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Abstract

In total, 1095 Mycobacterium tuberculosis clinical isolates from 282 patients with drug-resistant and 813 with drug-sensitive tuberculosis
(TB) in Poland during 2007-2011 were analysed. Seventy-one (6.5%) patients were found to have strains of Beijing genotype as defined
by spoligotyping. The majority of patients were Polish-born; among foreign-born a large proportion came from Chechnya and Vietnam.
Analysis showed strong associations between Beijing genotype infection and MDR, pre-XDR and XDR resistance, with a considerable
relative risk among new patients, suggesting that this is due to increased spread of drug-resistant strains rather than acquisition of resist-

ance during treatment.
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This is the first study on the genetic diversity, drug
resistance and population structure of Beijing-TB in
Poland. The study included a total of 1095 (~4% all bac-
teriologically confirmed cases) Mycobacterium tubercu-
losis isolates collected in 2007-2011 in the National TB
Reference Laboratory (NTRL) at the National Tubercu-
losis and Lung Diseases Research Institute in Warsaw.
Primary isolation, species identification, and drug sus-
ceptibility testing (DST) were done at regional myco-
bacteriology laboratories. The isolates were subcultured
and sent to NTRL, where confirmatory identification
and DST were performed. Available demographic data
was collected for all patients, such as age, gender, and
country of origin. Genomic DNA was obtained from
M. tuberculosis colonies on L-]J slants by the cetyltri-
methyl-ammonium bromide (CTAB) method (van
Embden etal., 1993).

All isolates were characterized by spoligotyping with
a commercially available kit (Isogen Bioscience BV,
Maarssen, The Netherlands) according to the instruc-
tions provided by the manufacturer and as described
previously (Kamerbeek et al., 1997).

The patterns obtained by spoligotyping were com-
pared by visual examination and by sorting the results
in BioNumerics software version 5.10 (Applied Maths,
Kortrijk, Belgium). The spoligotypes were also com-
pared with those contained in the international data-
base SpolDB4 (Brudey et al., 2006). The isolates of the

Beijing genotype were defined by showing hybridiza-
tion to eight or nine (absent the 37 spacer) spacers
between spacers 35 and 43, and showing the absence
of hybridization to spacers 1-34 (Kremer et al., 2004;
Mokrousov et al., 2002).

Of the 71 (6.5%) strains that were defined by spoli-
gotyping to be of the Beijing genotype, 61 (86%) had all
the characteristic spacers from 35 to 43, corresponding
to the shared type ST1, and 10 (14%) isolates lacked
spacer 37, corresponding to ST265.

Of the 1024 patients with non-Beijing strains,
1018 (99.4%) were born in Poland and 6 were (0.6%)
born abroad. Two-hundred twenty-four (21.9%) were
infected with drug-resistant (DR) (222 Polish-born,
2 foreigners) and 800 (78.1%) with drug-sensitive
(DS) strains (796 Polish-born, 4 foreigners). Of the
71 patients with Beijing strains, 42 (59.2%) were born
in Poland. Five of them (11.9%) were infected with DS
and 37 (88.1%) were infected with DR strains. Among
29 (40.8%) Beijing strains isolated from foreigners,
8 (27.6%) were DS and 21 (72.4%) were DR strains.
Among Polish-born, the majority (57.1%) of patients
with Beijing strains were in the 45-64 age group; among
foreigners the majority were in the 15-34 age group
(58.6%) (Table I).

Of the 29 patients with Beijing strains who were
foreign-born, a large proportion (93%) came from
Europe and Asia; the majority of these patients were
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Table I
Key data on patients with Beijing - TB
-1 o o
o | (o sipaemy | T8
Age group
0-14 24 (1) 10.3 (3) 56 (4)
2.4(1) 24.1(7) 11.3(8)
7.1 (3) 34.5(10) 18.3 (13)
15-24 14.3 (6) 13.8 (4) 14.1 (10)
33.3 (14) 10.3 (3) 23.9 (17)
23.8 (10) 3.5(1) 15.5 (11)
25-34
35-44
45-54 16.7 (7) 3.5(1) 11.3 (8)
55-64
65+
Sex
Male 88.1(37) 79.3 (23) 84.5 (60)
Female 11.9 (5) 20.7 (6) 15.5(11)
TB treatment history*
New patient 57.1 (24) 51.7 (15) 55.0 (39)
Previously treated 31.0 (13) 10.3 (3) 22.5(16)

* Data missing for 11 foreign-born and 5 Polish-born patients.

from Chechnya (38%) and Vietnam (24%), where the
Beijing genotype has been reported to be most preva-
lent (Merker et al., 2015). The others were from Geor-
gia, Russia, Tibet, India, Ukraine, Slovakia, one from
Africa (Nigeria) and one from North America (USA).

Altogether 282 Drug Resistant (DR) and 813 Drug
Sensitive (DS) isolates from 1095 patients were identi-
fied. The results of drug resistance testing are shown
in Table II. While 27 (38%) of the Beijing strains were
MDR, 15 (21.1%) pre-XDR and 4 (5.4%) XDR, only
59 (5.8%) of the 1024 non-Beijing strains were MDR,
16 (1.6%) pre-XDR and 14 (1.4%) were XDR during
the same period.
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Several studies have suggested an association
between young age and the Beijing genotype family (Buu
etal., 2009; Zanini et al., 2014). Although the Beijing
genotype is more common among young patients, we
did not find such a correlation in the group of Polish-
born patients (9.5%), but observed it among foreign-
born males (58.6%) (P <0.001). This suggests that the
primary reservoir of Beijing family strains in Poland
is young immigrants who came to Poland from the
East. It is possible that some of the Beijing strain infec-
tions were in fact acquired among Polish-born patients
during transmission from young and middle-aged
immigrants crossing the Polish border and seeking
employment.

An additional argument for the transmission of
tuberculosis is the observation that the majority of
patients with Beijing-TB belonged to the group of newly
diagnosed patients, both among immigrants and Polish-
born population.

Numerous molecular epidemiological studies, car-
ried out in various geographical settings, have suggested
an association between drug resistance, specifically
MDR-TB, and the Beijing genotype strain (Filliol et al.,
2002; Toungoussova et al., 2004; Drobniewski et al.,
2005; Kubica et al., 2005; Park et al., 2005; Caws et al.,
2006; Hasan et al., 2006; Victor et al., 2007; Dymova
etal., 2014; Maeda etal., 2014). Review of molecular
epidemiological data from XDR-TB strains has shown
an association between XDR-TB and the Beijing geno-
type in isolates from South Africa, Estonia, China,
Japan and Russia (Iwamoto, 2009; Dheda et al., 2010;
Casali et al., 2012).

In this study the prevalence of drug-resistance was
significantly higher (P <0.001) in Beijing strains than in
non-Beijing isolates (81.7% vs 21.9%). We found strong
associations between Beijing genotype infection and
MDR, pre-XDR and XDR resistance, with a consider-
able relative risk among new patients (P =0.02), sug-
gesting that it is increased spread of MDR-TB strains

Table IT
Proportion of patients with drug-resistant strains
% drug resistant (no. of patients with drug resistance)

K\ Any drug MDR Pre-XDR XDR
Polish-born
Beijing 42 88.1(37) 50 (21) 28.6 (12) 7.1(3)
Non-Beijing | 1018 21.8 (222) 5.8 (59) 1.6 (16) 1.4 (14)
Immigrants
Beijing 29 72.4 (21) 20.7 (6) 10.3 (3) 3.4(1)
Non-Beijing 6 33.3(2) 0(0) 0(0) 0(0)
Opverall
Beijing 71 81.7 (58) 38 (27) 21.1(15) 5.4 (4)
Non-Beijing | 1024 21.9 (224) 5.8 (59) 1.6 (16) 1.4 (14)
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rather than acquisition of MDR-TB during treatment
that defines this association.

This is the first study on Beijing-TB in the patient
population in Poland. Further molecular and epidemio-
logical analyses are required to determine the genetic
relatedness between strains and analyse possible trans-
mission of tuberculosis between patients.
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