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Pe3rome

BBenenme: Mycobacterium abscessus complex — oxHa u3 Haumboee
pacpoCTpaHEHHBIX TPYII OBICTPOPACTYIIMX HETYOEpKYJIE3HBIX MHKOOAKTEPHIA.
Orta rpymnna MHKPOOPTaHM3MOB BCE Yallleé CTAHOBUTCS MPUYUHON HHOEKIHi
pa3TUYHON JIOKAJM3allud, OCOOCHHO Yy MAaIHMEeHTOB ¢ MyKoBHcIuao3oMm (MB).
Mukpobuosioruueckasl JUAarHOCTHKAa TakuX WHGEKIUH NpU HKCIOIb30BaHUU
MaTPUYHO aKTUBHPOBAHHOM JIa3€pHON 1eCOpOIMN-UOHU3ALMU C BPEMSANPOJIECTHON
Mmacc-criektpomerpueii (MALDI-ToF) uacto 3arpyaHeHa u3-3a 0coOEHHOCTEH
MUKOOAKTepUAJIbHBIX KJIETOK, YTO BBI3bIBAET HEOOXOAMMOCTbh ONTHUMHU3ALUU
meToauku. llenpio wuccienoBaHMsl cTala OLIEGHKAa TOYHOCTH HACHTU(UKALMU
mTaMMoB ~ Mycobacterium  abscessus, BBIJICJICHHBIX Ha  YHUBEpPCaJIbHOU
XPOMOTEHHOM Cpejie U Ha CeJIEKTUBHOM cpeze A Beiaenenus Burkholderia cepacia
complex (BCC). MeToasl: /{151 uccieaoBaHus ObLIIO OTOOPAHO B O0IIEH CI0KHOCTH
64 mramma Mycobacterium abscessus. Bce mTamMMbl  KyJIBTHBHPOBAIU
OJIHOBPEMEHHO Ha YHUBEPCAJIBHONW XPOMOI'€HHOW CpEee M Ha CEJIEKTUBHOM Cpele
st Beigenenuss BCC. WpenTtudukanuio BBIIEIECHHBIX MHUKPOOPTaHU3MOB
npoBouiH ¢ momotibio MALDI-ToF macc-criektpomerpuu Ha mpubope Microflex
LT. Crartuctuueckyto o0O0pabOTKy IMOJYYEHHBIX pE3yJIbTaTOB MPOBOAMUIU C
ucrnonb3zoBanueM mnporpammbl StatTech v.2.1.0. Pesyabratbhl: boul npoeneH
aHAIN3 KOPPEJSAIUU MEXIY pe3yJbTaTaMu WISHTU(UKAIMU W HCIOIb3YEMbIMU
NUTATEIbHBIMU CpeaMH. AHANU3 MOKa3all, YTO HACHTUPUKALUSI MUKOOAKTEPUIA,
BBIJICJICHHBIX Ha XpPOMOT€HHOW cpefie, Oblia 0oJjiee TOUHOM, YeM UJeHTU(DUKAIUS
MUKOOAKTEepHUi, BBIJIEICHHBIX Ha cpefe i Boiaenenns BCC. 3akinwdenne: B xone
IIPOBEICHHOI'O0 MCCIIEIOBAHUSI OBbLIO BBISBJIEHO, YTO COCTAB MUTATEIbHOWU CpEibl
BIUSCT HA TOYHOCTh HAcHTHU(UKauu mnpeactaButeneii MABSc, dro moker
YUUTBIBATHCS NIPH pa3padOTKe MPOTOKOJIOB ONTUMHU3ALNUH U TIOBBIIIEHUS TOYHOCTH
uaeHTuGuUKauu 3Tol rpynnbl  Oaktepuit ¢ nomombio MALDI-ToF macc-
criekTpoMeTpur. HecMOTpsi Ha 3TO, B KOHTEKCTE TAKOW CJIOKHOW IMATOJIOTHU C

BBICOKOI KOMOpPOMAHOCTHIO, Kak M B, yunThIBas yHUBEpCAIbHOCTb UCCIEA0BAHHON



HaMH XPOMOI'€HHOM CpEeJIbl U 3a4acTyIO MOJIMMHUKPOOHBIN XapakTep MHPEKIUN Ipu
MB, panvoHaIBbHO [ NEPBUYHOIO IIOCEBA HCCIEAYEMOr0  Marepuana
WCIIOJIB30BaTh CEJIEKTMBHBIE Cpenbl, B TOM uucie cpeny s BelaeneHus BCC.
OnHako 1mocie MEepBUYHOIO IO0CEBa MHMKOOAKTEepUU MOXKHO IIepeceBaTh Ha
XPOMOTEHHYIO CpeNy Ul OLICHKH KYJIbTYPaJIbHBIX CBOMCTB U YJIIyYIIEHUs Ka4eCTBA

BUJIOBOW UJICHTU(DUKAITUH.

KmoueBbie cioBa: Mycobacterium abscessus complex, MABSc, MALDI-
ToF macc-cnekTpoMeTpus, KyJIbTUBUPOBAHHE HETYOEPKYJIE3HBIX MHUKOOAKTEPHUH,

HTM, undexnuu npu MyKOBUCITUIO3E.



Abstract

Background: Mycobacterium abscessus complex is one of the most abundant
groups of rapidly growing non-tuberculous mycobacteria that has been increasingly
more common causing infections of various localization, especially in cystic fibrosis
(CF) patients. Microbiological diagnosis of such infections in case of using matrix-
assisted laser desorption/ionization time-of-flight (MALDI-ToF) mass spectrometry
Is often complicated due to mycobacterial cell features, which requires to perform a
diagnostic optimization. The aim of the study was to evaluate the accuracy of
Mycobacterium abscessus strains identification isolated on universal chromogenic
medium and selective medium for Burkholderia cepacia complex (BCC) isolation.
Methods: Total number of 64 strains were selected for the study cultured in parallel
on universal chromogenic medium and selective medium for BCC isolation. The
identification of isolated microorganisms was carried out using the MALDI-ToF
mass spectrometry on Microflex LT device. Statistical data processing was carried
out using the StatTech program v.2.1.0. Results: The correlation analysis between
identified data and used nutrient media was carried out showing that identification
of mycobacteria isolated on chromogenic medium vs. medium for BCC isolation
was more accurate. Conclusion: The study revealed that the composition of the
nutrient medium affects the accuracy of MABSc member identification, which can
be taken into account while developing protocols for optimizing and increasing the
accuracy for this group of bacteria using MALDI-ToF mass spectrometry. Despite
this, in the context of such a complex pathology with high comorbidity as CF, taking
into account the universality of chromogenic medium we studied and often
polymicrobial nature of infections in CF, it is rational to use selective media for
primary inoculation of the studied material, including the medium for BCC isolation.
However, after the initial inoculation, mycobacteria can be subcultured on
chromogenic medium to assess cultural properties and improve the quality of species

identification.



Keywords: Mycobacterium abscessus complex, MABSc, MALDI-ToF mass
spectrometry, non-tuberculosis mycobacteria cultivation, NTM, cystic fibrosis

infections.
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1 Introduction

Non-tuberculous mycobacteria (NTM) [2] are representing a diverse group
of saprophytic bacteria that live mainly in water and soil. They are increasingly
becoming the cause of infections of various localization, especially in patients with
concomitant structural changes of the respiratory tract. For example, with cystic
fibrosis (CF). [3, 11]

Currently, in many medical centers, specializing on the treatment of CF
patients, specialists face with the most common group of rapidly growing NTM,
isolated from these patients — Mycobacterium abscessus complex (MABSc). The
prevalence of these microorganisms is associated with their morphological
features, which provide their resistance to many disinfectants. This fact causes
their frequent isolation from hospitalized patients and makes a certain contribution
to the structure of nosocomial infections [4].

MABSc along with slowly growing representatives of Mycobacterium avium
complex, prevails in the structure of NTM infections in CF patients. [6, 15].
According to the data of the «Register of patients with cystic fibrosis in the Russian
Federation» for 2021, depending on the patients age, the frequency of NTM
infections is 0.3 — 2.5%.

There are several nutrient media recommended for the isolation of CF
pathogens. NTM isolation is possible by using a selective medium for the isolation
of Burkholderia cepacia complex (BCC), which is widely used when working
with specimens from CF patients. In addition, it is possible to isolate rapidly
growing NTM during cultivation on various universal agar media, such as blood
agar with 5% defibrinated animal blood, chocolate agar or blood agar with
nalidixic acid. [1, 7, 10]

There are several approaches to determining the MABSc species, one of
which is MALDI-ToF mass spectrometry. Initially, the use of MALDI-ToF mass
spectrometry was limited to the identification of colonies, isolated on various

selective media, for example, on the Lowenstein—Jensen medium. However,
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certain publications also contain information about the possibility of applying a
widely used universal chromogenic medium. [1]

The aim of the study was to evaluate the accuracy of the MABSc
identification, depending on the nutrient media used — a universal chromogenic
medium and a selective medium for BCC isolation.

As our studies shown, when comparing the results of MABSc identification,
isolated on a Lowenstein—Jensen medium, with the MABSc identification, which
were isolated on a universal chromogenic medium, no statistically significant
differences between the results were revealed. [8] At the same time, there is no
information about the comparison of a universal chromogenic medium with a
selective medium for the BCC isolation in the context of microbiological diagnosis
in CF.

Undoubtedly, microbiological diagnosis plays an important role in the
managing with respiratory complications in CF, since airway infections are the most
common causes of death in CF patients. On the other hand, NTM are most abundant
in older groups of patients. Taking into account the improvement of the medical care
quality, the life expectancy of CF patients tends to increase. As a consequence, NTM
prevalence in the population is also increasing. Therefore, the optimization of
microbiological diagnosis (in particular, the rational use of nutrient media and
identification methods) is an extremely important task for the successful

management of infectious complications in CF. [5, 13]

2 Materials and methods

Total number of 64 MABSc strains were selected for the study. From these
strains, 56 strains were obtained from CF patients and 8 strains — from patients
with pulmonary pathology (unrelated to CF).

All strains were cultured simultaneously on a universal chromogenic
medium (HiMedia Laboratories LLC, India) and on a selective medium for the
BCC isolation (HiMedia Laboratories LLC, India). Media were incubated for 24
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hours at a temperature of 37° C, and then at 28° C in the following days of
cultivation until the appearance of visible growth, necessary for identification.

It should be noted, that all strains obtained from CF patients were isolated
during primary prolonged cultivation for up to 28 days on a medium for the BCC
isolation, while strains obtained from patients with pulmonary pathology,
unrelated to CF, were primarily isolated on a Léwenstein—Jensen medium.

The identification of isolated microorganisms was carried out using the
MALDI-ToF mass spectrometry on a Microflex LT device (Bruker Daltonik
GmbH, Germany). During identification, an extended direct application method
was used, including applying 1 ml of 70% formic acid solution to a mass
spectrometry target. After drying, a matrix for mass spectrometry (a-cyano-4-
hydroxycinnamic acid) was applied.

The assessment of the identification results was carried out using MALDI
Biotyper RTC software (Bruker Daltonik GmbH, Germany) according to the level
of coincidence coefficient (Score) from 0 to 3. The level of 0.000 — 1.699 indicated
identification of low reliability; the level of 1.700 — 1.999 indicated reliable
identification to the genus; reliable identification to the species occurred at the
level of 2,000 — 2,999 according to the manufacturer's recommendations.

During the study we perform a comparison of the results of MABSc
identification between the main spectrum library, which contains the spectra of 2
M. abscessus strains, with the library of additional NTM spectra (Mycobacteria
Library version 4.0, Bruker Daltonik GmbH, Germany), which contains 880
spectra of mycobacteria, 36 of which belong to M. abscessus.

Data grouping and calculations were performed using a Microsoft Excel
2016. Statistical processing of the obtained results was carried out using the
StatTech program v.2.1.0 (Stattech LLC, Russia). Quantitative data were checked
for compliance with the normal distribution law using the Shapiro-Wilk test. The
obtained data was evaluated using nonparametric statistical methods, due to the

non-compliance with the normal distribution law. Quantitative variables were



87  represented as the median (Me), 25th and 75th percentiles [Q25; Q75], qualitative
88 indicators — in the form of an absolute number (n) and percentages (%).
89  Mann-Whitney U-test was used for independent samples. The differences were
90 considered significant at p < 0.05.

91 This study was approved by the Bioethics Committee of the Samara State
92 Medical University with the Approval Number 196; October 31, 2018.

93 3 Results

94 At the beginning of our study, we analyzed the spectra of MABSc strains,
95 isolated on medium for BCC isolation. The results showed that in the case of using
96 the main library, for 9 (14%) strains it was not possible to determine the species
97 and generic affiliation of bacteria.

98 For the assessment of the possibility of obtaining more accurate
99 identification results, we analyzed the obtained peaks using a specialized library
100 (Mycobacteria Library, version 4.0).

101 The identified strains, isolated on the selective BCC medium, were grouped
102 according to the levels of identification reliability, which are presented in Table
103 1. As a result, species identification was detected for 2 strains both using main
104 library and extended library.

105 Similarly, we divided the Score values for strains, isolated on universal
106  chromogenic medium, into groups according to the levels of identification
107  reliability (Table 2). It was possible to perform species identification for 19
108 (29.7%) strains and 38 (59.4%) strains in the case of using the main and extended
109  versions of the library, respectively.

110 The analysis of the correlation between identification results (according to
111 the Score value) and the used nutrient medium when was also carried out (with
112 using both libraries) (Figure 1).

113 As itis shown in the figure, the analysis also revealed statistically significant
114 differences (p < 0.001). Identification of MABSc strains, isolated on a

115 chromogenic medium, in case of using the Mycobacteria Library version 4.0 was
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more accurate than identification of strains isolated on a medium for BCC
isolation.
4 Discussion

The MALDI-ToF mass spectrometry has been in service with
microbiological laboratories for quite a long period and has established itself as a
reliable tool for identifying various microorganisms, including mycobacteria. The
identification quality, during using this method, significantly depends on the
composition of microbial cell, and mycobacteria are difficult group of pathogens
in this regard.

Mycobacterial cells are complexly organized. This fact complicates the
extraction of bacterial proteins and affects the quality of the identification with
MALDI-ToF mass spectrometry. It is widely known that the outer membrane of
these cells consists of mycolic acid, arabinogalactan, glycopeptidolipids,
trehalose-6,6-dimicolate, trehalose monomicolate, trehalose polypleates and
phosphatidyl-myo-inositol dimannoside. [12] All these high-molecular and
complex organic substances cause a relatively low accuracy of identification in
case of using standard sample preparation protocols. In its turn, it caused creation
of numerous advanced protocols, for example, ultrasound exposure to cells and
special centrifugation methods. [14] However, these approaches require additional
equipment and time, which negatively affects the optimization of laboratory work.
This is due to an increased number of errors when performing additional stages in
the protocol. Consequently, it is relevant to find accurate, fast and convenient
methods for identifying such an important and complex group of microorganisms.

Undoubtedly, the accuracy of determining the microorganism species
depends, among other things, on the nutrient medium composition on which it was
cultivated. Such correlation was demonstrated in one of our previous works. [9]

In our study, we analyzed the Score values obtained during the MABSc
strains identification, after their isolation on the universal chromogenic medium

and the medium for BCC isolation. During the study, significant differences were
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obtained between the analyzed media: the chromogenic medium turned out to be
the most effective in terms of Score values.

However, due to its versatility and the possibility of non-pathogenic flora
growth, its use in the microbiological diagnosis of material isolated from CF
patients is very limited. For this reason, the use of selective media is quite relevant.

The Lowenstein—Jensen medium and the Middlebrook medium are mainly
used as selective media for the NTM isolation. However, the use of these media is
not the most optimal in terms of cost-effectiveness and accessibility. On the other
hand, the use of a medium for the BCC isolation seems rational, due to the fact
that its use in microbiological monitoring of CF patients allows to isolate several
groups of pathogens, typical for respiratory complications in CF. Moore JE and
Millar BC (2020) in their study report the possibility of using various universal
agar media with certain growth and inhibitory additives. Nevertheless, in our
opinion, the use of a universal chromogenic medium is preferable, due to its
prevalence in microbiological practice and the absence of special conditions for

its preparation. [10]
5 Conclusion

In the study it was revealed that the nutrient medium composition affects
the accuracy of MABSc identification. It can be taken into account during
development of protocols for optimizing and improving the identification
accuracy for this group of bacteria in case of using MALDI-ToF mass
spectrometry. However, in the context of such a complex pathology with high
comorbidity as CF, considering the versatility of the chromogenic medium and the
often polymicrobial nature of infections in CF, it is rational to use selective media
for the primary specimens inoculation, including a medium for the BCC isolation.
After that, it is necessary to transfer mycobacteria to a chromogenic medium to

assess cultural properties and improve the species identification quality.



TABJINLbI

Table 1. Distribution of MABSc strains, isolated on BCC medium, in groups

of identification reliability.

Score values Main library Mycobacteria
(strains number) library version 4.0

(strains number)

0,000 - 1,699 35 25

1,700 - 1,999 27 37

2,000 - 2,999 2 2




Table 2. Distribution of MABSc strains, isolated on universal chromogenic

medium, in groups of identification reliability.

Score values Main library Mycobacteria
(strains number) library version 4.0

(strains number)

0,000 - 1,699 4 1

1,700 - 1,999 41 25

2,000 - 2,999 19 38
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PUCYHKH

Figure 1. The analysis of the correlation between Score values and used
nutrient media using the main library (A) and Mycobacteria Library version 4.0 (B);

differences are statistically significant (p < 0.05).
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baok 3. MeragaHHbIe CTATHH

CPABHEHUE TOYHOCTHU MALDI-TOF MACC-CIIEKTPOMETPUYECKOM
NJAEHTUOUKAILIMN [ TAMMOB  MYCOBACTERIUM  ABSCESSUS
COMPLEX, BbIJIEJIEHHBIX HA PA3JIMYHBIX ITUTATEJIbHBIX CPEJJAX
COMPARISON OF MALDI-TOF MASS SPECTROMETRY
IDENTIFICATION ACCURACY OF MYCOBACTERIUM ABSCESSUS
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