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K CBEAEHUIO ABTOPOB!
[Ipu HampaBIeHUY CTAaTbH B PEAAKITHIO HEOOXOINMO COOITIOATh CISAYIONINE TIPABHIIA;

1. CraTps 1oyKHA OBITH MPECTABICHA B IBYX DK3EMILISIPAX, HA PYCCKOM MJIM aHTIIUHCKOM SI3bI-
Kax, HarleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OHOIl CTOPOHE CTAHIAPTHOIO JIUCTA ¢ INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBIH WPUQT U1 TEKCTa Ha PYCCKOM U
anruiickoM sizpikax - Times New Roman (Kupuaauima), Ui TekcTa Ha TPY3UHCKOM SI3BIKE CIIETyeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykornrcu, HaneyaraHHOW Ha KOMITBIOTEPE, JTOJDKEH
o51Th IprTO’keH CD co crarbeit.

2. Pa3mep craTbu 10TKEH OBITH HE MEHEE IECSTH 1 He OoJiee 1BaALaTH CTPaHUI] MAIIHOIINCH,
BKJIIOUAsl yKa3arellb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPY3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIIEHBI AKTYyaIbHOCTh JJAHHOTO MaTepHalla, METO/IbI U Pe3YIIbTaThI
UCCIIeIOBaHUS U MX 00CYKACHHE.

[Ipu npencTaBIeHNN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJIMYECTBO IKCIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIIHECS METOABl 00e3001MBaHUs U
YCBIMICHHUS (B XOJ€ OCTPBIX OIBITOB).

4. K crarbe JOIKHBI OBITH IPUIIOKEHBI KpaTKoe (Ha MOJICTPAaHUIIbI) Pe3OMe Ha aHIIIMICKOM,
PYCCKOM M I'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIEIYIOLINE pa3aesbl: Lieb UCCIeI0BaHNs, MaTepHua U
METO/IBI, PE3YJILTAThI M 3aKIFOUSHHE) U CIIUCOK KITtoueBbIX ciioB (key words).

5. Tabnuupl HEOOXOIUMO NPECTABIATE B Ie4aTHOM hopme. DoTokonuu He TpuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOTKHBI OBITH 03aryIaBICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (DOTOKOIHMHU C PEHTTEHOTPAMM - B HO3UTUBHOM
n300paxeHnH. PUCYyHKH, YepTeKU U IuarpaMmbl CIeLyeT 03arIaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff hopmare.

B noanucsix k MukpogotorpagusaM cieayeT yKa3bBaTh CTEIICHb YBEIMUCHHUS YePEe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIPETHALIUH CPE30B.

7. ®aMUIIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJATCS B OPUTHHAIBHON TPAHCKPUIILINH.

8. I[Ipu opopmnennn u HarpaBneHun crtared B kypHanm MHI nmpocum aBTOpOB cobmronars
NpaBuIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSAX K PYKOMHUCSM, IPEACTABISIEMBIM B ONOMEIUIIMHCKHUE
JKYpHAJIbD», TPUHATHIX MeXKIyHapOAHBIM KOMHUTETOM PEIaKTOPOB MEAMLMHCKUX JKYpPHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIe Kax /101 OPUTHHATIBHOM CTaThU MPUBOIUTCS OMOIHOrpadguyeckuii cucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPbIE UMEIOTCS CChUIKU B TeKcTe. CIHCOK COCTaBIsIeTCs B
andaBUTHOM MOpsAKEe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK IPUBOAUTCS Ha sI3bIKE OpUrMHana. B
CIMCKE JINTEPATyPhl CHavYajIa MPUBOIATCS PaOOThI, HAIMCAHHBIE 3HAKAMU TPY3MHCKOTO anaBuTa, 3aTeM
KApuuien u naruauned. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTATbH JAIOTCS B KBaIPaTHBIX
CKOOKax B BU/I€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmh-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 32 IMOCTETHNUE 5-7 JIET.

9. ns momydeHus MpaBa Ha MyONHMKALMIO CTaThs TOJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJICHUS BU3Y U CONPOBOIUTEIBHOE OTHOILICHHUE, HAIMCAHHBIC WJIM HAlledaTaHHbIC Ha OJIaHKe
Y 3aBE€PEHHBIE MOJIHCHIO U NIEYaThIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBIO MPUBEACHBI UX
(amuIMM, UIMEHAa U OTYECTBA, YKa3aHbl CIIy>KeOHBIH M JOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble KoopAuHaThl. KonmuuecTBo aBTOPOB (COABTOPOB) HE TOJHKHO MPEBBIIIATE IISITH YEJIOBEK.

11. Penakuus ocraBisieT 3a cOO0 MpaBo COKpallaTh U UCHPaBIATh cTarbi. Koppekrypa aBropam
HE BbICBUIAETCS, BCS paboTa U CBEpKa MIPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HenomycTuMO HarpaBiieHHE B pefaklMIo padoT, MPeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeIbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX M3IAHUSX.

Hpﬂ HApyHI€HUU YKa3aHHbIX IPaBUJI CTATbU HE paCCMaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or compu-
ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width, and 1.5 spacing
between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to Georgian and Russian
materials). With computer-printed texts please enclose a CD carrying the same file titled with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink (or
black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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HACJIIEACTBEHHBIE HAPYHIEHUSI OBMEHA
KHUPHBIX KHCJIOT (OB30P)

""Kapmaxaunosa I.M., 'CpipibidaeBa JI.M.,
Hyp6aysiuna J.B., *baiikagamosa JI.H., *Jmraesa I.K.
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Ne2; SMeouyunckuit yenmp Axmobe; *Bolcuiuti MeOuyuncKuil
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B 00630pe 000011eHBI COBpEeMEHHBIE CBEICHHS JTUTEPATYPHI O
HACJIEACTBEHHBIX HAPYNICHUAX META0OIM3Ma >KUPHBIX KHUCIOT
(HapymIeHnsl TPAaHCTIOPTAa KAPHUTHHA M MUTOXOHAPHAIBHOTO
OKHCIICHHS KUPHBIX KHCIIOT), XapaKTePU3YIONIUXCS BBICOKOH
CMEPTHOCTBIO, MPENMYIIECTBEHHBIM MOpPAKCHHEM CepAla,
HHC, meueHn U CKEIIETHOH MYCKYIIaTypBbI.

IIpencTaBneHsl OCHOBHBIE KIMHHUKO-TEHETHYECKHE O0CO-
OceHHOCTH 3aboneBaHuii aHHOHW Tpymnmbl. [locne BBemeHMs
CKPHHHMHTa HOBOPOXJICHHBIX C HCHONB30BAaHUEM METOda
TaHgeMHON Macc-cnektpomerpun (TMC) crama BO3MOXHOM
paHHSS AMaTHOCTHKA Ae(eKTOB 00MEHa )KUPHBIX KHCIOT. Mc-
nosib3oBanne Metona TMC mepcneKTUBHO U1 MaCCOBOTO He-
OHATAIBHOTO CKPUHHUHTA. PaHHAS IMAarHOCTHKA M, COOTBET-
CTBEHHO, CBOEBPEMEHHO HawyaToe JIeYeHHE MpPeayNpexIaloT
HeOMaronpusTHEIN ucxoa. bonee Toro, yrouHeHHBIN MEIHKO-
TeHEeTHYECKUH TUArHO3 MO3BONIAET MPOBOAUTE B JalbHEHIIIEM
MIPEeHaTalbHYI0 IUATHOCTHKY MATOIOTHH MU MOCIEAYIOMNX
OepeMEeHHOCTSIX.
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THE EFFECTS OF ANTIBIOTICS ON THE GUT MICROBIOME
AND THE IMMUNE SYSTEM (REVIEW)

L2Nurgaziyev M., *Sergazy Sh., "*Chulenbayeva L., "*’Nurgozhina A., *Gulyayev A.,
12Kozhakhmetov S., ’Kartbayeva G., ?’Kushugulova A.

!Laboratory of Human Microbiome and longevity, Center for life sciences, National Laboratory Astana,
Nazarbayev University, Nur-Sultan; ’Kazakhstan society of human microbiome researchers, Nur-Sultan;
SBuketov Karaganda State University, Karaganda, Kazakhstan

Since the first commercialized antibiotic discovery in 1928,
its initial task was to stop the uncontrolled growth of bacteria in
order to allow the immune system to complete its removal from
the body. Therefore, along with the study of bacteriostatic char-
acteristics, it is important to control the effect of antibacterial
drugs on the human immune system. However, to date, the use
of antibiotics leads to a number of adverse consequences such
as antibiotic resistance, alterations of the human gut microbiome
and suppression of host defence system.

Our knowledge of the intestinal microbiome was limited for
a long time, since most species of bacteria could not be identi-
fied by traditional methods. However, with the advent of mod-
ern and high-performance analysis methods such as sequencing,
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metagenomics, and metaproteomics, determining the composi-
tion and function of the intestinal microbiome has become easily
accessible. The most common sequencing method for microbi-
ome analysis is amplicon analysis of the 16S ribosomal RNA
(rRNA) gene and there is an alternative sequencing method
called full-genome shotgun sequencing (WGS). Ravi Ranjan
and colleagues in their study compared two sequencing meth-
ods and found that shotgun whole genome sequencing has many
advantages over the 16S amplicon method, including improved
detection of bacterial species, increased diversity detection, and
improved gene prediction [1].

It became known that most of the bacteria that make up the
gut microbiome are: Firmicutes, Bacteroidetes, Actinobacteria,
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Proteobacteria and Verrucomicrobia, which account for more
than 90% of the total population [2]. These and other bacteria
living in the human gut play an important role in physiologi-
cal processes such as the synthesis of vitamins and amino acids,
energy use, protection from enterogenic pathogens, the integrity
of the mucosal layer, and of course the development of the im-
mune system [2]. There are a number of publications confirming
that the use of antibiotics can lead to a violation of the composi-
tion and function of the intestinal microbiome. Broad-spectrum
antibiotics have all the chances to affect the content of 30% of
bacteria in the intestinal community, causing a significant de-
crease in the taxonomic diversity of the intestinal microflora [3].

Development of the intestinal microbiota in infants after
antibiotic treatment

The intestinal microbiome of children undergoes signifi-
cant changes during the first two years of life. Antibiotic
treatment is considered as one of the most significant factors
that seriously affect the development of intestinal microbi-
ome in children. Fiona Fouhy et al. conducted a study using
high throughput sequencing and quantitative PCR (qPCR)
to compare the intestinal microbiome of nine infants who
received parenteral antibiotic treatment, namely ampicillin
and gentamicin [4]. A prescribed course of antibiotics was
started two days after the birth and fecal samples was taken
at 4 and 8 weeks after completion of treatment. The control
group consisted of 9 healthy infants. The results of the study
showed significant changes in the intestinal microbiome of
children receiving antibiotics. It was noted that in samples
taken 4 weeks after discontinuation of treatment, there was
an increase of Proteobacteria (P=0.0049) and a significant
decrease in the number of Actinobacteria (P=0.00001) (and
Bifidobacterium [P=0.0132]), as well as the genus Lactoba-
cillus (P=0.0182) compared to the control group. Proteobac-
teria levels remained significantly higher in children receiv-
ing antibiotics (P=0.0049) in week 8. However, the levels of
Actinobacteria, Bifidobacterium and Lactobacillus in week 8
samples recovered and were the same level as in the control
group. This study has shown how the combined use of am-
picillin and gentamicin at an early age can have a significant
impact on the development of the intestinal microbiome in
infants [4].

Another research conducted by a group of scientists from
Kyushu University (Tanaka et al. 2009) showed how the use of
antibiotics affects the development of the intestinal microbiome
in infants. This study also analyzed the intestinal microbiome of
children receiving antibiotic therapy. The gut microbiota com-
position was analyzed daily for the first 5 days and monthly for
the first 2 months. In this study, very similar results were ob-
served. The administration of antibiotics led to a decrease in the
diversity of the genus Bifidobacterium and increase in Proteo-
bacteria. In addition, the microbiome of children who did not
receive antibiotic therapy, but whose mothers took antibiotics
before childbirth, showed the same changes as the microbiome
of children who received antibiotic therapy [5].

Early antibiotic treatment is also common among preterm in-
fants. It causes significant alterations in their immune system
and intestinal microbiome which have been linked to late onset
sepsis, pathogenesis of necrotizing entercolitis and other ad-
verse health outcomes [6]. Andrew J. Gasparrini and colleagues
performed whole-metagenome shotgun sequencing to study the
gut microbiota of antibiotic-exposed preterm infants during and
after hospitalization and compared results with the results from
samples of antibiotic-naive healthy infants. The results of the
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study showed that early-life antibiotic treatment can lead to de-
creases in species richness and diversity, enriched gut resistome
and persistent carriage of MDR Enterobacteriaceae [7].

Alteration of human gut microbiome due to single or com-
bined antibiotic therapy

It is a well known fact that that taking different antibiotics or
combinations of them have different effects and lead to different
changes in the microbiome. For example, vancomycin reduces
microbial diversity and the absolute number of gram-positive
bacteria in the stool, specifically the genus Firmicutes, while the
effect of amoxicillin on the gut microbiome slightly different.
The combination of antibiotics containing ampicillin, gentami-
cin, metronidazole, neomycin and vancomycin not only reduces
the total number of bacteria, but also dramatically changes the
taxonomic composition of the microbiome [2]. In Table 1, we
selected various articles on the effect of antibiotics on the gut
microbiome when using certain antibiotics or a combination of
them. Norwegian report demonstrated that consumption of Am-
picilin and Gentamicin in combination led to decline of Lacto-
bacillus, Bifidobacterium and Veillonella and increase of Esch-
erichia [8]. Other report by Dannish group where they studied
the effect of antibiotic cocktail (combination of Vancomycyn,
Gentamycyn and Meropenem) on microbiome showed a sig-
nificant decrease in levels of Bifidobacterium, Enterococci and
Coliform [9]. If we compare the effect of different antibiotics on
the same group of bacteria, we can see that administration of an-
tibiotics of the Ciprofloxacin class significantly reduce the level
of Bacteroides in the patients, but Moxifloxacin administration
remained the level of Bacteroides at the initial level [10].

Long-term impacts of antibiotic treatment on gut micro-
biome

The disturbing consequences of taking antibiotics are often
discussed today. As it became known, they have both short-term
impacts and long-term impacts on the human gut microbiome.
For example, in a study that examined the effect of ciprofloxa-
cin and clindamycin on the intestinal microbiota of a group
of healthy people for 1 year, it was found that it took 1 to 12
months to normalize the intestinal microbiota after taking these
antibiotics. Ciprofloxacin and clindamycin administration re-
sulted in changes in microbial composition up to the 12th month
after administration [11]. Antibiotic administration can lead to
long-lasting microbial community shift or even permanent loss
of some species. Falk Hildebrand and colleagues analyzed gut
microbial time-series data after cephalosporin antibiotic treat-
ment. The results of metagenomic gene-level analysis showed
an apparent loss of nine commensal bacteria and long-lasting
changes [12]. These and many other publications stand as evi-
dence demonstrating that the impacts of antibiotics on the hu-
man gut microbiota remain for extended periods of time.

Global spread of antibiotic resistance

Some human actions accelerate the spread of antibiotic resis-
tance, including inappropriate use of antibiotics, poor control
within the health system and travel. We know that travel changes
the structure of antibiotic resistance of bacteria that live in the
human gut, particularly for Enterobacteriaceae species [16]. In
recent years, strains of Enterobacteriaceae bacteria found in
travelers visiting the countries of the Indian Peninsula (India,
part of Pakistan and Bangladesh) have shown resistance to ceph-
alosporin antibiotics by producing extended-spectrum beta-lac-
tamases (ESBL). Certain risk factors, such as taking antibiotics
and traveling to the countries of the Indian Peninsula, according
to the author, increase the risk of acquiring resistance [16].

Bengtsson-Palme and colleagues carried out shotgun metage-
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nomic sequencing to determine more than 300 antibiotic-re-
sistant genes in stool samples from 35 Swedish students taken
before and after exchange programs in the Indian Peninsula or
Central Africa [17]. Sequencing results showed that the over-
all taxonomic diversity of the gut microbiome remained stable
in the subjects, but level of Proteobacteria increased in 25 of
the 35 students. The relative prevalence of antibiotic resistance
genes has increased, most notably for genes encoding resistance
to sulfonamide (an increase of 2.6 times), trimethoprim (7.7
times) and B-lactams(2.6 times) [17].

In another research, Christian J.H. von Wintersdorff and col-
leagues examined 124 healthy travelers from the Netherlands
who traveled to regions such as Southeast Asia, Southern Af-
rica, southern Europe, Central America and the Indian Peninsula
[18]. The results of this study showed an increase in the extend-
ed-spectrum B-lactamase encoding gene blaCTX-M (prevalence
of which increased from 9.0% before travel to 33.6% after travel
(p <0.001)) in the samples [18]. Consequently, these and other
research findings prove and confirm that travelers can be carriers
of antibiotic resistance between continents.

Protection of the gut microbiome from the adverse effects
after antibiotic treatment

The use of antibiotics has short-term consequences, such as
diarrhea, Clostridium difficile infection, pseudomembranous
enterocolitis, and the spread of antibiotic-resistant forms of bac-
teria, as well as long-term consequences, including allergies,
obesity, and others [10]. Gunzuburg and colleagues developed a
therapy called "DAV132" that is designed to prevent, antibiotic-
induced dysbiosis. They conducted a randomized controlled trial
in which 46 volunteers received a 5-day course of oral adminis-
tration of the moxifloxacin in two parallel groups, the first group
administered DAV132 together with the antibiotic, the second
group administered only the antibiotic. In this study, a qualita-
tive metagenomic analysis using the shotgun method showed
that the diversity and composition of the intestinal microbiome
were mostly preserved in subjects who administered DAV132 in
combination with moxifloxacin[10]. The authors claim the prod-
uct is effective for the prevention and protection of the intestinal
microbiome from the adverse effects of antibiotics.

One of the methods of protecting the microbiome from anti-
biotic-mediated damage is the use of beta-lactamase enzymes.
These enzymes are used to destroy residual antibiotics in the
gastrointestinal tract before they can negatively affect the gut
microbiome [19]. Beta-lactamase enzymes P3A (working name
SYN-004) developed by a group of scientists, showed positive
results at different stages (Phases) of clinical trials. SYN-004
completely degraded ceftriaxone to below the level in the intes-
tines [20]. This means that the beta-lactamase enzymes can be
used to protect the gut microbiome and prevent undesirable side
effects, including Clostridium difficile infections.

To date, the use of genetic engineering in the microbiome is
one of the less studied areas. Metagenomic alteration of gut mi-
crobiome by in situ conjugation (MAGIC) this is a completely
new system that was introduced by Carlotta Ronda and col-
leagues for the genetic modification of the intestinal microbiota
in their natural habitat by creating a mobilome [21]. Mobilome
is a repertoire of mobile genetic elements in the intestinal mi-
crobiome. The concept of this system is based on the ability of
bacteria to exchange DNA and thereby diverse taxa in gut mi-
crobiome with desired genetic functions [21].

Metabolites alteration by antibiotic treatment

Antibiotics also affect human immunity by altering bacterial
metabolites and signals transmitted from the intestinal microbi-
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ome, in particular signals recognized by intestinal epithelial cells
(IECs) and intestinal immune cells. Sheng Zhang and De-Chang
Chen claim that antibiotics can have a profound effect on lipids,
bile acids, amino acids, and substances associated with amino acids
in the gut. The commensal bacteria are destroyed after antibiotic
administration and this leads to a decrease in the level of T-helper
cells 17 and regulatory T-cells 17 and decrease in the production of
SCFAs and increases intestinal inflammation [2].

There is a perception that taking antibiotics creates a meta-
bolic environment in the gut for the growth of C. difficile and
it produces TcdA and TcdB toxins that harm cells. Casey M.
Theriot and colleagues performed in vitro and ex vivo analy-
sis of murine. It demonstrated that C. difficile can use certain
metabolites, such as mannitol, fructose, sorbitol, raffinose and
stachyose and the primary bile acid taurocholate, which become
more abundant in the gut after antibiotics [22].

The immune system

The immune system regulates the balance of intestinal bio-
cenosis, i.e. the mechanisms of microbiota’s self-regulation
are controlled by the local intestinal immunity. Violations of
the intestinal microbiota are a consequence of immunological
dysfunction and humoral immunity. Thus, the microbiome
strongly affects the shape and quality of the immune status
and forms the composition and localization of the microbiota.
A deep understanding of the link between the microbiome
and the host leads to an understanding of the occurrence of
various diseases [23,24].

The immune system of the mucosal layer forms a protective
barrier due to the presence of its own lymphoid apparatus and
immunocompetent cells [25-27] The gut microbiome exists in
an interconnected balance with the largest immune system in the
body - the intestinal lymphoid tissue (GALT), which induces
immune tolerance of the mucosa. At the first stage of protection,
epithelial cells secrete antimicrobial cells (AMP) and lysozyme,
then immunoglobulins are produced and at the final stage of pro-
tection, the development of innate and adaptive cells, such as
lymphoid cells, dendritic cells, is activated. In turn, lymphoid
defense is associated with the production of cytokines (IL-6, IL-
17, IL-22, TNF) and T-lymphocytes [28].

Under the influence of pathogenic and opportunistic flora and
their toxins on immunocompetent cells, changes in the immune
status and cellular immunity are observed in the body. A number
of authors believe that these changes are protective and cause
reduction in the activity of immunocompetent cells and their
mediators [29-31].

In an organism with intestinal dysbiosis, the development of
lymphoid organs is disrupted, thereby leading to the suppression
of cellular immunity. There is a decrease in the production of
CD4+ and CD8+ subsets of intestinal T cells, and the expression
of t cell receptor (TCR) decreases. There is also an imbalance
of Thl and Th2 cells towards T-helper 2, which contributes to
the development of late immune-mediated diseases, such as Th1
type and Th2 type diseases. Along with dysbiosis, there is a risk
of developing or exacerbating autoimmune diseases, primar-
ily with the localization of the immunopathological process in
the gastrointestinal tract. Some bacterial populations have been
associated with the development of the Th17 cell, a powerful
source of interleukin-17 (IL-17), which plays an important role
in maintaining the integrity of the mucosal barrier and removing
pathogens. Regulatory T cells (Treg cells) are the main source of
IL-10 and are able to recognize antigens derived from commen-
sal (Fig. 1), which supports tolerance to the intestinal microbiota
[32-34].
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Fig. 1. Lymphoid microenvironments in the human gut

The rate of dysbiosis of experimental cells is correlated with
the deficit of IgA and IgG antibody production. Undemanding
to this in the body, the normal color and phenotype of B-cell
are shown. IgA staining, paired with isolated lymphoid follicles
(ILF). The small microbiome in systemic infections, the symbi-
osis of bacterial bacteria, caused by the proper induction of IgG.
At the rate of concentration of IgG at a low level, it contributes
to the increased rate of fluidity of the infection. Specifically, tak-
ing antibiotics when receiving antiviral system infections in the
groin area, inhibiting the production of IgG and causing severe
infections in the lower respiratory tract [35,36]. As is known,
IgA is necessary for colonization of the mucosal bacterial com-
munity, in turn, depletion of B cells and lack of IgA contribute
to the reduction of colonization and loss of immunomodulating
species of the community. Donaldson G. and co-authors, con-
sider that the IgA with respect to the microbial community is
ambivalent, scilicet and in a healthy organism it stimulates the
colonization of a beneficial microbiota, and in pathology induc-
es reactions against pathogens [37].

Conclusion. Key findings introduced in this review showed
that the certain antibiotics or combinations of antibiotics have
similar effects on the microbial composition by reducing or in-
creasing levels of specific groups of bacteria. This review also
gives an update on the current knowledge on the gut microbiome
interactions with immunity, metabolome and on the techniques
used to protect the gut microbiome. Antibiotics alter microbiota
composition and increase infection susceptibility. However, the
generalizable effects of antibiotics on the contribution of envi-
ronmental variables to gut commensals remain unclear. Human
microbiotas were remarkably resilient and recovered during an-
tibiotic treatment, with transient dominance of resistant Bacte-
roides and taxa-asymmetric diversity reduction. Much further
research is needed to identify proper methods of antibiotics ad-
ministration, which will minimize the adverse effects of antibi-
otics on the gut microbiome and the immune system.
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SUMMARY

THE EFFECTS OF ANTIBIOTICS ON THE GUT MICROBIOME AND THE IMMUNE SYSTEM (REVIEW)

2Nurgaziyev M., ?Sergazy Sh., ?Chulenbayeva L., "?Nurgozhina A., ?Gulyayev A.,
12Nurgaziyev M., *Sergazy Sh., *Chulenbayeva L., "*Nurgozhina A., *Gulyayev A
12 Kozhakhmetov S., *Kartbayeva G., ?Kushugulova A.
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g g

Antibiotic resistance and its impact on human microbiome
remains a global public health concern. Studies have shown
that treatment with antibiotics leads to dramatic changes in
composition and function of gut microbiome. This review
focuses on the association between antibiotics use and its

impact on gut microbiome of adults and children, gut mi-
crobiota metabolic interactions and presents the current un-
derstanding of the link between human gut microbiome and
immune system.

Keywords: antibiotic treatments, microbiome, immune system.

PE3IOME

BJIMSITHUE AHTUBMOTUKOB HA MUKPOBUOM KHIIEYHUKA U UMMYHHYIO CUCTEMY (OB30P)

ZHyprasues M.A., *Ceprassi LIL.[1., "*Uynendaesa JLE., "’"Hyproxuna A.®.,
Tyases A.E., ?Koxaxmeros C.C., ’Kapr6aesa I.T., ’Kyuryryioa A.P.

UJlabopamopus mukpobuoma u doneonemust yenoeexa, Llenmp nayx o sicusznu, Hayuonanenasn nabopamopust Acmanuoi,
Hazapbaes Ynusepcumem, Hyp-Cyniman; *Kazaxcmanckoe obujecmeso uccieoosameneii muxpobuoma uenosexa, Hyp-Cyiman,
SKapazanounckuii 2ocyoapcmeennviii ynusepcumem um. A.A. Bykemosa, Kazaxcman

YCTOWYMBOCTh K aHTUOMOTUKAM U MX BIMSHHME HA MHKPO-
OMOM YeJoBeKa ocTaeTcs r100abHON MpoOIeMoil 00IIeCTBEH-
HOTO 371paBooXpaHenus. MccnenoBaHus oKa3aiy, 4To JeueHHe
aHTl/I6I/IOTHKaMl/I TMPUBOAUT K PE3KUM U3MEHCHUSM B COCTABE U
(GyHKIMH KHIIEYHOTO MUKpoOnoMa. B 0030pe paccmarpuBaeTcs
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CBSI3b MEXIY HMCIOIb30BAHUEM AaHTHOMOTHKOB M MX BIHSHUEM
Ha KUIIEYHBI MHUKPOOMOM B3pOCIHBIX U JETEH, a Takke MeTa-
0OIMYECKUMH B3aUMOACHCTBUAMH KHIIEYHOH MHKPOOHOTSL.
IIpencTaBaeHo COBPEMEHHOE IIOHMMAHKUE CBA3U MEXly MUKDPO-
61OMOM KHUIIIEYHUKA 1 IMMYHHOH CHCTEMOIA.
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AUHAMUKA YPOBHSI IPOKAJIBLIUTOHUHA, JIMTIOINIOJIMCAXAPU - .
CBA3BIBAIOUIET'O BEJIKA 1 UHTEPTEMKUHA-6 B CbIBOPOTKE KPOBU IIPU CTPAHI'Y/ISIHUOHHOU
N OBTYPAIIMOHHOU KUINEYHOU HEIMTPOXOANMOCTH B SKCIIEPUMEHTE

HBaués I1.A., AmanoBa /I.E., Axmanraunosa JL.JI., Koiimuu6aes 7K.M., Typrynos E.M.

Meouyunckuit ynusepcumem Kapaeanowi, Pecnybnuxa Kazaxcman

Yacrora octpoit kumeunoi Henpoxoxumoct (OKH) B axe-
TPEeHHOW XHpYpruu aocruraer okoio 20% ciyuyaeB; ypoBEeHb
neranbHOCTU coctasiger 10-30% [15,16]. OcHoBHOI npuuuHOM
JICTAJIBHOCTU HPH KUIIEYHON HENPOXOAUMOCTH SIBJIACTCS pas-
BUTHUE CeICcHca Y IOJMOPraHHOM HenocrarouyHocTH. Kuieunas
MHKpOoQJIOpa 110 TpaBy CYUTACTCS «BTOPHIM FEHOMOMY, aKTHBHO
MOJTYJIUPYIOLIMM 310POBbE YEeJIOBEKA, HO IIPU 3TOM IATOreHe3 pa3-
putusi cercuca mpu OKH Biitrouaet B ce0st HapyiieH#e 0apbepHOit
(YHKIMM KHIIEYHON CTEHKH M, KaK CJE/ICTBUE, PA3BUTHE TAKOTO
(heHOMEHA KaK TPAHCIOKAIMS MUKPOMIOPHI M3 IPOCBETA KUIIKU B
CHCTEMHBIN KpoBOTOK [1,11].

CoBpeMeHHasi IMarHoCTHKA CENTUYECKUX OCJIOKHEHUI mpu
OKH mnpenycmarpuBaeT oIpeieieHne YpOBHS OHOMapKepoB
OaKTepHaIIbHON TPaHCIOKALMH, KOTOPBIE SBISIOTCS 3HAYUMBI-
MH HPOTHOCTHYECKUMH (hakTopaMu 3TuX ocnoxHenui [7]. o
HACTOSIIIIEr0 BPEMEHU M3y4eHO okoJyio 178 GrnomapkepoB, KOTO-
PBIM B pa3HOE BpeMsl IPUNUCHIBAIN 3HAYMMYIO POJb B AETEKIIUU
Tpanciokanuu [14]. Hanbonee BaxHbIMH OMoMapkepamu Oak-
TepUaJbHON TPAHCIIOKAIMH SBISIFOTCS TpokanbuuToHuH (PCT)
U JIUTOnoNucaxapu-cas3biBaroniuii 6enox (LBP) [4,6,12].

PCT oGnaiaeT OTHOCHTEIBHO BBICOKOH 4yBCTBHTEIBHOCTHIO
U CenU(pUIHOCTHIO K OaKTEePHEMHH, €ro ypOBEHb OTpa)kaeT
CTENEHb TSDKECTH CUCTEMHON BOCHAIUTENbHOW peakuuu Oak-
TepuanbHOi atronoruu [17]. LBP, kak Mapkep GakrepuanbHO
TpaHCIIOKALlUH, CYNTAECTCS Hanboiee 3HaUUMbIM, OJJHAKO MCHEE
nHpopMaTUBHEIM B anddepeHrnaniaibHOi TMarHoCTHKE Cell-
cuca OT CHHJIPOMa CUCTEMHOI'O BOCHAJIMUTENIBHOIO OTBETA He-
OakTepuabHON IPUPOH! [8].

JInsl OLEHKM CTeNeHH TSHKECTH M BBIPAKEHHOCTH CHUHApOMaA
CHUCTEMHOH BOCHAIUTENILHON peaKiiy B KIIMHUYECKON U UCCIIeNo-
BaTeJIbCKON MPAKTUKE ONPENEIISIIOT YPOBEHb UMMYHOJIOTHYECKUX
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MapKepoB, Taknx Kak C-peakTUBHBIH ONOK, MHTepIeHKuH-1, HH-
TepieHknH-6, GakTop Hekpo3a omyxonu [10]. MaTepneiiknH-6
(IL-6) siBnsiercst onHuM 13 Hanbosee 3 GeKTHBHBIX UarHOCTHYE-
CKHX U IPOrHOCTHYECKHX MApKEPOB CUCTEMHON BOCIIAIUTEIILHON
pEaKLuy U CENCUca, YPOBEHb KOTOPOIO JIOCTaTOYHO TOYHO OTpa-
JKaeT TSDKECTh JAHHBIX cocTosiHui [9,13].

[MonpoOHOE M3yyeHue TUHAMUKY OHOMapKepoB OaKkTepHallb-
HOM TPAHCJIOKALUK B CUCTEMHBIH KPOBOTOK IIPU OCTPOM KHUIlIey-
HOH HENPOXOAUMOCTH MO3BOJIUT OLIEHUTD UX IPOrHOCTUYECKYIO
U TUarHOCTHYECKYIO 3HAYUMOCTh B IAaTOI'€HE3€ Pa3BUTHUS Cell-
TUYECKUX OCJIOXKHEHUH.

Llenbro uccnenoBaHus SBUJIOCH M3yYUTh AUHAMUKY YPOBHS
MPOKAIBIMTOHNHA, JIUIIONOINCAXapH-CBI3bIBAIONIEr0 Oelka 1
UHTEpJIEUKHHA-6 Ha MOJIeNISIX OOTYpaIllMOHHON M CTPaHTYJISIH-
OHHOM KHUILIEYHOH HENPOXOAUMOCTH.

Marepuai u Metoabl. MccnenoBanue nposeneHo Ha 60 no-
JIOBO3PEJIbIX OENBIX KPhICaX-CaMIlaX, COMOCTABHMBIX MO BO3PACTY.
Hcxonnast macca >KMBOTHBIX Haxonmwiack B mpeaenax 220-250
rpamMM. DKCIepUMEHTANIbHBIC )KUBOTHbIE IOJIEIEHBI HA 3 ONBITHBIC
rpynmst: [ rpymmna - KpbIChl ¢ 00Ty paOHHON KHIEYHON HEPOXO0-
JIMMOCTBIO (N=24), KoTOpast IIpe/ICTaBIeHa ITOArPYIIAMH B 3aBHCH-
MOCTH OT CpOKOB HaOmronenust: 1 cytku (n=12) u 3 cytok (n=12);
11 onpITHASI TpyMIIa - KPBICHI CO CTPAHTY/IALMOHHON KUIIEYHOMN He-
MPOXOJUMOCTBIO U BOCCTAaHOBJIEHHEM ME3EHTEPUAILHOIO KPOBO-
TOKa U MPOXOIUMOCTHU KHIIKH (n=24), KOTOpbIe ObLIN pa3/ieleHbl
Ha 2 TOArpyIIbl B 3aBHCKMMOCTH OT cpokoB OKH/moctpenepdy-
3uOHHBIN nepuof: 1 yac/2 vaca (n=12) u 1 yac/6 gacos (n=12). III
rpymnna - koutpoinbHas (Sham) — nanaporomust 6e3 monenmn OKH
(n=12), pa3neneHa Ha NOATPYMIILI 10 3 KPBICHI B KaXKIOM, COOT-
BETCTBYIOIIME CPOKAM HAOIIONEHUS OINBITHBIX TPyl — 2 4aca, 6
yacos, | cytku, 3 cyTKu.
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