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LECTURES, NEW TRENDS IN MEDICAL SCIENCE

ABSTRACT

Background. The study of the lower respiratory tract microbiome has been actively
developed in recent years with the help of whole genome sequencing (WGS) methods.
Due to this, it became clear that the nature of the lungs microbiota is very different
from other microbial communities inhabiting the human body. One of the import-
ant directions in the study of pathological lungs biocenosis is the study of the role
of the satellite microbiota of the tuberculosis focus.

The aim of the work. To isolate and characterize oxygen-tolerant anaerobes
from the necrotic contents of tuberculomas.

Materials and methods. Biopsy material from 5 patients with pulmonary tuber-
culosis was obtained during a planned surgical treatment of tuberculoma. A pure
culture was isolated from one sample during anaerobic cultivation. Lipase activity
of strain was determined by plating on brain heart infusion agar (HIMEDIA, India)
supplemented with 0.1 % Tween-80 and 10 mM of CaCl.. Antibiotic susceptibility
was determined by RAPMYCO u SLOWMYCO of TREK Diagnostic Systems (Thermo
Fisher Scientific, USA). DNA from the sediment of the broth culture was isolated
by the CTAB chloroform method. Whole genome sequencing was performed
on a DNBSeq-G400 NGS sequencer by Genomed (Russia).

Results. Based on WGS results and phylogenetic analysis, the strain was identified
as Corynebacterium kefirresidentii. The strain was characterized by high lipase activity
and resistance only to Isoniazid, Ethionamide and Trimethoprim/Sulfamethoxazolin.
Conclusion. Theisolation of a lipophilic anaerobic representative of the Corynebac-
terium tuberculostearicum species complex from a tuberculous focus indicates
a possible role of the non-tuberculous microbiota in the liquefaction of caseous
necrosis. We assumed that in some cases, favorable conditions are created inside
the tuberculous focus for the development of satellite anaerobic lipophilic microbiota.

Key words: microbiome of tuberculosis focus, tuberculoma, WGS, Corynebacterium
kefirresidentii
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and whole genome sequencing of a lipophilic anaerobic bacterium, a representative
of the species complex Corynebacterium tuberculostearicum, from a tuberculosis focus.
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PE3IOME

O6ocHosaHue. ViccnedogaHue MUKPOOUOMA HUXHUX ObixamesibHbix nymel
aKMUBHO pazeusaemcs NOC/IeOHUE HECKOJIbKO J1em 3d CHém npuMeHeHUs Memooo8
NoJsIHo2eHOMHO020 cekgeHupogaHus (WGS, whole genome sequencing). baiazodapsa
3MOMy CMasno NOHAMHO, YMO NPUPOOA MUKPOBUOMbI JIE2KUX CUTbHO OMJuYa-
emcs om Opyaux MUKpOGHbIX coobujecms, Hacenswwux meso Yesosekd. OOHUM
U3 8aXKHbIX HANPAseHUU UCc/1e008aHUA NAMOJI02U4ecKux 6UOYEeHO0308 8 J1E2KUX
A8/IAEMCA U3yyeHue posiu CamessIumHoU MUKpobuomel mybepkyné3Ho2o oyaza.
Lene pabomel. BoideneHue u xapakmepucmuka mosaepaHmMHsIX K KUCI0pooy
aHaspo60o8 u3 HeKPOMUYeCKo20 CO0ePXXUMO20 mybepKy/ToM.

Mamepuanei umemoosl. buonculiHeili Mamepuasnom 5 6osbHbix mybepKynéaom
n1é2Kux 6bls1 NoJyYeH 8 npoyecce NAIAHOBOU onepayuu No UccedeHUto my6epKy oM.
Y13 00HOo20 06pasya npu aHaspobHOM Ky/1bmugupos8aHuu bblia 8vi0esieHa Yucmas
Kynemypa.JlundsHyto akmugHoCmMes WmMamMma onpeoesisau Noce8oM Ha cepoeyHo-
mo3eoeoli azap (HIMEDIA, VInOus) c 0obasneruem 0,1 % Tween-80 u 10 MM CaCIz.
YyscmsumenbHocmb kK aHmubuomukam onpedensnace 8 RAPMYCO u SLOWMYCO
TREK Diagnostic Systems (Thermo Fisher Scientific, CLLIA). JHK u3 ocadka 6ynboH-
HoU Kynemypesi 8bidenanu CTAB-xnopogopmHeiM memodom. [1os1Ho2eHOMHoe
cekseHuposaHue ocywecmaneHo Ha NGS-cekseHamope DNBSeq-G400 komnaHueu
«[eHomeO» (Poccus).

Pesynemamel. [1o pe3ynemamam WGS uno 0aHHbIM husiozeHemu4ecko20 aHasau-
3a wmamm 6wl udeHMuguyuposar kak Corynebacterium kefirresidentii. LLimamm
Xapakmepu308aJiCA 8bICOKOU AUNA3HOU AKMUBHOCMbIO U YyCmMoUl4yu80CmMbio
MOJILKO K U3OHUA3UQY, SMUOHAMUOY U mpumMemonpumy/cynbeamemoKcasony.
3aknioyeHue. BoiOeneHue u3 mybepKyné3Ho2o o4aza unogusibHO20 aHa3poo6-
HO020 npedcmasumers 8udosozo komniekca Corynebacterium tuberculostearicum
cgudemesnibcmayem o 803MOXHOU posiu Hemy6epKynéaHol Mukpobuomsl
8 Npoyeccax pasXuxeHus Ka3eo3Ho20 HeKpo3d. Hamu sei0sueaemcs 2unomesa
0 MOM, YMO 8HyMpuU MybepKy/1E3HO20 04a2a 8 HEKOMOPbIX C/1YHasx co30armcs
671a20npusMHbIe yc08us 0718 pazsumus 8mopuyHoU aHas3po6bHOU 1UNOpUIbHOU
MUKpo6uomel.

Knroueanbie cnosa: mukpobuom mybepkynésHozo o4aza, mybepkynoma, WGS,
Corynebacterium kefirresidentii

Ona yntuposanna: Orapkos O.b., CyzpanbHuuknin A.E., Kongpatos W.I., bykuH t0.C.,
OpnogaE.A., CnHbkos B.B., KgaHoBa C.H., benbkosa H.J1., Pbiukoa J1.B., KonecHukosa J1./.
BblaeneHve n NofHOreHoOMHoe CeKBEHVPOBaHUe NNodubHOM aHaspobHON 6akTepun,
npencTaBuTens BugoBoro komnnekca Corynebacterium tuberculostearicum, u3 Ty6epky-
nésHoro ouara. Acta biomedica scientifica. 2023; 8(4): 12-19. doi: 10.29413/ABS.2023-8.4.2
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The nature of the microbiota of the lower respirato-
ry tract is very different from other microbial communi-
ties of the human body, for example, the gut microbio-
ta and even the microbiota of the upper respiratory tract
(URT), which are significantly more colonized by bacteria
compared to the lower respiratory tract (LRT). In general,
the microbiota of healthy lungs is characterized by low bi-
omass and dynamic diversity [1]. Oligotrophic living con-
ditions are created in the respiratory tract for microorgan-
isms in comparison with the rich environment of the gas-
trointestinal tract. URTs are colonized by bacterial, viral
and fungal communities, which are the main source of mi-
crobiota for the lower parts of the lungs. In healthy people,
the lung microbiota seems to consist mainly of transient mi-
croorganisms, and its composition is determined by the ba-
lance between microbial immigration and elimination [2].
Despite the transitivity of the URT microbiota, it is possible
that its composition has a protective effect against path-
ogens, preventing their penetration into the lower parts
of the lungs [2]. The expediency of maintaining low bac-
terial contamination in the deep parts of the lungs is de-
termined by the need to ensure effective gas exchange
in the alveoli [1]. Therefore, the deep sections of the lungs
have hundreds and thousands of times lower bacterial
load than the URT. The microbial biomass is only 103-10°
colony-forming units per 1 g of mammalian lung tissue
(CFU/q) [3] or approximately 2.2 x 10® bacterial genomes
per 1 cm? of the surface of human lungs [4]. For comparison,
the lower parts of the human gastrointestinal tract are in-
habited by 10''-10"2 CFU/g of tissue [5]. The microbiota
of the URT of an adult is dominated by various representa-
tives of the genera Prevotella, Veillonella, Streptococcus, Lep-
totrichia, Rothia, Neisseria, Haemophilus, Moraxella, Staphy-
lococcus, Corynebacterium, Fusobacterium, etc. [6]. Our pre-
vious studies [7] indicate that the microbiota of the tuber-
culosis focus is divided into at least 2 types of communities:
1) mycobacterial caseoma (tuberculoma), in which more
than 70 % of the genomes belong to Mycobacterium tuber-

TABLE 1
CHARACTERISTICS OF THE EXAMINED SAMPLES

culosis; 2) apolybacterial community in which the concen-
tration of Mycobacterium tuberculosis varies from 0 to 30 %.
According to our data, clinical strains of Mycobacterium tu-
berculosis are mostly unable to form biofilms [8], at the same
time, in an in vitro experiment, the causative agent of tuber-
culosis significantly increased its number in the composition
of a polymicrobial biofilm [9]. In other words, the study of
polymicrobial communities of caseous contents can shed
light on the microbial component of pathological process-
es occurring in the center of a tuberculous focus.

Granuloma (tuberculoma) was recognized as the lead-
ing pathology in pulmonary tuberculosis for more
than 100 years ago [10]. The modern definition of pulmonary
tuberculoma (caseoma) is a volumetric caseous — necrotic
formation separated from the adjacent tissue by a capsule
[11]. In the framework of this study, we postulate the hy-
pothesis that the formation of the microbiota of a tuber-
culous focus occurs due to instability, compartmentaliza-
tion and the transient nature of microbial communities
in the lungs. It should be borne in mind that the conditions
created by the patient’'s immune system in a tuberculous
focus, capsule formation and curd necrotization of the con-
tents with a predominance of lipids [12] should selectively
stimulate the development of anaerobic microorganisms ca-
pable of multiplying due to the utilization of lipids. Mycobac-
terium tuberculosis is unable to reproduce under these con-
ditions and survives in most cases in a dormant state [10].
Based on the above, the aim of this study was to isolate
and characterize oxygen-tolerant anaerobes from the ne-
crotic contents of tuberculosis.

MATERIALS AND METHODS

The study was approved by the Ethics Committee
of the «Scientific Centre for Family Health and Human
Reproduction Problems» (Protocol No. 4 dated Novem-
ber 16, 2020).

Year . . Fraction, size s
Sample # Sex of birth CT diagnosis of CT focus (mm) Calcination
2201 F 1995 Tuberculoma of the left lower lobe with destruction S6; up to 18 Yes
2202 F 1979 jl'uberf:ulo.ma of the upper lobe of the left lung in the $1; up to 21 Ves
insemination phase
2203 M 1993 jl'uber.culo.ma of the upper lobe of the right lung in the $1,2; up to 30 Ves
insemination phase
2204 F 1086 jl'uber.culo.ma of the lower lobe of the right lung in the $6; Up to 19 No
insemination phase
2208 F 1984 Tuberculoma of the lower lobe of the right lung in the $6; Up to 43 No

insemination phase

Note. (T — computed tomography.



Biopsy material from 5 patients with pulmonary tuber-
culosis was obtained during a surgical treatment of tuber-
culoma at the Irkutsk Regional Clinical Tuberculosis Hospi-
talin 2022 (Table 1).

The caseous contents of the foci were cut out
of the surgical biopsy with a sterile disposable scal-
pel in the bacteriological laboratory of a tuberculo-
sis hospital and transfered to in 5 ml of LB broth un-
der sterile vaseline oil in a volume of 1-2 g per tube. Af-
ter 2 weeks, 0.1 ml of LB-broth was sieved onto LB-agar.
The incubation of the cups was carried out in an anaer-
ostat with Anaerogaz gas-generating packages (INKO,
Russia). Isolated colonies were sown in 5 ml of LB broth
under sterile vaseline oil to accumulate biomass. Anti-
biotic sensitivity was determined using TREK Diagnos-
tic Systems (Thermo Fisher Scientific, USA) test systems:
RAPMYCO for fast-growing mycobacteria and SLOW-
MYCO for slow-growing mycobacteria, according
to the manufacturer’s protocol. The assessment of re-
sistance or sensitivity depending on the minimum in-
hibitory concentrations (MIC) was carried out in accord-
ance with international recommendations [13]. Brain
Heart Infusion Broth (HIMEDIA, India) was used as a broth
for culture breeding, incubation was performed at 37 °C
for three days in an anaerostat with Anaerogaz gas gen-
erating packages (INKO, Russia).

Lipase activity was determined by plating on Brain
Heart Infusion agar (HIMEDIA, India) supplemented
with 0.1 % Tween-80 and 10 mM of CaCI2 (final concentra-
tions). After incubation at 37 °C for three days in an anaer-
ostat with Anaerogaz gas generating packages (INKO, Rus-
sia), the cups were incubated for a day at 4 °C. The pres-
ence of exogenous lipase activity was assessed by the for-
mation of halo insoluble calcium salts of free fatty acids in
the agar thickness around the colonies. DNA from the sed-
iment of the broth culture was isolated by the CTAB chloro-
form method, as described earlier [14]. Whole genome se-
quencing was performed on a DNBSeq-G400 NGS sequencer
by Genomed (Russia). The primary genome sequences are
located at the National Center for Biotechnology Informa-
tion of the USA (NCBI), project PRINA971334.

The assembly of genomic readings into scaffolds
was carried out using the Spades v. 3.11.1 software [15].
Genomic annotation and identification of the genes en-
coding 765 rRNA and 23S rRNA of the studied strain 2204
in the assembly was carried out using the SqueezeMeta
software package [16]. The search for the nearest strains
and species of bacteria with decoded complete genom-
es was carried out using the Type (Strain) Genome Serv-
er'! using the algorithm of «xgenome wide hybridization»
of strains in silico [17]. Cassettes of 165 rRNA and 23S rRNA
genes were extracted from the complete genomes
of identified closely related strains (Corynebacterium ke-
firresidentii SB, Corynebacterium tuberculostearicum DSM,
Corynebacterium curieae c8Ua, Corynebacterium yonathi-
ae c21Ua, Corynebacterium marquesiae c19Ua) according
to information from the NCBI annotation. The 765 rRNA

T https:/tygs.dsmz.de
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and 23SrRNA gene sequences were aligned in the MAFFT
v. 7 program [18] and used to calculate genetic distanc-
es and determine the species of strain 2204 by the phy-
logenetic method (ML method; IQTREE v. 2 program [19]
with an assessment of tree topology supports by the «ul-
trafast bootstrap» method - 1000 replicas). 99 % was con-
sidered the threshold of species identity for the complete
16S rRNA gene [20].

RESULTS

Isolation and microbiological characteristics
of the culture

The search for literary sources that can help in the de-
velopment of methods for cultivating the satellite micro-
biota of the tuberculosis focus, both in Russian and in Eng-
lish language literature, has not led to any significant re-
sults. For example, the PubMed search for keywords «ca-
seum + tuberculosis + cultivation + microbiota» returned
a zero result. A search for «caseum + tuberculosis + culti-
vation» returned 20 publications, but none of them relat-
ed to this topic. Based on this, it was decided to produce
anaerobic cultivation under the most standardized condi-
tions — LB-broth under vaseline oil.

As a result of incubation for 2 weeks, pronounced
growthinaliquid LB medium was detected in one of the five
tubes in the form of turbidity of the entire thickness
and sediment on the surface of the biopsy. Sieving 0.1 ml
of all five broth cultures on LB-agar followed by incuba-
tion in an anaerostat in only one case gave visible growth
on Petri dishes.

FIG. 1.

Lipase activity of strain 2204. A halo is observed around

the bacterial growth, indicating a high lipase activity of the isolat-
ed strain.



TABLE 2

TESTING OF THE SUSCEPTIBILITY OF STRAIN 2204 TO ANTITUBERCULOSIS AND ANTIMYCOBACTERIAL DRUGS
WITH DETERMINATION OF MINIMUM INHIBITORY CONCENTRATIONS

No. Antibiotics
1 Clarithromycin
2 Rifabutin
3 Ethambutol
4 Isoniazid
5 Moxyflixacin
6 Rifampin
7 Trimethoprim/Sulfamethoxazolin
8 Amikacin
9 Linezolid
10 Ciprofloxacin
11 Streptomycin
12 Doxycicline
13 Ethionamide
14 Cefoxitin
15 Tigecyclin
16 Imipenem
17 Cefepime
18 Amoxicillin/Clavulanic acid
19 Ceftriaxon
20 Minociclin
21 Tobramicin

Note. * — expected result (there are no international standards for necessary and sufficient MIC).

As can be seen from Figure 1 and Table 2, the isolated
strain 2204 was characterized by high lipase activity and
a relatively small spectrum of resistance to first-line anti-
tuberculosis and antimicobacterial drugs.

Whole genome sequencing and species identification
of strain 2204

The primary short reads were reorganized into 6 scaf-
folds with a total length of 2,428,638 base pairs, among
which 4 gene cassettes of the ribosomal operon 76SrRNA -
ITS — 235 rRNA were found. Analysis using the algo-
rithm of «genome-wide hybridization» of strains in sili-
co for strain 2204 identified 5 of the closest reference ge-
nomes of the NCBI database: Corynebacterium kefirresiden-
tii SB; Corynebacterium tuberculostearicum DSM; Corynebac-
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MIC (png/ml) Result
0.06 Susceptibility
0.25 Susceptibility

4.0 Susceptibility
>8 Resistance
0.12 Susceptibility
0.12 Susceptibility

4/76 Resistance
1.0 Susceptibility
1.0 Susceptibility
0.12 Susceptibility
4 Susceptibility
0.25 Susceptibility

>20 Resistance
4.0 Susceptibility
0.25 Susceptibility*
2.0 Susceptibility
1.0 Susceptibility
2.0/1.0 Susceptibility
4.0 Susceptibility
1.0 Susceptibility
1.0 Susceptibility

terium curieae c8Ua; Corynebacterium yonathiae c21Ua;
Corynebacterium marquesiae c19Ua. The genome length
of strain 2204 corresponded to the genomes of closely
related strains (lengths from 2,348,605 to 2,830,499 base
pairs). The completeness of decoding the genome of strain
2204 by the presence of all necessary single-copy genes
was 99.49 %. The 165 rRNA and 23S rRNA gene sequenc-
es of all the above genomes were used for phylogenet-
ic identification of strain 2204. Fig. 2 shows the resulting
phylogenetic tree with the above-mentioned nucleotide
sequences. The shaded bush contains the tested nucleo-
tide sequence of strain 2204. The calculation of the num-
ber of nucleotide substitutions relative to the nearest taxa
showed more than 99 % identity of the strains (0.004 %
substitutions). According to the strictest criteria to date,



NZ CP067012 Corynebacterium kefirresidentii 2

NZ CP067012 Corynebacterium kefirresidentii 3
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JAKMUZ000000000.1 Corynebacterium yonathiae 1
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Cp068156 Corynebacterium tuberculostearicum 1

Cp068156 Corynebacterium tuberculostearicum 3

Qq

97

96

99

00

JAKMUY010000024.1 Corynebacterium marquesiae 1

Cp068156 Corynebacterium tuberculostearicum 4

Cp068156 Corynebacterium tuberculostearicum 2

JAKMUUQ10000017.1 Corynebacterium curieae 1

NZ CP067012 Corynebacterium kefirresidentii 1

FIG. 2.

NZ CP067012 Corynebacterium kefirresidentii 4

Phylogenetic relationships of strain 2204 with reference species. At the bottom of the nodes there are the bootstrap support values
for branching. The shaded bush contains the tested nucleotide sequence of strain 2204

99 % should be considered the threshold of species iden-
tity for the complete 76S rRNA gene [20]. Thus, the isolated
strain can be uniquely identified as a species of Corynebac-
terium kefirresidentii.

DISCUSSION

The Corynebacterium genus of gram-positive rod-
shaped bacteria belongs to the large family Corynebac-
teriaceae, was first proposed by Lehmann and Neu-
mann in 1896 and currently has 177 species, some
of which are of medical, veterinary or biotechnological in-
terest [21]. Species of this genus are widespread and po-
tentially pathogenic — primarily C. diphtheria. Corynebac-
teria are the dominant member of the human skin mi-
crobiota. Bacteria of the Corynebacterium genus account
for 30 % of the total number of bacterial inhabitants of hu-
man skin [22]. The most common skin-dwelling species
are represented by lipophilic Corynebacterium tuberculo-
stearicum, Corynebacterium kefirresidentii and Corynebac-
terium aurimucosum type E, which form a narrow species
complex [23]. It is of interest to note that for the first time,
C. tuberculostearicum was isolated from focal skin lesions
in leprosy [23]. An important feature of this group of spe-
cies is the lack of the ability to biosynthesize de novo fatty
acids [24], while the ability to produce specific mycolic ac-
ids, partly similar to those produced by mycobacteria, is ob-
served. The peculiarities of lipid metabolism may explain
drug resistance to isoniazid and ethionamide (Table 2), since
this group of corynebacteria lacks the InhA gene [24, 25].
In other words, resistance to two anti-tuberculosis drugs —
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isoniazid and ethionamide - in this group of corynebacte-
ria is constitutive.

CONCLUSION

The isolation of a lipophilic anaerobic Corynebacterium
tuberculostearicum narrow species complex from a tubercu-
lous focus, together with the results of our previous studies
[7], indicates a possible role of the non-tuberculous microbi-
ota in the liquefaction of caseous necrosis. This is important
for understanding the pathological mechanisms of the for-
mation of tuberculosis foci in the late stages of infection.
We hypothesize that the formation of the microbiota of a tu-
berculous focus occurs due to instability, compartmentaliza-
tion and the transient nature of microbial communities in the
lungs. However, the conditions inside the tuberculous focus
create favorable situation for the development of a second-
ary anaerobic lipophilic microbiota. Apparently, representa-
tives of the species complex C. tuberculostearicum can play
a negative role in pathological processes inside anaerobic
tuberculoma, possibly provoking processes in the liquefac-
tion of caseous masses.
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