mtb1-Mtb2 PCR.

WYNIKI  WSréd 209 szczepow zidentyfikowano 23 rodziny molekularne (klastery). Siedemnascie kla-
steréw zidentyfikowano jako narodowe. Sze$é klasteréw migedzynarodowych utworzyto 30 szczepéw
wyizolowanych od chorych réznych narodowosci.

wnioskli W badanej populacji wskazano 6 potencjalnych ognisk transmisji gruzlicy miedzy chorymi
réznych narodowosci. Majac na uwadze okoliczno$ci kontaktu chorych, uwzgledniano przede wszyst-
kim podréze do krajéw sasiednich, pobyty w szpitalach i natogi. Nie udowodniono jednak powigzania
epidemiologicznego migdzy chorymi, zatem mozna przypuszczaé, ze ich kontakt, jesli wystapit, mégt
by¢ przypadkowy. Nie wykazano, ze wigksza zapadalno$¢ na gruzlice w Polsce miata wptyw na liczbe
zachorowan na terenie przygranicznym w Czechach czy Stowacji w czasie objetym analiza.
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