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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-f light (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 Microf lex 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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СРАВНЕНИЕ ТОЧНОСТИ MALDI-ToF МАСС-СПЕКТРОМЕТРИЧЕСКОЙ ИДЕНТИФИКАЦИИ 

ШТАММОВ MYCOBACTERIUM ABSCESSUS COMPLEX, ВЫДЕЛЕННЫХ НА РАЗЛИЧНЫХ 

ПИТАТЕЛЬНЫХ СРЕДАХ

Алексеев Д.В., Каргина Е.А., Кокорев Д.А., Ковалев А.М., Бородулина Е.А., Лямин А.В., Исматуллин Д.Д.

ФГБОУ ВО Самарский государственный медицинский университет Минздрава России, г. Самара, Россия

Резюме. Введение. Mycobacterium abscessus complex — одна из наиболее распространенных групп быстрорастущих 

нетуберкулезных микобактерий. Эта группа микроорганизмов все чаще становится причиной инфекций различ-

ной локализации, особенно у пациентов с муковисцидозом (МВ). Микробиологическая диагностика таких ин-

фекций при использовании матрично активированной лазерной десорбции-ионизации с времяпролетной масс-

спектрометрией (MALDI-ToF) часто затруднена из-за особенностей микобактериальных клеток, что вызывает 

необходимость оптимизации методики. Целью исследования стала оценка точности идентификации штаммов 

Mycobacterium abscessus, выделенных на универсальной хромогенной среде и на селективной среде для выделения 

Burkholderia cepacia complex (BCC). Материалы и методы. Для исследования было отобрано в общей сложности 

64 штамма Mycobacterium abscessus. Все штаммы культивировали одновременно на универсальной хромогенной 

среде и на селективной среде для выделения BCC. Идентификацию выделенных микроорганизмов проводили 

с помощью MALDI-ToF масс-спектрометрии на приборе Microflex LT. Статистическую обработку полученных ре-

зультатов проводили с использованием программы StatTech v.2.1.0. Результаты. Был проведен анализ корреляции 

между результатами идентификации и используемыми питательными средами. Анализ показал, что идентифи-

кация микобактерий, выделенных на хромогенной среде, была более точной, чем идентификация микобактерий, 

выделенных на среде для выделения BCC. Заключение. В ходе проведенного исследования было выявлено, что со-

став питательной среды влияет на точность идентификации представителей MABSc, что может учитываться при 

разработке протоколов оптимизации и повышения точности идентификации этой группы бактерий с помощью 

MALDI-ToF масс-спектрометрии. Несмотря на это, в контексте такой сложной патологии с высокой коморбидно-

стью, как МВ, учитывая универсальность исследованной нами хромогенной среды и зачастую полимикробный 

характер инфекций при МВ, рационально для первичного посева исследуемого материала использовать селектив-

ные среды, в том числе среду для выделения BCC. Однако после первичного посева микобактерии можно пере-

севать на хромогенную среду для оценки культуральных свойств и улучшения качества видовой идентификации.

Ключевые слова: Mycobacterium abscessus complex, MABSc, MALDI-ToF масс-спектрометрия, культивирование 

нетуберкулезных микобактерий, НТМ, инфекции при муковисцидозе.

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 

microorganisms 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 Löwenstein–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 MABSc 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 Löwenstein–

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 Löwenstein–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 

(α-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 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 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 [Q25; Q75], 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

Score values
Main library 

(strains number)

Mycobacteria library 
version 4.0 

(strains number)

0.000–1.699 35 25

1.700–1.999 27 37

2.000–2.999 2 2
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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]. 

Table 2. Distribution of MABSc strains, isolated 

on universal chromogenic medium, in groups 

of identification reliability

Score values
Main library 

(strains number)

Mycobacteria library 
version 4.0 

(strains number)

0.000–1.699 4 1

1.700–1.999 41 25

2.000–2.999 19 38

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 Löwenstein–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 

of a medium for the BCC isolation seems rational, 

due to the fact that its use in microbiological moni-

toring of CF patients allows to isolate several groups 

of pathogens, typical for respiratory complications 

in CF. Moore J.E. and Millar B.C. (2020) in their 

study report the possibility of using various universal 

agar media with certain growth and inhibitory addi-

tives. Nevertheless, in our opinion, the use of a uni-

versal chromogenic medium is preferable, due to its 

prevalence in microbiological practice and the ab-

sence of special conditions for its preparation [10].

Conclusion

In the study it was revealed that the nutrient me-

dium composition affects the accuracy of MABSc 

identification. It can be taken into account during 

development of protocols for optimizing and im-

proving the identification accuracy for this group 

of bacteria in case of using MALDI-ToF mass spec-

trometry. However, in the context of such a complex 

pathology with high comorbidity as CF, consider-

ing 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 identi-

fication quality.
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