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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
a limited 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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Pe3rome

Beeoenue. MukpoObMoTa KUIIEYHUKA COCTABIISIET HAUOOJBIIYIO YaCTh BCETO
MUKpoOnoma udenoBeka. @opMUpOBaHUE CTAOMIBFHOW MHKPOOHOTHI HAUMHAETCS C
pPOZOB, IPOJOJIKAS U3MEHATHCA B TCUCHHMM JKU3HM II0J IEUCTBHEM pa3JIMYHBIX
HK30TCHHBIX M HACIEACTBEHHBIX (PakTopoB. OTHUMHU U3 TaKUX BHEIIHUX (AKTOPOB
ABJISIETCA HaXO0KJIEHUE B 3aKPBITHIX OPraHU30BAaHHBIX KOJUIEKTUBAX, T/I€ Y Pa3HbIX
JMI K3-3a OOLIHOCTU ObITa U NUTAHMSI, IPOUCXOAUT IMEPECTPOKa MUKPOOHBIX
COOOIIECTB KHUIIEYHUKA. [IOMMMO KOMTUYECTBEHHBIX M KaYECTBEHHBIX M3MEHEHUI
MUKpPOOMOTBI, MPOUCXOJUT U H3MEHEHHS BO B3aUMOOTHOILEHUSX (CHHEPIHU3M,
aHTaroHW3M, MyTyaJlu3M) MEXAy MHUKpPOOHbIMH  cooOmectBamu. Llens
WCCIICIOBAHUSI — AHAJIN3 CUHEPTUYECKNUX U aHTArOHUCTUYECKUX B3aNMOOTHOIIEHUI
MUKpPOOHBIX COOOIECTB KHILIEYHHKA Yy JIMI B 3aKPBITBIX OPraHU30BaHHBIX
KoJUIeKTUBax. Mamepuanvt u memoodsl. B rpynmy uccinenoBanus Bouum 120
YEJIOBEK, B BO3pacTe OT 18 mo 22 neT, My>KCKOro IoJja, IPOKUBABIIME B MIPEAETaX
OJIHOTO 3aKpBITOIO OPraHW30BaHHOIO KOJUIEKTHBA Ha IPOTSDKEHHH 9 MeECSIEB.
OtOupacst kai Jjisl MoceBa JI0 Hadana MpeObIBaHMs B 3aKphITOM KoyuiekThBe (1
sTam), W cnycts 9 wmecsaueB mnocie (2 artanm). HaentuduuupoBaHHBIE
MUKPOOPTraHU3Mbl OBLJIM OTHECEHbl B TPYIITy MOCTOSHHOW, 100aBOYHOM WM
cily4ailHOi MUKpOOHUOTE. [[7151 OLIEHKHU CBA3M MEXAy napamMmu poAoB ObUT pacCUMTaH
kodhdumment cxoacta XKakkapa. Pezyrsmamsei. Pe3ynbTaThl HCCIIETOBAHUS
MOKA3aJiM, YTO CUHEPTMYECKHE CBSA3M MEXKIY IPEACTABUTEIIMU IOCTOSHHOU
MUKPOOHOTHI COXPAHAIOT CTAaOMJIBHOCTh WJIM YCUJIMBAIOTCA C TEYEHHEM BPEMEHH,
YTO B II€JIOM COOTBETCTBYET JAHHBIM O CBOMCTBAaX 00JIMTraTHON MUKpOOHOTHI. Takxke
ObLIM  BBISIBJICHBl TOJIOXKUTEJIbHBIE CHHEPrUYeCKHe CBSI3U C  J100aBOYHOM
MHUKpOOHOTOH, Hanpumep Mesxxay Bifidobacterium spp. u nopsinkom Lactobacillales.
CuHeprusM AaHHBIX POAOB CIOCOOEH 3(PGEKTHUBHO MOANEPKUBATH HOPMAJIbHOE
¢bynkunonupoanus KKT. OpHako ObUIM OTMEYEHBI M AHTArOHHCTUYECKHE
B3aMMOOTHOIICHUS, 0COOCHHO MEXIY HEKOTOPBIMU MPEACTaBUTEIIMHU J0OABOUHOM
U TOCTOsiHHOW MUKpoOuoThl, Takumu kak Klebsiella spp. Takue nannbie moryt

YKa3bIBaTh HA HCTATUBHOC BJIIMAHNC HCKOTOPBIX MUKPOOPTIaHNU3MOB Ha MI/IKpO6I/IOTy
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KHIONCYHUKA B YCJIOBUAX OTPAHMYCHHOT'O KOJIJICKTHBA. Raxnouenue. I[aJ'IBHCI\/'IHII/Ie

UCCIIEIOBaHMUsI B 3TOM 00JIaCTU MOMOTYT OOBSICHUTH WM3MEHEHHMS] MHUKPOOHBIX
COOOIIIECTB B OPTraHM30BAHHBIX KOJUIEKTHBAX M pa3paboTaTh CTpaTeruu Mjs

MMOAACPKAHUA SHOPOBOﬁ MI/IKp06I/IOTI)I B HO,Z[O6HI>IX YCIOBUAX.

KiuroueBbie ciaoBa:  MukpoOuoTa  KHMIIEYHHWKA;  OPraHU30BaHHBIC

KOJUICKTHUBbBI; CUHCPIU3M,; aHTAI'OHU3M; 3dKPbITBIC KOJIJICKTHUBEI.
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1 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 childbirth and continue to change throughout life under 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
example, 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 intestinal
microbial communities [4, 5, 8, 9]. In addition to quantitative and qualitative changes
in the microbiota, there are also changes in the relationships between microbial
communities. Synregism and antagonism of various microorganisms can both
favorably 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 processes (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.

The study group included 120 people aged 18 to 22 years, male, who lived
within one closed organized 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 biomaterial for microbiological
research was carried out in accordance with Methodological Guidelines 4.2.2039-05
«Technique for collecting and transporting biomaterials to microbiological
laboratories». The biomaterial was sowed under anaerobic conditions using a
Bactron 300-2 anaerobic station (Sheldon Manufacturing Inc., USA) on an extended
range of nutrient media: MacConkey agar (HiMedia, India), Veillonella agar

(HiMedia, India), Clostridium agar (Condalab, Spain), Bifidobacterium agar
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(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 temperature of 37 °C for 120 hours. The
cultures were identified 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
additional microorganisms, the Jaccard index (g) was calculated, depending on
which relationship was evaluated as antagonism (q < 30%), synergy (q = 30-70%)
or mutualism (q > 70%) [3]. Statistical analysis was carried out using the StatTech
v. 4.6.3 program (developer - StatTech LLC, Russia). Categorical data were
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, quantitative data were described using the median (Me) and lower and
upper quartiles (Q1 — Q3).

As a result of the study, the permanent intestinal microbiota at the first stage
included the following microorganisms: Aspergillus spp. (52.5%), Enterococcus
spp. (84.2%), Escherichia spp. (100%), Lactobacillus spp. (61.7%). At the second
stage, it included: 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 microorganisms were included in the
additional intestinal microbiota at the first stage: Bacillus spp. (30%),
Bifidobacterium spp. (43.3%), Citrobacter spp. (32.5%), Klebsiella spp. (49.2%),
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Lactococcus spp. (25.8%), Streptococcus spp. (33.3%). At the second stage, it

included: 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 antagonistic relationships between
representatives of the intestinal microbiota in individuals forming an organized
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 suppressed 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 1st. Also worth noting is the Escherichia
spp pair. + Enterococcus spp. with a coefficient of 84.1% at the 1st stage of the
study, corresponding 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 level of synergy were analyzed.
Pairs of Bifidobacterium spp. + Lacticaseibacillus spp. u Bifidobacterium spp. +
Ligilactobacillus spp. at the 1st 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., Lacticaseibacillus spp. + Limosilactobacillus spp.,

Ligilactobacillus spp. + Pseudomonas spp.
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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 favor
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 synergistic 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 microbiota have
also been identified, for example between Bifidobacterium spp. and the order of
Lactobacillales. The synergy of these genera can effectively support the normal
functioning of the gastrointestinal tract, which is widely used in the production of
probiotics [1]. However, antagonistic relationships were also noted, especially
between some representatives of the additional and permanent microbiota, such as
Klebsiella spp. In recent years, the ability to antagonize the latter has been widely
discussed in the scientific community [12]. Such data may indicate a negative effect
of certain microorganisms on the intestinal microbiota in closed collectives.

Additional data are needed to better understand the synergistic and
antagonistic relationships between representatives of the gut microbiota. Further
research in this area will help explain the dynamics of changes in microbial
communities in organized collectives and develop strategies for maintaining a

healthy microbiota in such conditions.
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TABJINLbI

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

microbiota.
_ Research qr** Relationship
Palr a* b** C*** - )
stage * direction
Aspergillus spp. Stage 1 63 | 120 | 63 | 52,5 Synergism
+ Escherichia Synergism
Stage 2 53 120 53 | 441
spp.
Aspergillus spp. | Stage 1 63 | 101 | 54 | 49,0 Synergism
+ Enterococcus Synergism
Stage 2 53 | 103 | 46 | 41,8
spp.
Aspergillus spp. Stage 1 63 74 39 | 398 Synergism
+ Lactobacillus
Spp Stage 2 53 64 25 | 271 Antagonism
Escherichia Stage 1 120 | 29 29 | 24,1 Antagonism
spp.+
Staphylococcus Stage2 | 120 | 78 | 78 | 65,0 Synergism
spp.
Enterococcus Stage 1 101 | 29 24 | 22,6 Antagonism
spp. +
Staphylococcus Stage 2 103 | 78 68 | 60,1 Synergism
spp.
Klebsiella spp.+ Stage 1 59 29 13 | 17,3 Antagonism
Staphylococcus
$pp Stage 2 66 78 42 | 411 Synergism
Lactobacillus Stage 1 74 29 16 | 18,39 Antagonism
spp. + Stage 2 64 78 49 |52,69 Synergism
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Staphylococcus
spp.

Staphylococcus
spp. +
Streptococcus

spp.

Stage 1

29

40

13,11

Antagonism

Stage 2

78

64

45

46,39

Synergism

* a —the number of subjects from whom the first microorganism was isolated.

** b — the number of subjects from whom the second microorganism was isolated.

*** ¢ — the number of subjects in whom both microorganisms were isolated from

the corresponding pair.

**** (1 — Jaccard index.
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Table 2. The results of calculating the Jaccard index for pairs of additional

microbiota.
_ Research g*** Relationship
Pair a* b** | c*** o
stage * direction
Bacillus spp. + Stagel | 36 59 18 |23,38 Synergism
Klebsiella spp.

Stage 2 20 66 12 16,22 Antagonism

Bifidobacterium Stagel | 52 59 22 | 24,72 Antagonism

spp. + Klebsiella

Spp. Stage 2 58 66 37 | 42,53 Synergism
Bifidobacterium Stagel | 52 0 0 0,00 Antagonism
spp. +
Ligilactobacillus | Stage2 | 58 | 35 | 22 |30,99 Synergism
spp.
Bifidobacterium | Stagel | 52 0 0 | 0,00 Antagonism
Spp.+
Limosilactobacillus | Stage2 | 58 | 35 | 22 |30,99 Synergism
spp.

Bifidobacterium | Stagel | 52 | 40 | 18 |24,32 Antagonism

spp.+ Streptococcus

Spp Stage2 | 58 64 35 140,23 Synergism

Citrobacter spp. + | Stage1l | 39 59 25 | 34,25 Synergism
Klebsiella spp.

Stage 2 31 66 18 | 22,78 Antagonism

Klebsiella spp. + | Stagel | 18 31 20 | 68,97 Synergism

Lactococcus spp.
Stage 2 66 22 18 | 25,71 Antagonism

Klebsiella spp. + Stagel | 18 40 24 | 70,59 Mutualism

Streptococcus spp. | Stage2 | 66 64 40 |44,44 Synergism
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Lacticaseibacillus | Stagel | 0 0 0 | 00 Antagonism
spp. +
Limosilactobacillus | Stage2 | 49 | 35 | 20 | 31,2 Synergism
spp.
Ligilactobacillus | Stage 1 0 12 0 0,0 Antagonism
spp. +
Pseudomonas spp. Stage 2 35 31 16 | 32,0 Synergism
Aspergillus spp. + | Stagel | 63 25 10 | 12,8 Antagonism
Micrococcus spp. | Stage2 | 53 42 24 | 33,8 Synergism

* a—the number of subjects from whom the first microorganism was isolated.

** b — the number of subjects from whom the second microorganism was isolated.

*** ¢ — the number of subjects in whom both microorganisms were isolated from

the corresponding pair.

**** q — Jaccard index.
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