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Abstract. Mycobacteria belonging to Mycobacterium (M.) avium complex (MAC) and M. abscessus complex (MABSC)
are the most frequent causes of mycobacteriosis in the world. In the last few years MAC and MABSC taxonomy was
rapidly changing due to new molecular methods conveying the possibility to differentiate between species. New tech-
niques are able to identify M. chimaera that was previously recognized as M. intracellulare and also differentiate subspe-
cies of MABSC. Due to their natural habitat, non-tuberculous mycobacteria (NTM) are constantly exposed to various
concentrations of antimicrobial drugs and other chemicals and consequently they had developed different mechanisms
of resistance. Macrolides and aminoglycosides are frequently used drugs to treat MAC and MABSC infections. The aim
of our nation-wide survey was to obtain information about MABSC subspecies prevalence in Slovenia and to assess
the percentage of misidentifications of M. chimaera isolates as M. intracellulare in the past. Moreover, the purpose of our
study was to reveal, which of the two species M. intracellulare or M. chimaera is clinically more relevant in Slovenia.
Further, the aim of the study was to detect mutations in erm(41), rrl and rrs genes, which are known to convey macrolide
resistance (erm(41) and rrl) and aminoglycoside resistance (rrs). One hundred and thirty-two Slovenian mycobacte-
rial isolates obtained from the National Mycobacterial Collection that belong to MAC and MABSC were analysed.
Genolype NTM-DR was used to differentiate M. intracellulare from M. chimaera and subspecies of MABSC. Our results
showed that 48% of previously identified M. intracellulare isolates were actually M. chimaera isolates and that M. absces-
sus subsp. abscessus was the most frequent subspecies of MABSC. Most of the MABSC isolates carried the inducible
macrolide resistance genes (erm(41) and rrl), however none of the isolates of MAC and MABSC had mutations in rrs
genes for aminoglycoside resistance.

Key words: nontuberculous mycobacteria, Mycobacterium abscessus, Mycobacterium avium, macrolide resistance, aminoglycoside
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PETPOCNEKTUBHbIA AHANIN3 CJIOBEHCKUX U30JIATOB MYCOBACTERIUM AVIUM COMPLEX
U MYCOBACTERIUM ABSCESSUS COMPLEX U MOJIEKYNIAPHbIA MPO®WUJIb YCTOUYNBOCTH

Tpynen C.!, ZKoauup-dosu M.!, Coapsa D.!, Crapuuy Dpbsasen M.?

! Yuusepcumemckas KAUHUKA PECRUPAMOPHBIX U aanrepeuteckux 3abonresanuil Toanuk, 2. Toanuk, Crosenus
2 liobaauckuii ynueepcumem, Jiobaana, Crogenus

Pestome. MukobakTepuu, mpuHaaiaexamue K Mycobacterium avium complex (MAC) u Mycobacterium abscessus comp-
lex (MABSC), sBnsitoTcsl HanboJjee YaCTBIMU IIPUIMHAMY MUKOOAaKTepro3a B MUpe. B mociaenHme HeCKOIbKO JIeT
takcoHoMuss MAC n1 MABSC 06bIcTpO MeHsach B pe3yibTaTe TMOSIBICHUS HOBBIX MOJIEKYJISIPHO-TEHETUUECKUX
METO/IOB, TIO3BOJISTIOIIMX BEISBIISATD Pa3IMIMS B IIpeieIaxX BUAA. DTO MO3BOIUIIO UACHTU(MUIINPOBATL BUI M. chimae-
ra, KOTOpbIil paHee oTHocUIU K M. intracellulare, a Takxe nuddepentimposats noasuast MABSC. Hetybepkyne3nbie
MUKOOAKTePUH SIBISIOTCS THITMYHBIMU OOMUTATEISIMU OKPYKAIOUICH cpelbl M B 3HAYUTEIBHON Mepe MOIBEPKEHEI
BO3IEHCTBUIO PA3IMYHBIX KOHIICHTPAlMil TIPOTMBOMUKPOOHBIX ITPEapaToB M APYTHX XUMUYECKUX BEIIECTB, UTO
MIPUBEJIO K Pa3BUTHUIO Pa3TUYHBIX MEXaHU3MOB MPUPOIHON PE3UCTEHTHOCTH. MaKpOIUIbl ¥ aMUHOTJIMKO3UIBI
HanoboJiee YaCcTo UCIOIb3YIOTCS A5 tedeH st uH@eKuii, BeizaBaHHBIX MAC 1 MABSC. Llenbio o011eHalMOHAIBHOTO
HcCce0BaHUS SIBJIsIach OlIeHKa pacripocTpaHeHHOCTH moasua0B MABSC B CnoBeHUHM, a TaKKe BbISIBJICHUE CTy4YaeB
OLIMOOYHON MACHTU(MUKALUY U30AITOB M. chimaera xax M. intracellulare panee. BMmecTe ¢ TeM 11eJ1b10 pabOTHI OBLIO
BBISIBUTD, KaKOW U3 ABYX BUN0OB M. intracellulare nnu M. chimaera iBNsincs KAMHUYECKU 3HAYMMBIM Ha TEPPUTOPUU
CnoBeHUHM, a TaKXe OOHaApyXeHHe MYTalluii B reHax erm(41), rrl u rrs, KOTOpbIE, KaK M3BECTHO, aCCOIMMPOBAHBI
C pa3BUTHEM YCTOMIMBOCTU K Makporuaam (erm(41) u rrl) m aMuHOTIIMKO3U Y (rrs). Hamu ObLIM TpoaHaIu3upOBaHbBI
132 nzonara MAC nu MABSC, nonydyenHslx n3 HannonanabHol KonneKuun MukoodakTepuii CroBenun. Genolype
NTM-DR ucnons3oBaicsa aiag nuddbepenunaun BunoB M. intracellulare v M. chimaera, a TaxxXe moaBuaoB MA-
BSC. Pesynbrarhl uccienoBaHus MoKa3aiu, uto 48% MU30J15TOB, paHee UAEHTU(GULMPOBAHHBIX KakK M. intracellulare,
OTHOCHUJIUCH K BUAY M. chimaera; HauOGosiee pacripocTpaHeHHBIM noaBuaoM MABSC asnsica M. abscessus subsp.
abscessus. bonpuinHcTBO U307151T0B MABSC 0061227111 reHaMU YCTOMYMBOCTHU K Makponuaam (erm (41) v rrl), onHaKo

HU onuH U3 u30a51ToB MAC 1 MABSC He BbIsSIBJIEHO MyTallMid YCTOWYMBOCTU K AMUHOTJIMKO3UY B T€HE F75.

Karoueesnle caosa: nemybdepkyresnvie mukobakmepuu, Mycobacterium abscessus, Mycobacterium avium, pe3ucmenmnocms,

MAKpoaudbl, AMUHO2AUKO3UObL, 00UEHAUUOHANbHOE UCCACA08AHUE.

Introduction
Non-tuberculous mycobacteria (NTM) are
environmental microorganisms that colonise

different surfaces and can be isolated from soil,
natural waters, air, household plumbing systems,
animals and human specimens too. They are resistant
to many disinfectants and antibiotics and therefore
many infections caused by NTM cannot be cured
with commonly used antibiotics [1]. They are causing
diseases especially among immunocompromised
patients.

Among Mpycobacterium (M.) avium complex
(MAC) there are two well known species causing
disease in humans, M. avium and M. intracellulare.
In 2004, development of more specific molecular
methods revealed a new species among MAC,
M. chimaera. Previously M. chimaera was, due
to similar phenotypic and genotypic characteristics,
misidentified as M. intracellulare. When M. chimaera
was first described in 2004 by Tortoli et al. [11]
it was estimated that it is a highly virulent species.
Afterwards results showed that M. intracelullare was
more virulent than M. chimaera (9, 11]. In MAC,
genes connected with macrolide and aminoglycoside
resistance are rr/ and rrs, respectively [6]. In 2012
M. chimaera caused two invasive infections after
cardiac surgery [8]. Afterwards more than 100 cases

of M. chimaera infections were revealed in European
countries and around the world. This opportunistic
pathogen became linked with heater-cooler units
(HCUs) used during cardiac surgeries. M. chimaera
has preferences to colonise warm, humid surfaces
where it forms biofilms and has high potential
to aerosolize. During surgeries, HCUs produce
aerosols and M. chimaera is dispersed into the air and
can colonize the patient. Due to M. chimaera’s slow-
growth, it can take even several years after surgery
to develop disease [4, 8].

Mpycobacterium abscessus, belonging to M. absces-
sus complex (MABSC), is one of the most resistant
pathogens as it possesses acquired and innate drug
resistance. In the last years, MABSC was divided
into three subspecies: M. abscessus subsp. abscessus,
M. abscessus subsp. bolletii in M. abscessus subsp.
massiliense. It is known that the three subspecies have
different resistance profiles, hence correct species
identification is clinically important. Three genes are
important for MABSC resistance: erm(41), rrl and
rrs. Gene erm(41) encodes the inducible 23S rRNA
methylase and contributes to inducible macrolide
resistance. Two erm(41) sequevars depending on the
T/C polymorphism at nucleotide 28, are present in the
MABSC population. M. abscessus subsp. abscessus and
M. abscessus subsp. bolletii harbour gene erm(41) with
a T at the nucleotide position 28 that leads to inducible
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macrolide resistance. M. abscessus subsp. massiliense
however, has due to a deletion in this region a non-
functional gene and is therefore macrolide susceptible.
Further, high level of macrolide resistance is caused
by point mutations in the peptidyl-transferase-binding
region of rr/ gene, which can be present in all three
subspecies. The macrolide antibiotic clarithromycin
was the drug of choice in last decade, and still
is for cystic fibrosis (CF) patients. Aminoglycoside
resistance is caused by single point mutations in the
rrs gene encoding 16S rRNA and is also present in all
three MABSC subspecies [2, 5].

The aim of our study was to perform a retrospective
analysis of all Slovenian MAC and MABSC isolates
with new molecular test GenolType NTM-DR, which
is known to successfully identify M. chimaera isolates
and also enables mutation identification in rrl/, rrs
and erm(41) genes [2, 4]. Our purpose was therefore
to identify how many M. chimaera isolates were
misidentified as M. intracellulare and to estimate
how many isolates are resistant to macrolides and
aminoglycosides and which mutations are prevalent
in Slovenia. Moreover, information about clinical
relevance of isolates was obtained.

Materials and Methods

In total 133 clinical isolates (obtained from 126
patients in the period from January 2007 to September
2016) from the Slovenian National Mycobacterial
Collection at the Clinic Golnik were included in our
county-wide survey. Clinical isolates were retrieved
from 70 male and 56 female patients. Fisher’s exact
test was used to statistically evaluate the data related
to clinical relevance. The threshold for statistical
significance was set at a P value of < 0.05. All isolates
were previously identified with the diagnostic test
Genolype CM/AS (Hain Lifescience, Nehren,
Germany) as MABSC (n = 31) or M. intracelullare
(n=102). The previously used test cannot differentiate
subspecies in MABSC and M. intracelullare
from the closely related species M. chimaera. All
investigated isolates were stored at —20°C on glass
beads and subcultured on Lowenstein—Jensen
medium or Middlebrook 7H10 agar plates. Total DNA

was extracted from two loops of mycobacterial cul-
ture resuspended in 0,3 mL of sterile water. Cell lysis
in the mycobacterial culture was done with incuba-
tion at 95°C for 20 minutes followed by sonication
for 15 minutes. Samples were centrifuged at maxi-
mum speed 14 000 RPM for 5 minutes. Supernatant
with the extracted DNA was used for Genolype
NTM-DR. PCR protocol and DNA hybridisation,
was done according to manufacturer instructions as
previously described [6].

Results and Discussion

In Slovenia in the last decade, the number of NTM
isolates is increasing [12]. In the period 2000—
2016 MAC and MABSC isolates were second and
seventh most frequently isolated NTM in Slovenia,
respectively. A similar trend — increasing number
of NTM’s — was noticed in other countries around
the world too [10].

Our nation-wide analysis of 102 MAC isolates
showed that 53/102 (52%) isolates belonged
to M. intracellulare and 49/102 (48%) isolates
belonged to M. chimaera. We can therefore conclude
that M. chimaera is nearly as common in our country
as M. intracellulare. Schweickert et al. [9] reported
that in Germany almost 86% of previously identified
species as M. intracelullare are actually M. chimaera.
Mok et al. [4] reported data from Ireland where 55%
of M. intracelullare isolates were misidentified and
are actually M. chimaera. Our study showed that
M. intracelullare was more often clinically relevant
than M. chimaera (29% vs. 6% of clinical isolates,
respectively). Our obtained results are concordant
with results of Schweickert et al. [9] and in contrary
with Tortoli et al. [11] who proposed M. chimaera
strains as more clinically relevant than other MAC
species.

Retrospective analysis of Slovenian MABSC
isolates from January 2007 to September 2016
showed that predominant species in our country
was M. abscessus subsp. abscessus 24/31 (77.4%),
followed by M. abscessus subsp. bolletii 4/31 (12.9%)
and M. abscessus subsp. massiliense 3/31 (9.7%). Our
results are comparable with other countries in Europe

Table. Isolates of M. abscessus complex, M. intracellulare and included in the study presented by patients
status and clinical relevance

All patients Cystic fibrosis patients
Mycobacterial species No. of all No. (%) of CR No. (%) of all No. (%) of CR
isolates isolates isolates isolates
M. abscessus subsp. abscessus 24 7(29.1) 4(16.7) 4(16.7)
M. abscessus subsp. massiliense 4 0 0 0
M. abscessus subsp. bolletii 3 1(33.3) 0 0
M. intracellulare 53 15 (28.3)* 0 0
M. chimaera 49 3(6.1)* 3(6.1) 0]
Total 133 26 (19.5) 7(5.2) 4(57.1)

P values obtained following Fisher exact test are indicated by asterisks as follows: * P < 0.05; CR: clinically relevant
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and in US, where M. abscessus subsp. abscessus
represents around 45—65% of all MABSC isolates
[7, 13]. Meanwhile in East Asia, the percentage
of MABSC isolates is much higher among all NTM
isolates. Furthermore, Asian countries also report
M. abscessus subsp. abscessus as frequently isolated
as M. abscessus subsp. massiliense [3] Our hypothesis
was also that M. abscessus subsp. bolletii is rarest
subspecies among MABSC in Slovenia, which would
be concordant with results yielded in other studies
[3, 7, 13]. Our hypothesis failed, but the number
of samples was relatively small so in future more
isolates will be need to be tested to confirm it.

Molecular analysis of resistance genes in MABSC
showed that all 4/4 (100%) M. abscessus subsp. bolletiii
and 22/24 (92%) M. abscessus subsp. abscessus had
the T polymorphism at position 28 in erm(41) gene,
which leads to inducible resistance to macrolides. All
3/3 (100%) M. abscessus subsp. massiliense isolates
also had the T polymorphism in erm(41) gene but due
to deletion in this gene, isolates did not show inducible
resistance to macrolides. No isolate of MABSC had
a point mutation in rr/ gene or in rrs gene. Thus, it can
be concluded that high percentage of MABSC isolates
can develop inducible macrolide resistance but high-
level macrolide resistance is not present at the moment.
None of Slovenian MABSC isolates from the study had
aminoglycoside resistance.
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Also in MAC isolates no mutation in rr/ nor rrs
gene was detected. Based on this observation it can
be concluded that all analysed MAC isolates were
sensitive to both, macrolides and aminoglycosides
with molecular methods.

Slovenian M. intracellulare isolates were found
to be statistically significantly more clinical relevant
than M. chimaera. None of M. intracellulare isolates
was obtained from CF patient specimens. On the other
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CF patient specimens, but were not clinically relevant.
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To sum up, in Slovenia the number of MABSC
isolates is slowly increasing, with M. abscessus
subsp. abscessus being predominant subspecies.
M. abscessus subsp. abscessus subspecies is the only
subspecies isolated from specimens from patients
with CF. Our MABSC isolates have high proportion
of inducible resistance to macrolides. This fact needs
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