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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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НАСЛЕДСТВЕННЫЕ нарушения обмена 
жирных кислот (обзор)

1Жармаханова Г.М., 1Сырлыбаева Л.М., 
2Нурбаулина Э.Б., 3Байкадамова Л.И., 4Эштаева Г.К.

Западно-Казахстанский медицинский университет им. 
Марата Оспанова, 1кафедра молекулярной биологии и ме-
дицинской генетики, 2кафедра общей врачебной практики 
№2; 3Медицинский центр Актобе; 4Высший медицинский 
колледж, Алматы, Казахстан

В обзоре обобщены современные сведения литературы о 
наследственных нарушениях метаболизма жирных кислот 
(нарушения транспорта карнитина и митохондриального 
окисления жирных кислот), характеризующихся высокой 
смертностью, преимущественным поражением сердца, 
ЦНС, печени и скелетной мускулатуры. 

Представлены основные клинико-генетические осо-
бенности заболеваний данной группы. После введения 
скрининга новорожденных с использованием метода 
тандемной масс-спектрометрии (ТМС) стала возможной 
ранняя диагностика дефектов обмена жирных кислот. Ис-
пользование метода ТМС перспективно для массового не-
онатального скрининга. Ранняя диагностика и, соответ-
ственно, своевременно начатое лечение предупреждают 
неблагоприятный исход. Более того, уточненный медико-
генетический диагноз позволяет проводить в дальнейшем 
пренатальную диагностику патологии при последующих 
беременностях.

reziume

cximovani mJavebis cvlis memkvidruli darRveve-
bi (mimoxilva)

1g. Jarmaxanova, 1l. sirlibaeva, 2e. nurbaulina, 
3l. baikadamova, 4g. eStaeva 

dasavleT-yazaxeTis marat ospanovis saxelobis 
samedicino universiteti, 1molekuluri biologiis 
da samedicino genetikis kaTedra, 2saeqimo praqti-
kis #2 kaTedra; 3aktobes samedicino centri; 4umaR-
lesi samedicino koleji, almati, yazaxeTi

mimoxilvaSi ganzogadebulia Tanamedrove li-
teraturis monacemebi cximovani mJavebis cvlis 
memkvidruli darRvevebis Sesaxeb (karnitinis 
transportis da cximovani mJavebis mitoqondri-
uli Jangvis darRvevebi), rasac axasiaTebs maRa-
li sikvdiloba, gulis, cns-is, RviZlis da ConCxis 
kunTebis upiratesi dazianeba. warmodgenilia 
daavadebaTa am jgufis ZiriTadi klinikur-gene-
tikuri Taviseburebebi. axalSobilebSi skrinin-
gis Catarebis Semdeg tandemuri mas-speqtrometri-
is (tms) meTodis gamoyenebiT SesaZlebeli gaxda 
cximovani mJavebis cvlis defeqtebis adreuli 
diagnostika. tms-meTodis gamoyeneba perspeqtulia 
masobrivi neonataluri skriningisaTvis. adreuli 
diagnostika da, Sesabamisad, droulad dawyebuli 
mkurnaloba gansazRvravs keTilsaimedo gamo-
savals. metic, dazustebuli samedicino-genetikuri 
diagnozi momavalSi iZleva paTologiis prenatal-
uri diagnostikis saSualebas momdevno orsulo-
bis dros.

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

1,2Nurgaziyev M., 1,2Sergazy Sh., 1,2Chulenbayeva L., 1,2Nurgozhina A., 1,2Gulyayev A.,
 1,2Kozhakhmetov S., 3Kartbayeva G., 1,2Kushugulova A.

1Laboratory of Human Microbiome and longevity, Center for life sciences, National Laboratory Astana, 
Nazarbayev University, Nur-Sultan; 2Kazakhstan society of human microbiome researchers, Nur-Sultan; 

3Buketov 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, 

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 

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 β-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 β-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-

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 Th1 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. 

Acknowledgements. The authors thankful to the Ministry of 
Education and Science Republic of Kazakhstan for funding this 
research work (AP05135073, AP05134659).

References

1.  Benjamin M. Davis, Glen F. Rall, M.J.S. 乳鼠心肌提取 
HHS Public Access. Physiol. Behav. 2017, 176, 139–148.
2. Zhang, S.; Chen, D.C.; Chen, L.M. Facing a new challenge: 
The adverse effects of antibiotics on gut microbiota and host im-
munity. Chin. Med. J. (Engl). 2019, 132, 1135–1138.
3. Huse, S.M.; Dethlefsen, L.; Huber, J.A.; Welch, D.M.; Relman, 
D.A.; Sogin, M.L. Exploring microbial diversity and taxonomy us-
ing SSU rRNA hypervariable tag sequencing. PLoS Genet. 2008, 4.
4. Fouhy, F.; Guinane, C.M.; Hussey, S.; Wall, R.; Ryan, C.A.; 
Dempsey, E.M.; Murphy, B.; Ross, R.P.; Fitzgerald, G.F.; Stan-

ton, C.; et al. High-throughput sequencing reveals the incom-
plete, short-term recovery of infant gut microbiota following 
parenteral antibiotic treatment with ampicillin and gentamicin. 
Antimicrob. Agents Chemother. 2012, 56, 5811–5820.
5. Tanaka, S.; Kobayashi, T.; Songjinda, P.; Tateyama, A.; Tsub-
ouchi, M.; Kiyohara, C.; Shirakawa, T.; Sonomoto, K.; Na-
kayama, J. Influence of antibiotic exposure in the early postnatal 
period on the development of intestinal microbiota. FEMS Im-
munol. Med. Microbiol. 2009, 56, 80–87.
6. Gasparrini, A.J.; Crofts, T.S.; Gibson, M.K.; Tarr, P.I.; Warner, 
B.B.; Dantas, G. Antibiotic perturbation of the preterm infant 
gut microbiome and resistome. Gut Microbes 2016, 7, 443–449.
7. Gasparrini, A.J.; Wang, B.; Sun, X.; Kennedy, E.A.; Ndao, I.M.; 
Tarr, P.I.; Warner, B.B. HHS Public Access. 2020, 4, 2285–2297.
8. Pedersen, T.; Klingenberg, C.; Hjerde, E.; Willassen, N.P.; 
Nakstad, B.; Støen, R.; Esaiassen, E.; Cavanagh, J.P.; Andresen, 
J.H.; Rettedal, S.I. Effects of Probiotic Supplementation on the 
Gut Microbiota and Antibiotic Resistome Development in Pre-
term Infants. Front. Pediatr. 2018, 6.
9. Mikkelsen, K.H.; Frost, M.; Bahl, M.I.; Licht, T.R.; Jensen, 
U.S.; Rosenberg, J.; Pedersen, O.; Hansen, T.; Rehfeld, J.F.; 
Holst, J.J.; et al. Effect of antibiotics on gut microbiota, gut hor-
mones and glucose metabolism. PLoS One 2015, 10, 1–14.
10. De Gunzburg, J.; Ghozlane, A.; Ducher, A.; Le Chatelier, 
E.; Duval, X.; Ruppé, E.; Armand-Lefevre, L.; Sablier-Gallis, 
F.; Burdet, C.; Alavoine, L.; et al. Protection of the human gut 
microbiome from antibiotics. J. Infect. Dis. 2018, 217, 628–636.
11. Rashid, M.U.; Zaura, E.; Buijs, M.J.; Keijser, B.J.F.; Crie-
laard, W.; Nord, C.E.; Weintraub, A. Determining the long-term 
effect of antibiotic administration on the human normal intesti-
nal microbiota using culture and pyrosequencing methods. Clin. 
Infect. Dis. 2015, 60, S77–S84.
12. Hildebrand, F.; Moitinho-Silva, L.; Blasche, S.; Jahn, M.T.; 
Gossmann, T.I.; Huerta-Cepas, J.; Hercog, R.; Luetge, M.; Bah-
ram, M.; Pryszlak, A.; et al. Antibiotics-induced monodomi-
nance of a novel gut bacterial order. Gut 2019, 68, 1781–1790.
13. Cotter, S.Y.; Arzika, A.M.; Maliki, R.; Kim, J.; Porco, T.C.; 
Doan, T.; Keenan, J.D.; Lietman, T.M.; Zhong, L.; Zhou, Z.; et 
al. Gut Microbial Diversity in Antibiotic-Naive Children After 
Systemic Antibiotic Exposure: A Randomized Controlled Trial. 
Clin. Infect. Dis. 2017, 64, 1147–1153.
14. Dallinga-Thie, G.M.; Out, C.; Nieuwdorp, M.; Romijn, J.A.; 
Vrieze, A.; Zoetendal, E.G.; Fuentes, S.; Serlie, M.J.; Blaak, 
E.E.; van der Ley, C.; et al. Impact of oral vancomycin on gut 
microbiota, bile acid metabolism, and insulin sensitivity. J. Hep-
atol. 2013, 60, 824–831.
15. Korpela, K.; Salonen, A.; Virta, L.J.; Kekkonen, R.A.; 
Forslund, K.; Bork, P.; De Vos, W.M. Intestinal microbiome is 
related to lifetime antibiotic use in Finnish pre-school children. 
Nat. Commun. 2016, 7.
16. Ta, M.; Nilsson, M.; Nilsson, L.E.; Ha, A. Travel-associated 
faecal colonization with ESBL-producing Enterobacteriaceae: 
incidence and risk factors ˚. 2013, 2144–2153.
17. Johansson, A. The human gut microbiome as a transporter of 
antibiotic resistance genes between continents. 2015.
18. von Wintersdorff, C.J.H.; Penders, J.; Stobberingh, E.E.; 
Oude Lashof, A.M.L.; Hoebe, C.J.P.A.; Savelkoul, P.H.M.; 
Wolffs, P.F.G. High rates of antimicrobial drug resistance gene 
acquisition after international travel, the Netherlands. Emerg. 
Infect. Dis. 2014, 20, 649–657.
19. Kaleko, M.; Bristol, J.A.; Hubert, S.; Parsley, T.; Widmer, 
G.; Tzipori, S.; Subramanian, P.; Kokai-Kun, J.; et al. Development 
of SYN-004, an oral beta-lactamase treatment to protect the gut 



172

	
Медицинские новости грузии

cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

microbiome from antibiotic-mediated damage and prevent Clos-
tridium difficile infection. Anaerobe 2016, 41, 58–67.
20. Syn-, T.O.; Kokai-kun, J.F.; Roberts, T.; Coughlin, O.; Si-
card, E.; Rufiange, M.; Fedorak, R.; Carter, C.; Adams, M.H.; 
Longstreth, J.; et al. crossm Clinical Studies. 2017, 61, 14–16.
21. Ronda, C.; Chen, S.P.; Cabral, V.; Yaung, S.J.; Wang, H.H. 
Metagenomic engineering of the mammalian gut microbiome in 
situ. Nat. Methods 2019, 16, 167–170.
22. Theriot, C.M.; Koenigsknecht, M.J.; Carlson, P.E.; Hatton, 
G.E.; Nelson, A.M.; Li, B.; Huffnagle, G.B.; Li, J.Z.; Young, 
V.B. Antibiotic-induced shifts in the mouse gut microbiome and 
metabolome increase susceptibility to Clostridium difficile in-
fection. Nat. Commun. 2014, 5.
23. Taylor, S.L.; Wesselingh, S.; Rogers, G.B. Host-microbiome 
interactions in acute and chronic respiratory infections. Cell. 
Microbiol. 2016, 18, 652–662.
24. Grigg, J.; Sonnenberg, G. Host-Microbiota Interactions 
Shape Local and Systemic Inflammatory Diseases. J. Immunol. 
2017, 198, 564–571.
25. Schoultz, I.; Keita, Å. Cellular and Molecular Therapeutic 
Targets in Inflammatory Bowel Disease—Focusing on Intestinal 
Barrier Function. Cells 2019, 8, 193.
26. Satokari, R. Contentious host-microbiota relationship in 
inflammatory bowel disease-can foes become friends again? 
Scand. J. Gastroenterol. 2014, 50, 34–42.
27. Viggiano, D.; Ianiro, G.; Vanella, G.; Bibbò, S.; Bruno, G.; 
Simeone, G.; Mele, G. Gut barrier in health and disease: focus on 
childhood. Eur. Rev. Med. Pharmacol. Sci. 2015, 19, 1077–85.
28. Burcelin, R. Gut microbiota and immune crosstalk in meta-
bolic disease. Mol. Metab. 2016, 5, 771–781.

29. McDermott, A.J.; Klein, B.S. Helper T-cell responses and 
pulmonary fungal infections. Immunology 2018, 155, 155–163.
30. Edelblum, K.L.; Sharon, G.; Singh, G.; Odenwald, M.A.; 
Sailer, A.; Cao, S.; Ravens, S.; Thomsen, I.; El Bissati, K.; 
McLeod, R.; et al. The Microbiome Activates CD4 T-cell–medi-
ated Immunity to Compensate for Increased Intestinal Perme-
ability. Cell. Mol. Gastroenterol. Hepatol. 2017, 4, 285–297.
31. Smolinska, S.; O’Mahony, L. Microbiome–Host Immune Sys-
tem Interactions. SeminarsinLiverDisease 2016, 36, 317–326.
32. Francino, M.P. Antibiotics and the human gut microbiome: 
Dysbioses and accumulation of resistances. Front. Microbiol. 
2016, 6, 1–11.
33. Kim, S.; Covington, A.; Pamer, E.G. The intestinal microbi-
ota: Antibiotics, colonization resistance, and enteric pathogens. 
Immunol. Rev. 2017, 279, 90–105.
34. Pamer, E.G. Resurrecting the intestinal microbiota to combat 
antibiotic-resistant pathogens. Science (80-. ). 2016, 352, 535–538.
35. Zeng, M.Y.; Cisalpino, D.; Varadarajan, S.; Hellman, J.; 
Warren, H.S.; Cascalho, M.; Inohara, N.; Núñez, G. Gut Mi-
crobiota-Induced Immunoglobulin G Controls Systemic Infec-
tion by Symbiotic Bacteria and Pathogens. Immunity 2016, 44, 
647–658.
36. Cahenzli, J.; Köller, Y.; Wyss, M.; Geuking, M.B.; McCoy, 
K.D. Intestinal Microbial Diversity during Early-Life Coloniza-
tion Shapes Long-Term IgE Levels. Cell Host Microbe 2013, 
14, 559–570.
37. Donaldson, G.P.; Ladinsky, M.S.; Yu, K.B.; Sanders, J.G.; 
Yoo, B.B.; Chou, W.-C.; Conner, M.E.; Earl, A.M.; Knight, R.; 
Bjorkman, P.J.; et al. Gut microbiota utilize immunoglobulin A 
for mucosal colonization. Science 2018, 360, 795–800.

SUMMARY

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

1,2Nurgaziyev M., 1,2Sergazy Sh., 1,2Chulenbayeva L., 1,2Nurgozhina A., 1,2Gulyayev A., 

1,2Kozhakhmetov S., 3Kartbayeva G., 1,2Kushugulova A.

1Laboratory of Human Microbiome and longevity, Center for life sciences, National Laboratory Astana, 
Nazarbayev University, Nur-Sultan; 2Kazakhstan society of human microbiome researchers, Nur-Sultan; 

3Buketov Karaganda State University, Karaganda, Kazakhstan

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.

РЕЗЮМЕ

ВЛИЯНИЕ АНТИБИОТИКОВ НА МИКРОБИОМ КИШЕЧНИКА И ИММУННУЮ СИСТЕМУ (ОБЗОР)

1,2Нургазиев М.А., 1,2Сергазы Ш.Д., 1,2Чуленбаева Л.Е., 1,2Нургожина А.Ф., 
1,2Гуляев А.Е., 1,2Кожахметов С.С., 3Картбаева Г.Т., 1,2Кушугулова А.Р.

1Лаборатория микробиома и долголетия человека, Центр наук о жизни, Национальная лаборатория Астаны, 
Назарбаев Университет, Нур-Султан; 2Казахстанское общество исследователей микробиома человека, Нур-Султан; 

3Карагандинский государственный университет им. А.А. Букетова, Казахстан

Устойчивость к антибиотикам и их влияние на микро-
биом человека остается глобальной проблемой обществен-
ного здравоохранения. Исследования показали, что лечение 
антибиотиками приводит к резким изменениям в составе и 
функции кишечного микробиома. В обзоре рассматривается 

связь между использованием антибиотиков и их влиянием 
на кишечный микробиом взрослых и детей, а также мета-
болическими взаимодействиями кишечной микробиоты. 
Представлено современное понимание связи между микро-
биомом кишечника и иммунной системой.
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antibiotikebisadmi winaaRmdegoba da misi gav-
lena adamianis mikrobiomze kvlav rCeba sazoga-
doebrivi janmrTelobis globalur problemad. 
kvlevebma aCvena, rom antibiotikebiT mkurnaloba 
iwvevs nawlavis mikrobiomis SemadgenlobaSi da 
funqcionirebaSi dramatul cvlilebebs. mimo-

xilva fokusirdeba antibiotikebis gamoyenebasa da 
maT gavlenaze zrdasrul da bavSvTa nawlavis mik-
robiomze, nawlavis mikrobiotis metabolur urTi-
erTqmedebebTan kavSirSi da warmoadgens Tanamed-
rove codnas adamianis nawlavis mikrobiomsa da 
imunur sistemas Soris kavSirze.
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antibiotikebis gavlena adamianis mikrobiomze da imunur sistemazeA
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ДИНАМИКА УРОВНЯ ПРОКАЛЬЦИТОНИНА, ЛИПОПОЛИСАХАРИД-
СВЯЗЫВАЮЩЕГО БЕЛКА И ИНТЕРЛЕЙКИНА-6 В СЫВОРОТКЕ КРОВИ ПРИ СТРАНГУЛЯЦИОННОЙ 

И ОБТУРАЦИОННОЙ КИШЕЧНОЙ НЕПРОХОДИМОСТИ В ЭКСПЕРИМЕНТЕ

Ивачёв П.А., Аманова Д.Е., Ахмалтдинова Л.Л., Койшибаев Ж.М., Тургунов Е.М. 

Медицинский университет Караганды, Республика Казахстан

Частота острой кишечной непроходимости (ОКН) в экс-
тренной хирургии достигает около 20% случаев; уровень 
летальности составляет 10-30% [15,16]. Основной причиной 
летальности при кишечной непроходимости является раз-
витие сепсиса и полиорганной недостаточности. Кишечная 
микрофлора по праву считается «вторым геномом», активно 
модулирующим здоровье человека, но при этом патогенез раз-
вития сепсиса при ОКН включает в себя нарушение барьерной 
функции кишечной стенки и, как следствие, развитие такого 
феномена как транслокация микрофлоры из просвета кишки в 
системный кровоток [1,11]. 

Современная диагностика септических осложнений при 
ОКН предусматривает определение уровня биомаркеров 
бактериальной транслокации, которые являются значимы-
ми прогностическими факторами этих осложнений [7]. До 
настоящего времени изучено около 178 биомаркеров, кото-
рым в разное время приписывали значимую роль в детекции 
транслокации [14]. Наиболее важными биомаркерами бак-
териальной транслокации являются прокальцитонин (PCT) 
и липополисахарид-связывающий белок (LBP) [4,6,12]. 

PCT обладает относительно высокой чувствительностью 
и специфичностью к бактериемии, его уровень отражает 
степень тяжести системной воспалительной реакции бак-
териальной этиологии [17]. LBP, как маркер бактериальной 
транслокации, считается наиболее значимым, однако менее 
информативным в дифференциациальной диагностике сеп-
сиса от синдрома системного воспалительного ответа не-
бактериальной природы [8]. 

Для оценки степени тяжести и выраженности синдрома 
системной воспалительной реакции в клинической и исследо-
вательской практике определяют уровень иммунологических 

маркеров, таких как C-реактивный белок, интерлейкин-1, ин-
терлейкин-6, фактор некроза опухоли [10]. Интерлейкин-6 
(IL-6) является одним из наиболее эффективных диагностиче-
ских и прогностических маркеров системной воспалительной 
реакции и сепсиса, уровень которого достаточно точно отра-
жает тяжесть данных состояний [9,13]. 

Подробное изучение динамики биомаркеров бактериаль-
ной транслокации в системный кровоток при острой кишеч-
ной непроходимости позволит оценить их прогностическую 
и диагностическую значимость в патогенезе развития сеп-
тических осложнений.

Целью исследования явилось изучить динамику уровня 
прокальцитонина, липополисахарид-связывающего белка и 
интерлейкина-6 на моделях обтурационной и странгуляци-
онной кишечной непроходимости.

Материал и методы. Исследование проведено на 60 по-
ловозрелых белых крысах-самцах, сопоставимых по возрасту. 
Исходная масса животных находилась в пределах 220-250 
грамм. Экспериментальные животные поделены на 3 опытные 
группы: I группа - крысы с обтурационной кишечной непрохо-
димостью (n=24), которая представлена подгруппами в зависи-
мости от сроков наблюдения: 1 сутки (n=12) и 3 суток (n=12); 
II опытная группа - крысы со странгуляционной кишечной не-
проходимостью и восстановлением мезентериального крово-
тока и проходимости кишки (n=24), которые были разделены 
на 2 подгруппы в зависимости от сроков ОКН/постреперфу-
зионный период: 1 час/2 часа (n=12) и 1 час/6 часов (n=12). III 
группа  - контрольная (Sham) – лапаротомия без модели ОКН 
(n=12), разделена на подгруппы по 3 крысы в каждой, соот-
ветствующие срокам наблюдения опытных групп – 2 часа, 6 
часов, 1 сутки, 3 сутки.


