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Summary
Background. Tuberculosis is a highly contagious disease affecting humans and animals. It
is caused by mycobacteria that are part of the Mycobacterium tuberculosis complex (MTBC).
The etiological agent causing bovine tuberculosis is mycobacteria bovis: Mycobacterium bovis
and Mycobacterium caprae. According to the World Health Organization bovine tuberculosis is
classified as direct zoonosis.
Material and methods. The study material consisted of 129 MTBC strains isolated from
Polish cattle, which were microbiologically analyzed. The resistance phenotype was tested for
first-line anti-tuberculosis drugs used in the treatment of tuberculosis in humans. The drugs
included streptomycin, isoniazid, rifampicin, ethambutol, and pyrazinamide. The MTBC strains
tested in this study were isolated from cattle tissue post mortem so that the determination of
drug resistance could meet only the epidemiological criterion.
Results. Polish strains of mycobacteria bovis have not acquired environmental resistance
despite the huge dynamics of changes in the phenotype of mycobacterial tuberculosis
resistance. Strains classified as M. bovis are characterized by natural resistance to PZA, which
is typical of this species.
Conclusions. Drug resistance imposes the use of additional drugs. Drugs that are less effective
than the basic drugs, drugs causing side effects more frequently and drugs that are much more
expensive.
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Streszczenie
Wprowadzenie. Gruzlica jest wysoce zakazng chorobg ludzi i zwierzat, ktéra powodujg prat-
ki wchodzace w sktad kompleksu Mycobacterium tuberculosis (MTBC). Czynnikiem etiologicz-
nym gruzlicy bydlecej sa pratki bydlece: Mycobacterium bovis i Mycobacterium caprae. Zgodnie
z klasyfikacjg Swiatowej Organizacji Zdrowia, gruzlica typu bydlecego zaliczana jest do zoonoz
bezposrednich.
Material i metody. W pracy poddano analizie mikrobiologicznej 129 szczepéw MTBC wyizolo-
wanych od bydta w Polsce. Fenotyp opornosci zbadano pod katem lekéw przeciwpratkowych
pierwszej linii stosowanych w leczeniu gruzlicy u ludzi: streptomycyny, izoniazydu, rifampicy-
ny, etambutolu i pyrazynamidu. Szczepy MTBC badane w niniejszej pracy wyizolowano z tka-
nek bydta pobranych post mortem, tak ze oznaczenie lekoopornosci w tym zadaniu speinito
jedynie kryterium epidemiologiczne.
Wyniki. Polskie szczepy pratka bydlecego nie nabyty opornosci srodowiskowej. Szczepy skla-
syfikowane jako M. bovis cechuja sie charakterystyczna dla tego gatunku naturalng opornoscia
na PZA.
Whioski. Wystapienie lekoopornosci zmusza do stosowania lekéw dodatkowych, mniej sku-
tecznych niz leki podstawowe i powodujacych czesciej objawy uboczne, a jednocze$nie znacz-
nie drozszych.

Stowa kluczowe: lekoopornosé, Mycobacterium tuberculosis complex, gruzlica bydleca, zdro-
wie publiczne, leki przeciwpratkowe
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Introduction

Tuberculosis is a highly contagious disease for humans and animals. It is caused by mycobacteria that are
part of the Mycobacterium tuberculosis complex (MTBC) [1]. The etiological factor of bovine tuberculosis is
mycobacteria bovis: Mycobacterium bovis and Mycobacterium caprae [2, 3]. According to the World Health
Organization classification, bovine tuberculosis is classified as direct zoonosis in which we can observe a direct
transmission of the infectious agent from an infected vertebrate (animal) to a susceptible vertebrate, namely
a human, without the participation of indirect hosts. Due to the direction of transmission of the infectious agent,
bovine tuberculosis can be included in all types of zoonotic diseases. Anthropozonosis occurs when a disease is
transmitted from an animal to a human, but there are also known cases of zooanthroponosis when a human is
the source of the disease for an animal.

Bovine tuberculosis a disease that is eradicated by authorities. Currently, the obligation to combat this
zoonotic disease is imposed primarily by the “Veterinary Inspection Act” (Ustawa o Inspekcji Weterynaryjnej),
which regulates the obligations of veterinarians operating within the structures of the Inspection. The legal
act referring directly to the control of infectious diseases is the “Protection of Animal Health and the Control
of Infectious Animal Diseases Act” (Ustawa o ochronie zdrowia zwierzat oraz zwalczaniu choréb zakaznych
zwierzat). The most important act of Polish legislation is the Ordinance of the Minister for Agriculture and Rural
Development of November 23, 2004. This act specifies methods for combating bovine tuberculosis in Poland
as well as the different ways of dealing with the suspicion, detection, and termination of an outbreak of bovine
tuberculosis. Poland has the status of a country that is free from this zoonotic disease despite the fact that there
have been from 12 to 18 outbreaks of bovine tuberculosis each year for the last 5 years [4]. Animals that are
diagnosed with tuberculosis are not treated in most cases but removed from the herd and subjected to sanitary
slaughter. The only described case of tuberculosis treatment among animals in Poland concerned a 10-year-old
male giraffe living in the Silesian Zoological Garden in Chorzéw (Slaski Ogréd Zoologiczny w Chorzowie) [5].

The first research results on pyrazinamide resistance (PZA) among MTBC strains isolated from the tissue of
various animal species were published in Poland in 2013 [6]. So far, there has been no data on drug resistance
to other antimycobacterial drugs among mycobacteria bovis (M. bovis and M. caprae), which are the cause of
tuberculosis in animals in Poland. This study describes the phenomenon of drug resistance to streptomycin
(MS), isoniazid (INH), rifampicin (RMP), and ethambutol (EMB) for the first time - S.I.R.E.

The aim of the study is the analysis of the resistance phenotype of 129 strains of MTBC to first-line anti-
tuberculosis drugs used in the treatment of tuberculosis in humans: SM, INH, RMP, EMB, and PZA.

Material and methods

The study material consisted of 129 MTBC strains isolated from the tissue of cattle. The tissue was cultured
in the Stonebrink medium. The membership to MTBC was confirmed by means of an immunochromatographic
test, which is used to detect the MPT64 protein fraction secreted by MTBC mycobacterial cells - Identification
Test MGIT TBC®. Species identification was performed using the GenoType MTBC® test. This allowed us to
classify 98 strains as Mycobacterium bovis and 31 strains as Mycobacterium caprae.

Drug resistance to S.I.R.E. was determined utilizing Bactec MIGIT 960 and Middlebrook 7H9 liquid medium
with a concentration limit SM 1.0 pg/ml, INH 0.1 pg/ml, RMP 1.0 pg/ml and EMB 5.0 ug/ml. The apparatus
determines sensitivity by comparing fluorescence analysis in test tubes containing drugs to fluorescence in
control test tubes.

Drug resistance to PZA was determined in the Bactec 460-Tb isotopic system [7] and Middlebrook 7H12
liquid medium containing palmitic acid [14C] with pH in the range 5.9-6.0 and PZA concentration limit 100
ug/ml. Growing mycobacteria metabolized the substrate contained in the medium to 14CO,. The amount of
the produced 14CO, was directly proportional to the intensity of the mycobacterial growth in the medium.
The addition of PZA to the medium inhibited the growth of M. caprae. This phenomenon was reflected in the
decrease in the amount of 14CO, compared to the control strain, in which the amount of 14CO, and the growth
index increased systematically. In the case of resistant strains, little or no difference was observed in the growth
index between the control and the tested strain [8].

Results

In the group of 98 mycobacteria bovis strains, which were identified as M. bovis, all the strains were
susceptible to 4 primary antimycobacterial drugs: INH, RMP, SM, and EMB as well as resistant to PZA (Figure 1).
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Figure 1. The results of the drug resistance analysis for M. bovis strains to S.I.R.E. and PZA

In the group of 31 mycobacteria bovis strains identified as M. caprae, all the strains exhibited sensitivity to
PZA and 4 primary antimycobacterial drugs: INH, RMP, SM, and EMB (Figure 2).
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Figure 2. The results of the drug resistance analysis for M. caprae strains to S.I.R.E. and PZA
Discussion

The incidence of bovine tuberculosis among Europeans tends to increase compared to previous years.
Therefore, determining the resistance phenotype in MTBC strains isolated from animals to first-line anti-
tuberculosis drugs used in the treatment of tuberculosis in humans seems to be justified in the aspect of public
health. The data from 2014 concerning bovine tuberculosis in humans and included in the 2015 EFSA Report
came from 27 EU Member States (except for France) as well as Iceland, Norway, and Switzerland. 134 cases of
disease caused by M. bovis were confirmed. The highest incidence was reported in Germany - 45 cases, Great
Britain - 29 cases and Spain - 25 cases. Other cases were found in Belgium - 12, the Netherlands - 9, Ireland - 6,
Italy - 6, Switzerland - 2, and isolated cases in Austria and Finland [9]. The World Health Organization (WHO)
estimates that in countries where Tuberculosis Programs are inadequately monitored, 1% of human cases is
caused by mycobacteria bovis. To date, two cases of tuberculosis in humans caused by mycobacteria bovis have
been described in Poland. The patients came from the southern region of Poland [10]. According to the EFSA
report, the main source of M. bovis infections in humans is incorrectly pasteurized milk from infected cows.

The largest reservoir of mycobacteria bovis in Poland is sick cattle. The reservoir can also include wild
animals living in close proximity to farms [11]. The badger population in Great Britain is the largest reservoir
of mycobacteria bovis [12]. In Spain, however, the largest reservoir of mycobacteria bovis is the wild boar [13].
The transmission of mycobacteria bovis can occur on joint pastures. It can also be the result of a bite but this
happens less frequently. There was a reported case from around Cornwall (France) where a dog owner was
bitten by a badger and fell ill. The owner was diagnosed with tuberculosis caused by M. bovis. Four months later,
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her dog displayed respiratory symptoms, and a mycobacterial strain with the same molecular pattern as the in
the case of the owner was isolated from the dog’s tracheal washings [14].

Mycobacteria bovis can also cause tuberculosis in other livestock species. Mycobacteria bovis shows high
virulence in natural conditions in goats [15] pigs [16, 17], sheep [18] and cats [19], lower in horses [20] and dogs
[21]. Cattle are not very sensitive to mycobacteria, but there are known cases of M. tuberculosis infection in
cattle [22].

Multidirectional tuberculosis transmission indicates the need for close cooperation between veterinary
services and human medicine (sanitary and epidemiological supervision services). In the event of tuberculosis
in cattle, District Veterinary Officers should take into account the transmission of the disease to humans and
notify the District Sanitary and Epidemiological Station as indicated by the regulation which is in force in Poland.

The mostimportant component of modern tuberculosis control programs is the early detection of the disease
[23, 24] and properly selected TB treatment [25]. The last breakthrough in TB treatment was the discovery of
RMP in 1965 - half a century ago. The biggest problem in implementing tuberculosis control programs around
the world is the phenomenon of mycobacterial tuberculosis resistance and the lack of new drugs [26]. Drug-
resistant tuberculosis, especially its varieties MDR-TB (multidrug-resistant) and XDR-TB (extensively drug-
resistant), is a highly fatal disease. In the case of people infected with HIV, the mortality of drug-resistant TB is
90%.

Drug resistance imposes the use of additional drugs. Drugs that are less effective than the basic drugs, drugs
causing side effects more frequently and drugs that are much more expensive. The treatment of drug-resistant
TB is 100 times more costly than treatment involving the basic drugs [27].

Conclusions

The MTBC strains were isolated from cattle tissue post mortem, and the determination of drug resistance met
only the epidemiological criterion. The obtained results showed that the Polish strains of mycobacteria bovis
isolated from the animals have not acquired environmental resistance. The strains classified as M. bovis are
characterized by natural resistance to PZA, which is typical of this species.
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