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Abstract. Introduction. The gut microbiota represents the largest part of the entire human microbiome. The formation
of a stable microbiota begins at childbirth, continuing to change during life influenced by various exogenous and
hereditary factors. One of such external cues is presented by closed organized collectives, where different individuals, due
to the common way of life and nutrition, undergo a restructuring of the intestinal microbial communities. In addition
to microbiota quantitative and qualitative changes, inter-microbial communities may also be altered (synergism,
antagonism, mutualism). The aim of the study was to analyze the synergistic and antagonistic relationships between
intestinal microbial communities in individuals from closed organized collectives. Materials and methods. The study group
included 120 male subjects aged 18 to 22 years, who lived within the same closed organized collectives for 9 months.
Fecal samples were selected for plating prior to living in closed organized collectives (stage 1), and 9 months afterwards
(stage 2). The identified microorganisms were assigned to the permanent, supplementary, or random microbiota group.
To assess the relationship between pairs of genera, the Jaccard index was calculated. Results. The results of the study
showed that the synergistic relationships between members of the permanent microbiota remain stable or increase over
time, which generally corresponds to the data on the properties of the obligate microbiota. Positive synergistic relationships
with additional microbiota have also been identified, e.g., between Bifidobacterium spp. and the order of Lactobacillales.
The synergy of these genera can effectively support normal gastrointestinal tract functioning. However, antagonistic
relationships were also noted, especially between some representatives of the additional and permanent microbiota,
such as Klebsiella spp. Such data may indicate a negative effect of certain microorganisms on the intestinal microbiota
in alimited collective setting. Conclusion. Further research in this field may help explain changes in microbial communities
in organized collectives and develop strategies for healthy microbiota maintenance therein.
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HaXOXJIECHHE B 3aKPBITHIX OPraHM30BaHHBIX KOJIJIEKTHBAX, TIe Y pa3HBIX JINII M3-3a OOIIHOCTH ObITa U TUTAHUS, TIPO-
WCXOIUT MepecTpoiika MUKPOOHBIX COOOIIeCTB KUIIeUHNKa. [TOMMMO KOJTMYECTBEHHBIX M KaueCTBEHHBIX U3MEHE-
HUIA MUKPOOUOTBI, MTPOUCXOAUT U U3MEHEHM ST BO B3aMMOOTHOLICHUSIX (CMHEPTU3M, aHTaTOHU3M, MYyTYyaJlu3M) MEXKIY
MMKPOOHBIMU coobriecTBaMu. Llenb ucciaenoBaHmss — aHaIU3 CUHEPTMYECKUX U aHTATOHUCTUYECKUX B3aUMOOTHO-
IIEHU T MUKPOOHBIX COOOIIECTB KUILIEYHNUKA Y JTUII B 3aKPBITHIX OPraHU30BaHHBIX KOJUIEKTUBaX. Mamepuanst u me-
moobt. B rpynny nccnenoBanus Bouran 120 yeaoBeK My>KCKOTO I1oJIa B Bo3pacTe oT 18 10 22 JeT, mpoXuBaBIIKe B IIpe-
JIeJIaX OMHOTO 3aKPHITOrO OPraHM30BAaHHOIO KOJUIEKTHBA Ha MPOTSKeHUN 9 MmecsieB. OTOupacs Kai s ImoceBa
10 HavaJjia MpeObIBaHMS B 3aKPHITOM KOJUTeKTHBE (1 3Tam), u criyets 9 MecsinieB rocie (2 atam). MaeHTuduInpoBaHHbIe
MHUKPOOPTaHU3MBI OBIJIM OTHECEHBI B TPYIIITY ITOCTOSIHHOM, T00aBOYHOI MM CITy9aifHON MUKpPOOMOT. [1JI OLIeHKH!
CBSI3M MEXIY TTapaMU pomoB OBbLI paccunTaH KoahduumeHT cxoncTsa XKakkapa. Pesyavmamo:. Pe3ynbraThl Hccieno-
BaHUS MMOKA3aJIM, YTO CHHEPIUIECKIE CBA3M MEXIY MPEACTaBUTEISIMU TTOCTOSHHOM MUKPOOMOTBI COXPAHSIOT CTa-
OMJIBHOCTH VJTU YCUJIUBAIOTCS C TEUCHUEM BPEMEHU, UTO B LIEJIOM COOTBETCTBYET JAHHBIM O CBOMCTBAX OOJUTATHOM
MHUKpPOOMOTH. Tak:ke ObLIM BBISIBIICHBI TIOJOKUTEIBHBIC CHHEPTHYECKUE CBSI3U C J0OABOYHON MUKPOOUOTOM, Ha-
npumep Mexay Bifidobacterium spp. u nopsiakoM Lactobacillales. CiHepru3m 1aHHBIX POIOB CrocobeH 3(h(HEeKTUBHO
noaaepxuBaTh HopManbHoe dyHKIMoHUpoBaHUs KKT. OnHako ObLIM OTMEYEHBl M aHTarOHUCTUYECKHE B3aMMO-
OTHOILIEHMSI, 0COOEHHO MEXY HEKOTOPHIMU MPEACTaBUTEISIMU 100aBOYHOMN 1 MOCTOSIHHON MUKPOOMOTHI, TAKUMU
Kak Klebsiella spp. Takve TaHHbBIE MOTYT yKa3bIBaTh Ha HEraTUBHOE BIMSHME HEKOTOPHIX MUKPOOPTaHM3MOB Ha MU~
KPOOMOTY KMIIIEYHMKA B YCIOBMSIX OTPAHMYEHHOTO KOJUIEKTUBA. 3akaroyeHue. JlanbHeIINe UCCICIOBAHUS B 3TOI
001aCTU TTIOMOT'YT O0BSICHUTh UBMEHEHUSI MUKPOOHBIX COOOILECTB B OPraHM30BaHHBIX KOJIJIEKTUBAX U pa3paboTaTh

CTpaTeruun aJid nogacpKaHus 3,[[0p0BOI7[ MI/IKpO6I/IOTbI B IMOJOOHBIX YCJIOBUAX.

Karouesnie caosa: MquO6U0m(l KUWevHuKka, opeanHu306dHHble KOANEKMUBbL, CUHepeU3M, AHMACOHU3M, 3AKPbIMbLE KOANEKMUBDHL.

Inroduction

The gut microbiota make up the largest part of the
entire human microbiome and play a crucial role
in maintaining healthy homeostasis. Colonization
of the gastrointestinal tract by microorganisms and
formation of a stable microbiota begin with child-
birth and continue to change throughout life un-
der the influence of various external (lifestyle, diet,
medications, geographical location) and inherited
factors [6, 10]. One of these external factors is the
presence in closed organized collectives (for exam-
ple, in military units), where different individuals,
due to the common way of life and changing the diet
to the same type, undergo a restructuring of intesti-
nal microbial communities [4, 5, 8, 9]. In addition
to quantitative and qualitative changes in the mi-
crobiota, there are also changes in the relationships
between microbial communities. Synregism and an-
tagonism of various microorganisms can both favora-
bly affect the physiology of the gastrointestinal tract,
(for example, antagonism of the intestinal microbiota
against pathogens forms colonization resistance) and
contribute to the development of pathological pro-
cesses (for example, the exchange of resistance genes,
biofilm formation, etc.) [2, 13].

The aim of this study is to analyze the synergistic
and antagonistic relationships of intestinal microbial
communities in closed organized collectives.

Materials and methods

The study group included 120 people aged 18
to 22 years, male, who lived within one closed orga-
nized collective for 9 months. Feces were collected
from participants for sowing before the start of their

stay in a closed collective (stage 1 of the study), and
9 months after (stage 2 of the study). The study was
approved by the Bioethics Committee at Samara
State Medical University (protocol No. 252 dated
09/07/2022). Collection and transportation of bio-
material for microbiological research was carried
out in accordance with Methodological Guidelines
4.2.2039-05 “Technique for collecting and trans-
porting biomaterials to microbiological laborato-
ries”. The biomaterial was sowed under anaerobic
conditions using a Bactron 300-2 anaerobic sta-
tion (Sheldon Manufacturing Inc., USA) on an ex-
tended range of nutrient media: MacConkey agar
(HiMedia, India), Veillonella agar (HiMedia, India),
Clostridiumagar (Condalab, Spain), Bifidobacterium
agar (HiMedia, India), Anaerobic agar (HiMedia,
India), Brucella agar (HiMedia, India), Muller—
Hinton agar with 5% sheep blood (HiMedia, India),
chromogenic agar (HiMedia, India), Lactobacillus
agar (Condalab, Spain), Saburo agar (HiMedia,
India). Cultivation was carried out at a tempera-
ture of 37°C for 120 hours. The cultures were iden-
tified by MALDI-ToF mass spectrometry using
a “MicroflexLT” instrument (Bruker, Germany).
For all identified microorganisms, the coefficient
of constancy (C) was calculated, depending on which
they were assigned to the group of constant (C > 50%),
additional (25% < C > 50%) or random (C < 25%)
microbiota [3]. To assess the relationship between
pairs of genera belonging to permanent and addition-
al microorganisms, the Jaccard index (q) was calcu-
lated, depending on which relationship was evaluated
as antagonism (q < 30%), synergy (q = 30—70%) or
mutualism (q > 70%) [3]. Statistical analysis was car-
ried out using the StatTech v. 4.6.3 program (develo-
per — StatTech LLC, Russia). Categorical data were
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described using absolute values and percentages.
Quantitative indicators with normal distribution were
described using arithmetic means (M) and standard
deviations (SD), 95% confidence interval limits (95%
CI). In the absence of normal distribution, quantita-
tive data were described using the median (Me) and
lower and upper quartiles (Q,—Q);).

Results and discussion

As a result of the study, the permanent intesti-
nal microbiota at the first stage included the fol-
lowing microorganisms: Aspergillus spp. (52.5%),
Enterococcus spp. (84.2%), Escherichia spp. (100%),
Lactobacillus spp. (61.7%). At the second stage, it in-
cluded: Enterococcus spp. (85.8%), Escherichia spp.
(100%), Klebsiella spp. (55%), Lactobacillus spp.
(53.3%), Staphylococcus spp. (65%), Streptococcus
spp. (53.3%).

Pairs were identified to compare the constant gut
microbiota. The results of calculating the Jaccard
index for pairs of constant microbiota are presented
in Table 1.

As a result of the study, the following microor-
ganisms were included in the additional intestinal
microbiota at the first stage: Bacillus spp. (30%),
Bifidobacteriumspp. (43.3%), Citrobacterspp. (32.5%),
Klebsiella spp. (49.2%), Lactococcus spp. (25.8%),
Streptococcus spp. (33.3%). At the second stage, it in-
cluded: Aspergillus spp. (44.2%), Bifidobacterium
spp. (48.3%), Citrobacter spp. (25.8%), Clostridium
spp. (25%), Lacticaseibacillus spp. (40.8%),
Ligilactobacillus spp. (29.2%), Limosilactobacillus spp.
(29.2%), Micrococcus spp. (35%), Pseudomonas spp.
(25.8%).

Pairs were identified to compare the additional
gut microbiota. The results of calculating the Jaccard
index for pairs of additional microbiota are presented
in Table 2.

The study revealed both synergistic and antago-
nistic relationships between representatives of the
intestinal microbiota in individuals forming an orga-
nized closed-type team.

Pairs of Aspergillus spp. + Escherichia spp. and
Aspergillus spp. + Enterococcus spp. at the first stage,
they have a high synergistic relationship, but at
the 2nd stage of the study, this relationship is sup-
pressed and turns into an antagonistic one. It can be
assumed that this is due to the pronounced negative
effect of Aspergillus spp. A similar situation can be
noted in the pair Aspergillus spp. + Lactobacillus spp.,
where synergy has turned into antagonism. For pairs
of representatives of the order Enterobacterales, 100%
synergy can be noted in the 2nd stage of the study
in comparison with the Ist. Also worth noting is the
pair Escherichia spp. + Enterococcus spp. with a co-
efficient of 84.1% at the Ist stage of the study, cor-
responding to mutualism, followed by an increase
in this relationship at the 2nd stage of the study
to 85.8%.

Pairs of additional gut microbiota with a high lev-
el of synergy were analyzed. Pairs of Bifidobacterium
spp. + Lacticaseibacillus spp. and Bifidobacterium
spp. + Ligilactobacillus spp. at the Ist stage of the
study, when forming an organized closed-type
team, they are defined as antagonists, but at the 2nd
stage of the study, the presented pairs are defined
as synergists. A similar behavior can be observed
between pairs of Bifidobacterium spp. + Klebsiella
Spp., Bifidobacterium spp. + Streptococcus spp.,

Table 1. The results of calculating the Jaccard index for pairs of constant microbiota

. Research . . rx . Relationship
Pair stage a b ¢ a direction

. _ Stage 1 63 120 63 52.5 Synergism

Aspergillus spp. + Escherichia spp. Stage 2 53 120 53 Ve Synergism

. Stage 1 63 101 54 49.0 Synergism

Aspergillus spp. + Enterococcus spp. Stage > 53 103 26 118 Sznergism

. . Stage 1 63 74 39 39.8 Synergism

Aspergillus spp. + Lactobacillus spp. Stage 2 53 62 25 71 Antagonism

L Stage 1 120 29 29 241 Antagonism

Escherichia spp. + Staphylococcus spp. Stage 2 120 78 78 65.0 Synergism

Stage 1 101 29 24 22.6 Antagonism

Enterococcus spp. + Staphylococcus spp. Stage 2 103 78 68 601 Synergism

. Stage 1 59 29 13 17.3 Antagonism

Klebsiella spp. + Staphylococcus spp. Stage 2 66 78 e 11 Synergism
St 1 74 29 16 18.39 Ant i

Lactobacillus spp. + Staphylococcus spp. Stzgg > 62 78 29 5269 Sny:SrOgr:;SrrT

Stage 1 29 40 8 13.11 Antagonism

Staphylococcus spp. + Streptococcus spp. Stage 2 78 62 5 26.39 Synergism

Note. *a — the number of subjects from whom the first microorganism was isolated; **b — the number of subjects from whom the second
microorganism was isolated; ***c — the number of subjects in whom both microorganisms were isolated from the corresponding pair;

****q — Jaccard index.
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Table 2. The results of calculating the Jaccard index for pairs of additional microbiota

Pair Resstzegl:ach a* b** e g R%Ii«':teigtr:i:ip
T —— ot [ & [ [ % T EFT smewon
Stage 1 52 59 22 24.72 Ant i
Bifidobacterium spp. + Klebsiella spp. St:gg > 58 66 37 4253 Snysgfgr:lssr:
Stage 1 52 0 0 0.00 Ant i
Bifidobacterium spp. + Ligilactobacillus spp. St:gz > 58 35 > 30.99 sny:S:)gr;lsSr:
Stage 1 52 0 0 0.00 Ant i
Bifidobacterium spp. + Limosilactobacillus spp. Stzgg 2 58 35 5 30.99 Snyigfgr;lssg
Stage 1 52 40 18 24.32 Ant i
Bifidobacterium spp. + Streptococcus spp. S tzg: > 58 62 35 2023 S“y:g:)g?lss:
Stage 1 39 59 25 34.25 S i
Citrobacter spp. + Klebsiella spp. St:gz > 31 56 18 2278 Anﬂz;gr:issr?n
Klebsiella spp. + Lactococcus spp. ::Zgz ; ;2 g; ?g 22317 Asnir;zrogri]issr&
Klebsiella spp. + Streptococcus spp. :::gs ; ;2 22 4213 Zgij gﬂyt::?ghlznr;
Lacticaseibacillus spp. + Limosilactobacillus spp. ztzgz ; 409 305 200 30102 Agsg:g:g:
Ligilactobacillus spp. + Pseudomonas spp. ;Zgz ; 305 ;? 106 302'90 ASn;:Srogr:iSsr:w
Aspergillus spp. + Micrococcus spp. :t:gg ; gg 4212 ;Z ;22 A'Sn;r:':lg:)gril;sr:

Note. *a — the number of subjects from whom the first microorganism was isolated; **b — the number of subjects from whom the second
microorganism was isolated; ***c — the number of subjects in whom both microorganisms were isolated from the corresponding pair;

****q — Jaccard index.

Lacticaseibacillus spp. + Limosilactobacillus spp.,
Ligilactobacillus spp. + Pseudomonas spp.

A pair of Bacillus spp. + Klebsiella spp. at the 1st
stage of the study, it was defined as synergistic, but at
the 2nd stage, the transition of communication in fa-
vor of antagonism is noted. A similar situation can
be observed between pairs such as Citrobacter spp. +
Klebsiella spp., Klebsiella spp. + Lactococcus spp.

Thus, the results of the study showed that the syn-
ergistic relationships between representatives of the
permanent microbiota remain stable or increase over
time, which generally corresponds to the data on the
properties of the obligate microbiota [7, 11]. Positive
synergistic relationships with additional microbi-
ota have also been identified, for example between
Bifidobacterium spp. and the order of Lactobacillales.
The synergy of these genera can effectively support
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