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Abstract

The use of probiotics has increased significantly over recent decades. This has been accompanied by
an increasing amount of literature demonstrating their importance in clinical practice. Antibacterial drugs,
like many other ones, have side effects, one of which is antibiotic-associated diarrhea (AAD). Although
probiotics have been studied in a variety of applications, their usefulness in AAD is biologically based and
supported by extensive clinical evidence. This review examined recent meta-analyses and systematic
reviews to clarify questions regarding the usefulness of probiotics in AAD, including which strains have
evidence of effectiveness in AAD, what dosages are effective, and the optimal duration of probiotic therapy.
The majority of published randomized controlled trials and subsequent meta-analyses suggest the benefit
of probiotics in the prevention of antibiotic-associated diarrhea.
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Antibiotic-associated diarrhea (AAD) is a side effect of symptoms of antibiotic treatment, frequently
observed in those administered broad-spectrum antibiotics [1]. The incidence of AAD varies between 5%
and 35% among patients, from the onset of antibiotic use up to two months following the completion of the
therapy [2]. AAD can be induced by any category of antibiotics. For instance, aminopenicillins,
cephalosporins, and clindamycin, known for their effectiveness against anaerobic bacteria, carry a
particularly high risk for causing AAD [3]. The severity of AAD symptoms can span from mild, self-
limiting diarrhea to severe cases, particularly in instances of Clostridium difficile infections.

It is well known that antibiotics disrupt the normal microbiota of the gastrointestinal (GI) tract,
opening niches in which pathogenic bacteria can thrive, leading to diarrhea [4]. The range of effects of
antibiotics on the gastrointestinal microbiota is quite wide and depends on many factors, including the
mechanism of action of the drug, its antibacterial spectrum, duration of treatment, and other aspects [5].
Thus, it is difficult to draw any firm conclusions about the effect of a single antibiotic on microbiome
composition.

It is also important to note that not every antibiotic is equally likely to cause AAD. Differences in
the pharmacological characteristics of antibiotics cause their different effects on the microbiota, which may
determine the risk of developing AAD. In this context, it is important to take into account the individual
characteristics of the patient, including the state of their microbiota before the start of antibiotic therapy,
which may further vary the body's response to the use of antibacterial agents.

The global probiotics market is valued at approximately 15 billion US dollars per year and is growing
at approximately 7% per year [6]. Recently, great strides have been made in understanding the human gut
microbiome and how microbiome imbalance (dysbiosis) leads to a range of disease conditions. Probiotics
were first reported over 100 years ago and were defined as “live microorganisms that, when administered
in adequate quantities, confer a health benefit on the host” [7]. They were thought to restore disrupted
intestinal flora through a variety of mechanisms. Probiotics can suppress the growth of pathogenic
microorganisms due to competitive exclusion and inhibition of their adhesion to the surface of the mucous
membrane [8]. They can also produce direct antimicrobial molecules. Another proposed mechanism of
action involves their immunomodulatory effect, which may reduce inflammation caused by certain strains
of bacteria.
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Probiotics have become widely available on the market, from capsules to milk-based nutritional
supplements, which can be purchased in pharmacies and supermarkets. Their attractiveness lies in their
availability and ease of administration, as well as their low cost and the frequency of associated side effects
[9]. Therefore, probiotics are considered beneficial for enhancing health and re-establishing a balanced gut
environment [10]. Among their key therapeutic applications is the prevention of AAD.

Since 1999, scientific interest in probiotics as a treatment option has increased significantly, and this
is reflected in the growing number of published peer-reviewed randomized clinical trials. Much of this work
has been aimed at studying the treatment of acute diarrhea in children. However, over time, there has been
an increase in the frequency of studies related to the use of probiotics in the context of antibiotic therapy.

A meta-analysis examining the effect of antibiotics on upper respiratory and urinary tract infections
found that antibiotics suppressed bacterial diversity and made significant changes in the microbiome [11].
However, the diversity of study methodologies and difficulties in determining the baseline state of the
microbiota pose barriers to generalizing results about the effects of antibiotics. Another systematic review
also found highly variable effects of antibiotics on the GI microbiota, including effects on species and taxa
that are associated with an increased risk of developing AAD [5]. Most antibiotics have significant, albeit
varying, effects on the gut microbiome. Differences in effects on the microbiome may influence the risk of
AAD. There are various mechanisms and factors by which antibiotics can not only cause but also worsen
diarrhea (Table 1).

Table 1 — Antibiotics and diarrhea; mechanisms and factors of occurrence

Mechanism/Factor Description
Impact on gut bacterial | Antibiotics indiscriminately target both harmful pathogens and beneficial gut
diversity flora, leading to reduced microbial diversity. This imbalance can compromise

the gut's immune ecosystem, heightening susceptibility to infections by
opportunistic pathogens [12].

Influence of patient While AAD can affect individuals across all age groups, infants and children

age are particularly at risk. Antibiotic exposure during early life, when the gut
microbiome is still developing, can have lasting impacts on its composition and
diversity [12].

Antibiotic spectrum The likelihood of AAD varies with the properties of the antibiotic used,
including its action mechanism, absorption, and dosage. Broad-spectrum
antibiotics, like clindamycin that targets a wide range of bacteria, are linked to
a higher incidence of AAD. In contrast, antibiotics with a narrower target range
tend to have a lower associated risk [13].

Metabolic disorders Gut microbiota plays a crucial role in nutrient metabolism. While most
carbohydrates are absorbed by the small intestine, some are metabolized to
short-chain fatty acids (SCFAs) by gut bacteria. Antibiotics can disrupt this
process by killing these bacteria, leaving undigested carbohydrates behind. As
these carbohydrates move toward the colon, they draw water into the intestine
by osmosis, leading to osmotic diarrhea [13].

Loss of colonization The gut's ability to fend off pathogenic invasions, known as colonization
resistance resistance, is partly maintained by microbial metabolites. Antibiotic therapy
can deplete these protective metabolites, facilitating the overgrowth of harmful
pathogens such as Clostridium difficile [13].

Until recently, it was believed that probiotic microorganisms were not capable of long-term
colonization of the GI tract. However, according to recent data, some probiotic strains can establish
themselves in the Gl tract of some individuals under certain conditions. Specifically, one recent study
assessed whether probiotic administration to healthy volunteers was associated with colonization or
changes in host microbiota functions [14,15]. Some probiotic strains constantly colonized the Gl mucosa,
but interindividual differences were detected. The study found that approximately 50% of participants had
probiotic strains detected 3 weeks after supplementation. The remainder of the participants showed
resistance to colonization, showing no evidence of persistent presence of probiotic organisms. In a follow-
up study using the same probiotic strains, healthy participants were given ciprofloxacin and metronidazole
antibiotics for one week. These subjects were divided into three groups: a control group, a fecal microbiota
transplant group, and a group that received probiotic therapy for four weeks. Among those taking probiotics,
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there was clear evidence of colonization by probiotic strains, and restoration of the original microbiota was
delayed [16]. This finding is consistent with the hypothesis that disruption of the native microbiome creates
conditions for colonization by probiotic strains, leading to long-term changes in the composition of the
intestinal microflora [14]. This replacement, whether temporary or permanent, may help reduce the
likelihood of developing AAD, which is often noted with the consumption of certain probiotic foods.

Figure 1 presents the main proposed mechanisms of probiotic action in the context of AAD. It should
be noted that the presented review was not exhaustive, and additional mechanisms of action of probiotics
have been discussed in detail elsewhere [17].
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Figure 1 — Mechanisms of action of probiotics in AAD [18-22]

The use of selected probiotics has shown effectiveness in the prevention and treatment of AAD.
However, it is important to emphasize that probiotic strains differ from each other in their properties, and
the effect of one probiotic does not guarantee a similar effect from others. The World Gastroenterology
Organization (WGO) has reviewed scientific studies and issued several guidelines on the use of probiotics
for different health issues. Their findings strongly support the use of specific probiotics in preventing AAD
among both adults and children [23].

Numerous randomized controlled trials have been conducted to examine the effects of probiotics on
AAD. The results of these studies indicate a statistically significant reduction in the incidence of AAD
among patients receiving probiotics compared with placebo controls. In a meta-analysis by Szajewska et
al, which included six randomized controlled trials, probiotics were shown to reduce the risk of developing
AAD from 28.5% to 11.97% [24]. This means that for every seven patients who took probiotics along with
antibiotics, one experienced a reduced risk of developing diarrhea.

The use of Lactobacillus rhamnosus GG reduced the risk of AAD by 75% in children in the United
States [25]. In addition, the yeast probiotic Saccharomyces boulardii has also demonstrated effectiveness
in reducing the risk of AAD [25].
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A systematic review and meta-analysis by Hempel et al. assessed the effectiveness and safety of
probiotics in preventing AAD among children and adults receiving antibiotic therapy [26]. The study found
that the use of probiotics, including strains of Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Enterococcus, and B. coagulans, significantly reduced the risk of developing AAD (risk
ratio (RR) = 0.58; 95% confidence interval (Cl): 0.5 -0.68; p < 0.001).

Studying the role of probiotics poses considerable challenges, especially when it comes to choosing
between using a single strain versus a combination of several. The question arises: are there strains with
the most pronounced therapeutic potential? Data from studies using combination probiotics show a
significantly enhanced effect (RR = 0.25; 95% CI: 0.15-0.41) compared with studies using single strains
(RR = 0.5; 95 % CI: 0.29-0.84), especially in the context of preventing Clostridium difficile-associated
diarrhea [27]. These results highlight the importance of studying this issue in more depth in future scientific
work.

Additional information about studies using probiotics for the treatment and prevention of AAD,
including dosage and duration of treatment, is provided in Table 2.

Table 2 — Randomized controlled trials of treatment or prevention of AAD using probiotics

Probiotics Dosage and duration of use Reference
Lactobacillus rhamnosus GG children < 12 kg: 1x10"° CFU, 1 time per day, [28]
children > 12 kg: 2x10™° CFU, 1 time per day;
10 days
Saccharomyces boulardii 500 mg, 2 times per day, 2 weeks [29]
Lactobacillus rhamnosus R0O011 2x10°CFU, 1 capsule 2 times per day, 2 weeks [30]
Lactobacillus acidophilus R0052
Lactobacillus acidophilus >1x10° CFU/mL (L. acidophilus) [31]
Lactobacillus casei >1x10° CFU/mL (L. casei)
Bifidobacterium longum >1x10° CFU/mL (B. longum)
Streptococcus thermophilus >1x108 CFU/mL (S. themophilus);
one bottle (150 mL) per day, 3 weeks
Lactobacillus plantarum 5x107 CFU/mL, 200 mL/day [32]
Lactobacillus reuteri ATCC 55730 | 108 CFU/table, 1 table 2 times per day, 4 weeks [33]
Lactobacillus rhamnosus GG 5.2x10° CFU (L. rhamnosus) [34]
Lactobacillus acidophilus LA-5 9
Bifidobacterium Bb-12 5.9x10 CFU (8. Bb-12).
8.3x10" CFU (L. acidophilus LA-5)
Lactobacillus acidophilus La-5 4x10° CFU, 2 weeks [35]
Bifidobacterium Bb-12
Saccharomyces boulardii 5.1x10° CFU/capsule, 1 capsule 2 times per day, [36]
12 days
Lactobacillus acidophilus LA-5 >1x10° CFU/g, 125 g, 2 times per day, 5 weeks [37]
Bifidobacterium lactis BB-12

Despite the common practice of using probiotics as a preventive measure against AAD,
there's still no clear consensus on the optimal duration for such treatment in patients undergoing
antibiotic therapy. In research conducted by Goodman et al., the duration of probiotic
administration varied widely, from 5 to 56 days, typically beginning with the start of antibiotic
treatment and extending up to a week after its conclusion [38]. Furthermore, systematic review of
Sniffen et al. found that probiotics' highest efficacy was noted shortly after antibiotics were
initiated, lasting from 7 to 28 days post-antibiotic treatment [39].

By analyzing the long-term effects of antibiotics, it's evident that the extended consumption
of probiotics might offer advantageous support to the gut flora during the period when it is exposed
to antibiotic therapy.
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As of now, there is no global agreement on guidelines for using probiotics in the treatment
of AAD. This underscores the critical need for more research and the prompt sharing of new
knowledge as it emerges.

Conclusion

Since the formal recognition of probiotics, there has been a significant increase in research
focused on using microorganisms to adjust the gut microbiome and enhance health. The potential
to influence these microbial ecosystems offers exciting prospects for creating new preventive
strategies for managing AAD and other Gl disorders.

As mentioned, recent meta-analyses support the effectiveness of probiotics in the prevention
of AAD. However, there is wide variation in the evidence underlying the effectiveness of
individual probiotics. In particular, probiotic strains such as S. boulardii and some species of
lactobacilli have been shown to be effective, although their use is complicated by the fact that they
are often presented in complex mixtures.

Future studies should concentrate on identifying specific strains, determining optimal
dosages, addressing safety issues, and considering factors specific to patients. This information
will assist healthcare professionals in making precise decisions about employing probiotics for
managing AAD and other Gl disorders.
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AHHOTANUA

Hcmonp30Banne MPOOMOTHKOB 3HAYWTEIHHO BO3POCIO 32 TOCIENHHE MAECATUICTHA. OJTO
COTIPOBOX/IAJIOCH YBEITMYEHNEM 00bEMa JIUTEPATYPHBIX JaHHBIX, CBHJIETENbCTBYIOMNX 00 X BaKHOCTH B
KIIMHUYECKON TpaKTHKe. AHTHOAKTCpUAILHBIC TpenapaThl, KaK W MHOTHE JAPYTUE JIEKapCTBEHHBIC
CpeJlICTBA, UMEIOT NMOOOYHBIE ACWCTBUS, OJHUM W3 KOTOPBIX SIBISAETCS aHTHOMOTHKO-aCCOIMHPOBAaHHAS
nmuapest (AAJl). HecmoTps Ha To, 9TO MPOOHOTHKHA M3YYAIHCh B Pa3IMYHBIX O0JACTSAX MPUMEHEHHUS, UX
noJie3HOCTh nipu AA]J] siBisieTcss OMONIOTMYecKr OOOCHOBAHHOM W MOATBEPIKIACTCS MHOTOYHCICHHBIMU
KIIMHUYECKUMU JTaHHBIMU. B pamkax naHHOro 0030pa ObUIH MpOaHATH3UPOBAHBI HEJJABHUE METaaHATH3bI
Y CUCTeMAaTHYeCcKHe 0030pHI 17151 BEISICHEHHUS BOIPOCOB, KACAIOIINXCA MTOJIE3HOCTH MPOONOTHKOB pu AA/],
B TOM YHCJI€ O TOM, KaKue IITaMMbl UMEIOT JoKa3aTenbcTBa 3(dexTuBHOCTH 1ip AAJl, Kakue 1036l
JIoKa3au CBOIO 3()(PEeKTUBHOCTB, 4 TAKIKE ONTUMAIIEHYFO MPOJIOJKUTEIBHOCT MPOOUOTHIECKON TepPaTIHH.
BosbMHCTBO 01Ty OIMKOBAaHHBIX PAHIOMU3UPOBAHHBIX KOHTPOJIUPYEMBIX HCCIICAOBAHHUN U TTOCIIEYIOIIHX
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METaaHaJIM30B CBUJIETEILCTBYIOT O MOJIb3€ MPOOHOTHKOB B IPOPHUIIAKTUKE AUAPEH, CBA3aHHOM C PUEMOM
aHTUOMOTHKOB.
KiarwueBble cjioBa: IPOOHOTHKH, aHTHOMOTHKO-aCCOITMMPOBAHHAS JTUAPES, MUKPOOHOM.

AHTHOMOTHKO-accoruupoBanHas auapes (AAJl) sBusercs moO0ouHBIM 3 deKkToM
CUMITOMOB YINOTPeOJIeHHUs] aHTUOMOTUKOB M YacTO BO3HHUKAET Y MAllMEHTOB, MOJy4YaBIIMX
AHTUOMOTHUKY IUPOKOTo criekTpa aerucTsus [1]. AA/] Bo3Hukaer y 5-35% manueHToB OT Hayana
U JIO ABYX MECSIIEB MOCiIe OKOHYaHus JieueHus [2]. JIroOoi THn aHTHOMOTHKOB MOYKET BBI3BATh
AA/l. B yacTHOCTH, aMHHOTICHUITWLITUHBI, 11€(DaTOCTIOPUHBI U KIMHIAMUIIMH, JEHCTBYIONUE HA
aHa’poOBI, CBsI3aHBI C BRLICOKUM pUCKOM pa3Butus AAJI [3]. CuMITOMBI BAPBUPYIOTCS OT JIETKOH
¥ CaMOOTPaHUYMBAIOICICS qUapen 10 TSHKEIOW Auapeu, MOCIeqHssT XapaKTepHa 0COOCHHO MpHU
undexusax Clostridium difficile.

XOopoIIo U3BECTHO, YTO AHTHOMOTHUKH HAPYIIAIOT HOPMAIBLHYI0 MHKPOOHOTY KEITYIOYHO-
kumeynoro tpakta (JKKT), oTkpeiBas HHIIM, B KOTOPBIX MOTYT MPOLBETaTh MaTOTEHHBIE
OakTepuH, 4To NPUBOAUT K auapee [4]. CrekTp BIMAHUSA aHTUOMOTHKOB Ha MuKpoouoty KKT
JIOBOJILHO LIIMPOK U 3aBUCUT OT MHOXKECTBa (haKTOPOB, BKIIOUAsi MEXaHU3M JIEUCTBUS IIpenapaTa,
€ro aHTUOAKTEPHATIBLHBIN CIIEKTp, JUINTEIBHOCTh Kypca JieueHus: u apyrue acrektol [5]. Takum
o0pa3oMm, TpyaHO cHenaThb Kakue-Tu00 OJHO3HAYHBIE BBIBOJABI O BIUSHUU OTIEIHHOTO
AHTUOMOTHKA Ha COCTaB MHUKPOOHOMA.

Taxke Ba)KHO OTMETHUTH, YTO HE KaKAbIi aHTHOMOTHK BBI3bIBaeT AAJ] ¢ oIMHAKOBOM
BEPOATHOCTHIO.  Paznmuumst B (apMakKOJIOTMYECKUX  XApPAaKTEPUCTUKAX  aHTUOMOTHUKOB
00yClIaBIUBaIOT UX PA3IMYHOE BO3JEUCTBHE Ha MUKPOOUOTY, YTO MOXKET ONpPENENSITh CTEIECHb
pucka pa3Butus AAJl. B 3ToM KOHTEKCTe, BaXKHO YUUTHIBATh MHAUBUIYAJIbHbBIE XapAKTEPUCTUKHI
MalueHTa, BKIII0Yas COCTOSHUE er0 MUKPOOHOTHI 10 Hadyajla aHTHOMOTHUKOTEpAH, YTO MOXKET
JOTIOTHUTEIFHO BaphUPOBATh OTBET OpraHU3Ma Ha MPUMEHEHHE aHTUOAKTEpUaIbHBIX CPECTB.

MupoBoii pbIHOK TPOOMOTHUKOB OILIEHUBAETCS TPUMEPHO B 15 Muumapaos gosnapos CIIA
B IOJl U pacTeT npuMepHo Ha 7% B rox [6]. B mocneanee BpeMs ObUIM TOCTUTHYTHI OObIIKE
yCIeXy B MOHUMaHUU MHKPOOMOMa KHUIIIEUHUKA YEJIOBEKa M TOTO, KaK JUCOAlaHC MHUKPOOHOMa
(m1cOro3) MPUBOIUT K PsAAy OOJIC3HEHHBIX COCTOSIHHM. BrepBple 0 mpoOMOTHKaX COOOIIHIIN
6omee 100 net Ha3aj, U UX ONPEICTUIN KaK «KHBbIe MUKPOOPTaHU3MBI, KOTOPBIE IPU BBEJCHUN
B QJICKBaTHBIX KOJMYECTBAX MPUHOCIT MOJb3Y 3A0POBbIO X03siMHa» [7]. CuuTanoch, 4To OHU
BOCCTAHABIIMBAIOT HAPYIICHHYIO (JIOpPY KHUIIEYHHUKA TOCPEACTBOM MHOXKECTBA MEXaHU3MOB.
[Ipo6uoTrku CrmocoOHbI MOJABIATH POCT NATOTEHHBIX MHUKPOOPTaHU3MOB B pe3yibTare
KOHKYPEHTHOTO HWCKIIOUEHUS W WHTUOMPOBAHUS WX aJre3Wd Ha TOBEPXHOCTH CIU3UCTOU
000504k [8]. OHU TaKkKe MOTYT IPOYIIUPOBATH AHTUMHUKPOOHBIE MOJICKYJIBI TPSIMOTO JIEHCTBHUS.
Jpyroii npearnonaraeMplii MEXaHU3M JICHCTBHS BKIIOYAET UX UMMYHOMOAYIUPYIOMIHNA YPQEKT,
KOTOPBI MOXKET YMEHBIIUTh BOCTIAJIEHUE, BHI3BAHHOE OIPE/IeJICHHBIMU IITAMMaMHU OaKTEpUH.

[IpoOuoTHKM CTalM MHPOKO JOCTYMHBI HA PHIHKE: OT KamCyJd J0 MOJIOYHBIX IHIIEBBIX
00aBOK, KOTOpbIE MOXHO MPHOOPECTH B anTekax M cymnepMmapkerax. Mx mpuBiekareabHOCTb
3aKJIF0YAETCs B JOCTYIHOCTH M MPOCTOTE MpUEMA, a TAK)KE B UX HU3KOM CTOMMOCTH U 4acTOTE
CBSI3aHHBIX C HUMH MOO0YHBIX A PekToB [9]. Takum 06pa3zom, MpoOUOTHKH TPUBJIEKATEIbHBI KaK
Croco0 yKperuieHus! 37J0POBbs U BOCCTAHOBJICHHUSI HOPMAIBHOU KuliieuHoi cpensl [10]. Ogaum u3
Haubosee MOKa3aHHBIX TEPAEeBTHUECKUX NMPUMEHEHHH MPOOHOTUKOB SBISIETCA MpopUiIaKTHKa
AAJL

C 1999 roma Hay4dHbIi MHTEpEC K MPOOMOTHKAM KaK METOJY JICYCHUS 3HAYUTEIHHO
YCUJIMJICS, M 3TO OTpPa3swiioch B POCTE KOJMYECTBA OIYOJMKOBAHHBIX PELEH3UPYEMBIX
PaHAOMHU3HPOBAHHBIX KIMHUYECKUX HccienoBaHUM. bonblias yacTh 3TUX pabor ObLia
HaIlpaBJICHA HA U3Y4YECHUE JICUCHUs OCTPOM auapen y aereil. Tem He MeHee, C TECUEHUEM BPEMEHU
Ha0JI0/1aeTCs YBEIMUYEHUE YaCTOThI UCCIEI0BaHUM, CBSI3aHHBIX C HCIIOJIb30BAHUEM TPOOMOTHUKOB
B KOHTEKCTE aHTHOMOTUKOTEPAITHH.

MeTtaananu3s, MOCBSIICHABIA H3ydeHHIO d(hPeKTa aHTHOMOTUKOB TIPH MH(MEKITUAX BEPXHUX
JBIXATENbHBIX U MOYEBBIBOSIINUX ITYTEH, BBISIBUI, YTO aHTHOMOTHKYU YTHETAIOT OaKTepHUaIbHOE
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pa3sHooOpa3ue W BHOCAT CYLIECTBEHHBIE H3MEHEHUs B MukpobouoM [11]. Tem He MeHee,
pa3zHooOpa3ue METOJ0JIOTHI HCCIeA0BaHUN U CII0KHOCTH B ONPEAEICHIUN UCXOIHOTO COCTOSIHHS
MHUKPOOHOTHI CO3/1a0T MPETATCTBU 1J1s1 0000IICHNS pe3yIbTaTOB O BO3ACHCTBUN aHTUOMOTHKOB.
Hpyroit cucremaTndeckuii 0030p Takke BBIIBHIJI BeCbMa pa3HOE BIMSHUE aHTUOMOTHMKOB Ha
mukpobuoty JKKT, Bxiouas BO3AeWCTBME HA BHUIBI M TAaKCOHBI, KOTOpBIE CBSA3aHBI C
MOBBIMICHHBIM pHUCKOM paszButus AAJl [5]. OdeBugHO, YTO OONBIIMHCTBO AHTUOWOTHKOB
OKa3bIBAIOT 3HAYUTENBHOE, XOTSI U Pa3HOE, BO3/CHCTBUE HA MUKPOOUOM KHIIeUHUKA. Pasnnuns B
s dexTax Ha MUKPOOMOM MOTYT BJIUATH Ha CTENEHb pucka Bo3HUKHOBeHHs AAJ]. CymecTByror
pa3uyHble MEXaHW3Mbl U (PAKTOPBI, C MOMOIIBI0 KOTOPHIX AHTUOMOTHKH MOTYT HE TOJBKO
BBI3BIBATh, HO M yCUJIIMBATh nuapeto (Tadmmma 1).

Tabmuna 1 — AHTHOMOTHKH U [Uapesi: MeXaHU3Mbl B (JaKTOPBl BOSHUKHOBEHUSI

Mexanu3m/gaxkTop Onucanue
Uzmenenne AHTHOMOTHKY BO3JICUCTBYIOT KaK Ha TATOTCHBI, TaK M Ha IOJIE3HBIC
OaKkTepHATBHOTO OakTepuy B KHIIEYHUKE, YMCHbBINIAs OaKTepuaibHOe pazHoobOpasme. ITo

Pa3HOOOpAa3usl KUIIEYHUKA | MOXET HAPYIIUTh MMMYHOJOTHUYECKYI0 3KOCHCTEMY, YBEIUYHBAs PHUCK
ONMOPTYHUCTHUYECKUX MHpekuuii [12].

Bo3spacr manuenra AA]J] MOXET BO3HUKHYTH B JIFOOOW IMOMYJISAIIANA, HO OCOOCHHO YSI3BUMBI
netn. llpuMmeHeHne aHTHOMOTHKOB y JeTeld TpyAHOTO Bo3pacTta ¢
HEJI0Pa3BUTHIM MHKPOOMOMOM MOXKET CYIIIECTBEHHO TOBIHUSATH HAa €ro
cocTtas [12].

CrexTp aHTHONOTHKOB XapaKTepUCTUKH aHTUOMOTHKOB, BKJTFOYAsI MEXaHHU3M,
(apMaKkOKMHETHKY M JO3HpPOBKY, BIUSIOT Ha AAJ[. AHTHOMOTHKH
IIUPOKOTO CIIEKTpa ACHCTBUS, TaKWe KaK KIMHIAMHIIMH, JCHCTBYIOIIHE
Ha aHa’poOEbl, CBA3aHBI ¢ 00JIEe BEICOKUM PHUCKOM BO3HUKHOBEHUs AAJL,
TOTJa KaK AHTUOMOTHMKU Y3KOTO CHEKTpa ACWCTBUS JEMOHCTPUPYIOT
OoJiee HU3KHE Moka3aTend [13].

Merabonuueckue MukpoOHOM KHUIIIEUHUKA YYaCTBYET B MIUTAHUHM U OOMEHE BEIIECTB. XOTA
HapyIICHUS OoJplnasi dYacTb YIJIEBOJOB BCACHIBAGTCS B TOHKOM KHIIECYHHKE,
HEKOTOPBIE YIIICBOABI PEPMEHTHPYIOTCS OAKTEPUSIMU U MIPEBPAIAOTCS B
kopoTkorienoueunbie xupHble kucioThl (KIXKK). Korma antrOnotrnku
yOMBAIOT M TU3UPYIOT OTH OAKTEPUH, B KHIIIEUHUKE OCTACTCS N30BITOTHOE
KOJIMYECTBO HEBCACHIBAIOIINXCS YTIIEBOAOB, KOTOPHIE BTATHBAIOT BOIY
ITyTEeM 0CMOCa TI0 Mepe MPOJIBUKCHHS K TOJICTON KHIIIKE. DTO MIPUBOTUT K
Pa3BUTHIO OCMOTHYECKOM nuapen [13].

IToteps xononn3anuonHoi | Komonm3anmonHas  yCTOWYMBOCTh, CIOCOOHOCTh  MPEIOTBPAIIATh
YCTOHYHUBOCTH WHBa3WI0 TATOTCHHBIX MHKPOOOB, 3aBHCHT OT METaOOJIUTOB,
PETYIHPYEMBIX KUIICYHBIM MUKPOOMOMOM. AHTHOMOTHKH YMCHBIIAFOT
KOJIMYECTBO METa0OJIMTOB, HYTO CIIOCOOCTBYET Pa3MHOKEHHIO TaKUX
matorenos, kak Clostridium difficile [13].

Jlo HeTaBHEro BPEMEHU CUMTAIOCH, YTO MPOOHMOTHYECKHNE MUKPOOPTaHU3MBI HE CITIOCOOHBI
K ponrocpouHoit kojonuzaruu JKKT. OpgHako, cOriacHO MOCIEIHUM JaHHBIM, HEKOTOPHIE
npobuoTnyeckre mTaMMbl MOryT oOocHoBatbcs B JKKT HEKOTOpBIX HMHIMBUAYYMOB NpHU
onpeAeNnéHHBIX YCIOBUSIX. B uYacTHOCTH, B OJHOM HEJAAaBHEM HCCJIEIOBAaHUU OLIEHUWBAJIOCH,
CBsI3aHO JIM BBEICHUC HpOGI/IOTI/IKa 300POBBIM I[OGpOBO.HBLIaM C KOHOHHBaHHGﬁ NI U3MCHCHUSIMU
B (QyHKOUIX MHKpOOHMOTHI Xo3smHa [14,15]. YacTh mpoOMOTHYECKHX IITaMMOB TOCTOSHHO
KOJIOHM3HpOBaNu ciau3uctyio 0000uky XKKT, ogHako oOHapyXHBaTUCh MEXUHIUBUIYaIbHBIC
paznuuus. B uccnenoBaHuu ObUIO YCTaHOBJIEHO, YTO MpUOIU3UTENbHO y 50% y4acTHHUKOB
poOHOTHYECKHE ITaMMbI ObUTH OOHAPY>KEHBI uepe3 3 Heaenu nocie npuema. OcraBiascs 4acTb
YY4aCTHUKOB IIOKa3aja pEe3UCTEHTHOCTh K KOJOHM3AlMM, HE JAEMOHCTPUPYS MPHU3HAKOB
YCTOHYHBOTO MPUCYTCTBHSI IPOOMOTUIECKUX OpPraHU3MOB. B mocienyromem ucciuea0BaHuu, Te
MPUMEHSUTUCH T€ K€ MPOOUOTHYECKHE IITAMMBI, 3JOPOBBIM YYaCTHHKAM Ha MPOTSHKEHUU OJJHOU
HeJleNM BBOJIWJIM AHTHOMOTHKM HMIIPO(MIOKCAIIMH M METPOHUIA30J]. DTH HCIBITYeMble ObUIN
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pacmpenelneHbl Ha TpPU TPYNIBL:  KOHTPOJBHYIO, Tpynny (ekalabHOH MHKPOOHMOTHOMA
TpaHCIUIAaHTAllMM U TPYIIy, KOTOpasi B TEYEHHE YEThIpeX Helesb IMolydasia MpOOHOTHYECKYIO
tepanuto. Cpeau Tex, KTO MPUHUMAJl TPOOUOTHUKH, ObUIN SIBHBIC JI0KA3aTENLCTBA KOJOHU3AIUH
MPOOMOTUYECKUMH IIITAMMAaMH, 2 BOCCTAHOBIICHHE UCXOIHOW MHUKPOOHOTHI 3a1epKUBATIOCH [16].
OTOT BBIBOJ COTIIACYeTCs C TUIIOTE30i O TOM, YTO pa3pylleHHe HATUBHOIO MUKPOOHOMA CO3aeT
YCIOBUSL ISl KOJIOHM3ALMK MPOOMOTHYECKUMH HITAMMaMM, YTO BEIET K JOJTOBPEMEHHBIM
M3MEHEHHSIM B COCTaBe KuieuHoi MUKpogiops! [14]. Takoe 3amenienue, Oy1b OHO BpEMEHHBIM
WJIM TOCTOSTHHBIM, MOYKET CIIOCOOCTBOBATh YMEHBIIEHUIO BEPOSATHOCTU pa3BuTust AAJI, yTo yacTo
OTMEYAETCsI MPH YIOTPEOIICHUH ONPEIETICHHBIX TPOOUOTUYECKUX MTPOIYKTOB.

Ha pucynke 1 mnpencraBiieHbl OCHOBHBIE TIpPEAIOIaraéMble MEXaHWU3MBbl JIEUCTBUS
npobnoTukoB B KoHTeKcTe AA/Jl. Crneayer oTMETUTh, YTO MPEICTaBICHHbBIN 0030p HE ABIsSETCA
WCYEpIbIBAIOIIMM, M JOMOJHUTEIbHBIE MEXaHU3Mbl JEHCTBUS MPOOHMOTUKOB MOJIPOOHO
00CyX1alHch B APYIUX UCTOUHUKAX [17].

—

“u MMYHHBIA a‘mn(\
TIpoGHOTHRHE MOTYT

YMCHBIIHT 3KTHEALHEID
[ AHTHOHOTHKAMH i

nyTeit.
Baxtepnn pona Lactobacillusu
Saccl

M wmpoaauuexumequoromuxp(ﬂuma&

BELU10 [OKA33HO, YT0 HCOB30BAHHE IPOOHOTHKOB
BOCCTaHAB/IMBACT DATAHC KAMICYHOTO MHKPODHOMA
TpH JEcdarTepHose. [[HCOAKTEPHO3 MOKET
BOSHEKHYT, KO 12 IALHCHT IOBCPracTea
J7IHTE A6HOH AHTHOHOTHRO TEPAIIHH, HHICHCHBHOMY

(bmqecxouy CIPecCy H XPOHHYCCKHM
HOTHKH META00 TH3UPYIOT
TOKHBIE yrneno,zm u upnnympym MOTOUHY O

PucyHok 1 — Mexanu3smsl aeiicTBust mpoobuotukos mpu AAJL [18-22]

Hcnonb30BaHue OTIENBHBIX MPOOMOTHKOB MOKa3ano 3PGEKTUBHOCTh B MPOPUITAKTHKE U
neyernnn AAJl. OgHako, BAXKHO MOAYEPKHYTh, YTO TPOOHOTHYECKUE MTAMMBI OTIWYAIOTCS APYT
OT JIpyra 1o CBOMM CBOWMCTBaM, U JIEHCTBUE OJHOTO MPOOMOTHUKA HE TAPAHTHPYET aHATIOTUYHOTO
s dexra ot Apyrux. Becemupnas racrposrTeponorudeckas opranuzamnus (WGO) nposena aHamus
Hay4YHBIX MYyOJIMKAIMA U BbIpaOOTala psia PEKOMEHIAIUN M0 MPUMEHEHHIO MPOOMOTUKOB TpU
Pa3IMYHBIX METUIIMHCKUX COCTOSIHUSX. B 4acTHOCTH, OHM YKa3bIBAIOT HA HATMYUE YOS TUTECITHHBIX
J0Ka3aTeNbCTB AP (HEKTUBHOCTH OMPEICIIEHHBIX MPOOUOTHKOB B MpodmiakTike AAJl y B3pOCIbIX
u nereit [23].
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MHoro4nciIeHHbIe  PaHIOMU3HPOBAHHBICE  KOHTPOJIUPYEMBbIE  HCCIIECIOBAaHUS  ObLIN
MPOBEICHBI ISl M3YUYCHUS BIUSHHSA NPOOMOTHKOB Ha AAJI. Pe3ymbrarhl 3TUX HCCIIeIOBaHUN
OJIHO3HAYHO YKa3bIBAlOT HA CTATUCTUYECKH 3HAYMMOE YyMeHbIIeHue ciydaeB AAJl cpemu
MAIMEHTOB, MOJIYYaBIIUX NMPOOMOTHKH, B CPAaBHEHUU C KOHTPOJIbHOM TpyMION, MoTydaBIiei
iane6o. B mMeraananuze, npoBeeHHOM Szajewska M cOaBTOpaMH, KOTOPBI O0XBaThIBaJl HIECTh
PaHAOMU3HPOBAHHBIX KOHTPOJIHPYEMBIX HCCIIEIOBaHUM, OBLJIO MOKa3aHO, 4YTO MPOOHMOTHUKH
cokpamtatoT puck pazsutust AAJl ¢ 28,5% no 11,97% [24]. D10 03HaYaeT, YTO HA KaXKIbIX CEMb
MAIMEHTOB, MPUHUMABLIMX MPOOMOTUKM BMECTE C AHTHOMOTHKAaMH, Y OJHOrO HaOII0Janoch
CHI)KCHHE PHCKA Pa3BUTHSI TUAPECH.

[Mpumenenue Lactobacillus rhamnosus GG ymensmaino puck AAJ] Ha 75% y nereit B CIIA
[25]. Kpome Toro, aposxkeBoit mpoouoTrk Saccharomyces boulardii Taxxe mpoaeMoHCTpUpOBa
a3 dexTuBHOCTH B CHIKeHUH prucka AAJ] [25].

B pamkax cucremarndeckoro 0030pa u MeTaaHam3a, npoBeAeHHbpIX Hempel u coaBTopamu,
orieHuBaIach 3HPEKTUBHOCTH U 0€30MTaCHOCTh TPUMEHEHHUS TPOOMOTHUKOB JIJIsl TPEAOTBPAIIICHHUS
AAJI cpenu nereit U B3pOCIIBIX, MOJyYaBIIUX aHTHOMOTHYECKYIO Tepanuto [26]. MccrenoBanue
10Ka3aJio, 4YTo MCI0JIb30BaHKe MPOONOTHKOB, BKIro4Yas mrammel Lactobacillus, Bifidobacterium,
Saccharomyces, Streptococcus, Enterococcus u B. coagulans, 3HauuTelnbHO CHIIKACT PHCK
passutust AAJ] (otHomenue puckos (OP) =0,58; 95% noseputenbublii untepsain (JN): 0,5-0,68;
p <0,001).

N3ydeHnue posin NpoOMOTHKOB CBSI3aHO C HEMAJIBIMU CJIOKHOCTSMH, OCOOEHHO KOT/ia peyb
3aXO/JUT O BHIOOPE MEXKIY UCIOJIB30BAHUEM OJHOTO ITaMMa MPOTUB KOMOWHAIIMY HECKOIbKUX.
Bceraer Bompoc: CymIecTBYIOT JIM INTaMMbl C HaumOojiee BBIPAKEHHBIM TEPareBTUYECKUM
noteHnuaioM? JlaHHBIE WCCIIEIOBaHMA, B KOTOPBIX HCIIOJIB30BAIMCh KOMOMHHPOBAHHBIC
POOMOTUKH, CBUAETENBCTBYIOT O 3HaUUTENbHO yeriieHHOM 3¢ dekte (OP = 0,25; 95% JAU: 0,15—
0,41) mo cpaBHEHUIO C HCCIEAOBAHUSIMH, OCHOBAaHHBIMU Ha OTAeNbHBIX mTammax (OP = 0,5; 95%
AU: 0,29-0,84), ocoOeHHO B KOHTEKCTE MPEIOTBPAIICHHUS IUAPEH, ACCOIMHUPOBAHHOU C
Clostridium difficile [27]. DTu pe3ynbTaThl aKIEHTHPYIOT BaKHOCTH 00JI€€ ITyOOKOTO M3Yy4CHHS
JTAHHOTO BOIPOCa B OyAYyIIUX HAYYHBIX paboTax.

JononaurenpHas wHPOpMAIMS 00 HMCCIEIOBAHUSX C MPUMEHEHUEM NPOOMOTHUKOB IS
nedyeHuss u npodunaktuku AAJ[, BKIOYas JO3UPOBKY U MPOAOKUTENBHOCTh JICUEHUS
npuBesieHa B Tabnuue 2.

VYuutbiBas HIMPOKOE HCIONIb30BaHUE MPOOMOTHKOB B KayecTBe MNPOPUIAKTHUECKOTO
nedyeHuss npu AAJl, IaHHBIE O COOTBETCTBYIOLIEH IPOJOJDKUTEIBHOCTH TAaKOM Tepanmuu y
NAlMEHTOB, MPUHUMAIOIIUX AHTUOMOTHKHM, OCTAlOTCS HEOJHO3HAuHbIMH. B Mertaanamuze,
npoBeeHHOM (Goodman W CcOaBTOpaMH, MPOIOJDKUTEIBHOCTh MPUMEHEHHS TPOOMOTHKOB
BapbUPOBAIACH OT 5 10 56 qHEH, TPU ATOM B OOJIBIITMHCTBE CIy4aeB X MPUEM HAUUHAJICS CPa3y
C Ha4yaJoM aHTHOMOTUKOTEPANIUU U MPOAOIDKAICSA 10 OJAHOM HEAenH Imocie ee OKoH4aHus [38].
CormacHO cuCTEMaTHYeCKOMY 0030py, BBIIOJIHEHHOMY Sniffen u 1p., MakcumaidbHas
3¢ (heKTUBHOCTh MPOOMOTHKOB HaOMIoIasach B TEYCHHWE HECKOJNBKHX JHEH Tocie Havala
AHTUOMOTHKOTEPANMH M COXPAHSIIACh HAa MMPOTSHKEHUHU 7—28 mHel mociie ee 3aBepmieHus [39].

AHanu3upys JOIATOCPOYHOE BO3JCHCTBHE AHTHOMOTHKOB, MOXHO CJENaTh BBIBOA O
MNOTEHLMAIBHONW TMOJb3€ UIMTENFHOTO MpHeMa NPOOMOTHUKOB, KOTOpPbIE MOTYT OOECHeurTh
MONJEPKKY MHUKPOOMOTE KHUIIEYHHWKA B TIEPUOJ, KOTJIa OHA TMOJBEPraeTcsi BO3JCHCTBUIO
AHTUOMOTHKOTEPAITHH.

B HacTosimiee BpeMst BO BCEM MUpPE HET €IMHOTO0 MHEHHSI OTHOCUTEIBHO PEKOMEHIAINH 110
KIIMHUYECKOMY HCIIOJIb30BaHMIO MpoOnoTHkoB mpu AAJl. DTO mMOAYEpPKHBAET OCTPYIO
HE00X0IMMOCTh JaJbHEUIINX Hccae0BaHUN U 3()(HEKTUBHOTO pacrpocTpaHeHHUs WH(POpMAIUU
M0 MEpe €€ MOSIBICHHUS.
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Tabmmma 2 — PanmoMu3upoBaHHBIE KOHTPOJIUPYEMEBIE HCCIICIOBAHUS JICUCHHUS WK TpoPtakTuku AAJ] ¢
WCIIOJIb30BaHUEM ITPOOHOTHKOB

HpO6I/IOTI/IK HO3I/Ip0BKa " IPOJOJLKUTCIIBHOCTD ITpUCMa Ccrplika
Lactobacillus rhamnosus GG neti < 12 kr: 1x10'° KOE, 1 pas B nens, [28]
Jetd > 12 xr: 2><1010 KOE, 1 pa3 B neHb;
10 nuew
Saccharomyces boulardii 500 wmr, 2 pa3a B IeHb, 2 HEJIeJIN [29]
Lactobacillus rhamnosus R0011 | 2x10° KOE, 1 kancyna 2 pa3a B IcHb, 2 HEJEIH [30]
Lactobacillus acidophilus
R0052
Lactobacillus acidophilus >1x10% KOE/mn (L. acidophilus) [31]
Lactobacillus casei >1x10° KOE/mu (L. casei)
Bifidobacterium longum >1x10° KOE/mu (B. longum)
Streptococcus thermophilus >1x108 KOE/mn (S. themophilus);
omuH (iakoH (150 mi) B 1eHb, 3 HEneTn
Lactobacillus plantarum 5x107 KOE/m1, 200 Mi1/1ieHb [32]
Lactobacillus reuteri ATCC 108 KOE /ta6un., 1 Tabu. 2 pa3a B 1eHb, 4 Heenu [33]
55730
Lactobacillus rhamnosus GG 52x10° KOE (L. rhamnosus) [34]
Lactobacillus acidophilus LA-5 9
Bifidobacterium Bb-12 5,9><109 KOE (8. Bt_)-12) .
8,3x10 KOE (L. acidophilus LA-5)
Lactobacillus acidophilus La-5 | 4x10° KOE, 14 nueit [35]
Bifidobacterium Bb-12
Saccharomyces boulardii 5,1x10° KOE/kancyna, 1 karcyna 2 pa3sa B JicHb, 12 qHel [36]
Lactobacillus acidophilus LA-5 | >1x10° KOE/r, 125 1, 2 pa3a B 1€Hb, 5 Heeb [37]
Bifidobacterium lactis BB-12

3akiiroueHue

HccnenoBanusi 1o  HCIOIB30BAHUIO MHKPOOPTAaHU3MOB ISl MOJYJISIIIMKA ~ KHIIIEYHOTO
MHUKpPOOHOMa W YIyUYIICHUS! 3I0POBBSI PACTyT OBICTPHIMH TEMIIAMH C MOMEHTa O(QHUIIHATEHOTO
ompezeneHuss MpoOUOTHKOB. BO3MOXXHOCTh BO3JIEHCTBUS HA ITH MHUKPOOHBIE COOOIIECTBA
OTKPBIBACT TMEPCIEKTUBBI ISl Pa3paOOTKU HOBBIX NPOPHIAKTHYECKUX TOIXOMOB K JICYCHUIO
Japer, AacCCOIMMPOBAHHOW C TPUEMOM AaHTUOMOTHKOB, W JPYTUX IKEIYIOYHO-KHUIICUHBIX
HapyIICHUMN.

Kak yxe ymomMHHaIOCh, HEIABHUE METAaHAIM3bl MOATBEPKAAT IPPEKTUBHOCTD
npoOnoTUKOB il ipomnakTukn AAJ[. OgHaKo CymIeCTBYIOT OOJBINHME pa3iuyus B JTaHHBIX,
JeXalux B OCHOBE H(PQPEKTHMBHOCTH OTICIBHBIX NPOOHMOTHKOB. B wyacTHOCTH, OTMeueHa
3G (HEeKTUBHOCTh TaKMX MPOOHMOTHYECKHX ITamMmoB, kak S. boulardii m HekxoTopwIX BHIOB
JAKTOOANMIII, XOTS WX HKCIIOJB30BAaHUE YCIIOXKHSACTCS TeM (aKTOM, YTO OHHM 3a4acTyio
NIPEJICTAaBIICHBI B COCTABE CIIOKHBIX CMECEH.

B nanpHeiiiemM uccieqoBaHus A0DKHBI ObITh COCPEIOTOUCHBI HA KOHKPETHBIX IITaMMaXx,
TpeOOBaHUAX K JO3UPOBKE, Ipobiemax O0e30MmacHOCTH W (pakTopax MaIMeHTa, CBS3aHHBIX C
COCTOSIHUEM MAI[MEHTOB, KOTOPhIE MOT'YT ITOMOYb BpavaM CJIeJIaTh IeJICHANIPABICHHBIH BBIOOD B
OTHOIIICHWH UCIIOJIb30BaHUS TPOOMOTHKOB JJIsl JICYCHUS TUAPEH, CBSI3aHHOW C aHTUOMOTHKAMH, U
JPYTUX KEITyT0YHO-KUIICYHBIX PACCTPONCTB.

DOUHAHCUPOBAHME

Pabora BbIMONHEHAa B paMKax MPOrpaMMHO-IIENEBOro (UHAHCHpOBaHUS MUHHCTEpCTBA
HayKd U BbIcmiero obpaszoBaHusi PecnyOnmuku Kazaxcran (MIPH BR21882248 «Paspabotka u
opraHu3anusa IMPOU3BOACTBA OPUTHHAJIIBHBIX OTCUYCCTBCHHLBIX JICKAPCTBCHHBLIX CPCACTB II0
crangapram GMP» na 2023-2025 rr.).
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