Short communications

KpaTtkue coobLieHuns

Russian Journal of Infection and Immunity = Infektsiya i immunitet
2024, vol. 14, no. 6, pp. 1227-1232

NHdekumns n uMmyHnTeT
2024, T. 14, Ne 6, c. 1227-1232

COMPARISON OF MALDI-ToF MASS 1)
SPECTROMETRY IDENTIFICATION ACCURACY sk,
OF MYCOBACTERIUM ABSCESSUS COMPLEX
STRAINS, ISOLATED ON VARIOUS NUTRIENT MEDIA

D.V. Alekseev, E.A. Kargina, D.A. Kokorev, A.M. Kovalyov, E.A. Borodulina, A.V. Lyamin,
D.D. Ismatullin

Samara State Medical University, Samara, Russian Federation

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. Materials and 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.

Key words: Mycobacterium abscessus complex, MABSc, MALDI-ToF mass spectrometry, non-tuberculosis mycobacteria cultivation,
NTM, cystic fibrosis infections.
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CPABHEHUE TOYHOCTWU MALDI-ToF MACC-CMEKTPOMETPUYECKOW UAEHTUDUKALIUN
LUTAMMOB MYCOBACTERIUM ABSCESSUS COMPLEX, BblAEJIEHHbIX HA PA3JIU4HbIX
MUTATENIbHbIX CPEOAX

Anekcees JI.B., Kapruna E.A., Kokopes JI.A., KoBanes A.M., bBoponyiuna E.A., Jlamun A.B., Ucmarynaun 0. /1.
OI'EOY BO Camapckuii eocyoapcmeentutii meduyunckuil ynugepcumem Munsdpasa Poccuu, e. Camapa, Poccus

Pestome. Bsedenue. Mycobacterium abscessus complex — onHa U3 HauboJjiee paclpoCTpaHEHHBIX TPYII OLICTPOPACTYIIIUX
HEeTYOepKYJIe3HBIX MUKOOAKTEPHii. DTa IrpyIina MUKPOOPTaHM3MOB BCE Yallle CTAHOBUTCS MPUIMHON MH(PEKITNHI pa3iny-
HOW JIOKaJIU3aluK, OCOOEHHO Y TAlIMEHTOB ¢ MyKoBUcIa030M (MB). Mukpobuonornyeckast TMarHoCTUKA TAKUX MH-
(bex1uit mpu UCTIONBH30BAHNY MATPUIHO AKTUBUPOBAHHOM JTa3ePHOI IeCOpOLIMN-NOHU3AIINY C BPEMSITTPOJIETHON Macc-
cnektpomerpueil (MALDI-ToF) yacto 3aTpynHeHa u3-3a 0COOEHHOCTE MUKOOAKTEPUATBbHBIX KJIETOK, YTO BbI3bIBAET
HEOOXOMMMOCTh ONTUMU3AINY MeTonuKU. Llenbio rccienoBanms cTaia oleHKa TOYHOCTU UACHTU(GUKAIIUY IITAMMOB
Mycobacterium abscessus, BbIIEIEHHBIX HA YHUBEPCAIBHON XPOMOTEHHOM Cpefie ¥ Ha CeJIEKTUBHOM Cpefie TSI BhIIEIeHUS
Burkholderia cepacia complex (BCC). Mamepuanvt u memoods:. J1751 uccienoBaHusi OblJI0 OTOOpaHO B 0OLIel CIOXHOCTH
64 mramMmma Mycobacterium abscessus. Bce mTaMMBbl KyJTbTUBUPOBAIN OJHOBPEMEHHO Ha YHMBEPCAJTbHOM XpOMOTEHHOMI
cpene v Ha ceneKTuBHOU cpene st BeiaeneHnst BCC. MneHtudukannio BbIIEIEHHBIX MUKPOOPTaHU3MOB MTPOBOIUIIN
¢ nomouibio MALDI-ToF macc-cniektpomerpuu Ha mpuoope Microflex LT. Ctatuctryeckyo o00padoTKy MOJTyUYeHHbIX pe-
3yJbTAaTOB ITPOBOAMIIM C MCTONb30BaHUeM Mporpammel StatTech v.2.1.0. Pe3yasmamer. bbli mpoBeneH aHAIU3 KOPPEsSLIuT
MEX]y pe3yibTaTaMu UIeHTU(MUKAIIMY U UCTIONb3YEMbIMU MTUTATEIbHBIMU CpeiaMu. AHAIU3 TIOKa3all, YTo UACHTUbU-
Kalusi MUKOOaKTepu i, BbIICICHHBIX HA XDPOMOTE€HHOM cpefie, Obl1a Oosiee TOUHOIA, YeM UIeHTU(hUKALIMS MUKOOAKTepUi,
BbIJIETICHHBIX Ha cpene 1uis BoineneHust BCC. 3axatouenue. B xoe mpoBeNeHHOTO UCCIEN0BAHNUS OBIIO BBISIBICHO, UTO CO-
CTaB MUTATEILHON CPEJbl BIUSIET HA TOUHOCTH MAeHTU(hUKau npencrauteneit MABSc, 4To MoXeT yuuThIBaThCS TIpU
pa3paboTKe MPOTOKOJIOB ONTUMU3AIIUY U TIOBBIIIEHUST TOUHOCTH UACHTU(GUKAIINY ITOI TPYTIITH OAKTEPUi C TTOMOIIBIO
MALDI-ToF macc-cnektpomerpun. HecMoTpst Ha 3T0, B KOHTEKCTE TaKOI CJI0XHOIN MaTOJIOTMU C BBICOKO KOMOPOUTHO-
CThIO, KaK M B, yunThIBasi yHMBEpCaaIbHOCTh UCCIIENOBAHHON HAMU XPOMOTE€HHOM CPEJIbl M 3a4acCTyI0 MOJTMMUKPOOHBIT
xapakTtep nHbekuii mpu M B, paiimoHaabHO 17151 IEPBUYHOTO ITOCEBa UCCIIEYeMOT0 MaTeprasia UCTOIb30BaTh CEIEKTUB-
HBIE CPeIbl, B TOM Yrcie cpeny ais Beiaenerust BCC. OqHako mocsie mepBUYHOrO TIoceBa MMKOOAKTEPUH MOXHO Iepe-
CeBaTh Ha XPOMOTEHHYIO CPENLy JIsT OLIEHKU KYJIbTYPaTbHBIX CBOICTB M YIYUILIEHUS KauecTBa BUIOBON HACHTU(DUKALIUY.

Karoueesvte caosa: Mycobacterium abscessus complex, MABSc, MALDI-ToF macc-cnekmpomempus, Kyabmuguposanue
Hemybepkyaes3nvix muxoodaxmepuii, HTM, ungexyuu npu mykogucyudose.

Introduction

Non-tuberculous mycobacteria (NTM) [2] are
representing a diverse group of saprophytic bacteria
that live mainly in water and soil. They are increas-
ingly becoming the cause of infections of various lo-
calization, especially in patients with concomitant
structural changes of the respiratory tract. For exam-
ple, 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 ab-
scessus complex (MABSc). The prevalence of these
microorganismes is associated with their morphologi-
cal features, which provide their resistance to many
disinfectants. This fact causes their frequent isolation
from hospitalized patients and makes a certain con-
tribution to the structure of nosocomial infections [4].

MABSc along with slowly growing representa-
tives of Mycobacterium avium complex, prevails
in the structure of NTM infections in CF patients [6,
15]. According to the data of the «Register of pa-
tients with cystic fibrosis in the Russian Federation»
for 2021, depending on the patients age, the frequen-
cy 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 isola-
tion 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 univer-
sal agar media, such as blood agar with 5% defibri-
nated 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 identifica-
tion of colonies, isolated on various selective media,
for example, on the Lowenstein—Jensen medium.
However, certain publications also contain informa-
tion about the possibility of applying a widely used
universal chromogenic medium [1].

The aim of the study was to evaluate the accuracy
of the MABSCc identification, depending on the nu-
trient media used — a universal chromogenic medi-
um 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,
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which were isolated on a universal chromogenic me-
dium, no statistically significant differences between
the results were revealed [8]. At the same time, there
is no information about the comparison of a univer-
sal chromogenic medium with a selective medium
for the BCC isolation in the context of microbiologi-
cal 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 improve-
ment 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 diag-
nosis (in particular, the rational use of nutrient media
and identification methods) is an extremely impor-
tant task for the successful management of infectious
complications in CF [5, 13].

Materials and methods

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

All strains were cultured simultaneously on a uni-
versal chromogenic medium (HiMedia Laboratories
LLC, India) and on a selective medium for the BCC
isolation (HiMedia Laboratories LLC, India). Media
were incubated for 24 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 Lowenstein—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
(o-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 re-
liable identification to the genus; reliable identification
to the species occurred at the level of 2.000—2.999 ac-
cording to the manufacturer’s reccommendations.

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 process-
ing 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 nonpara-
metric statistical methods, due to the non-compli-
ance with the normal distribution law. Quantitative
variables were represented as the median (Me), 25th
and 75th percentiles [Q,s; Q;5], qualitative indica-
tors — in the form of an absolute number (n) and
percentages (%). Mann—Whitney U-test was used
for independent samples. The differences were con-
sidered significant at p < 0.05.

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

Results

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

For the assessment of the possibility of obtain-
ing more accurate identification results, we ana-
lyzed the obtained peaks using a specialized library
(Mycobacteria Library, version 4.0).

The identified strains, isolated on the selective
BCC medium, were grouped according to the lev-
els of identification reliability, which are presented
in Table 1. As a result, species identification was de-
tected for 2 strains both using main library and ex-
tended library.

Similarly, we divided the Score values for strains,
isolated on universal chromogenic medium, into
groups according to the levels of identification reli-
ability (Table 2). It was possible to perform species

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

- Mycobacteria librar
Score values (Stﬂai:‘ll:‘ltlr:‘gyer) Y ve_rsion 4.0 Y
(strains number)
0.000-1.699 35 25
1.700-1.999 27 37
2.000-2.999 2 2
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Table 2. Distribution of MABSc strains, isolated
on universal chromogenic medium, in groups
of identification reliability

- Mycobacteria librar
Score values (stﬂai:yrlﬁlr;;yer) Y ve_rsion 4.0 Y
(strains number)
0.000-1.699 4 1
1.700-1.999 4 25
2.000-2.999 19 38

identification for 19 (29.7%) strains and 38 (59.4%)
strains in the case of using the main and extended
versions of the library, respectively.

The analysis of the correlation between identi-
fication results (according to the Score value) and
the used nutrient medium when was also carried out
(with using both libraries) (Fig.).

As it is shown in the figure, the analysis also re-
vealed statistically significant differences (p < 0.001).
Identification of MABSc strains, isolated on a chro-
mogenic medium, in case of using the Mycobacteria
Library version 4.0 was more accurate than iden-
tification of strains isolated on a medium for BCC
isolation.

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, includ-
ing mycobacteria. The identification quality, during
using this method, significantly depends on the com-
position of microbial cell, and mycobacteria are dif-
ficult 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 wide-
ly known that the outer membrane of these cells
consists of mycolic acid, arabinogalactan, glyco-
peptidolipids, trehalose-6,6-dimicolate, trehalose
monomicolate, trehalose polypleates and phos-
phatidyl-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 proto-
cols. In its turn, it caused creation of numerous ad-
vanced protocols, for example, ultrasound exposure
to cells and special centrifugation methods [14].

. 22
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Figure. 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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However, these approaches require additional equip-
ment and time, which negatively affects the opti-
mization of laboratory work. This is due to an in-
creased number of errors when performing addi-
tional stages in the protocol. Consequently, it is re-
levant to find accurate, fast and convenient methods
for identifying such an important and complex group
of microorganisms.

Undoubtedly, the accuracy of determining the mi-
croorganism 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 ob-
tained 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 obtained between the an-
alyzed 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 micro-
biological diagnosis of material isolated from CF pa-
tients is very limited. For this reason, the use of selec-
tive media is quite relevant.

The Lowenstein—Jensen medium and the Middle-
brook 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-effec-
tiveness and accessibility. On the other hand, the use
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