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ACTIVITY OF BACTERIOPHAGES TO MULTIPLY RESISTANT STRAINS OF
SALMONELLA AND THEIR VARIOUS SEROTYPES

Phage therapy is one of the promising "new" methods of treatment, which attracts more attention
abroad. Despite the fact that phage therapy is traditionally used in former Soviet countries, its importance in
Western countries began to be assessed with the advent of a multitude of antibiotic-resistant forms of bacteria
that are no longer being treated. In this regard, the number of deaths among patients exposed to antibiotic-
resistant infections increases every year. Phage terapy can be used as an alternative method of treatment.
Numerous literature sources indicate that resistance to antibiotics and bacteriophages does not match.
However, little is known about how specific the bacteriophages are to various bacterial serotypes, which are
simultaneously characterized by multiple drug resistance (MDR).
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Introduction

Phage therapy is one of the promising "new" methods for treatment of infectious diseases of
bacterial origin, which nowadays attracts increased attention abroad [1]. Phage therapy has been
traditionally used in the former Soviet countries and ex-Soviet countries, however its importance
began to be appreciated in Western countries with the advent of a multiply drug-resistant (MDR)
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untreatable forms of bacteria [2]. In this regard, the number of deaths among patients exposed to
antibiotic-resistant infections increases year by year [3].

Salmonella is one of the four main causes of diarrheal diseases worldwide. Most cases of
salmonellosis are mild; however, sometimes salmonellosis can be life threatening. The severity of the
disease depends on the factors associated with the host, and on the serotype of Salmonella. Recently,
a certain number of resistant serotypes appeared in the food chain, which can often lead to fatal
consequences. For example, in 2010, more than 30 Kaliningraders were poisoned with salads
purchased in a supermarket, 27 injured were hospitalized. The infection was caused by a salmonella
strain of serotype S. Typhimurium [4]. Only in 2017 in the United States were recorded several
outbreaks caused by different serotypes of Salmonella: Salmonella Urbana. Salmonella Newport,
Salmonella Infantis, Salmonella Anatum, Salmonella Thompson, Salmonella Kiambu, Salmonella
Agona, and Salmonella Gaminara. [5]. Food poisoning of 8 people through raw sprouts was recorded
in January 2018 in two US states, Illinois and Wisconsin, in the Jimmy John's chain of restaurants [6].
Severe poisoning of 16 people by chicken burgers infected with S. Typhimurium and S.Agona
serotypes was registered in February 2018 in Georgia [7]. Most serotypes isolated from patients are
characterized by a high degree of antibiotic resistance. In 2017, a case of typhoid fever in a six-year
old boy in the Democratic Republic of the Congo (DRC) caused by a S. Typhi isolate producing
CTX-M-15 extended spectrum p-lactamase (ESBL) and showing decreased ciprofloxacin
susceptibility, has been reported [8].

Numerous literature sources indicate that resistance to antibiotics and bacteriophages does not
match. However, little is known about how specific bacteriophages are to various bacterial serotypes,
which are also characterized by multiple antibiotic resistance.

The aim of our work was to elucidate the activity of phages against antibiotic-resistant
strains and their specificity to various serotypes of bacteria belonging to the genus Sal/monella.

Materials and methods

The work used 226 strains of Salmonella obtained from different countries: Georgia, Armenia,
Ireland, Germany and Congo. Strains were isolated from diarrhea patients (mainly from feces and in
some cases from blood); from animals (chickens, ducks, pigs, cows, fish), food (sandwiches, cheese,
vegetables, etc.).

Biochemical identification was performed using standard biochemical tests.

MALDI-TOF identification of strains at the Salmonella species level was carried out using
mass spectrometry (Bruker microflex ™). The output was provided with the flexControl software
version 3.0 (8).

Serological typing of isolates was performed according to White-Kauffmann-Le Minor’s
scheme using commercially available polyvalent antiserum for flagellate (H) and lipopolysaccharide
(O) antigens [9].

Molecular serotyping of the Sa/monella strains was carried out using a semi-automatic Rep-
PCR system (DiversiLab®System, bioMérieux, Marcy 1'Etoile, France).

The antibiotic resistance profile of the strains was determined in accordance with the
regulations adopted by the National Committee for Clinical Laboratory Standards (NCCLS) [10,11].
The following antibiotic disks were used (Liofilchem® srl Italy) with antibiotic concentrations:
ampicillin (A, 10 pg), amoxicillin + clavulanic acid (Au, 20 pg / 10 pg), azithromycin (Az, 15 pg),
ceftriaxone (Cx, 30 pg), chloramphenicol (C, 30 pg), ciprofloxacin (Cip, 5 pg), nalidixic acid (N, 30
ug), streptomycin (Sm, 10 pg), tetracycline (Tc, 30 pg), trimethoprimsulfamethoxazole (Tm / Su,
1.25 ng / 23.75 pg), sulfamethoxazole Cy, 50 pg). The results of sensitivity testing were evaluated
based on the criteria proposed in [10].
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All strains demonstrating resistance to ampicillin and amoxicillin / clavulanate or to ampicillin and
ceftriaxone have been tested for the presence of an ESBL phenotype using E-test strips (ESBL CT / CTL,
BIOMERIEUX S.A., France, REF 532208) according to the manufacturer's instructions [11].

Isolation of phages: Fourteen phage clones, isolated during the period of 2013-2017 from the
waters of the river Mtkvari (Kura) in Tbilisi, the Black Sea water samples and from the sewerage
system in Tbilisi (Table 1). The isolation was performed according to the procedure described in
[12]. Besides that 5 series of the commercial preparation INTESTI-bacteriophage (manufactured by
Eliava BioPreparations, Ltd) were used in this work, which includes the salmonella component.

Morphological analysis of the phages was carried out using transmission electron
microscopy (TEM) confirmed their main classification (Table 1). The samples were purified and
contrasted in accordance with Hans-W. Ackerman [13], the preparations were examined using JEOL-
JEM-1400 TEM. Phages belonged to the families Siphoviridae (n = 6), Myoviridae (n = 6) and
Podoviridae (n = 2). The genome-based grouping allowed us to further assign these phage clones to
individual phage / genera types, as indicated in Table 1.

Genetic analysis of the phages. To assert the strictly lytic nature of these phages, high
resolution genome maps of 12 of the 14 individual phages were obtained using nanopore sequencing.
A pooled library consisting of barcoded genomic DNA of the phages was prepared using native
barcodes and the 1D ligation kit from Oxford Nanopore Technology (ONT). The result was then
sequenced on a MinlON device, equipped with a R9.4 flowcell. For the data analysis, Albacore v2.1
(ONT) was used for base-calling the reads, followed by porechop v0.2.1 in order to remove barcode
sequences. Genome map assembly was performed with Canu v1.6 [14]. All the assembled genomes
were subsequently processed with Racon v0.5 for better consensus sequences [15], and nanopolish
v0.8.3 for higher accuracy of base-called nucleotides in the sequences. Considering the intrinsic
properties of nanopore sequencing, together with the run coverage (30X to 60X), we define these
assemblies as high resolution phage maps, rather than fully accurate genome sequences. A BLASTn
search revealed close homology to known phages, commonly used in phage therapy settings and
allows their classification (Table 1).

The bacterial susceptibility to the phages was performed according to [16].

Results and discussion

The activity of phages was determined to 226 strains of Salmonella, of which 102 were of
clinical, 105 - veterinary and 19 - of unknown origin. Isolates were obtained from Georgia (33),
Armenia (44), Germany (7) and Ireland (141) and Congo (1). These isolates belonged to the
following serotypes: S. Typhimurium (83), S. Enteritidis (38), S. Dublin (22), S. Anatum (11), S.
Infantis (8), S. Derbey (8), S Newport (8), S.Agona (7), S. Bredney (5), S. Branderburg (3),
S.Paratyphi B (3), S. Germinara (2), S. Uganda (2), S Kentucky (2), S Reading (2), S. Senftenberg (1),
S. Java (1), S. Bareilly (1), S. Virchow (1), S. Goldcost (1), S. Kottbus (1), S. Poona (1), S.Typhi (1),
and unknown serotypes (14). Thus, 23 serotypes of Salmonella were included into the work.
Distribution of serotypes according to clinical and veterinary strains is given in graph No. 1. The
clinical serotypes cover only 11 variants, among which: S. Typhimurium and S§. Enteritidis
predominated; while among veterinary isolates a greater variety of serotypes was observed, among
which §. Typhimurium and S. Dublin prevail, followed by S. Anatum, S. Enteritidis, S. Infantis, etc.
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Table 1. Characterization of 14 bacteriophages active to various serotypes of S. enterica

Activity of
o Activity | phages to the
5 of phages strains of
on to veterinary
§ 2 H"?t & Relatedness of | clinical strains
No Name =) < strain ) .
2 A ° phages strains of | and unknown
A:g S. enterica, origin
§ % S. enterica,
(n=101) %
(n=125)
1 | ®GE vB_S.E N3 | r.Kura | 2013 |S. enter. 3| Siphoviridae ND 87.8 60.5
E. coli T5
2 | ®GE_vB_S.E N5 | r.Kura | 2013 |S. enter. 3| Siphoviridae | strain ATCC | 57.6 46.5
11303-B5
3 | ®GE vB S.E N8 | r.Kura | 2013 |S. enter. 3| Siphoviridae | phage SPC35 74.6 52.6
4 |®GE vB_S.E MG |53 | 2013 | 5 enter. 3| Myoviridae | P8PV | 453 35.0
water SE1
5 | ®GE vB ST BS | 2K | 5013 | s aph 4 | Myoviridae | SSPTL 89.7 73.7
- = Sea partial genome
.. S. phage
6 | ®GE vB S.T Bl | r.Kura | 2013 | S. typh. 6 | Myoviridae Mushroom 89.6 76.3
.. S. phage
7 | ®GE vB S.T B3 | r.Kura | 2013 | S. yyph. 6 | Myoviridae Mushroom 88.7 72.8
8 | ®GE vB ST NS7| R | 2015 | 5 nph. 6| Myovirid S. phage 82.3 66.7
—VBS-A milk - bph. yoviridae Mushroom i :
9 | OGE vB S.e M4 | BRK | og16 | S emer | g oviridae |, S P8¢ 34.8 .
—VB_S-C_ Sea 232 P vB_SenS-Ent3 .
10 | ®GE vB S.e M5 | BRK | og16 | Semler | g ovividae |, S P198¢ 42.5 .
—VP_SC Sea 407 provi vB_SenS-Ent3 .
S. typh. . 325
11 | ®GE vB S.e Tr | r.Kura | 2017 641 Podoviridae | S. phage BTP1 74.1
12 | ®GE vB S.e Hi | r.Kura | 2017 S. enter. Siphoviridae $. phage 77.8 52.6
- == ' 765 P vB_SenS-Ent3 : :
S. typh. . S. phage
13 | ®GE vB S.e 7A | r.Kura | 2017 1328 Myoviridae BPSI502 63.0 29.8
14 | ®GE_vB_S.e Ml le‘;k 2016 | > fg;e”' Podoviridae ND 13.7% ND

ND. — no data/ HET cBeAEHHIA.
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Notably, most of the strains showed resistance from four to eight classes of antibiotics, with
the highest levels of resistance to: nalidixic acid (synthetic quinolone antibiotics) - 67.86%,
sulfonamide (sulfonamides) - 65.48%, ampicillin (penicillins) - 57.14%, amoxicillin + clavulanic acid -
51, 19% and ceftriaxone (cephalosporins) - 45.24%, ciprofloxacin (fluoroquinolones) - 15.48%. Most
clinical strains related to S. Typhimurium (31), S. Enteritidis (8), S. Derby (3), S. Anatum (1), and S.
Newport (1) isolated in Armenia and S.Typhi from Congo demonstrated ESBL phenotype.

The investigated phage clones showed lytic activity for almost all Sa/monella serotypes, but
individual clones lyzed from 13.7% to ~ 90% of clinical, and from 12.1% to 76.3% of veterinary
strains and of the unknown origins (Table 1). Phages that were the most active both in clinical and
veterinary serotypes are: OGE vB S.T BS (Myoviridae, 89.7% and 73.7%, respectively),
®GE vB S.T Bl (Myoviridae, 89.6%, 76.3%), ®GE vB S.T B3 (Myoviridae, 88.7%, 72.8%),
®GE vB S.E N3 (Siphoviridae, 82.3%, 60.5%), and ®GE vB S.T NS7 (Myoviridae, 88.8%,
66.7%). The fact that the phages are most active to clinical strains is due to a smaller variety of
serotypes among them among which the serotypes of S. Typhimurium and S. Enteritidis dominate.

From the available literature [17] it is known that the phages are adsorbed on the receptors
located in the lipopolysaccharide (LPS) layer. LPS is a complex that consists of three parts: lipid A, a
basic polysaccharide and O-polysaccharide. Lipid A, as a rule, consists of fatty acids attached to
disaccharides of glucosamine phosphate. The key polysaccharide is connected to the lipid A through
a ketodeoxicotonate linker. Cells that contain all the three LPS components are designated as smooth
(S) type, and those that do not have the O-polysaccharide part are distinguished as coarse (R) type. In
general, the saccharides that make up the O-antigen vary greatly, and the saccharides of the main
polysaccharide layer remain conservative among the species. Because of this, phages specific for S-
type strains tend to focus on O-polysaccharide and thus tend to have a narrower range of hosts
compared to those that are capable of adsorbing R-type cells [17].

According to Silva et al. [18] in the case of Salmonella phages, the cellular receptors allowing
phage adsorption on the surface of the host cell are similar to the E. coli receptors: of the 19
characterized Salmonella phages, 11 used proteins, 7 adsorbed on sugar residues, and 1 for one
phage, both types of receptors However, it is known that Salmonella phages can also be adsorbed on
the bacterial flagella, pili and capsules, for example, on the acetyl group of the Vi-exopolysaccharide
capsule (a-1,4-linked N-acetylgalactoaminuronate polymer). It is also known that the phages of Gram
negative bacteria belonging to Siphoviridae class typically adsorb on proteins, at the same time
phages related to Myoviridae class prefer sugars, although they can also attach to protein and
combined receptors, while Podoviridae phages can only be adsorbed on sugars. Based on the above
knowledge, we can conclude that the phages from our collection belonging to the class Myoviridae
apparently may have a large range of surface receptors, which explains their relatively broad host
range, and, accordingly, high activity for various serotypes of Salmonella.

It is known that the mechanisms of antibiotic resistance are associated with: changes of the
cell wall structure, damage of its synthesis, bacterial DNA and RNA modifications and disruption of
protein synthesis [19]. At the same time, the mechanism of resistance to phages is mainly determined
by a change in the structure of adsorption receptors that prevent adsorption and further multiplication
of phages in to the host cells [20]. To investigate the presence of any connection between the
antibiotic resistance profiles and the sensitivity to phages, the Pearson correlation coefficient was
calculated using a two-sided significance test. Based on the obtained data, it was approved that there
was no significant relationship between antibiotic resistance profiles and phage susceptibility. In
other words, antibiotic-resistant strains, including those demonstrating ESBL phenotype, show
sensitivity (are lysed) to specific Salmonella phages. In addition, it should be noted that the phages
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used in this study appeared to be active in virtually all salmonella serotypes, including the ESBL
strain of S. Typhi from the Democratic Republic of the Congo [20].

Conclusions

Our research showed that the phages under investigation do not have a certain predisposition
to any specific Salmonella strains. They are equally active to multiply resistant strains, as well as to
various serotypes of S. enterica.

The studied phages revealed a high activity both to clinical (~ 90%) and veterinary strains
(>70%), which suggests that they may be used not only in human medicine, but also in veterinary as a
preventive measure, and also an disinfection agent for treatment of surfaces, premises, etc. This will
significantly reduce the frequency of the spread of MDR strains and pathogenic serotypes of
Salmonella through the food chain, improve the quality of veterinary products, which ultimately will
have a positive impact on human health. In many cases, phage-based preparations can become an
effective alternative to antibiotics. However, before phages are included in such preparations, they
must be well characterized at the molecular and biological levels. In addition, to extend the
efficiency and host range of the phage-based preparations it is recommended to include into these
combinations the phages belonging to different morphological groups targeting broad spectrum of
cellular receptors.
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AKTHBHOCTb BPAKTEPHO®AI'OB K MHOKECTBEHHO PE3HCTEHTHBIM IHIITAMMAM
CAJIBMOHE/IVI H HX PA3JIHY9HBIM CEPOTHIIAM / Maxkanamus Xamyna, Kaxabaose Enena,
bakypaoze Hama, I'posenuwsuru Huno, Hamopweunu I'yionapa, Kycpaose Hs, I'odeposuwsuru Mapuna,

Ceopaxan Anaum, Apaxenosa Kapune, Mxpmusn Mxumap, Mauapaweunu Huno, Ilanuaweuru Examepuna,
Jlasun Pob, Jlu J/[ssuo, Koggu Aiiden, e Boc Janusn, Hupnei Kan-Ilonw, Yanuweunu Huna

QDazomepanus A61AemMCs  OOHUM U3 NEPCHEKMUBHBIX «HOBLIXY» Memo008 JeyeHUs, KOMOopbili
npueiexaem 6ce Oonvule SHUMAHU 3a pybexcom. Hecmomps na mo, umo pacomepanus mpaouyuoHHO
npuMeHsiemcs 8 ObIUUX COGEMCKUX CMPAHAX, ee 3HAYEeHUe @ 3aNAOHbIX CMpAHAX CMAN0 OYeHUBAMbCsl C
NosiGNeHUeM MHONCECMBEHHO AHMUOUOMUKO-PE3UCENmHbIX  hopm  bakmepuil, Komopvle 0Oonvue He
noogepzaromcs jieuenuto. B ceasu ¢ amum ¢ KaxcobiM 2000M 803pacmaen KOAUUECE0 JIeMAlbHbIX Clyuaes
cpedu nayueHmos, NoO0BEePICEHHbIX AHMUOUOMUKO-Pe3UCTIeHMHbIM uH@exkyuam. Dazomepanus — Modicem
ObIMb UCHOIBL3OBAHA KAK ATLINEPHAMUBHBIN Memo0 Aeyenus. Muoeouuciennvie 1umepamyphvle UCTMOYHUKU
VKA3bI8AI0M, UMO DE3UCTHEHMHOCMb K anmuduomuxam u oaxmepuogazam e coenadaem. OOHAKO, Mano
U36ECMHO O TOM HACKOALKO Cheyupuynvl baxkmepuogazu K pasiudHbiM OAKMepuaibHblM Cepomunam,
00HOBPEMEHHO XaAPAKMEPUZVIOWUXCA MHONCECMBEHHOU AHMUOUOMUKO- PE3UCMEHMHOCBIO.

Kniwouesvie cnosa: daxmepuogpazu (gazu), carbmoneina, MHOICECNBEHHASI PE3UCTHEHMHOCb K
npenapamam, cepomunsl

AKTHUBHICTb BAKTEPIO®AI'IB JO MHOXHWHHOCTI PESUCTEHTHUX HITAMIB
CAJIBMOHEJIU TA IX PI3HUMUM CEPOTUIIAMM / Makanarii Xaryna, Kaxa6anse Onena, bakypamse
Hara, I'pmzenimBimi Hino, Haropmsim ['ymerapa, Kycpamze Ls, ['ogepazimsini Mapuna, CeapaksH AHaif,
ApaxkenoBa Kapuni, Mkprusta Mxitap, Mavapamsini Hino, [lamiamBini Karepuna, Jlain Po6 , Jli JleBin,
Kodadi Atinen, e Boc Janien, [lipui XKan-Ilons, * Yanimsini Hina

Beryn. daroreparisi € OHAM 3 MEPCHEKTHBHUX «HOBHX» METOJIB JIIKYBaHHS, SKUH MPUBEPTAE BCE
OunpIle yBarm 3a KOpAOHOM. bakrepiodaramu (KOpoTKo - ¢aramu) € IMPUPOTHUMH BipycamMHu OaKTepii, sKi
BpaXkaloTh JIFOJWHY, TBApWH 1 pociuH. UWCIeHHI JiTepaTypHi Jpkepena BKa3yloTh, IO PE3UCTEHTHICTH [0
aHTHOIOTHKIB 1 Oakrepiodarie He 30iraerbcs. OpHak, Majlo BiOMO TPO Te¢ HACKUIBKH crienudivHi
Oakrepioparn 1m0 Ppi3HHX OaKTepialbHMX CEPOTHIIAM, OJHOYACHO XapaKTepU3YIOThCS MHOKHHHOIO
aHTHO10THKOPE3UCTECHTHICTIO.
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Mertoro Hamoi pobGotm Oyio 3'ACyBaHHS TNHTaHHA TPO  AaKTHUBHICTH  (ariB  m010
aHTHOIOTHKOPE3UCTEHTHUX IITaMiB i1 iX crenudivHOCTI J0 pi3HUX cepoThmnaMm OakTepiil, Mo BiIAHOCATHCS 10
poay Salmonella.

Marepiantu Ta MeTOAM AOCTIMKeHb. Y poOoTi Oyno BHUKOpHUCTaHO 226 IITaMiB CalbMOHEN,
OTpUMaHMX 3 pi3HHMX KpaiH: ['pysii, Bipmenii, Ipmannii, Himeaannu ta Konro. llltamu Oynu BumineHi Bix
XBOPHX Ha Jiapero (B OCHOBHOMY 3 (pekaiii i B ISSIKUX BHTIAIKAxX 3 KPOBi); Bix TBapuH (Kypeu, Kauok, CBUHEH,
KOpiB, pub), IPOAYKTIB XapuyBaHHs (Oyprepu, cup, oBodi i T.A). bioxiMiuHa igeHTH}IKALIS TPOBOAMIIACS 32
JIOTIOMOT'OI0 CTaHIAPTHUX O10XIMIYHUX TeCTiB. Y poOOTI TakoX OyJM BHKOPHUCTAHA MAacC-CIIEKTPOMETPis,
METOJIOM MATPHUYHO AKTHBOBAHOI Ja3epHOi IecOpOITiOHHOW 10HI3aIil; CEpoJIOTidYHE THITYBaHHS 130JIATIB,
MOJIEKYJISIPHE CEpOTHIIYBaHHS IUTaMiB CaJbMOHEJ 3a IOINOMOIOK HamiBaBTOMaTuuHOi cucteMu Rep-PCR;
aHTHOIOTHKOPE3NCTCHTHICTh INITaMiB BH3HAYAd METOIOM AWCKIB 1 CepiiHUX po3BeAcHb. Y pobOoTi Oymm
BHKOPHUCTaHI YOTHPHAAIATH (ParoBux KiIOHIB, Mopdosorivauii aHami3 ¢ariB IpOBOAMIA 3 BHKOPHUCTAHHIM
TpaHcMiciliHOi enekTpoHHOi Mikpockomii (TEM) ¢aroBux kioHiB. JlIsl MiITBEpKEHHS CTPOTO JIITUYHOTO
Xapaktepy ¢ariB BifmiOpaHuX s TeCTyBaHHS OyJM OTPHMaHI KapTH TE€HOMY 3 BHCOKOIO DO3AUIBHOIO
3patHicTio 12 3 14 okpeMux (ariB 3 BUKOPHUCTAHHSIM HAHOIIOPHCTOTO CEKBEHYBaHHS. AKTHBHICTh OakTepiil 10
(bariB BU3HAYAIIK 32 JOTIOMOTOIO T.3B. TOUKOBOTO TECTY.

Pe3yabTaTn gociifkenb Ta ix 00roBopeHHsi. AKTHBHICTD BUILEBKa3aHUX (ariB Oysia BU3Ha4YeHa 10
226 mramiB canbMoHen, 3 sikux 102 Oynu xmiHigHOTO, 105 - BeTepuHapHOro i 19 HEBIJOMOTO MOXOIKEHHS,
ychoro audepeHIitoBaan 23 CepOTUIH CabMOHE. BUIBIIICTh MITaMmiB, BKIFOUYEHUX B HAIE TOCIIIKECHHS,
BUSIBJSII PE3UCTEHTHICTH BiJl YOTHPHOX IO BOCBMH KJIaciB aHTHO1OTHKIB. TiNbKK AeB'ATh mwTamis 3 [py3ii i
'Stk 3 BipMeHii BHABMIMCS NOBHICTIO YyTIMBUMH JI0 BCix aHTHOIOTHKIB. JKomeH mtam He OyB CTIHKHM 10
BCiX aHTHUOIOTHKIB, SIKI BUKOPUCTOBYIOTHCS B IIbOMY JIOCHTIKeHHI. JlochimkeHi Ko ¢ariB Oy BUALICHI 3
BOIHHUX JDKEpel, BHUKOpUCTOBYrouM mTamu S. Typhimurium i S. Enteritidis sk mramiB-rocnonapis.
HesBakaroun Ha 1€ BOHM MPOSBILLIIN JITHYHY aKTHBHICTh MPAKTHYHO A0 YCiX CEPOTHUIIIB CaJbMOHEN, MpOTe
OKpeMi KJIIOHM MPOSIBHJIHM Pi3HY aKTHUBHICTBH J0 TECTOBAaHHMX IuTaMiB. Ha mifgcTaBi oTpuMaHHX AaHUX HE OYJ0
BUSIBJIICHO CYTTEBOI B3a€MO3B'SI3KY MiK PO(IISIMHA PE3UCTEHTHOCTI IO aHTHOIOTHKIB Ta YyTIMBICTIO A0 (aris.
[HmIMMYU cioBamMM, aHTUO10THKOPE3UCTEHTHI ITaMH, BKIIOUAI0UX JeMOHCTpYIoTh ESBL denoTHII, BUSBIAIOTH
YyTIUBICTE (JIM3UPYIOTCA) CHeNU(IYHUMU CcaabMOHENbO3HUH Qaramu. KpiM TOro, ciif 3a3HA4dTH, IO
BUKOpHUCTaHI (ark OyJaM aKkTHUBHI MPAaKTUYHO OO BCiX CEpOTUIAM cCallbMOHeElN, BKmoyaroun mtam ESBL S.
Typhi 3 JIPK.

BucHOBKH Ta nepcneKTHBH MOJATBIINX JTOCTIIKEHD

1. Hami mocmimpkeHHs MOKa3aid, IO JOCTKYBaHI (ard 3 TOYKH 30py iX JI3yFOYOTro aKTUBHOCTI
OJTHAKOBO aKTHBHI fIK 100 MHOKMHHE PE3UCTEHTHHX LITAMIB, TaK 1 O Pi3HUX CEPOTHUIAM, IO BiAHOCITHCS
Io Buy S. enterica.

2. B 1oii e vac gaHi paru MarTh BUCOKY aKTUBHICTb AK 10 KNiHIYHUX (~ 90%), Tak i BeTepuHapHUM
mramiB (> 70%), 110 103BOJISIE 3aIPONOHYBATH X BUKOPUCTAHHS HE TIJIbKM B MEIUIIMHI, aJie 1 BEeTepUHAPIl SIK
3aci0 JiKyBaJIBbHOTO, TPOQLIAKTUIHOTO 3ac00y, a TAKOXK sl CaHITapHOT 00OPOOKH MOBEPXOHb.

3 V GaraThox BUMaaKax (pariB mpemapaTi MOXYTh CTaTH €()eKTHBHOIO AbTEPHATHBOIO aHTHOIOTHKIB.
Opnak, repir HiXk BKIIIoYaTH (paru 10 CKIIaAy TaKuX MperapariB, BOHU MOBUHHI OyTH J00pe oxapaKTepu30BaHi
Ha MOJIeKyJsipHOMY 1 Oiomoriunomy piBHi. Kpim Toro, mocunenHs chnektpa maii ¢ariB mnpemaparis,
PEKOMEHJIOBAaHO BKIJIFOYATH [0 iX CKiIaay ¢aru 3 pi3HO MOpQOoIoricro, HalilleHi Ha IIHPOKE KOJIO
OakTepialbHUX PEIeTOPIB.

KarouoBi cnoBa: baxmepiogacu (pacu), canbmonena, MHOMICUHHA pe3ucmenmHiCmb 00 NPenapamis,
cepomunu
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