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3bm@o30d

Salmonella (o635 gbL  Y39wasb 293039 gd  (vd0330HIOM)  BOEIWO
563080MmEH03M-M9HBolEBIBEGHMdOL  FJmbg  dodBHgMosl, MHMIgElLsg 8gwmdwos  ogmEberml
Mo 39Mgdmdo MH599bodg 33065, bmwm (ysedo Ms99bodg m393 30. Loedmbgsls
bbgooslbgs  LgMmgzamgdols doge  asdmfzgmeo  0bxgd3ogdo  LgMomBmw  Lsgdombgls
D068 gbl, HmymeE 5©s30560L, olig 3bm3zgwgdols xsbIOMYGEMdOLIMZ0L.  AeGTEOM
X 9605330L MEYboBs30ol (WHO) dmbsizgdgdom  gmzguficrorm®ds 550 dogrombo sqsdosbo
9390000905 MBIMMEO M0 J0d0bIMY 0b53930gd0m, Fso TmMol 220 dogrombo 5
Pesdog 8530300 sMOoGHOBMOo©MGMO Salmonella enterica 33900m0 06939J30900L Fmogz5M0
3o0mdf39300  OMMeOE  ob30m56M9d5, dB939  FIb30mIMGIM  439969ddo.  Fbsto
3b6GH0d0MmEH03M-M9HBoLEGHIBGHMIOL  BmbYy,  VoewdmbgwmbBol  33Obsewmdol o
3OMBosdBH03oL  swGHIMbsGoo  aBHgdol  dogds  dlmgwombomgol  gMo-ghHmo
MBm36MgLo  259mf39395. LG SEGHYMbsBHOM L5FMIEgds© 30 L wWadm bloMs
39900g9gbgds dsdBHgMool g3060mlo b dod@HgMomagsyo. Bggbo 33eg30L dmsz5M0 Jobsbo
Salmonella-ls 3¢006031M0 ©S 393JO0bIOMEO 0DMEOEJIOL 2odMmYmMa3s, 0IbEHOR0IS(309,
350 56@0803H03m-M9BoLEBHIBEBHMOOL  3OMBools s Y39 Vo™ TgMdbMdYEMBOL
d9LPogams, o 0O 9HOEO 5dBHOMMO FBoggdol godmygmas s s©0bodbmo goggdol
0965300 S 3OMBOWSIBH03NO0 3mBHI6E0SE0L T9I3oBgdss.

dm399mo  BodMdomb  BoMAgddo dmbs Salmonella -l 9FHsGOOL  QodMYMGY,
0963053035309,  9BGH0B0MEH03MMIBOLEHIOEHMOOL  goblobwg®s. 345  Salmonella  spp.
15399 M©OM  0BMEOGHOEIH  LEdmErmmE  33argzolmzol  adsso®mBs 239 §sdo,
LogoMM39eMmHb, LIHYPO0WIB, 0MHWIBPO0EI6 s 1 F@sTo J3Mbaml YdMIOSEHOMWO
9138030056 (ESBL- g3s6mm 139dGHM0L B-anod@odsBs 8s3Mm©mEo0gdgwo d@sdo -
CTX-M-15.). 9&s0900L 0©9bGH0R035305  BdGHIO®S  FoGHM0Esdo  sHgol  Lbogol
©gLMOD305 0MbODOE30sDY IxMAbYdMo bl b3gdGHMmbim3ools (MALDI-TOF MS) o
LYOMEH030M900L FJOMPYOOL 459MmYgbgd0. 35dBHIM0ME0 OBMESEHJOOL 5BEH0dOMEH03900L
909500 dgMdbmdgMmdol goblisDwg®ms Jmbs 30630-d5019MH0L 02039 OLZM-EORNDMEGO



99000 459mygbg000. bLryer 25dm3e0bEs 40 56EH0BOMEH03MMmIBOLEHYOEGHMBOL 3O MTBOEO,
L50BSE 35 3060399MH0 F3oxdOLMZ0L 0YMm ITIHBILOSMYIJWO.

50b08bmo 3mgdaool 9@s3gdoL 2sdmygbgdom dmbs 13 sbowro dsd@EHgMomasyols
3o0mygmxs, om0 JglHoges d0MEMYOMEMO @S 969BH03MIM0 FobsLOsMYIgdoL dobg30m.
BoGotqs 12 g3og0L bm309m@GH0mHo 0s680800q30M™doL 4odox3Ms s sb5e0Bo, MMAEOol
bog3mdzgabg3 Imbs om0 3EsllOBOZIE0s s LdloEgMEbE™ (303eol M30L9d9MHdOL
©59bs (306 gbBH Mo, BMTogMo). Boggdol 396mdol Lydzgblolomgol godmygbgdwe
0dbs 9.f. ,0mI@Y3bm“ momdol 1g33960Mgdol dgommeo (Next generation sequencing
technologies) (Klumpp, Fouts, & Sozhamannan, 2012). gs3900lL bsfoerols Ubgdzgblo
396bmM 309 MiniSeq Illumina &9gdbmarmyool as9mygbgdom (Next generation sequencing
technologies), beagwem 352900l dgmeg bsfowo sligd3gbo®s - bobm3m®mo g339606M9d0l
(nanopore sequencing) @&gdbmermyool, MinION dmfgmdomdols gs8myqbgdoo (MinlON
device, equipped with an R9.4 flowcell); 30639w0 &9dbo3ol go0mygbgdom dglfogwrow odbos
Myoviridae-li mysbols §o6dmdoybgero d9dgao xkvagdo: -  vB_GEC_Mg, vB_GEC_Bs,
vB_GEC_B3, vVvB_GEC_Bl, s vVB_GEC_NS7, @5 5bg3g Siphovoridae -U cmxsbdo
3996000056980 ghmo gsgo - VB_GEC_N5. bmwem  9gmeg ¢9gdbmermaools 3s9mygbgdom
d9Lfogeoe 0dbs-  Siphovoridae -U dmORMEMAO0MOHO GHodoL 4 gsyo: vB_GEC_NS,
vB_GEC_M4, vB_GEC_MS5, vB_GEC_Hi; Myoviridae mxsbols 1 §o6dmdoygbgero:, vB_GEC_
7A  ©>  Podoviridae mysbol gbmo §o@Imdsagbowo - vB_GEC_TR. gdmo gogol
(VB_LGEC_N3) 19339606905 39db03meo 80Bgbgool as9m 396 dmbgdbos. dowgdmwo
390929000 565e0Bds 563965, OHMA 12 34306 FbME MO 9O0 BoA0s 9.5). BMIogMo Goyo -
vB_GEC_TR, o0go 2569379336905 ™mxobl Podoviridae; @350 - Lederbergvirus. bmeom
©bsMRgbo 11 xgs30 300MEgbEHMM0s, o 496mddo s 0gbs bsbsbo WoBMYgbmdOL
3968530639090 296900. obobo 9bsmglisgqdosh M339 396G (36MdO, Fglfogwrowr s
bbgoolb3s B3O 3019356539330 F9dsg35¢ 30609 gbE IO BOAJOL. 3060IgbEHIO BoAJOL
dmeob 6 Myoviridae - mxsbol Fo®dmdoygbgwos - vB_GEC_ Bl, vB_GEC_ B3,
vB_GEC_Mg, vB_GEC_ Bs, vB_GEC_NS7, vB_GEC_7A, bmeom 5 Syphoviridae -l mxsbol -
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vB_GEC_NS5, vB_GEC_N8, vB_GEC_ Hi, vB_GEC_ M4, vB_GEC_ M5. 36s35¢c0®03bmgsbo in
vitro &9bGgdolb bogmd3zgadg oAb, ®md  vB-GEC-B1, vB-GEC -Bs, vB-GEC-B3, vB-
GEC-N3, vB-GEC-NS7, vB-GEC- N8 0ds0sod®omé 535390l 2969303690056 o dsmo
dmgddggool B39gd@BHMmo 2sbolabmaz®ms 60% ©sb 80 % 8y. s0bodbmwo Goggdo MRO®
9153993OB0 508mRbbgb 3000b03MM0 FEsdgdol dods®o (T90%), 300G 393H9M0bsGIMEO
$o68mMdOL JEodgdols Jodsero (T70%). 9Esdgdo, GMmIwgdog dMmAbmdgEmMdsl 53¢0gbwbgb
506086990 353980l J0ToMmm, dJoMOMOs, S. Typhimurium s S. Enteritidis LgMmgstgdl

00937993690 ©b9b s IgBfows 306030 HoBmBsz3mdolL QobEm.

B39bL Boge BoGHM9dME 3310935Dg OYMHbMdom, Fga30deos ©o35L33b5m, M™I
092900L,  OMAMOE  ©F53HJI0MO/odbTsMg b 9BGH0dOMBHOIOL  SenEgMbsEGHomwo
1539900l 25dmYgbgds dMegwmdom MBOLEIbG Mo Salmonella 0bygd30gdol dodsGro
d0Bobdghmboos @y 08gol  dmd3gdo.  Boaqd0  8bgdM030,  FoMOEL3Y30R03MNOO
363005943 9M0mMwo 539639005, MHMIAGEMs3 99300 Mbs®o  FMobobmb  dsd@gMomwo
MXOI0L  oBolo, dobo  9BEGH0dOMEH03M-MGBOLEHIBEHMOOL  LESEHMLOL  Fombgo35.
50530060MMWS©,  96EH0B0MEH03900Ls296  A5bLb393900m, FoYGdO  3G530MG  DOIBL oG
59969996 30096LsE M F03OMBEMEL. B39bo 33¢0930L BoMAWdTo FglHogwr0ods BoQ9dTs
5B3969L  dgogmo  3m@GHgbgoswo  IMEEH0MgboLEIbGHMwo  Salmonella  0b6g9d30gd0L

Pobosmdgy LodMAMEZqWs.



Abstract

Salmonella is a ubiquitous, increasingly resistant bacterium which can survive several
weeks in a dry evironment and even several months in water. Infections caused by various
salmonella pose a serious threat to both human and animal health. According to the World
Health Organization’s report (WHO), 550 million people are infected with diarrhoea each year,
including 220 million children under the age of five. Non-Typhoidal Sa/monella enterica is a
major cause of foodborne infections in both developing and developed countries. Antibiotic
resistance is a major challenge for the whole word, and therefore the search for alternatives for
the treatment and prevention of salmonellosis is very important.

Bacteriophages (phages) — viruses of bacteria - are increasingly considered as additional or
complementary tools in the fight against multi drug resistant (MDR) bacteria.

The main goal of our study is to isolate and identify Salmonella clinical and veterinary
isolates, study their antibiotic profiles as well as phage susceptibility, isolate new active phages
specific to them, and assess their therapeutic potential.

Within the scope of the study, clinical non-typhoidal Sa/monella were isolated in Armenia
and Georgia and identified based on conventional microbiological methods and MALDI-TOF
MS. These isolates were further analysed by serotyping (White-Kauffmann-Le Minor scheme)
and their antimicrobial susceptibility profiles were defined. A total of 40 antibiotic resistance
profiles were identified, of which 35 were characteristic of clinical strains. Out of a total of 345
isolates, 239 strains from Georgia, Armenia, Ireland and 1 strain from the Democratic Republic
of Congo (ESBL-broad-spectrum p-lactamase-producing strain CTX-M-15) were eventually
selected for our study.

Using the strains of this collection, 13 new bacteriophages were isolated, characterized by
biological and genetic features. 12 phages were sequenced using two different methodologies —

Next Generation Sequencing technologies and Nanopore sequencing. Based on the data



obtained, phages were classified and the peculiarities of their life cycle were determined
(virulent-lytic, moderate-lysogenic).

Sequencing of the following phages — representatives of Myoviridae family (vB_GEC_MG,
vB_GEC_BS, vB_GEC_B1, vB_GEC_B3, and vB_GEC_NS7) and 1 member of Siphoviridae
family - vB_GEC_N5, was performed by Next Generation Sequencing technologies. The second
group of phages made of 4 members of Siphoviridae family (vB_GEC_N8, vB_GEC_M4,
vB_GEC_M5, vB_GEC_Hi) as well as 1 phage of the Myoviridae family (vB_GEC_7A) and one
of podoviridae family(vB_GEC_TR) were sequenced using Nanopore sequencing technology.
One phage (vB_GEC_N3) could not be sequenced due to technical reasons. Analysis of the
results showed that only one of the 12 phages identified as temperate phage (vB_GEC_ TR), it
belongs to the family Podoviridae, genus-Laderbergvirus. While the other 11 phages are
virulent, they are related to well-known and characterized phages, which are used in various
phage preparations. Analysis of their genomes did not show any lysogeny associated genes.
Among the virulent phages, 6 are members of Myoviridae family (vB_GEC_B1, vB_GEC_B3,
vB_GEC_MG, vB_GEC_BS, vB_GEC_NS7, vB_GEC_7A) and 5 of the Syphoviridae family
(vB_GEC_N5, vB_GEC_N8, vB_GEC_M4, vB_GEC_M5, vB_GEC_Hi). In vitro tests revealed
that the phages - vB_GEC_B1, vB_GEC_BS, vB_GEC_B3, vB_GEC_NS7, vB-GEC-N8 showed
high activity (60% to 80%) against the examined strains. The phages have been shown to be
more effective against clinical strains (=90%) than against veterinary strains (=70%). The strains
susceptible to these phages were mainly S.7yphimurium and S. Enteritidis serovars and are
largely of clinical origin. Based on our research we can conclude that the application of phages
as an additional tool for the treatment of MDR Sa/monella infections seems to be plausible.
Phages are natural and specific antibacterial agents, which can lyse bacteria irrespective of their
AMR status, whilst leaving the commensal microflora unharmed. This is one of the main
advantages of phages in comparison to antibiotics. The phages tested in this study showed

potential for application in phage therapy against MDR Sa/monella infections.
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99ls535¢m0

500580560L5030L Bosero Mol3ol 399333000 06939930900, T MOl SMHEHOBMOIOO
Loerdmbgomo  asdmf3gmero  0bxggd3ogoo,  Ig@fos  Ubgssbbgs  Lobol  15339%0
3600199 3H900L s Hywrol 89dzgmdom 3M(3900J306. ALMREOM X BEIE30L MOYBODS3O0L
(WHO) 0mbs3g090000  gmg9emfienon@e 550 80¢rombo  9qod0sbo 935000 056900
d0dobsty  0bggdsogdom,  dsod  Fmeol 220 dogrombo 5 (ewsdg  0530300.
(Https://www.who.int/en/news-room/fact-sheets/detail/salmonella-(non-typhoidal),2018).
Salmonella  33900L009M0  0b6939d30900L  gBmMgdmo  doGomoo  3sdma[39309.
563080mEH03mM9HBoLEIEEHMS 5M15GHO0BMOME Bowdmbgwgddo BOHIO 3OM(3gLOS ©s
dobby 9330603905 1996 erosb Bodobostgmdls (States, 2013). 2017 Herosb 3o
x906o330L mPwom  mOasbobsgool  dogh  (WHO)  georm®mgogobmenmb-
M9BobE6GMwo (Fluoroquinolone) Sa/monella spp. 9@Hsboe 0dbs Fomo-3Gr0MMOEG GG
3ommaqgbms  Losdo (Shrivastava, Shrivastava, & Ramasamy, 2018). 56¢&0dm&03900L
5653mb03MH Mo 499mygbgdsd 393H9M0bsM0sLy s Lmxgwol dgm@bgmdsdo, 80y309356s
bmmbmbYOo Salmonella - gdol IM93wMd0m MYHOLEIDEH™MEMd3Y. MJHBoLEBIBEGHMwOo
9359900L 096  459mi3gMeo 06539430980 30 B39 MWL  bYIIMOBICOMS
99900b393500 9393 gbmds 3MB30GHIW0DsE0sl LoFocMmgdl (States, 2013). sGoGHOBRMOYIO
Logdmbgwosmo  498mfiggmwo  0635%BoMo 068930900 MBSO SMOL
39363 gdwo,  FoaMsd 39000b39350m5  ©om©gbmds  goblibgs3wgds  ggmaMoz0wmEo
530 3dYdMmgMd0L Jobg30m, F5BLS3MNMIO0” J93MEILIOIEP0s 0Q0 26305MYdS©
930469080, 0585005, 3836030l J3994690do dobo FsB3969d90 79% S0fgal. (Pegues, Ohl,
& Miller, 2006)s653HMB30©O0 LBordmbgwsmo 2s9m{3gmwo 9b@gmomwo 0bxggdiogdols
©3bEMgd0m 1% MMM ds 357d@9M09000L Lobom, mwdas dogd@g@ogdool FqgddsMmo@o
9583969090 M3bmdos, Moo 09300  doMomso  gb@gMowmMo  0bxggdaos
3036HMI0MEMYOMMOI® ORBMBOMGOIME 56 5MOL. Fod535(3900, obodmdowgdo ©s 65

Dol goo30wgdmo 53056900 MBOM  bJoMms©  9350YI06  dod@EHgPogdooom.
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0563bgd0 9350090900 DML dodBHIM09T00m QoMM MEgdol Mobzb. (Shannon Katiyo,
a Berit Muller-Pebody, Mehdi Minaji, b David Powell, ¢ Alan P. Johnson, b Elizabeth De Pinna,
¢ Martin Day, Ross Harris, & Gauri Godbolea, 2019) 3oen3gmeo Lgemgs®gdo Lbggdomsb
d9omgdom  NBdMm  bdoMs  3393w0bgdosh  Abpoglo  0b3z5%BorGmo  0bggdizogdol
39000(30390500. 59960030l 5350000l 3MBBHMMEOLs @S 3609396300l 396G Mol (CDC)
3096 25565¢0Bgdm 0dbs 2004 — 2012 Hergddo, Lolberols s B939MHO LobxJd0IL
podmygmaoo  bodmdgdo,  990amd 30 Jgxsls  Lbgoolbgzs  LgMm@Eodgdols
563030mEH03MmMGBoLEHIBEGHMdS.  s0BmBbEy,  GMI  3wobozMMe 36033690 ™356,
56¢0d0mEH03M H7HBoLEHIbEHMBOL Jgdmnbggzsms dgEglmds (73%) 3530060©9ds Salmonella
- momb doMoms g™zl - Enteritidis, Newport, Typhimurium, and Heidelberg (Medalla et
al., 2017). 2004-2015 §f obawoldo Bo@o®mgdmeds 33¢09350, Mmool dobBsbo oym
3M5GH0BRMOEME0  LoEdmbgwsmo  sdmfiggmwo  0bxgdi309dol  g3ogdomemaomemo
9mbo39dgdol Tgx3oligds  AsdMogeobs  LgMmgzs®gdol: S. Typhimurium DT104, Salmonella
enterica subsp. entericaserovar Virchow, @5 Salmonella entericasubsp. entericaserovar
Hadar, d%s6o 86003690mds 0b63sb0mMo 0b39J30900L go8mfgg3ol mgzswlisbmoloom.
50530060MMWO©  39dm3wobs,  MHMI 53 3smmqbgdolmzol  @sTsboliosmgdgos
363H0d0MmGH03M-M7BoLEGHIBEMds J1obmermbgdol dodstod (Shannon Katiyo et al., 2019).

3M5BH0RMo©O0 Salmonella enterica 3390000 06539430990l 3053500 go8mdf39300
OMAMO3 2963000009050, 09 296300056093 439969800, 56EH0BOMEH03M-M9BOLEHIOGHMDG
MEOEJLO odM{39350 FNgEro ALMBEOMBIMZ0L Y, MBlS3Z0M39W0s, SWEIOBsEH0MEO
15390900l  d0gds3  LoEdMbgEMBYool F3MBswMdOLs S 3OHMBoEsdEHO30BIMZ0L
mdb093690mz569L00.

05JH9M0MmRoa9g0L 9649 535890l ILOZ3EgNTo byer YRO® 06EHIBLOMEL® gobobowsgzgh
OMAMOE doM0ms© 96 ©odb3ocmy/sds@gdom  Bsdowgdsl  3MOZMBOMSE
9BoLEIBEGHMWO 359dBH9M0900L obsomdgy dMAMOLIM30L. FJobgsz 0dols, ™I
00mgdol 159399695 LodoOmzgermdo, 3mEwmbgmls @ OHMLgINTo RsA00  A5FM0Ygbgds
09653000 Jobbgdolomzol (Anna at al., 2017) s dgbodsdolsoge OO R9BM(3EOWGdSS
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©3OM3000 53 J0FsODMEGOOM, 5MLYIMWO 3MIIOEOME0 3MG35MIBHJOOL MBSO
3990myggbgds 9w9dwgdge0s, M5S0 0LObO 96O 53059MR0WGdID IBEZLME YA S(3090L
@5 UBLAHBIOEHIOL  BMT53MWPOMEO 36935653 IO0L  B0BsMm.  TgLodsdobo, dgoddbs
(30 GIMBS, MMT 857G 9M0MBRGO0L Loxgmdzgubg  d9ddbowro 36M9356GHId0 MBIO™
M3 0dbgl dglhogwrowo, dsmo 29693039960, FobommmyomMo ©s domjodonGo
0530190996 90900L Asm3zseobfjobgdoom.

3065056,  85d39M0MmEBIYgd0  Fool3gE0BR03MM0,  BogMsd  5©I3GH0MYOSO
563080360MdME0  52956GH00 96056, LBoB0BbY 0bxgd3ogdol  498ma[393900L 33935/
dmbo@mM0bao,  9300Y80MEMAONMI©  FoMMGIMO, 9P  IBILOSMYOMO
0543H9M0gdols s 3e00b03MMO  0BMEsBHJIOL  3Megd30gdol  F9ddbsl  aoedfyz9@H0o
8609369 mds 9603905, 3mGHbE0MmHO MYMs30ME0 Bogeo 36M1935M5@JdoL dgddbolis o
Potdmgdolsmgzob.

Bg9bo 330930l dmogo®o dobsboi LHmGgw Sa/monella 3¢00bo3MO 0BMEIsEHIOOL
3°dmygmxs, 0096EGH0B035309, 530 36EH0B0MEH03MM0 3MMTBoEol Fgbfages s s1Y39 Bogym
d3m3bMdgEmdol Iglfogans, s F0TsMm0 SHIEO 5dBHOWMMO Goagdol dodmygmas s dsmo
0965300 O 3OMBOWSIBH03MO0 33HGD(305¢0l Fgi3olgds SGOU.

33930l 80Dbo s 58m3369%0

B3960 330930l F0DsbL Fo@dmoyqbs Salmonella - s 3Bogarmdo0 MYHOLEHIOGHWWO
9359900L  J9mM390s, dgbfioges o 8o 0O  B3gE0BROMMO  d5JdEBHIMOMTBIAJOOL
399mygmas, om0 EsbsliosmMYOs s MYM300 3:ME 963050l Fglfogwrs.

506083690 doBbol dobomfigzs BsdMdom Modgbodg 9gBo35 2obbMmM(309ws:

1. 3309308  }MRAW9ddo  aodmgmxzowo,  0bxggdiool  2sdmd3gzo  0DBmWsEHIdOL
3oLWm93905,  0096EH0R035309,  BGH0BOMEHO3IMOIBOLEHIBGHMOOL  IBMBOWIdOL
d9LPoges s 4969¢3)03MM0 IBILOSMYGDS.

2. 0Q9bGHOR0EOMYOMEO 36E0d0MmEH 0306090l IbEGHwWwo d350900L dodserm
139308032960 35JEGJO0MBIAJOOL godmgmas 456Mgdml 60dTgd0Eb.
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3. 0bygdgool  go8mdf3930  0BMEsGHJIOL  RoaM-IGdbMdgMmdol  glfogers  Bggbl
309930580 5OLGOIMO S SHIEIRHTMYMBOEO BoJBHYMHOMBsRGO0L 45dMYgbgd0 0.

4. 2500mgmBowo  7s3g00L  doMEMAO0MMO  IbslosMGds s Fsmo b3 gmEHOEOHO
0568080930 ™MdOL godoxgzcs (bgdlz9bLo).

5. 9393900L6 MgMs30Mwo 3m@Egbgoseol dglfogers in vitro 306HMdgddo @y in vivo
99b3960096¢do.

@03 IMGMOHYo dodmbogngs

0530 1. Salmonella spp. HLOsYdS
1.1. 500mP96s, BHogumbmBos, Isbaliosmgdergdo, 353MEgEgds

Salmonella 30639ws s0dmbgboe 0dbs 1880 fgarl 3sGem gdgMEOL dogh 390900l
RModgddo (Peyer's patches), bom  350mygbol 379w @035305 LYBMS  3MEEHIOOL
Loboo BHogMoMMHO 3530963700l gurgbmosb 30MH3g9ws IMsbgdbs xmMR 0gmEm®
298300. 960 ol 9909y dgoEobol 933¢wg350MTs, dg3bogMds mgmdogn Ldo@as
39dmygm 05dBHgM0s, MMIgelsg dmy3z069000 gfjms Salmonella enterica (var. Choleraesuis).
50 MMobsm30L  LdoGo  Fdomds 5dd Lemxgwmol  Igm@bgmdol Y3 EH96EOL
393900656 ©030HD0MmbTJo, MMIwol bgwddmzsbgwos 3939M0bsMo ©sbogwr gandge
b5grdmbo 0ym. ©03W030MH39WO, 0MZWJdIMEs MmA Sa/monella Choleraesuis 0gm @®Ool
Joegmol g0dma[3930 9539630 @ LoErdMbds s LAoEs 53 5396 ,, Hog-cholerabacillus“- o
MPmgl. Lobgwo Salmonella 9900935090 0dbs XMBIR wgmb obogMgliol dog®
(Joseph Leon Lignieres) 1900 {geol, 3somygbol 50dmadBgbgdols, Lowrdmbols s dobo
X3B0L LodsGogLoagdme (Eberth et al. 2013);( Triiper at al., 2005).

83560 Salmonella 3590005690 mwos Enterobacteriaceae - gd0L My sbdo.
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Enterobacteriaceae - §(53-295094mxz3000 BLOMGOOL BsOMM, 39BHgMOMA96Mwo  XyMG0o,

MO@Igems 3Mbgdmog LobmgzMgdgw goMgdmlb 5sdosbols s bmggmms bsfersgmemo
A®5dBHo  §o0dmoqbl. Enterobacteriaceae - 9gdol mxsbo dmoEo3L MO39 A35ML
(Escherichia, Shigella, Salmonella, Enterobacter, Klebsiella, Serratia, Proteus, s ULbgp).
BMQ0gHno Jomsbo, dogowoms, Escherichia coli, bea®HdMwo do3OMBwmMOL bsfowl
Po60mogbl, M3 9MLGIMBIE 53 Lobgmdol 3Zsmmgbmemo 9E9g003, OMIgdoE3
3960339 3d0dg 93500909l 0()3939605806, HMEs Bb3s 435609d0L Foedmoygbergdo
OMamO039  Salmonellae ©s> Shigellae, 55305608 ©s EbM3gEgdoL  3oM9bgdL
Do68mogb96. Enterobacteriaceae - OO0 FB53MNWGHIGHMMO 5bsgHMBYdO 9B 59MHMBYdOS,
Bsbdomfiyegdol Rsmmm B3gdEBHMmoL BgMBI6ESE0sL 9BYbgb, BEMdIB, 30mI3wgdurm®
3630396996 LEGHOMIBHWOIOL, FoOTMJIB0E I35 RIOMZID BHMJLobgdLS @S AsBBoSM
bbgoolibgs 300w abBHMdOL  Fog@mMgdo. dgbodwms, 0943696 MmamGE  ImdMogo,
3960GHM0JMEo REsRwqgdoL dJmbg, 0l MAMO30 BMMTYO0; 0BMYd0D 393EMbLS s
bemdE0L 9JuBH®ogGHgoBY; sbsllosmMGdIM 3500 DM F533mb30L 35093 (MacConkey agar);
330Dl 26M5gdb0sb 855350, MLOE BAoGms© 060L [o®Bmdadbs 056 sbEs3L, 6056
39GOWsDs Y00,  MJLBoEIDS  MPOYMBOMO  (99Mbs3EolL oMoy gbgb
Plesiomonas -000), 505039696 bBoGHMo@gdl bo@®Mmo@gdsdwg. G+C (395606 30EHMBobOL)
999339mds ©bd do - 39-59% - oo (Crump at al.,, 2015). o0 ©OGHIMHI630MHGdOLMZ0L
5OBYdMBL  domdodo)mo  BHILGHYIOL FosOom  B3gdG®o. 01993S, 9LIB0dbsgos, OMJ
353003530 WsHMOL EILMMIEF0S 0MbOBsE0sYY WIRMABIdMEEo ToLL-L39gGOMBZM300l
dgoomeo (matrix- assisted laser desorption ionization time of flight mass spectroscopy
MALDI-TOF MS) 9bsmsbmdom 9653309l 0©9b¢Hox3035300L  HMo©oEoww
9900mgdL, JgLodsAoLO®, sMbodbo FgommEo by MBdM bdoMs  2sdmoygbgds
306036 3036HMI0MEMYOME sdMMOEMM09ddo. (Richardson & Smaill, 1998)

Enterobacteriaceae - gdol @osgdlcmbmdos 3083¢qdbwHo s bdoMs (335¢9050s. Ly
50090005 63 23500, 09Iz 3wobolzMMe 360d3bgermgsbo Enterobacteriaceae - gdo
903936 20-25 LobgMds.
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Enterobacteriaceae-gdls 5430  3m33egdumdo  9b6GH0ggbemo  LEGHOWIGHMOS. Fomo
30008035305  09MIM-bAHNVOWMMHO  LMIs@Geo O (wodm3mEolsds®owgdols)
56303969000, 0gHM-esdoHo K (35536v9eol) 9630y396900Ls s H (ggarsggarols)
36@0g9b6900L 5MLGOIMBIBYS FYsMIYdIM0. 51939 (36MmdOEos Vi 5630396900, HMgdos
Salmonella -is bgOMEGH0300 Typhi, 3ox3LvEEOL s6EH0Q9690L HoerTMoA9bb.

1.2. 30508035305

©OLEEIMdO  a35M0 Salmonella ogmxs MmO bobgMds©, bmwm momMmgmwo
Lobgmds 0gmxs J39LsbgMdgds© s LYMHMZMYGdS. Lobgmdgdos: Salmonella enterica
Salmonella bongori.

Salmonella enterica 3m0353L by J39LobgMdsl, HMIgdoss: enterica (Jgglobgmds I),
salamae (J3gLobgmds II), arizonae (Jgqlobgmds Illa), diarizonae (J3gLobgmds IIIb), houtenae
(J3gLobgmds IV) s indica (JgqLobgmds (Jaglbobgmds VI) (ob. bdgds #1). ssdosbols
Q593500905m5 13gBHLO oo 459mfizgmeos JaqLlobgmds I - ob- S. enterica - s 9599000,
(S. Enterica subspecies enterica). 093050 89900b3935d0 50530560l 06339930900 qlsderms
39dmofi30mUb II1a o IIIb 96 Ubgs J39Lobgmdgdol Fo®dmdoygbargddss, MMmIwgdoE RO
bdoMo (303L0LbEOSE MMR60DTGdd0 g3bgds. S. enterica- b Jgglobgmdgdo BAoGs
33630905 MBOELOLLEP0SH MOYI6OBIGOLS S Qo6gdmbo. S. bongori - ob J39LsbgMdgdo 30
d9¢ oo 303LoLbsL (3bm3zgwqddo, 396dmE 30 MY3EH0W0gdTdo y3b3zgds.

Salmonellae  {jo®3mygbowos 2500 Dby 9gBHo Lgdmgs®om, domysb 1400
3996000569805 ©bd 3086-0EOBs3ooL X¥amndo I s 0fj393L 50560l 0bxggd309dL.
Salmonellae-s 4 ULYOHMGHO30, G™Igog 0f393L  bofiersgzm®  0bxgdiosl, gloderms
53960 0dbglb 30060396  WIBMOIEGHMM0gdTo domJoToMMo S LYOHMEMAOOO
A9bBHJOOL @odmygbgdom. gl LgMHmgza®gdos:  Salmonella paratyphi A (bLgGmxamxgo A), S.
paratyphi B (Lg@mxamao B), Salmonella choleraesusis (Lgbmxamao Cl) o S. typhi
(LgOmxamazo D) (Achtman et al, 2012).
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Ldgds # 1.
83500 Salmonella -5 3¢BOROIOFOS

Sl
I Salmonella |
| Salmonella bongori | I Salmonella enterica I
v |
; ) v - v v v v
[e3) J39glo8 W J3globila  gaglobile  JogloBN  gaglubil
enterica salamae anzonae dianzonae hautenae mdica
(1531) (505) ©9 (336) 73) (13)
503805605 > gbmzgmms 0633930980l l
HOBMOEII0 99% —ob 3x8mdjgagbo 3MO-HOBMOEIHO
Salmonellae - 700 Salmonellae - 500
956967730 GbgEdd i
S. pyphi (human) l
= IO (o) 3AOBOI0GRO adbey-oBglenBserayHo
S. Paratyphi B (human &
animal) / (0635 boy 0)
S. Paratyphi C (human) / \
365 0535B0YN0) 0635B0)0)
( ) ( ) S.choleraesuis S.choleraesuis
S.tvo himurium S. typhimurium S. typhisuis S. tvphisuis
S. Enteritidis S. enteritidis S. typhimurium S. typhimurium
+ 1500 o0thers S.dublin S. enteritidis S. enteritidis
S. virchow S. dublin S. dudlin
S. heidelberg S. virchow

S. heidelberg

2OBRbowgddo 3mE3gdveos Mommgne J3gbsbgmdsdo gdagzswo bgmmEHo3gdol boghmm Mosbgzo.
BoImmZ30w0s Gbmem Y39waBy 393M3EJwgdmeo BgHm@odgdo, mvydss bbgs Lgdm@odgddsa dglisdams gsdmofjzomb
05943909805 S BMIowyMo 06x839d30900 (Achtman et al., 2012).

1.3. Salmonella spp. dm3ewg dodmboegs

Salmonellaspp, (o005 g696  RBOIMNWBHIGHMO  9BsgMMdJPOL, X OII0S
35000 g690L.  Logrdmbgarsls 93500l dodBHIM0Jd0  BIOOME  9M0D 2930 (3gYOIMEO

0b9gds580. olobo Fgboderms Fga3b3gl OMMEE B0 LOLLE0sB, 0bYy (303boLbEOs6
3b™m39wgdd0. M35 J399s65do  obobo  FoMdmoybgb  9sd0sbTdo  dodEHgMomwo
©05M90L 459mf393 Y39esBg 36083690 M3z56 d5JEHgMOSL.
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Salmonella enterica-s LYOMGHO3900 0YmMBs MO NSO XAMBOIO - GHOBMOEYH
(Typhoidal) s s@s@ogmomé (Nontyphoidal) Losewdmbgwgds. Salmonella enterica- b
LgOMgz509gdL - Sa/monella Typhi, Paratyphi A, Paratyphi B, cos Paratyphi C dmobligbogdqgb
LogOomm Bobgwfimgdom - GHoxmoEOo bowdmbywgdo (typhoidal Salmonella), 35806
O3S B35 sbs0hgbo LgMHM35MJ00 X YMBPIOI0D SMOEHOBMOWYOO LoeTMbgEgdolL (s@b)
(nontyphoidal Salmonella (NTS)) ULobgficm@gdol dJ390. GHoxBMoOO Lowdmbywgdo,
OmImgdos 9. §. 35GOMb-13930803M6  dodBHYM09OL FoMIMoygbgb (host-restricted,
specialist) @5 3500 9OMOEIOD 35GHMMbBs© 55d0s60 0MZgds, Losi obobo 0f39396
AGOBMOEMO ©5  39MOGHOBMOENO  3bgmgdsl b 9. §. 963G mE  (bsHerszm)
3b9gdsL.  LBoedmbgwsl  sMOGHOBMOEMOHO FBHSIgdo 30 - 9.0, 39b9mocolBdl
Dom0mogb96 (host generalists), Mo@ob 997dwosm bgebgdeosd Ebmzgwms FoGom
139dBH®™ol 06303060905 @S  JMmembobsgos (Feasey at al., 2012). sM5GH08Mm0©MOHO

L9YOMEH03900 MROM HbIoME 33H30Yd> s B39MWIdM03 0()39396 PM30m-0d0EH0MYOS,

3LEGHOMOBEHILEHObIC M ©935JOJOL.  ds  Fgdeosm  06939J30900L  45dmfi3930
3bM3gwms  BoBom  ©0s35BMbTo.  50lsb0dbsg305, MMI gl 0bxzgdzogdo  bolosmgds

BmbmBMOHMdom 569 FglodErgdgmos Fom0 393995 3bM39W0ID 9©sTosbBY o
30604om. BHoRMoEO LYIOM350M9d0 30, MMYMOE Bgdmm 530608bgm, 53EH0MYdMEbO
56056 50053056 J0T5MIM s 56 43b30Yd0H Bb3s BM3zgEgddo.

0530 2. $HOGMOEIOO O 5M3G0BRMOEYMHO Loendmbgummgdo
2.1. 3ogmoEM©o Loendmbyergdo (Typhoidal Sa/monella)

Gox8MmoMeM 0b6g9di3090L (typhoid-like diseases) 0{)39396 Logdmbgesl bgOmgzstgdo -
S. Typhi, S. Paratyphi A, B @5 C. @©55350900L 25360390905 dg@fows {gwolbs o
Q500b63MH90)e0 1533900l 39939M00m bds. B0 S Bodwysem Fqdmbsgerol IJmbg
930469080  ©9350JOOL  2o3M3gegdol  MOL30  093MOE  FoWOW0S,  MOPS6  bdo®
9990bg93590 59 §3996900Lm30L Loerdmbgars 96gdwEm0s, 30650096 HMILBSITIMOLO® SGOL

O30 BIBOEIMO s S1939 PYarobs s 11533900 MBSROMBMYOOL bMMTGdO. Fo®own-
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39630056090 J3994690do  BHoxgmomo  3bgwgdom  800E0bscy  ©99350Yd9O0,
doM0MII®, 993530060905 IMYHoMmMBSLS S 33900l dM9F39wmdsL (Crump et al., 2015).
3o0Mmaqgbol 25053905 FgLodgdgEos FMmbEgL  5sd0560ID  5EsT0sBDY.  Zsmmygbo
65600300  JgMmOmOmMMs©  b3gds s 3MEJXEIds  Lolbols  89839mdoom.
06830300500l MBS B0y (1072-103-379/0w). bsbdm3wg 063935300l 3gBomeol
090009 (0509603 ©EoEsH 3 33060009 gL 0Bgbl  3dodg,  F03OGO,
396965e0Bgd0Mo 06x39930s, MMIWOLM30LE ITIBILOIMYIJWOS OGS, BoVIEO
A99396M53H M. gLbodems 530 0BobML Bofiersggdols, ymwol, w30dwol, 0oM3degdol,
Bo3oll  39dBHol  oB0sbgdsTs3.  BHOoBMmoEMMo  0bxygdgos 96  8090bsGmgMmdL
30900m/39635wom, o3 9530wgdl ol 0@IbGHOBR0ZOE0L s goblbzoggdals
oes0o0lbogob (Cunha at al, 2013). 8608369wmgbs  goblbgszgds  935009gd0L
80900b56M9Mds 853d39000. DBOHILOMEGOMIL TJOIMIGOOm FoBA0MGINI0S OGS S
30609006905, 500b603bgds Loyzomerg, $BgIMOEMMO 3mb3zmwbogdo, bgRMoEHId0 ©
Gogmoemo  d9bobyodgdo (Rawashdeh, 2014). 9b@gMowrm@ds (Enteric) 3bgergdsd
d9Loderms  459Mmof30mb QoMM MWgdgd0 MmOLYYgddo S 033050  Fgdmbgzgzqddo
Bgmbs@ow®o 0bxggdiogdo (Touchan at al., 2009). s0lsbodb5300, GMI 35M5EHORMOOYOHO
39 gds  BHoBMOEMOMIL FgsMgdom bosgwgds ddodg BooBbgzs, MM, Sbowro
33193990l dobggom Salmonella Paratyphi A bvyen MG 3dodg BmMIGP0m 3c00bgds
sPool  439969ddo s Tgboderms  2odmofhzoml 9935090900, MMIE oo Loddodoom
MbdM©Yds Salmonella Typhi - ob 096 450mfizgE 53509093l (Ochiai et al., 2005).
JOmbogmwo 9BHsMgdemds. Salmonella Lybmgzs@o Typhi-oom b6 Paratyphi A-omo
do0mfiggno G339  969HIONwo  3bgergdol  djmby  3530gbGHgdolL  aMezEwglimds
53MAggdl  90bodbo  d5gBHIM0gdoL  godmygmezsls oMLy s obogeerdo
56¢030360MdME0 095300l ©)Ygd0Ib M5896089 MOL gsb3sg3MdsTo, 3530963 gd0L
©o3bemgdom 10%-8o0 gl O, dgbsderms, 3 39993 o3MdIEIL.  35309639d0L
3bEmgd0m 1-4 % 3 130l J909393 39baMdMdIb 35dBHM00L odmymasls. dom, 30L53

b 3GmEgbo 1 Herol dsbdobyg Ma®dgegdsm, ,JMHmbozMe 9@sMgdgdl“ Mfmwgdgb
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(“chronic carrier”). ®wd3o, »JOMbO3MWO IBHIMJIGdOL“ 33eg358 5h39bs, MMA oo 9O
dgmmbgl O  Jmbos  dooBsbowo 33939 9bGHIMEo  gbgargds.  Bg3omEo
339690 Md5, JOMOMIPI, FIBIBOsMYIJ05 bs®3ol dMTEHOL H5350J0gd0L TJmbg
353096&gd0lbom30L s MBROM bIoMs 23bgds 40 (gl osEowgdmE  Joegddo.
JO™b0 3 IFHM9dgwms M3 qglmdsdo 8ymdscgmds Mod3EHmdm© d0dEobstgmdl,
0939, 990mbgggzoms Bofogdo Gglsdergdgeros ogo (3539 06839306 ©s9350gd5d0
39I0DIOOML.  JOMbozMwo  IBHIMGOW™ds Fgodwgds  godmf3gMwo  0ymlb GMAMmO;
Salmonella Ly®mzs®o Typhi-oo olg Paratyphi A-om. 50bsbodbsgos, Omd Salmonella
by M3z500 Typhi-ob JOMbo3ME E9MJdgddo Fo0o0s Bozwrol 39d@ol oM E30bmaols
396300560900 Gobzo (Nath et al, 2008). 9b@GgMowmEo 3bgwgdol 3609396300l
LA I09005: LEBOEIOWO BMOTFOOL HEZY, FYyobs s 1533900l J03OMBOEMYOWEMO
LolRMOz0L 3MbEGOMo, Salmonella LyGmgsto Typhi - b JOHmbo3MEo EsMYOWGOOL
939960b5¢0Mds 5 35GHMMBO MMYsboBIOL (50530560L) 06939J300Lsd0 TMAbMBYLMdOL
99L503060900®©  HOBMOEOO  35J306900L  250myqbgds. OILEEIMBOM  MOO
GOBMOEMMO  35J30b6ss  bgwdolsfigromdo  8ggmmgdme  9BoGgddo - 39HMEMOMEO
(65 ©0) 35d30bs Ty2la s 35M96FGHIMsmMo 3od3obs Vi Ty2la §o63mopqbl
GOEbI,  93HYbMocmgdme  (AgllEgde)  3oJ3obsl, Mmdgwoi dgoaegh  Jodowmo
531853909, JgbbBHgder (chemically attenuated) Sa/monella LyGmgzs®o Typhi -U
94odL - Ty2la, bemem 35M96GHIMsmm0 35J30bs Vi-l Loggmdzgerl  Fo®dmoygbl
Salmonella Lbgemzgseo Typhi -U Lmds@Gumemo sbGHoagbo -Vi. Ty2la bgewdobsfzmdos
3966 M5 Jobowgdo 3983LMEgdol Lobom, wWo3gbBoMmYdMEr0s 533 - do s F0WYdS
©oldg9005 6 s dgBo Sbo30L  Admbg  3oGgdolomzgol. Vi 3sdgobs  slg3g
©@03bboMmIdMos 580 - Fo @d dobo FoEgds  Fglodwrgdgeros 853939080 2
00056.35d306900L 398w s30MMH0 3930 9B9JBHO 3 Herol dmbsigdgdom, Ty2la -
obsm3z0L, HoMmdmoagbl 48% -U, bmwm Vi 3sdgobolsmzgol - 55% - b (Anwar et al., 2014).

356096@9Mom®o Vi 35d3060L 9339d@GOMmds LGNS 2 b 5 fursdwy 053939000,
0bMmgmls s 3093HBsddo (Smith, Cowan, Brasset, Herbison, & Taylor, 2005) (England and
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England, 1996). 5055050 000@0b569mdL Vi 303060l  bbgosbbgs  3mbowmys@gd®g
9d3s0ds. 339, 96 0:g3sL, O™ Vi 5630396%g ©sx3dbgdmo dmbmgzswgb@wmemo
354306900 3960  BOHMB39wymxngb 3358 FMHZ90  39GEHOBMOEYIO0  3bgargdols
90056, oD dbmeme Salmonella 5 LybHmgzsegdo Typhi, Paratyphi C, s Dublin
5GH96M9096 Vi sbG0oqbl. Salmonella LyHmgzs®o Typhi Ty2la - 56 sbgbl Vi 5630960l
9gL3MgLOSL, Fgbodsdolo, 35d306s Ty2la g30035HMBL do¢0sb 0doEGH0MIOME OEIOL
Salmonella Lytmzs®o Paratyphi B- b 800sGo0 s o6 0dwgzs 9., x3909006 98393
Salmonella UgGmgzs®o Paratyphi A-U 9ods@on (Levine et al, 2007). 596050,
3565GH0BM0EMO0  3bgwgdgdol 8odsdrm gBJGHMOO 35gd30bol T9ddbs 60d36gwm356
39903935L Ho6HIMo9bL AR oMl 393600 J39ybolamgzob.

2.2. 565308M0EO0o Lsedmbgwrgdo -Nontyphoidal Sa/monella

0bMlEGMoMw  J399693d0  9MOGHOBMOEOO  LodMbgEgdol  2o3MEIXOS

dg@howo 3bmzgwol gg39mo Fslgdom Id0BIMMGdIMo 1533900l  d9d39MmdOm
bgds @, MOmamez  fobo, obobo  5@sdosbdo 039396 oMo  BodOobsmy,

0300030300905  9bGHIOM3MWOoBHJdl.  Lolboldogho  0bggdzogdo  @osMgom
80006567  96¢9HM3MwoBHol dJmbg 353096 osbrmgdom 6% -Bo 93b3gds;
5boEdMmd0gdo, 306090 m3560 85303900, FMmbw)3900 S OJ3900YdYo 0dMboE EOL
@5 3bIbWGd0 9350090900l Jmbg 558056900 B59EHIMGB00L  2563000509dOLIMZ0L
ol3 X3MRIOL HoMmBdmoagbgb (Vugia et al., 2004) (Parry et al., 2013). s65@0gMmo©M6M0
Lo dmbgegdo dse0b 365350 RIMM35660 501056 530560 9.§. 35EHO™MbO MM60BAgdOL
139JdBGH®oby s 930Ydomemaools dobggom, g3y Foblbzeggdmwos Bsmo Mbstgdo
399m0of30mb  LobberoldogMo 0bxgd30980 ©s 5©s30560L bbgs 8d0dg 9350)d9d0.
Salmonella Lbgemgs®o Typhimurium omgzwgds G030996 1bo3gOLIME  3500Mm9bs,
OMIgog  35GHMMbo MmMA60DIGIOL BoGom™ 13gdGHMOL 0635P0ME sBOBYOIL 0f393L
(host generalist),00335 0635H0MH0 59350090900l 35dmizg30L LodwsEPM SEBSPMBOM
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bob0smYds. bb3s 9M5GH0RM0MMO Loedmbgesl LyMHM35M9d0, 0ligMGdO, HMYMEMGOOSS:
Salmonella Heidelberg, Salmonella Dublin @5 Salmonella Choleraesuis, «)536m 950500
Semdommdom  0f39396 0b635Bomm  0b6x39J3090L,  ©953500909dL, MM gdo3
30L30@S0BoEosL  LBoFoMmgdgb dsom Boge  godmfzgmwo  0bxggdsogdo  Salmonella
bgOmgzsomo Typhimurium - 6 Fgs6gdom, L033OWOIBMBOL  MRMM  Foswo
956396900 bsliosmgd0sb. MI3d, BMAO0gMmMO LYOHMZM0, Fogowoms, Salmonella
Ly Mz500 Newport, bobosmgds BoEHIOHMIOL MBOM dswo dsb39bg0com (0,3%),
300609 Salmonella byGmzs®o Typhimurium. dobgbgdo, HMIgwms 2odm3 bogrdmbgarsls
LgOHMZ56g00 sbg AoBLLZ53WYO06 JOHPNT6gOLOYSD 35EHMMB-13g30BR0MOMdOL dobgz00,,
303394LwOH0S QO 5ML53MOLOE sMOL Jglhogwrowo (Ao et al., 2015).

S. enterica - b (NTS, 5@U- 5M5308M0MOO boErdmbEgd0) 9OSGHMBMOEMOO
L9gOHM350900 0§39396 2oLEHMMYBEHGH0EHIOL, 9dmb bsfarsgzols s 3MEobxols wm3sErmE
0633993090, OHMBgEms 359M3e0bgds bgds ©osMgol, 3060H1gd0bgdol, 0bEglEHobswrmemo
135HdgdoL  Loboom, 53 0bxgdaogdom  gsdmf3zgmwo 1033005 0sbMdOL  BsB3969dgwo
439 Heror©®o© ~ 155 000 MG ME9ds(Majowicz et al., 2010),
009960 3m3369993H06M9dM 0b0300090d0 30, o0 FmOOL 35309639080, GMIWgdoE3
3900056 Lodbogbols Loobsswdgam Jodom™MgM3090L 56 593l Msbogmeomo mvy
39d960¢0 08bMm©9B0E0E0, AL (9M9EOBMOOO oMby mbDo) BodEgMH0gdoslmsb
@5 9JuEHM506EHIBEGH0bsMO 0683993090056 SLM3060©GdS, HMIGE M 103JZPO0IBMBOL
9563969090 ymgzgmfieromcms~681 000 - ob Gmeos. (Ao et al., 2015).

B0 353Mb3e06MI0MS S BIBHIWIOHMIOL Fooeo F5B39690¢00 godmoMbgzs
3M5GH0BRM0EM0 Loerdmbgargdoom godmfizgmwro dgbobyo@gdo ds3d39ddo (Gordon, 2011).
50L560dBs305, MM Lbgs 3500mygbgdol Joge 2s9mfizgmo J3gs Lolvbodo LolEgdol
0693993090056 5353006900 Lod3EHMIJd0 s BoTbgdo LogOomms sb93g 0bzsbomEo
3M5GH0RM0EMM0 Loedmbgms 0bggdiogdobomgobsg (Nath et al, 2008) (Malawian &
Malawian, n.d.). 50{g6Hoos 515939 5M9GH0RMOEIO0 LoEdmbgwsl doge godmfzgmwo
§0wmd®030 (mds6eo) 36930mbools dg8mbgagzs 8538380 (Crump et al., 2015).
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2.3. LenBmbgesls HyBOLBHYBEHMdS 56EGH0BdOME03980L F0dso

LoEAMbYEsls Foge godmf39MI 9535090 JOML 98353905l SMIMYdL FDsMO
3b6E0d0MmE03Mm  MgHBoLEBHIbGHMdS. dmem  dmbs39d9d00m  3obozmMe 3b0dzbgermgsbo

563080mEH03mM9HoLEIBEGHMd0L 73 % ©5353d06M90Me0s Salmonella - m»b doGOMS©
LYOMEGH03MD, gugbo s60sb: Enteritidis, Newport, Typhimurium s Heidelberg (Medalla et
al., 2017).

3b6GH0d0mGH03900L  F0ToMm  BEYMMdsT  (55EGH0d0ME03M-M7BoLEIbEHMBT),
0530530039 3530 0Bobs BHEMoogonmo 9.). 3063900 bsBol sbEodomEH03900U:
J0m©59539603m¢00l (chloramphenicol), sd303go@wobols (ampicillin) s GG0dgEHM3M06-
L3599 EHMJLoBMenoL (trimethoprim-sulfamethoxazole) dods®0oy (Olarte & Galindo, 1973).
RO dmobmembgdol dods@om (fluoroquinolone) ©sd3900093)o IaMAbMBYMBdOLS
@5 38900mddo  REMMOMIMObME™B-6MH9bolBHIBEBHMIOL  Asbg0macgds  M353806M©YdS
Jobmemb-6MH9BolBabGHmdol  obaboBMgzmge 13630  dEgdstg BT  AoMmsBILs o
AM3m0DMIgMsbs IV - ol 95300©00Mgd9wo 39bgd0l  JOMImbmdme 3MEHo30gdls
3oBdool 99939md0m  30dobstrg HHBOLEI6EGH™MOOL 39dsboBdgdl. gotomm L3gdd®ol
GIBOCML3MM067d0L J0dsmr MHIBOLEHMBGHMBS sGsGoBMo©wE Salmonella  8¢>39ddo
M3 bdoMs 300bgds, 300609 GHoxmoMmgddo. (Olarte & Galindo, 1973). Hmymés
339 90060365, 5@L-900 bollosmYd0sb FbstrEo 9BFGH0BOMEH03MOIBOLEHIbEHMBOm b
399306M90mo  IaMdbmdgwmdom  bbgosbbgs,  dgoEobolsmgol  3MoE03mws©
360036903560  sbFH0d0MEH03900L  B0dsGmm.  MYBoLEIBEGHMdS s 9306900
d®mdbmdgemds  3e00bgds  obgmo  9bBH000MEH03gd0L  F0TIO®,  OHMYMEOIOO(359:
REMmOMdmobmemmbgdo  (fluoroquinolones), gsOdm  B3gd@H®™oL  39BIML3MOH0bYdO
(cephalosporins), ®mdwgdoi Imfmgdmwos S. enterica -U 0bgsBomMo 0b6g39J309d0L
93990bsewmdobsmgol (Hohmann, 2001) (Woodford, Wareham, Guerra, & Teale, 2014). gu

13965136900 IM05BEOYOS, HMYMOE Y39wsbg 3603369 M3560 5630T03IOMBMEO 0sGSWO,
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HMIgoE 393MOIM0MIL OILEOIMBOm Q55B605, MroEYsbsE ol FoMdmowaqbgb 9.. “last
resort”  (350Mm35¢00  AMIsMGMOOL  dmerm  0990l)  bG0d0MmEH03L,  MMIgwos
3mb30@ogddo  IMEGH0MmgBoLEIBGHMwo  (MDR)  gMs8-9569gmzomo  dogd@gmogdols
Doboomdgy  LodMIMEggero®©  2odmoygqbgds (Nordmann & Poirel, 2014). sbggg
(300093905 bsbo gogligol 08 gocgdmgdsl, Gmd dobgogs 0dols, HMI 356Mds396900
5 5oL 3060390 Moyol (first-choice) 3M935M5GH0 LoEPIMbBgEsls JogH odmfizgmewro
06g39930900L  L¥A3MObsEM©, ol  FodsMrm  MHYHBOLEBHIBEGHMOOL  goBgbs  BMMbMBME
3o0Mm9693d0 o LoRMMbgl MJdbols LoBmPsMYdMH03 K9bs(335L, 30650056 gl
3500096900 Fgbodrms 5@58056L 33900000 K53F30L 89339MB0M FoOg3IL. 9530569030
Q5935009055 250mf)3930L oS,  9MSGHORMONYMTs  Loerdmbgergdds  Jgladerms
39oLOMWMb  gMR35M0  LBoGHMBL3MOGHM  OMEo, dMEbEobmb Mo M7BoLEBHIEEGHMdOL
053009090 296900l 4953995 Lb3s 3500M9bme d5dBHM0g0DY @S d5gdBHIM09d0©I6
96Mmygbm6 d03OMmdomdbg (Vo, Van Duijkeren, Gaastra, & Fluit, 2010). obgs®BormMo
3M5GH0BRMOEMM0  Lodmbgegdols (obsswdgy LodMIMEggErs® dgLodmbergmdslils s

39936006390 9md580 99339 bgedobszmdos sMHIGHMABMOIOHO Loerdmbgesls 35J30bgdo,
09939, LSO 359§3069d0  55T05BxdOLIMZ0L  MILE®IMdO® bgedobsizmado oG

5M0L.  5M5BH0RMOEYIM0  35J30bol Fgddbs obgg 9603369 mzsb6  godmfzgzo  MBRYdY,
3obLs3MMHgdom, 0099603008360 39GH0MYOE 353096 90do 0bgzsbomco
3M5GHMBM0YOHO0 LedMbgemBol 99dmbg93505 LOBIOMOLS S BOEHIWIOHMBOOL FoIEO
956396900l 45dm (Maclennan, Gilchrist, Gordon, & Adam, 2013). 5835650, Logdmbgesls
bbgoolibgs  LgMmgsegdol 8ogh  asdmfzgmwo  0bxgdgogdo  Lszdsmp  LyMombre
Log3MPbYL FoMTMoPIBL, HMAMOF 500530560, 0by 3bM3gEgdoL K SBIOMGEMBOLIMZO.
93990bsemdol  dgomEgdo 30,  23bLOIMMEMGB0m  9bEH0BdOME0ZM-MgDoLEHIBGHWwOo
0639J30gd0lL  8gdmbgyzsdo, bsgdome  dgbRrEOwos ©o  33ws3 339300 oL
36G0d0mEH030L 9993390, 9B9JAHVIO0 LsdMsEgdol sdmBgbol Logombo. 58 3mmboom
o056 BsobEHYMgum Mmd0gdBHL FomBMoygbgb d5d@gMool 30MHMLgdO - dodEHIMOMRsAq0O,
56 MBOM 9MFGH035©0 - $B93g00, HMIGLMO3  ©OEO 3MFGHIBE0W0o FosBbosm, MMyme3
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090530,  0obg  3OMBosIBH0INO  9396GHJL  9bGH0Bd0MEH03MMYHBOLEbE W
0693993090096 5, o FOOL, GHOBMOEMO ©S 3MIGHORMOEO  LoEIMbyEgdMb
3ol J0>MIM™MEGI00.

0530 3. 35dGHJM0MBSR9O0
3.1. 35g4Bg0mBs980L 5®BMBYbs O BogMogMs300l oLEGHMMOS

»An investigation on the nature of ultra-microscopic viruses.” Lancet, 2, 1241-

43, London, 1915. (Terms, 2011) - gl 35b53m LBEGHSGHO, GMIOMs3 0byErolgeds 336096 o,
RMIIO03 Yow0sd Gmed@Eds (1877 - 1950) bsdgs®ml 00 30MHlgdol Fglobgd ModdM,
I 9003 35GHOHMb MXM9Yds© FbMMME 359EHgM09dL 09gbgdbgb. 56 9960065 S0y
23909LboO  d5dBHgMool,  39MdM©, UBEHIBOWM3IMIOL  BHMIBLBMOTs30s  2o8FI0M35¢g
sd9gds. 1917 Fgaol, GHMmOEGH0LsRob ©sdM3009dWs©, FObYs 93609635 Bgwodl
©9O9ds3  s0hgds  Abgoglo  dmzwgbs s Bofogwszgdl,  MMAWwgdoiE  dodGHgMogdl
900630 J5300696 35JBH9M0MGBRgd0 9699 dod@BHg®mool dFsdgergdo mfimes (Raton London New
York Washington, BACTERIOPHAGES Biology, & EDITED Elizabeth Kutter Alexander
Sulakvelidze, 2005) (Duckworth, 1976). 1919 {geol Joronggeeds d93bogMds yomeyo gerosgsd

50960 05JEIO0MGBoy0L BgbmIgbo 0935, 396 sbLBs 0yo (F. D’herelle, 1926).

39-20 Ls3mbob aLsfyolido, LHmMg $Bgerodlb YMYEds godmoyggbs d5JEHIOHOMGBHYO
500530560Ld s (3bM3gms 06539430930l F3MMbITMBOBIMZOL, LoosbsE  Lomsggl 0wl

RPMNIM5305, 0009935 S 0mMJ39L, M 53 J0EYMIST BoOOM o3 (3ILYdS IBOZEJ0OJO
396 33m3s (Gelman et al., 2018) (Eric C. Keen, 2015). 1940-056 {ig0gddo 30, 56¢0d0mEH039d0L

50dmPBgbol 9999, 05dBHIM0MGBHYJOOL 3300939005 MBOM  BBEITIBEGHMMO  bslosmo
3000M. 5353OMMEO®, BIRMMNIM305 BIOMME 25dMm0gqbgdms  LodFmms 3o3d0Mol

9309469030, 30650056, Fgwodb Mo  FFOEOHMO  MsbSTIOMIWMOS  JoMINZgW
393509M9dmb, Logobmggewrm 30  35d0bgwo  LsdFmms 3938000l 9350096 MdsTo

09000m@). BodFMms 15TY3609MM OEHIMIGHWIOOL MBIHTSE 35JEIOO0MBIYIIO FsOOOMO
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http://www.historyofmedicine.com/id/3705

39900949gbgdms  JoMmMA0580, IMTGHMEMA0580, MBMOIWIMMMY0sd0, IOMEMQ05d0,
LEAMASGHMWMY0530,  3905GHM0530,  20bg3MmEmy0sdo, S MFGHM-M0bMEmy0sdo
(N.Kiladze, N.Chanishvili, T.Shulaia, Z.Bendeliani, 2017) (Chanishvili, 2012). dbmggromdo
9398900l 3035600 Logmz9gE oM 0bEJMGLOL gobobergds sbEH0dOMEFHOIM MgHBOLEIbEHMdST
50 36O gIols osloFMHIWS© 5@ IMBG0Oo 159 gdoL IMI0JOOL S)3E0WGOCMDSA
3965300Mds. 5055050 96GH000MEH03MMIBOLEIBGHMWO BFMOTJIOL  Y39wsBg MLOBGMbM,
98393G6 L5I3MMbsM 155350 LM BogM™YMH305 FMOsBMYdS.

3.2. 3533gM0Mx53900L 3ELOGOISF0S

05JBH9M0MmBoa900  Logmabol g439wsHg A930EIWIOMo  BMOTGOo M6 Bg9bL
3obg@obg (Moreno Switt et al., 2014), bbgssbbgs godmmgzwgdom dsmo Gogbgzo 103

MobErMm3gds s LHimOmgo 3500 b50MLEbgMmdoL 2sdm, olbobo  g9bgdol gHmAz56 3mbl
(69BgO3L)  FoMmoa9bgb, Tglsdsdolo, MBIOMT>BsGOs Tomo  i3owo  3sGdmbo
6256003900l - 359dBH9M0900L g3me)305d0. 1940 Fgarl gegd@®M™brywo dozmmbzm3ools
159415090000 OY0BS F43gOOL 30OHLEo Bbgds. OHMMS A56F93cMdT0, FMSZSWO
Sboo  goa0l  50dMBYbOlL 335005339 vYE0WdYI0  gobs  Bsmo  SEbMLbls o
30oll0R035(309.

3060991900l s 3500 FMGOL Boggd0L 3¢oLOGROZd300L 3063910 J3YEMdS 1948 Fgarls
Holmes-b Jmbgs. dob bdgdsdo 3061930 0gmBMmEs 3 XFIRBIQ: 859dEIM0900L, d39bstggdols
5 36M39egd0l 306IGdSQ. B5dBHIM0O0L 30)HMLGd0 (Bo3gd0) 36 46 XYMRBI© WO3YM,
om0 353HMMbo 05BN Lobgmdgdols s o Foge  ASIM[3YME0 89350 JOOL
Lod33H™AgdoL  dobgz0m. SbodbMEo  Udgds O 0dbs  50sMgdMo  bydg3bogHM
LoBMYPSOMGIOL F0gO, MO0 300G 3ZI300 96 JYMOBMOdMPS Roaq00L Bobo3M-JodomE
doboliosmgdegdl (Kropinski, n.d.-b).

1962 (gl Lwoff, Horne s Tounier-ds 53900l 3¢0ologogo®@gds, bw93angobols
9535358 030U, 3983L0EOL BMEOTOLS O BMYSIE 30MH0MBOL IMOTFMEMAo0l dobgzom
dmobobgl.
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1967 §guols Bredley-0 9309900 ©oym 6 XaMxs©, Lssg dg30s: 33835000
PobsBotrols 5699 3900L 3Jmbg B9800, dm3arg FobsBsMr0sbo Boygd0, 3OO BMGAoL
0993900, 9O™d>x30560 -0 993390 FBsgd0, Mb3-0ol 993390 s doxoLYdGMO 9.§.
RO0Esd90EGHMOO  B53900. LHmMmgo b 3sboxgo3sE0s MEI3L  LoRwA3EOE  FBogOOL
05658009MM39 3005L0R03S(305L.

1983 fgwl Akermman-05 05J@gM0mxygd0  gobowsas 190 Godumbmdon®
9600930 (Bogdumbdo), HmAwgdoE dmoogs 2000 g3eal.

1959 {ewosb 2011 fewsdg osbarmgdoo 5360 3990560 g0, 179 329960,
ROWIGPBGHMOO ©s 3egMmImORMEo GBogo 0dbs dglfogerowo (Hans-W Ackermann 2011).
Ackermann at al. - ol dogbgzom ©oado - Caudovirales, 13 ™mxsbo ©@s 34 3560
96056 9ds(Maniloff at al., 2004). bm6.1

Loy@ooo 1.
059d39M0mx%53900L 13 m)sbo

X 5330560, 89903900530 ©63 -0l 8jmby X 5330560, 8993790750 63 -ob 3jmby

P2 SIRV 1, 2

Rudiviridce
Myoviridee
= . Plasmaviridae
12 Fuselloviridae $Sv1 y
A Tectiviidae RO A TVl
Siphovindae
Lipothrixviridae
P22 Corticoviridae ' M2
""" Jovirid
- goOORSF30560 mOx 5330560

L S 468 ~ob Beaby 68 ~ob 8o

Inoviridae M13 & fd

, r@ MS2 phi6*
. Microviridae ®Xx174 Levivindae

Cystoviridae

https://images.app.goo.gl/Bn73TK9qwV8CMuuY8
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9B 3000L0B03O30s  396MINGH @O 3OMEGHIMIM  SBswoBL  gyMHEbMds.  DBmyswo,
3061930L 3eolOG035300 9YMHHMdS 9d9 FobILOSMYdGOL:

1. 3060Mbob MEOEHOILEHOMJEIOS: doboc®o LodgEHMOoL (FobsHM©0s60), 3MdMMO,
390350 (L30MSMO0), BOWSTIBEHWIMHO b 3¢gOMIMOHBO;

2. 651309060b 355350 3030: MmOR0F30060 b (dsDNA), geox 0330060 bd (ssDNA)
9ONXSF30960 M6A ( ssRNA);

3. JodomEo J90509bemds s 96EH0ygb MO M30L909d0;

4. 9093 Aoby;

5. 35@M™bo d59dGH9M0mE0o Mx 9GO0l b3gdB®o.
2018-2019 Hargddo Godbmbmdosdo 8930s (33w0g0900, MMIJWms 0565HTI3

36MHM35600MEJO0L 30601gdL ©ogdods gOHmO sboeo Moo - (Tubulavirales), 10 sboswo mxsbo
- Autographiviridae, ~Chaseviridae, ~Demerecviridae, Drexlerviridae, Finnlakeviridae,
Halspiviridae, Herelleviridae, Ovaliviridae, Plectroviridae, Thaspiviridae, 22 Jggmxsbo, 424
550 23560 O 964 sHoo Lobgmds. (Adriaenssens et al., 2020).

3OLBYOME0 3€00R039305 3T0350 0b3zgfigds s 0(33Wgds sboo dgoMEIdOL
099m09gd0l  339¢005335¢, MOMIWGO03 99999 9053 LOGOGOMIOMEO BoRGOOL sy
AogubMmBoE X 3M5393d0 A56M3LgdOL Lodwysegdsls 0dengzs(Adriaenssens et al., 2020).

O9oLsmM30L  Jgbogeroo Goggdol 96 % -U dobsewm®o LodgBHMool ddmby, 9.9.
3100560 359900 Fo®mdmop9bgb.

mxobdo - Myoviridae 00005690056  Bo3gd0,  GMIYOLSE  9d3L  yMdgero
3039dlwe0, 390893500 399©0. 0g0 905 39BGIMEmO VYMHIoLOYSL (5GbOLOYSE) s
993193308 mbo®ols dgmbg Focwomologsb. Myoviridae-l go69390036905 39900560 BogqdoL
25%. 3500 303000 (omdmdsygbergdo s6M0sb: T2, T4, P1, P2, Mu s Ubgs 53599d0. Lvmen
X ob3o 259005690105 e Mmxsbdo gogmmosbgdreos 5 43gmxsbo, 168 azs60 s 434

Lobgmds a3s60 (https://talk.ictvonline.org/taxonomy/talk.ictvonline.org. International Committee on

Taxonomy of Viruses, 2020).
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Siphoviridae - b mx5bL 3093993690006 Bsg9d0 4Mdgero, dmdbowo 39om, HMIOl
G5@0msboE 96 295Bb0s 8933030l MbsG0. 5T MmYsbdo gM0sBbEIdS 3060 BIA9BOL
62%(Summary, 2012). o300 omdmdopqbwmgdos: T1, T5, L5, A 853980 s bbgs. myxsbo
dmo3o3L 13 939mxsbl, 265 3350 Qo 783 LObgMIOLYSH.
(https://talk.ictvonline.org/taxonomy/zalk.ictvonline.org. = International = Committee  on
Taxonomy of Viruses, 2020).

Podoviridae -l mxsbl 370060  goggdol  14%  dog3zwom3zbgds,  Bsmom3zol
©535boL0sMYOYE0s FMm3Eg 3990. GH030IM0 FoMdmBoygbargdos: P22, T7 s bbgs 13saqdo0.
50 mxsbdo  gogcmosbgdmmos 3 dggmxsbo, 45 a35M0 s 132 Lobgmds
(https://talk.ictvonline.org/taxonomy/talk.ictvonline.org. = International = Committee  on
Taxonomy of Viruses, 2020).

Inoviridae — s 9093293690056 Focromols s6TJmby, BHoMOLYdMMO s BomsIgbEwMo
035900. 53 M} sbdo Tgool 42 Lobgmds, HMAEYdoE 9MHM056EYd0sb 2 y350do. (ICTV. "Virus
Taxonomy: 2014 Release". Retrieved 15 June 2015).

50 mxobgdosb Myoviridae -l §o6dMIoabgargdo 25dmoMPg3056 oo Bmdob
398LOOMS s H3-0L Fooero 93339 MdOm, MY sbgdo: Podoviridae s Siphoviridae 3o
59 60856-m30L900L dobg3z00m F93bs3eg0s AbsgLbo 96056, 3OsBO BsA9d0 Fgodegds
0ymb MmO 3 30099 gbE 0, oy Bmdogmo. BmIogMo BsA900 391060 Foggdol 50%-
Dotm0mo9b96 (Kropinski, n.d.-a).

3.3. 35d39M0mBsgd0L dOMEMY0S - OGHOMMO S oBMYIEMMO LsllogmEberm gogwo

05dBHM0MmBoR)00  (B93g00)  35JBHIMO0L 390D Id0s,  dogdBHgMool  306lindo,
OMIgmog 96 Igufigzm LogmEbaobs s godmMmezwgdol  MbsMo d5dGHIMoMEro MX MOl
396M909. 50 3060LgOL  sbolYMYOL  LoamEbol MGmY35M0 (30310 WOGHOMMO  ©d
w0oHBMYg6M©O .

0o @00 303¢0l J0dObIMGMDOLIL doJBHIOOMBIYRO B3JEIOOOL XY OIL JOHYIE

0o0M035 943936, O®MIgeroi  30HMLms  sboew  Fmodmdsgermdsls  0derggs. 3980
29


http://ictvonline.org/virusTaxonomy.asp
http://ictvonline.org/virusTaxonomy.asp

SELEEOBOMOYdS 359Gl BYI30MH0L B39g30BROWME MY(393BHMMYODY (BEsYIEs, 30O,
3969 89906M560L 3O:M3HJ0b9gd0, 3553 gd0, O3M3MOLIJIM0IIO, O3MMIOLMOU T54539,
30mGHobgdo s 5.8.) (Kropinski, n.d.-b) (Moreno Switt et al., 2014). 3990560 Bs39d0L
9900bg935d0, 0lobo B5g@gMool MMl 39Ol o300 bbb msgolo b - b
0bgdgosl  dsbdo. MxGgdo Fgofigzol 990y RBogol 296mdo  s©33gML  BdogGgMOoOL
930003530585 @S BHMBLIMO3300L s oYM  MXMIOL 2969303 535MOGL
30600 Bm3wgobols 8553900l s 3MMEHJ0bgdol LobmyBOMYBdOLMZ0L. LsdmemMmE
Sboo BsAMOO bofiors3gool godmmsgzolynwgds bgds 3s@Mmmbo MxMmgol wobobol
99009390, 53, 1530l dBG03Z, 0933660 BMEOGOOL FoBMOI0MYBIO 3OMEHJ0BIOOL -
3me0bgdols o  3933H0MAw03s60L  ©sddwgwo  woBobydol  303d0boMgdo
9dmddggdol 9999 8000935, Boal, MMIGELLE SHILOSMGIL LomaEberols Fbmerm
WOGHOYOO (30310, oGO0 569 30MHMMIBEAMMO Bog0 gfimgds (Alberts et al., 2004).
09390L, OMAgmS3 999dwos0 FoM3sMmmb Logmabwols Gmam®m3 wodommo, obg
wodMPbMmo 3ogwo  BmIogho  Bsagdo  ghmEgdem.  WodbmyabmGo  303wol
90900b65Mm9Md0LSL  Boao bdoMms  sbgbl  0bFGHyMsE30MEo  96Bodol  (06FHYMIBIL)
LobmgBL, 103l F9aYMI 0OV BHMBLIOO3E0sL (Mg3MHLMEMO) s, MMz Fobo,
X905 d5dBHgMovIer ©bd-do, Mol 899gae3 MXMI0 B39MgdM0g gobsa®mdmdl BOILS
@5 3odM53wgdsL. BogmEo g9bgdo M193w0E0MYd0sL, HMYMOE d5JGIMH0MEo JHMIMLMIol
090950039690  Bofogngdo.  BdsdBHgMosl, MmIgeog 9903936 FogMo  g9gbgdols L
3033w9dAHL wodmygbo 9hHmgds, bmem 0b3Hgamocmgde 306 ©bd - b 3GMEBsY0
J30s. @0oBMm9bol Hgobxozo®mqds (b93960bxgdE0s) 08 GHO30L  Gspom, MMIGEDs3
30639 dmobobs  dogdBHgMoMmo MXMIOL WoDMPboBsE0s, MMaMmOE falo, o6
bgds. @obmgbo  3OMBoab  gOMO©  obo®IMBIL  M9303oE0sl.  ™mBEs  obymo
3506306090900  BoJGHMOGdoL  HBgdmddggdom,  OHMYMMGO03SS MW EHOMI00LRIOO
©sLb03qds @O JodorMo 539630, 36M935M5@0 doBmdosob C, dglsderms dmbgl ©bd -ol
©H056905, B0l 3MMg36MH9L0S s Aol oYM OEBHOMEMO (303020 0bo30MGds. 53 3B 3gLL
30Mmxsa0L  0bdsos  gfimgds.  Bmdogho  Boggdool  MPg@gbmds  wobmygbgdols
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RMOI0MHYOSL 9Bl  FoL30bIol  JOHMIMBMIoL b0 EH  B0BsaMgdOL SO DBY
(LooBBY) 0639aMH0M9d0L ABom. OBMYIBOBE0sd Tgbodems 2sdmofjzoml dsldobdgero
»RMIOL B96MGH03MMO (33¢00WGdJd0 - oDBMI6MMo 3mbzgdLos (lysogenic conversion),
0lgm9gd0l, MMAMOOES GMdLomG™mdol d9dgbs @s 6E0EIBMMO 13gdEHMoL 330w gdgdo
(Broudy & Fischetti, 2003).

3060gbGHO  $B93gdmeb  F0FoMgdsdo by  50bodbml  dmzggbs, GMIgElss
3LIZEMEOBMYIBoL  MHmgdgb. 30OHMIBBHWMOO  FBogo  Tgbodeoms  5BMBbgl 9.0
1LIZOMWODBMYI6NEO 5699 9.0. 9BHMYIOXMdOL  FEPMIMGMdT0.  BLY3EMWODMYG0S
3900905 2o60LsDBOIOML OMAMMG dodBHYMH0MmABsaol 29bmdol 9bgaergdmwo yob30msMgds
35130690 B5gBHYMO0L MR MIEOL Joabom, HMIgEbsg 96 b3l Bogol MY3MHMEYJ30s
(G063 @o@G0MO0 3030l @OML) @S 9OFG YYXOIOL  2oTMOZIGOOL (30306
LobJOMboBoMGOMWO Gogol 296mTol M73w035305 (MAMOE b WoBMYIbMOH 303l
SboLooMYOL). 0M3WYOMES, MM BBYZEMEMOoBMYG6ool 3Ts3900L JoBgbo Tgladwrms
0ymb 9.0. d0d8omds 969 1533900L 653 gdMBds. LY OML  by3TsMolo  9bgMAoOL
35MLYOIMIOL 45TM GO0 39O SbMEMEF0GEGOL Mogz0L Lologmaberm 303wl s dobo a9bmdo
dsb30bdgero MYRM9gEOL Joabom  sMLsEHOME FEYMIsMIMdSd0 gosol (Rippt & Miller,
1995) (Cenens at al., 2013).

3.4. Salmonella -139308039M0 dogdEgMHOMEBIRIOO

05439M0MmAoa900L 3609369396 xRl Salmonella - 5393013039M0 dodBHIMHOMBORGOO
Pot0moabgb. gots 0dols, MM  Salmonella goagdl  oEgbo  Gmo  9603gdsm
39376 d0MmEMmQ0530, Ls0bEHIMGLMS oo 1bgs, 3M5JGH03Wo M35 LsBOHOLOM
Lo0bBHIMIBMm  ™30L9dgd0GE. By FogoomdE,  olbobo  49dmoygbgdosh  olgomo
36MHMEIMOIO0LIMZ0L,  HMAMOgd0Ess:  IBHedol  3mbBLEGOWOMds  GHEMIBLwJ3gool
dgdzgmdoom (strain construction through transduction;) gsg3m@030M90s 9300HIOMEMYO0YOHO
d0Bbxd0LIMZOL s F5ggdOL MYMH30v90 Yodmygbgdolsmgol (Moreno Switt et al., 2014), o

O™l 353900l 29690Ls s oo 3MMEYJBHIOL Moo Hzerowo Fgod30 39dGHMMYdOL
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Po68mgdsdo (3mbBogdo, 0bGHIAM0Mgd5©0 39dBHMMJd0, 3OMIMEGHMMJd0 s 5.d), olbobo
3O B30MEMA0OH0 539639008 (©bd s GBI 3mE0dgMsHgdo, w0YSBYdO,
693agobgdo,  M93m3d0bsbgdo,  MguBHmodgomwo  9bmbmimgsbgdo s  5.9)
Do63mgdolomzols gm0y 356 MglmOLL Homdmowynbgb.

0Y) ©9399OHbmdom Salmonella Bs3900L  3esLOGO3ISE0SL, GMIgroi F9agbowos
356L-g3mexaoby 539600560l dog®  (H. W. Ackermann, 2007), ©©qbogmdom,
993GHO™bMwo  8030mb3Mm30M9d000m FgLfogerowo, FMmMHBMMMYOMEmO© obLlbgsz90MEo
250 3060 5OLYdMBOL. 30560 306G, OMIWYIOEF F99MN0569dwbo 50056 Moydo
Caudovirales, 890009abs06Ms b5{ogd0sb: Myoviridae - 64 (31093500 3moL dJmbg
0399900); Siphoviridae - 94 (36390, 56M5313d35000 3oL dJmbg z306MMlgdo); o
Podoviridae - 71 (0m3eg, 56053093500 390l dJmbg 306lgd0). gl Los LEdMEOMM 56
50, M50 $393gd0lL 0O FOBOEOWO 0b69FIOLOL 250 L MBOHM Fo@IE ML
d9LHogo 306HLms GoEb30 s 850 FMEMOL FMNOBRMWMYOIOHO A56LL353909d0.

3.4.1. Salmonella 539308039M0 WOEGHOYIMO0 B39O0l IMS350BIMMZ69dS

3.4.1.1. Myoviridae -5 mxsbols 3608369¢m3s60 Far3mBoabgergdo
59 0300 gobgz0bosgzm 03 23500l FomdmIoygbergdl, MMIgums Alszbo §Bsygdo3
3990y9gbgdm0os B39bL o9 Tglicrergdme bsdemddo.

301965L-Alsgogl0 3otrmligdo - Viunalikevirus

Salmonella 13930803600 OGHOMMO B539d0L 3WLEHIMHODIG0OLMZOL 5dmygbgdmem
0d65 B9d3960693o Boggdol MOMM LG IO sbsewobol dgmmeo (Moreno Switt et
al,, 2013). 53990l obowo a35M0 - 304965L-0bgoglo 30OHMbms dzs¢0 (Viunalikevirus)
090000535990 0gbs 2012 {geb, H®AEol 99500396 mdsdo dgols Enterobacteriaceae -
b §o6dmBo9bgeo H58gb0dg dod@EHgeool 8odstrm 13930R09M0 Boagdo (Adriaenssens et
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al.,, 2012). mgl®gmdoo sd azsMdo dgol Lbsdo Salmonella L3gaoRoMGO Gsyo - Vil,
SFP10, s PSH19, m®o E. coli - ob gogo - CBA120, Phaxl, g®oo Shigella-l 1393080960
2930 - PSboM-AG3 s geomo Dickeya-l 139308309900  dodBHIM0MmGBsy0 - LIMEstonel
(Adriaenssens et al., 2012) (Hooton at al., 2011). 2013 {icwols 036080 BOHOowMmgm 6ovy
00mM30L d@oBHTdo 3093 mmbo Salmonella L3930809H0 Rogol A5TMYMms JMbEs. Jomdd
d9LPogsd 3bo3ym, M3 olLobog 30BsL Abgoglo Goggdol 35mML 8093293690056
(Viunalikevirus).

50 335030 299MM056900o GBs3gd0lL sTsboliosmgdgo 608bgdos: 29bmdols bmds
(osbemgdom 157 kb), GC 899339mdol  3Mm3Egb@Gwwo  8sB3969d9wo - 44.5%.
3963Lob39399gwo  IMOBMEMA0MGo  6503dbgdos  03mLgOWMWo  ™msgo (=90 nm) o
30035000 39900 (=110 x 18 nm.). 53sL 256, 360336935605 0MJ35L, MM 30mbsls Aus3L
306019830 b035MHO LEsLMMIFOM MEMYIBIss sMfgMowo, 390dm® 30 58 MoYol
1399390L 25586050 943L0 3MMEJobo, HMIgEms3 3oL 393096 HobsBotrpgdl-300sbgdls
(tailspikes, tail spike proteins) “9{ic@9d96. s dguHgz LEHOWIEHMOO (33CP0EGdgdOL
MbBs®0, 2oblbo  3MmbRMm®mAs305d0 (LEHOWYIGHMOME IEYMI>MIMdSJ0) obobo  Jmergols
dbgogl LEHOMIGHMOL Fo@IMbsddbosb (Adriaenssens et al., 2012). 3mob {obsbobrogodl
35d3H9M0Mo M9393GMMOL 53m3bMmdoL VbSOl 935380609096 (Adriaenssens et al., 2012)
(Pickard et al., 2010) (Park et al,, 2012). MMM 3 500mBbS, 396M3390I0 25X 2R3909d0,
HMIgd03 SHILOSMGI® 9.§. 3oL FobsHBIMIIL, 535030390l Vil dbgoglo g3s39d0lL doge
bbgoolbgs Enterobacteriaceae - gdol 0bxz3o3060900L 3MMEILL, GO3 ILEHWM©IdS J0WIS
50b0dbMo 5359900l 0860 FZOHABMDBOsGY  35GHMMbO BodBHYM0gdoL Fotmm 13gdEHMol
5MLgdmdoo (wide range of hosts).

Bgoguemmbals Asgoglio goermligdo - Felixounalikevirus

59 3030l 3oa0 0530330039W5© 49dMYMBoE 0dbs Bgarodlbobs @s oermls Joge (A.
Felix, D.Sc., F.R.S. and Bessie R. Callow, 1943) @ ol dmobligbogdms, Hmymez gsao Ol.

306500056 gl Boa0 99BH0WM0s MomJdol yzgwrs Salmonellaly  0BMESEHOL FJodsM®, ol
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390Mm0yYyqgbgdmes Salmonella -U LyOABMBGHOIM GJoa9bBs (Hirsh & Martin, 1983).
535Lm56539 1533900l 60339000 Sa/monella 1 ©yGHYJ300Lsm30L Felix O1 - ob 903530
890ddbs, GmIgwos  [uxAB 99bgdl 5GHocgdl (Thouand at al., 2016). 53sb oGS dobo
9mdd9gdol Bomomm B3gdBHGol do0m, Salmonella - b 8096  ©sd06IMEOGOMWwO 1533900
360HMmYJBHgool  39369dwmdol  doBboom  dglfegroe  0dbs  sbodbmmo  Bool
0936530656300l 3mBHgbioseo (Whichard at al., 2016).

©OLEOIMO00 50b0dbME MHoQdo 499005690 0s LOHWsE 1Yd39606M9dwo SO
B30, Jom dMobLos 3000 Salmonella b3gE30x8MM0 Boao (FelixO1, FOla, FSL SP-010, FSL SP-
012, FSL SP107, SPT-1, cos SBA-171 (Moreno Switt et al., 2014) (Whichard et al., 2016) (Hans-
W. Ackermann at al., 2010), m®o E. coli b3gaogomémo gogo (WV8 and EC6) (Villegas et al.,
2009)(Tiwari & Kim, 2013) oo Erwinia -b b393080M0 9OMO Gogo (PEa21-4) (Lehman at al.,
2009). g39wodbemwbsl Abgegbo 306vlgdol  Agbmdol  Tsboloomgdergdo d9dgabso®os:
396mdol Loa®dg ssbermgdom 84 - 88 kb - ol g3oMpeqddo 356:06M9dL, G + C 899339 mds -
39 %, G-0b3-900L  Momgbmdos > 20 Bg, x¢wmdb M35 M300ToMMNIO©
960MbM3095%sL (homing endonucleases), 3s35omo©, B30 - Felix01l  geomdl 6 sLgm
960 Mbm3095%sl (Whichard et al., 2016) (Villegas et al., 2009) (Lehman et al., 2009).

AmOBMMYom@o  Jobslosmgdwgdo  Fgdgabso®mos: - gogl - Felix01  5J3L
030MB59OYWO 1530, OMIWOL HBMdss ssbEMgdom 73 63 s ssbmgdom 17 x 113 63
bmdol, 399935000 3990, OMIgeoi 990393L 6 9.0. 39ob dogzolgde [obsbotels (tail fibers)
(H. W. Ackermann, 2007) (Whichard et al., 2016). 3306900 3mORMEMAO0MNOO 3560053900
3906036905 58 M0g0L bbgs 5353900l dg8mbg935d0, dogooms: WV8 x50l mogols dmads
70.4 63 05, begm 3MEobs - 112.8 x 16.8 ©s 030 6 - 0l bogzws, 3mol 4 Hobsbotrels
1emdL (Villegas et al., 2009). FelixO1 - ob y39wsbg 9358300 39bmEH03w96M0 dsboliosmgdgero,
dolbo  sb6¢0d5gdBHM0MEo 8mddggdol doosh FsBmm 13gdBHH0s. ghmgOmo  33¢g30L
05bobdo FelixO1l  g3ogoll dododron dg0dbmdostrg se0dmBbos Lszzwrgzo Salmonella-
9359900L 98.2% (330935 GHoMYdm©s 600-Bg d9¢) 9BHodbg) s bbgs Enterobacteriaceae -
q00L dbmerm 1.4 % (Welkos & Schreiber, 1974). 009335, gb 0dols 0Jdol Lodw)oegdsl 56
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3350g3L, ®Mmd 53 Mool yzgwrs Salmonella L3xE0ROIMNOO BORO  SLYJPOZ) BIOOM
dmddggool 1B3gdBHMom asdmomBgzs. gogqgdo - FSL SP-010, FSL SP-012, s FSL SP-107
bo33eg30 9BHodgdol dbmerme 17%, 30%, ©s 13 %-b 0bxgoEo®gdsl 0f39396  (33¢w93o
Bododos 17 ULbgoolbgs LgMmzgs®ol 23 9@sdby), 95906 HmEs Rspo - FelixOl - o,
0630306930L 353969090 895009965 100% - (Moreno Switt et al.,, 2014). gspo - FelixO1
b 5630d59dBH9M0Mwo dmddggdol sbgmo FoOmm B3gd@®MOL MBsGOL A56ds306MHMdYdgO
9999608980 X 96 300093 56 5OOL dMEPMIY IgLfogwroro.

T4 dlgagbo goMgdo - T4likevirus -Tequatrovirus

30oxsy T4 - ol dmbosmgbiogg 393930 30609900 439esHg I6M93507gMHM39560 Xm0
om0 93 MQ0vIM0, FMOBMEMYOMEMO0, 396Mm3MMH0 S 3OMEHJMINWOo sbslinsmgdegdol
dobgzom. sm  FmOoLss  olgmo  Boggdo,  MMIWIdoE  50bxoE0MNdY6 98-
36OMEJMOJBHgM0gdLs  (Aeromonas, Escherichia, Pseudomonas, Salmonella, Vibrio) o
93L0EMB-3OMEJMDOJBHJM0gOLs3 (Campylobacter) (Edgell at al., 2010)(Petrov at al., 2010). qu
30695900 0lYM03g IMS35¢RBYMM369000 dmMmoMBI3056, GMymEE Moo - Herpesvirales -o.

B396 4950090l go3505b30¢qdm Salmonella L3gE30BOMG MO Goa®g - STML-198
(Woolston et al., 2013b) cos vB_SenM-S16 (Marti et al., 2013), Hm3ggd05 9309bgb 57.6% -
60.0% -056 Algogligdsl T4 - Bogol 30:3H)069005b, B3 5LEGHMOYOL , Mmd obobo T4 Eodols
300995gd0L 350U 4969391390056 (ICTV; http://ictvonline.org/ ). 58 M0 Boa0@s6 Fbmerm
96mol - SenM- S16 - ol 999093000 5b5¢0Bo FMm0o3m3z9ds. SenM- S16 930l 543l
MOx 5330560 ©HA - ol 9933900 396mdo, Dmdom 160 kb, GC J9d;339wmds 36.9%, 3 &-60b3
5 269 300l 353Mm0M709e0 693009EH0O0 M9BT0TY3EMMds (protein coding sequences
CDSs) sbsliosogdl (Marti et al., 2013). SenM- S16 gl 543l = 117 63 Log®dols s 91 63
Loasbol, EMGHIMO §oga®mdwgdmo msgzo s = 120 B3 ol Logy®dol 3mwo, M™IgEos
M M3905 3Mdgwo FobsBomgdom (Marti et al., 2013). 150 by 9o Salmonella-ls 93>0l
903500 5060360 Boaol 9dEH03mdOL Tgbfogerolisl dsdmzeobos, ®md SenM- S16 o0
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g439ws  0dbmwsGHol 76% -0l 0bxgogo®gdsl ofgg3l (Marti et al., 2013), doa6sd
5053006OMMWOE 56 9319l OBOLE 5dEH03MdIL BJEIM0JOOL bbgs LobgMdgdol JodserIo.
oo ©9393GMM05 LoEPdMBgELls oMy 899060l dMmEgobo OMPC, GMIgwois 30039
5691 JoMOoMs© M19393G MG doohbgzs (Marti et al., 2013).

3.4.1.2. mysbo -Siphoviridae

T5 @o3ol goenlsgdo - Tequintavirus

T5 @&odol 30Mm1lsgdols 43500 §OHM0s6Yd0sb E. coli - 1393080IO0 BsAqd0 (ox:T5 o
AKFV33), goomo Vibrio 3sgo (53930 149), 05 mGo Salmonella @spo (SPC35 s EPS7) (ICTV).
T5 53 23900l Y39wsBHg 35Mo guHogErowo Boa0s, ol FoMIMoagbl Logmgo®mwl,
OmIgog 956G IOMddBHIM0900L 065303060905 0fj393L (Wang et al., 2005). 53 3560l
Do68mBo9b9wms ggbmdols Bmds g3s00Mgdl 108 kb -wsb (AKFV33) 118 kb- deog (SPC35),
GC 9993339035 -39% s 20 B9 39 G-MHI-U Bemdgb (Niu et al., 2012). InOHGFMEMA09OO0
dobolinsmgdEgdo d999abs0M0s: = 7060 BmAoL, 03mbEgEM™ME0 Ms30 s yMdgwo - 18560
Bmdol, 5653999035000 390, OMIJoE 9903938 GHIMT0bsEME doxolgd® (obsBotrpgdl
(fibers)(Kim & Ryu, 2011) 96sgsero bsd@mdo dogdw3bs 03 M9393@™GMmqd0lL dgbfogersl,
OIgoLsg 00 33900l Boa9d0 ,50Mm0(3bMdYE”. Loob@HgMglms, G™I T5 Godol 306wmligdls
wbséo dglfig300 9993930000 ©9393806MHHI6 W03M3MEolsgds®m0EgdL (LPS) 85806, Gmss
50 93560l Lbbgs §93090L 99609 993d3Msbol Lbgs 30MmEH)0bgdmsb (dsy: FepA, FluA, BtuB)
9999939390050 ©539300690> Fgmdewroso (Kim & Ryu, 2011). dgbodgoms  bbgoolbgs
36390690056 ©53538060900L gl MbsMI0 256530MMdYOL o0 FmMJdggdoL Bb3oILLIAZM
139dBHOL; g BoROIPOMI®, DBMAO0IOMO B30 0(i393L OMAmO3 E. coli - b oby Salmonella s
(SPC35, EPS7) 0bgogo®gdsl 85306, OHmas gogo AKFV33 L3gzoxozméos dbmemme £ coli
0O157:H7 - ol dodstron (Niu et al., 2012).
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X9OLO30M06Y - Jerseyvirinae

9393900L  IMOABMEMA0MEO  Mo30U90Mgd90DY, U939 b3 gBHMOO s Fowmgzs6o
05680009360™0900L  J9M9gd0m0  3bseobgdol  Loxgmdzgu By, BgMmmMsz5HYOIen  0dbs
Siphoviridae - s m)sbdo 9gds35¢0 SO J3zgmxsbo - xgMLbogoMoby - Jerseyvirinae,
GIgoE 0930L b0 0gmagzs LD a35Ms Jerseylikevirus, Sp3unalikevirus s Klglikevirus.
©OILEOIMO0mM gl J3gmxsbo 890393L 18 dodBgmomayogl, MMIgwms bmzwgm@EHowmeo
0568000930MdJ00  49FOROMEO 5 EbOLOSMYOME0s. Bomgob 11 Bspo Salmonella
1393083099600 BoAJ00s, MMIwgdo Salmonella Jersey 3539050 0fm©Yd0s6- vB_SenS_AG11,
vB_SenS-Entl, vB_SenS-Ent2, vB_SenS-Ent3, FSL SP-101, SETP3, SETP7, SETP13, SE2, SS3e
s wksl3. LfmMgo gl 398900 9O056Y0056 23500 - Jerseylikevirus. ags6o - Klglikevirus
5960H»00690L Escherichia 1393083096 gogqdl - K1G, K1H, Klind1, K1ind2 s Klind3. 23560
Sp3unalikevirus 30  dbmmE gMomo Salmonella 139305309900 Foaoligeb Tgagds: -
Salmonella phage - FSLSP-031. x9®bo 3353900 153050M© BoGOMO 393MEIJOMWO B539d09,
b90mm blgbgdero 3353900 2990gMBOE0s LEOHYEPoSE 396Lbge3900
530 dYOsMJMdJO0EIb (OO  ¥MOGBgm,  39bss, 883, LodbOgm  3mE9o).
X9OLO3060MLgd0 (oMY gbgb 8339V  Fodmbode  Logm3z0MHML  BMOHRMEHO3L,
39bmdol bmdoo - 40.7-43.6 kb, G+C 899;339comds - 49,6 — 51,4%. 999m035H90wwo
J39mxsbol yzgws 3bmdowwo {omdmdsagbawo 935309 oGO gogos (Anany et al.,
2015).

3.4.1.3. mxsbo - Podoviridae

300093 900 Mmxsbo, ®mIol Fo6ImToqbgerms dodsmrmsi B3gbl JogH 45dmymaoeo
05dBH9M0MRo2900 939696  AuogLgdsl, Aobarsgo  mxsbo - Podoviridae, @330 -
Lederbergvirus. 50b086mmo mxsbol §936m90L sbolosmgdom dmzwg, 31083500 34900,
bmdom osbwmgdom 20x8 63. mxsbo 59MHM0s67dL obgm 3bMdoE BMTogH RsAqOL,
Oy ©90035s - Salmonella virus BTP1, Salmonella phage epsilon34 s g3sg0 P22 (E. Kutter,
2012).
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3.5. Salmonella b3g30EB0IMMO Bsgdol 35dmygbgds 39¢3gMOBsMOOLMZOL, 1gMI300LS s

30m3mbEHMEolsm3z0lL

563080mEH03mM9BoLEIBEGHMIOL 493039 gdol  35MOWIWIMmS©, LY MRG®
59BH oMo bgds Salmonella 3930583037900 Bogd0L 0o 0bEHIMHILO, 306506 oliobo
dgLoderms  499mygbgdmee  0dbgb,  MMamOE I GH0MYHBoLEIBGHMWo  0bxggd30gdol
15939MbsEM, 0lig 5000 BOMIMBEHMMEIOL BsT1YSEGd9dS.

LjmGg  Salmonella 139308303900 393900  FoMIMoygbgb 00 30MH3ge BB,
(199 odmEEs3 d,mbs d5gd@gmomwo 0bg3gd30900L 8329MbsenmdILs s 369396(30500.
3063900 3393990 Bo@9Mg0mm 0dbs Bogol 908mBIbosb ©®s8gbodyg fierols 998cgy
19odl @ 9Mgeol doghH 1919 (gl (Duckworth, 1976). 093053060390 bodowm@m
99639600963 gdoLOL, © 9Mgewds Salmonella 1L3930R0379M0 B9RJOO Jo00TJB0D Fodmym,
OMIgdbsg  094gbgds  Salmonella gallinarum - oo  {jobsbfs®  ©s0bx0E0MYdMwO
1M0b39wgd0l 3379MbseMBOLIMZOL. gl OB Joe0sd oty FsLdEHId0sb0 331939,
Omdgwdog BsOOMEo ogm  dbmwmE 6 §O0b3gw0, OHMIGEMedsbsz 4 - Fogom
159399MbsM X353d0, beaewm 2 »5MHYMB00 3MBEOMMOL X3RO 0YM 459005690 wo.
193000 65939Mbsgd0 MmMbozg RM0b39wo A5©MRs, bmwm ©Ibs®BIBo mMo sobmas
Salmonella gallinarum - ol 9096 459m{}39w0 06839d3000m. O’ GMHYETS 5939 BIOTBIOOMIS
dobio 33e935 $3929008 MJM30v)0 3:mE 963050l Tglobgd s JobsbmMogws 9.§. Loggwry
99b3960896¢gd0 1919-1920 - Fo. ob s3BsIIS 9.). BogM-3619356M53HJOL, GMIgdOE3
0933930 Salmonella gallinarum -1 303560 0@H0O0 5d&03Mmd0L IJmbg R5290L. LodmeMMm
RoM-w0DBsEJd0  olbbIgdms 0.59¢ dm3mdol dJmbg, 39MTYHWIWI© I
5339080 s 03D93690Mm©s 3939H0BMJOMB Log®msbggmols bgoslbgs Mgaombgddo,
Jo890d0  Logdmbgmomo  498mfizgmo  06839J30900L  Bsd3MObswme.  d3MMHbsEMdL
9909290 dm3ygzs 9300930900l Fghgmgds S 0bRO0E0MJIMWO JsmdgdolL gEHYLmdOL
390mxs63MmMgqds (Moreno Switt et al.,, 2014) (Summers, 2001a) domgdme 99093909
©IYMHEbMOOm, @MY ds A9653MEM  Mog0Lo 330093900 3HM3Z9EgdOLS S 9B
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0693993090056 LEdOIMMZgWH, Bb3sILBIS BoJBJM0gdOL Jodsmm B3930530IM0 Foggdol
399mygbgdoo.

©'9M9wol 5MgMEds 3360930005 BOFMMYMH30580 S olids [o®mBoBHgdsd Lbbgs 3936
393b0gMLOE BoggdoL MYM30o 3mE9bzoswol dglfogwrolisnggb 1d0dys. sig Fogsoms:
GM3@gols o 3Megagdol doge (Topley at al., 1925) (Topley & Wilson, 2019) Bs@o®gdwmem
0d65 94L39M0896GHO 53390Dg, MMAdLSE S, Typhimurium - 0o 50630306090©bg6 s
999p™ddo dglodsdolio Bsaqd000 3379MbsemdEbIb, Mg msg 5§30bgb 3gMmMowmemo
3bom. 0Md3s bs 500bodbML, GMI Gogom I3NOBIWMBT 39030 0bxggds00m
39903990 103300W056Mds 56 Tgod30609. 50b0dbMEo Fggaol Fglbsderm sblbss ol,
G BHM3wgo 099bgds LMBEO WOGHOMMO 5J3H03Mmd0L dJmbg BogdL, bmwm ©’gMgols
9939609639000 259Mm0YgbgdmMs DM M 0L FBoggd0, HMIGEMsE LEA0BLY dog@gHogdol
800500 dw0gMo oGO0 5dGH03Md0m 25dmoMBIM©bYL. gl doymds Jgdmddos
565900 39360960l Jogh Bo@sMgdme 9dudgMm0dgb@gddo oaliGMEs(Crump & Wain,
2016). ©@’'9Mgeol dogH JoEgdwo d9wgagooL 3mbxoMdsgos dmbs 3mesbwosdog,
3659960 dog®(F. D’herelle, 1926) ©90mom s0{gOHowo 89090 0090l dmd3gdo s0dmBbgs
Q@95, d9Lods30LO, FoggdoL 330935 S9EGH0IMO© F0dEOBIMGMdES 585> ¥) 08 bodsdo dsmo
3990mygbgdol GglodergdEMdgdoL ILHYIBS©. YFEs 1933003900 OO 0bGgMglo
©5L53wgJ0 #ob9ws, 306506 bBgardolisfzmado obs 9630d0ME039d0, Tglodsdolo
1950-1980 {argddo, Salmonella 13930803 MM0  R5A9d0L  3m@gbgoswol  glfogars
353909030  LHEPIMBYEMBGIOL  LHIIMObIM©O s 309396300LsMZ0L  T9bger..
5060360 daMdsMgmds 8903335 1990 {ergddo, OHmEs 0bGHgMglo Bogmmgmadools s
DMPOIE B939O0L F0ToM0 33ansg obobens. F93609MMs 633990 XARJO0 0l9]3
©5906bbgb Bs3gd0m  LoEdMbgmBgdol I3EOBsmdols s 309396300l  0EYsL.
50b60b65300 BgMPROYMOLS s Fobo 3MmegaqdolL 3393 (Berchieri at al., 1991), ®m8gendos
Salmonella 13930807900  Boggd0  4odmYygbgdme odbs S, Typhimurium - oo
99b3960896G o 06830306093 Mwo  Jsmdgdol  LYIFMOMbsM®. 9Ju3gMH0dgbEds SB396s

06939430000 299mf399o 1033 0bMdOL 36503369 Mm3bs  TgI30Mgds,  FORGOOM
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505659390bsgdo  53M0b39wgdol  XyMBML  FgsMgdom.  Fogom  33Obsmdol
98399 GIOMIOLINZ0L 59Mm0YgbgdMm©s B3O 3mb3IBEGHMGJd0 BHodmMoo 101 63(g/dw.

5580560l Bbgoslbgs  dog@gmomwo  0bxgdgool  LLdzMEbowmo  Boagd0L
399mygbgdols obGMmGmos 1919 fiewosb 0fjggds. 306H39wo 300bozmGmo 33e93900 Bo@sM©s
3500bob 3mldo@sedo -Hopital des Enfants-Malades, ©o’g6geobs s 36md0eo 390005 M0b,
36OMR MG  30dGHMM-39600  3MBHobgerol  bgeddelzsbgwrmdoom  (Summers, 2001b).
50LSB0db6s305, ®MI  3¢00bozMMo 331093900l IHY)d90©Y ©'gMgds, TdoLo MK sbol
$9369035, 3Mb0@geds s 3mb3oGswol Ms8abodg ™sbs8dMMIgeds  Loggwo BEo-
©0H96@ M0N0 B3O 303565 EHOL MYMI30v EMDsbY 100 X¥9H OO BroMOIbMdS
dooeql. gl B0l 3wobozemo 33wg30L FobsdoMmmdsw 0dbs JooBbgmwo, 306506 6
96Om0  dmborolols 990mbgg35d0 909300500  239MEO0MO  JBRIJHO 9O 4odmgwgbows.
d9L50580bo@, 3MOMABILMMTs 3960GJ0d Bsaol 3erobolzMMo 33w9g30L5030L 2odmyqbgdsls
MB0E0SMM0 bgds@mgs doomm (Alberts et al., 2004).

3063900 35309630, O®MIGLSE Boggd0m 0963305 1919 farol 2 s330LE™U BorEocs
12 ol 8030 oym, HmIgwos  3mb3o@swdo (3539 ©oBgbGHIMH00L ©osabmbom 0dbs
3531900 (BoJLoMEIdMEs LOlbEosbo YRY3s30s ®gdo 10 -12 x9M). 353096G0L
3sL5E0sD F03OMBOMEMPOMOIO 565¢0BOLIMZ0L B0TTgdol 5©gdol 99wy, © 9MgEds
35309630L  8379MbsMmds  @sofiym oo Yzgwsdy 9x9dGMIO0 bGo -©oBgbdHgHomwo
ROAMOO 3019356M5E0L 458tmYggbgd0m, 36M935M5G0L B0Mgds MMM BMMEF0HEOIOMY,
@M 2 I-U 89500996d. GBogol domgdol 989y 353096G0L dEYMTsMgMds LHM%3s©
3990xMOgLs. 300093 3, 300303  JEYMIOGMdST0  FYymxo 0853830l QooMBYBS
dmbgmbs RoAMMYMH300L T9EIR®. B30 93OBsMdOL  ©sfygdosb 24 Lo - ob
099099 9500 dyMIoMHGMdS LHYOHABMOEO Q9MIXMIJBS (Summers, 2001b).

3500bol 3mbdo@swdo -Hopital des Enfants-Malades ©’g6geols 3096 Bo@o6gdmero
30603600 94b39M0896E0L Tglobgd 3918035300 3056900 298Mmd399bs, SToBEMAs3
306390 30035309, MMIgwoi d0gdmgbs R52900L 5@F0sbol  d3MHBsEMdOLIMZOL
3990yggbgdsl,  MoBsM® dOMMMbYgls o XMBIR Fo0DBobOL 93EMOMBOm  BsobRM®Is0m
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Doeoob bobom 1921 (ol 999md399beos (Alberts et al., 2004). 5©0bodbmen 39003530580
9m399Mwos  0bBm®Ts300  FBoggdol  25dmyqbgdol  Tgbobgd 3560l LEsBowm3Mm3MEO
063399300l L¥3MMbsErMmE. 33093580 Bmbsfogmds 6 3530963)0. BoggdOL  EObs
5@EdMEs YIPPLME BB 5EYOWDY, ©os fyrYwgdby. sEIdoMo JBIIHO
300bgdms 24 — 48 Lo -0l obdogEmdsdo. d9dymddoi sMsgMHmo O™l dglobgd
3obs  3bmdoo, MMIwgdoz 0mfomdbIb  Gogol  bFH0BdIBHIM0MWO  PYMHI30YWO
303963050l dglobgd, 093 Bogqgdol dmddggdol dgdsboBdol dglobgd 39360 G5 o6
0ym 36mdowo. Bmyoghomo 39360960, 5450 © JMIoL 439wsby gwedbm@azaeny
360G03mbo 9bMY 4M5305 Boggdol MIM30 9539JAL 9bB0odgdL FosHgMs s GO oo
3067 dmbgdsls 89659, Lsbsd gergdBHEMMbMEo FozMMbIM306MHgd0L BMEHMISBOS 56
3obs bgemdobsfigcomdo (H.-W. Ackermann, 2011). ¢bs 5006036mb, H™3 59930l
OO0  MYM30ME  9BgdGHMb  9hmo  J3996@gdm©s  BESBH09d0  Boggdol
56598399 BHO™O0L Tgbobgdsz, M5353, BORIO0L, MMAMOE 5630d5JEIM0MWO GMHI30EO
159990900l 0T, SMOYMMYIMMZD0 S F0bs0IIAMIM030 ITMIOIOVICGDS
Bodmoyoerods. (Summers, 2001b) (Alberts et al., 2004).

gogoer  LbsdFmms 39300080  Salmonella  L39E0BROMOO  Foago0  9BIJGHIMO©
39000949bgdms LodMbgEmBydoL 159 3MbsM© 0533d39%d0 Qo 31939
3OMR0wsdBHozdo dJobbom LLOZ xs6Mdo (Sulakvelidze at al., 2011). 3mmbgmols
306DxggmEol  0dMbmwmyools s 9JudgmodgbGmeo  MgMs3ool  0blEGoGWGOL
9330935005  Bsbs)gMgddo dm399mos  sbas®m0dqdo  Salmonella 13930809M0  BoRJOOL
300603160 g59mygbgdols dqliobgd, MMIgdoi dmfiomdgb, ®md 1952 ferosb oblEGod o
bo3MMat  3mgd309d0 O3 Lbgoslbgs  85dBHgMogool  dodsdm  13Y30B0E
05dBH9M0MRo290L 59BH0Mo®© 0949690s 3MEmbgmol Hsdgbodg 3mbdo@swdo. yzgwsby
bdoco 2odmyqbgdso Staphylococcus aureus - ob, Pseudomonas aeruginosa -obs o E. coli -
ol 303560 B39(30530IM0 GB5RgO0 0Ym, 1933 1305ME OEO Ho®dsEYd0m 45dM0YgbgdMmE
Salmonella 13930807900 }Bs39d03 (Weber-Dabrowska at al., 2001). UBbO3 xs6do gmgge

3bsf39mwwo 2-3 ol 06@gMH35¢d00 3OHMBOWSJBHO0ZMNMIQ 00GdEs MB0OLOL bly
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009390020l (L9396 I0 .9¢00535L Lob. d5gBgMomgsy00l 0bbBHoGMGH0) dogH
Do08mgd Mo LoErdmbgesl Gogol (BHodgE0Mgdwo mMIom) 2 Bl 15-20 ol
3968530™d5d0, ®5853 96083690 m3bs T9sd3065 930s8II9d9d0Ls S 930©YI0IMHO
393039wgdol  Jglodewgdermds (Chanishvili, 2012). gl 36sdBHogzs 1990 (ewgdsdy
393Mdgs (Chanishvili, 2012).

LLE3 3mb3oGwgddo 1930-0560 fiergd0sb (3000MdEIE GHoxzgmomGo bgwgdol
93960655l LoEdMbgsl  gogol  0bGHM396Imo  5©TobolEGHM®OMdOL ABom. BsA0
3D5000MS BOBOMEMYoME® blbsOBY, dslido d0b0dsMmO MoMmIbmdom MmMYsbmwo
6030009690900l ©s35EH9d0m. F0bgEs350 0doLy, MM 53 (3090l 439600 TJIRJOO
8tyg390Mmo, B3 89930369%0m, 3H98396Ms@Eweol 38°-39°C-0¢g 519300, s30L (3303000
39900boGgdm@y, 98 G030l 33MMbsMdsl sOE 9OHo LobolzEOW™M JJEIR0 56 TMYME0s
(Chanishvili, 2012). Salmonella b393080IM0 Boggdol MYM305d0 FoMdo@gdoom 45dmygbgdols

0525om0s 51939 1946 (garl, wmb sbx9gegldo Bs@o®mgdreo 33935, MHMIXOL OMLSE
@Ml 56x9glol  3mb3o@owdo 49bmog3lgdMwo GHoBMOEIOO (3bYEIOIO? I535IOO
56 353096¢)0 (06639J300L 950mdfi3g30 goberom S Typhi (HmIgebsg 0d M®OLIMZ0L
9hmgdm©s S, typhosa s Eberthella typhosa) 0376bsqomds Bo@sts Salmonella-ls
06@®539bmwo  Boggdom  (Foamo  30935M0GH0  ©ITBIIOMWO  0gm {3 bBob
0bMEH0bMOO blbsMol dsBsBg) (Abedon at al., 2011). s50bodbme 3393580 450MmYygdmEo
B52900L  989IGHMOMds  [obsbfa® o0dbs sy bowo  sbmzgwmemo  9du3gmodgbEgdol
99039mdoom (Berchieri et al.,, 1991). gbmggwmédo gdudgmodgb@o Bo@osts S. Typhi 0d
9359900L 59mYygbgdom, MHMAd03 odmymazow 0dbs 0bx0306M9dmwo 353090EH9d0LYb.
UfmMgo 98 9BHodgdol dodsdo in vitro GLEGHoo 25dm3wgboeo  derogho wobolMo
54BH03mdol Idmbg Rsagd0 dgo®Bs, 9dudg@odgb@ s 0bxogoMmgdMwo  3bmggwgdols
15939MbswMm. 3bM39MEMmo 9JL3gM0aIHEHOL WsYd0m TgYADDY WIYHPDbMdOM, MBS
03039  BRMOM0  360935600@0L  2odmyggbgds  3mL3oGHI0BYdMwo  3530963)9d0l
1593MbswME. Foggdom  93MObIEMBOL  Fg9gAo©  35309D6GHJO0L  L033O0IBbMdOL
99639690935 03erm 20% 96 5%-00g, TgLodsToLO®, 93GHMMIOTS ©IL33bL,  M™I
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0543H9MH0MRo900 Jgladerms Fo03s@gd0m 0dbgb gs8mygbgdmmwo Goxmomemo 3bgwgdol
93990bsewmdobomgol (Abedon et al., 2011). s©bodbmwo 9Ju396H0dgbEosb dzomg Bbol
990099 ©9LEBWMI [o®BsBJdom godmoggbs Vi s6GH0GH0RMOEMMO B0 GHOBMOEYIM0
3b9wgdol gmbg 20 35309630l 83OBsMdOLM30L (J.M, 1948) 356 399moygbs Lwyar dzoMy
mombo goblibgsgzgdmwo Sa/monella L39E308R0MMHO0 RsQ0. 990AMITo b 25653MEM Mogz0l
3w0b03meo 3300935, G®olbmgobsg 894dbs 9. BsMco 3m3Ggowo, H™IgEoa 990393
Salmonella L393080MGH 6 oG  30MmbL. 3393580 dMbsffowgmdEs  GHOBMOMHO
3b9wgd0m 9350900 100 35309630  3390930L  (39650)  3MIMZ306(3000096. B0
06@®939bmwo  498myggbgdolimgol  oym  dmBBoEIdMEo,  3MY35MGOL  Logdzgals
33mbol  0BMGHMEMGO  BLbsGo oMMy gbs.  83MObswmds  sdog 919G
500mBbY, MoEsh 3530963900l 103305E0BMBdOL FsB3969d9wo 20% b 2 % dy
99930600 (J.M, 1948).

©EILEOEINIOD  MYMS30wo  Salmonella  B539d0  3MIJOEOMO©  0foMTMYdS
Lodomggarmdo, OHMLgmLy ©d  3mEmbgmdo. LodoMmzgermdo  goyoazsdos odgbody
ROAMOO 3609350030 - 06GJLGH0-05dBHIM0MBOY0  (35BHIO0MRBIZOL  B0M-36193565EJd0),
9630-05d3H9M0mRB0  (05dBHIO0MBIFOL  BOM-3M935653Jd0), 193HoRsR0  (00mJodxs6d0),
G939 53530 (30MmJ0dBsMT0), ym3z9wo Jomysbo 9033l Lb3oslibgs dod@EHgmogdols Jodscron
1393013096 ©589b0dg BoMO 3WMBL s s FmMolL Salmonella 393080396 BoZJOLSS.
50b0dbmo  ¢s3900 9dBHomMo 0608bgds 9J0dgdol Jogh o Q9dM0Ygbgds, GMmYMO3
3LEGOMObEHJLEH0bIMOO ©55350090900L Bs33MOBsWME 39OGS s MYMs305d0,
0930 B0 2odmyggbgdols s 9x39dEGHIOMIOL dglobgd MmBOE0SMMO, BESEGHOLEH03MOO
0bg3m®35305 56 IMy393™M390s.

O 390H0Mm©do o 06&gMaLL 0393 Salmonella L3930803M0 d59dBHIOMOMFBIAJOOL
399mygbgdoll 30093 gOHmo LBIOHM - 1533900L MLORODMBMYGOOL 3MbEOMoO. J0M39w0
5650000 59 300l Tgbobgd g99md39969dme 04bs 93969630l s 3MEgaqgdol JogH
2001 §gools (Leverentz et al., 2001). 33¢0930L RoGqdd0 533HMEOdTS dgobfiogergl 3og9gd0l
3m@9bgoswo  Salmonella -0 gdu3dg60d9bE o 30mbEHd0boMgdE0, sbers© oFMHowo
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Bgligobs o 3580l ©Y3MmbEHF0BsEoOL T9dE30Mgds30. FBogmMo 36M9356M93HJ00 S©bodbmwo
360HmIEHoL  ©93mbESF0bs300LsmM30L 96 5BMAbES  obgmo  9B9JAHVIO0, OMPMOF
dboMmEbgeo 0gm, 45b6Lo3MMMIO0m SO 9RIIBHO 29M30bEs SHWSPEHFMHOO
3500l d90mbg935d0, M3 9¢dIm 9353000 Gds 3590l i3960L T5193056MdIL (3580l
$3960L pH 4.2, booewem Bgbgol - pH 5.8). 50b0dbmen 33093500 g98mggbgdmem 0dbs g3smonm
139dGHM0bL dJmbg Sa/monella b39305830379M0 Bogo SPT-1(Hans-W. Ackermann at al., 2010).
Salmonella b39308039M0 d5dEIOOMBOAJOOL d0MIMBEHOMEOLMZOL 45dmYgbgdol 356
3520moml  [omBMoygbl  Fomo  4edmygbgds  JoBol  BmOEoL ol Fs390WS.
3MM(390MMS  HoMEYds  JgBWmM35d®g ©d oL 333960  9830MRL  Mdo  bemMiEob
LogdMbgwsmo 3mbEsd0bs300L bodolbl(Goode at al., 2003). slg39 BoobEgglem 33wg359
BoBoM9d00 05gBgMomgsgo Felix O1 - ol 96 dobo 399Eeb@Egdol gsdmygbgdom, GMmIegdos
3990gMH g3 5dBHogmodsl S . Typhimurium DT104 - ol 80ds®o 53w9bgb. xsa0l
33963050l 2oblsb®3z®mol JoBbom 33e09g3s BsEIM@S 58 FBSBom 9Ju3gM0dgbGH IO
3063530606090 BOBIRMOEHIOOL  Jomdgdol  ©93MbEd0bsEoolIMZ0L.  F9gygdds
oB3gbs,  MHMI  Rsp0m  93MObswmdol  F90gy  d9dBH9M0gdoL  MoEbzds,  Fogom
5656593MbBsgd 60dMTgdmsb gsmgdom 1.8 — 2.1 log - o 03¢wm (Whichard et al., 2016).
Salmonella 139308037900  dodBHIMOMRRGOOL 339001  MLSFOMLMGdOL  3Mmbom
3990ggbgdols 530530 Bo25c0m0 SMLYIMBL. sOLB0TBZ305 dmEOLy s dolo J3MeEgygdol
33935 (MODI at al., 2001), G0Iols Ombsg Salmonella L3930B0MO dodBHIMHOMBORGOOL
5353905 dmbs (3mEbIE s 35LBHYMH0DYdIM MIgdo, g39geol FoMdmgdol dMmsglido,
dsbdo S. Enteritidis -ob 30mb3s80bs3ool 9gbod306Mgdes®. $Bogol @sds@gds 9n9dGIeOo
50dmPbs, Bsdobbg dogEgMool 3mb3gb@®megos dgdizoM®s 1-2 log - oo 353d0b, oo
MOOYMBom 3mbGHOMEdo - ©d9gdo, LooE RB93JO0 9O 04bs ©35EHIOME0, s©0bodbveo
05d3H9M00b 3mb396GHMmoi30s 1 log - 00 goobo®ms (Modi et al., 2001). siggg 8609369w™mg5600
530b0dbmoy Sa/monella L3x3080MMHO0 Rogoll BoMIMBEBHOMEWOLMZ0L A5dMYgbgdol 99dwgao
3oomomo:  goagdl  094gbgdbgb  olgmo  J3ghotggdol  BomMbEHMMOLsMZ0L,
OMQMOIO035S B3OS S oMby, 3MMEJIOMOS GOMEIdMEs IMLOZol  s®gdols §ob.
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9600369035605, GMI Roaq0L 04gbgdbgb S. Enteritidis -U 56@sambobGo dsd@dHgos -
Enterobacter asburiae -L;5b 9O 3MID0BS30530. 50B0TEMWO d5gEHgMOOL godmygbgdsd
Roa56 33006530530, TgbsaRbY39 FIBIMPS 361935650l dmJdggdol 9539dEMOMMdS
89583005 Salmonella -0 3mb@530b53008 ™Mby doMOL ©039dLS s 0MbYSL Mglicrgddo
(YE at al., 2009).

4395 H9dmm s0)gMoo 330935 SQLEHVIMJOL B9AIO0L O 3MEHIBE0IWL, Hmam®3
096530530, 0bg B0M3MBGHOMEOL 3MMbom, MI3S BORJOOL 3MOJGHMIMWOo FoBmYygbgdols
3505 IBYMR30LMZ0L HSGLYIMBL o6 339990 F9HBMO39d0E, FoRITOMS, OLYMYdO,
OHMPMO0(355 Bo2900L IMJdggdolL 30(OM sMgowo. 50b0TbYIO BoJBMEMO 49BLS 3NN
36009369wmgz5605 olgmo  3939Hmygbo a3500lL 89dmbgglzsdo, Gmam®og Sa/monella,
GOmdgwog >2,600 Lgemgs®dl dmoaogb (Eberth et al,, 2013). 99Jdbogro 300619006
39030656 do0sb 0990l 3md (39005, GMT 3060390 BYIMHO 360935M5G0, BMIgEwos
dbmwme  Salmonella 13930803760 RBoaqdL dgoEogLb - SalmoFresh, GmIgwog dgoddbs
3™035600s Intralytix - o @5, HMIOL 25dmyggbgds 6gdssMmMI0s 33900l MLsBOMbMgdOL
d0Bbgd0LsmM30L  589M030L  LYOLsMOLs s ool  BgEIMIMMO  booggbGH™ml dog®
(Woolston et al., 2013b), 9539J&M0 500mhbs Salmonella 15 439wsDg 2930 (39LIOME0
dog6  3500Mmy96mm0  BgHM35Mm9d0L  FoMdmoygbgms 80, o0 FMOOLSY:
Typhimurium, Enteritidis, Heidelberg, Newport, Hadar, Kentucky, Thompson, Agona,
Grampian, Senftenberg, Alachua, Infantis, Reading, @5 Schwarzengrund. 3693565@U
90603900 543L BEOGHMBO - LEBMASOMP SV0MYOMEO  OMYMEO [ MLIRODbM (GRAS —
Generally Recognized As Safe - LyBmao0M@© 5005690990 OHMYMGOE MLOsBOMbM).

Lo0bEBHIMILM  33¢0g3900  SMLYdIMBL  Salmonella 1L3gE0BOYOO  BOAJOOL,  OMAMO
06906030, 96930l 56595369, ,003OMOdMEO doMIGBEGOEOEOL" globgd, MHMAgwlss
d9LPa3L  MbsGO  LEOABMDOE T9oF30MHML b LOMWSE SW3ZgML  Salmonella - o
3Mb&530b5305 bbgoolbgs 84sco Bgs306Mm00sh, g 046905 Lsdbstgmeml bgzsslbzs
063963960, ) 339000 Lofo®dmm s0FM30¢mdqd0 (Woolston et al., 2013a).
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5023965, $93M0JMH3300L OLEHMMOVI 45IMEFPOWGI DY  IYMHbMdOM Fga30dwos
05953500 3074350, MM R52G00 MLOBOMS 505T0BOLIMZOL. Goggdol Asdmygbgdol 39360
6085 dgodegds 3m0dgdbml, mwmdiEs Mbs 5obodbml As690mgds, MMIgEoE 39M339wE
1393LboLL 03936  OMYMOEF  BOAMMYIMS30580, 0L  BORMIOMIMBGHOMETo  sMOL  9.f.
5M5LsLMZ39w0, 3MmGHI6E0MS LEBOBM g9gbgdol sOLYdMDs. Jobgs3zs 0dols, GMI
doe0sb 930695 98 296900L Foge 3mb3OgGMO 3530963 0LA0 Mv0dg Lsbol bosbols
d0yg49bgdols dsbbo, 30BsbAgfmboos, A dugogbo 396900l 99933900 Boagdo, 50bodbmero
396900l go6M9g8mdo 493039 gOOL 153000 SLOEOEIGOWH, SFMMYOME 0dbgl MgMms3ooby,
0] 00m3MmbGHOHMWOLIMZ0L Q9633600 3MIGO30WO 369356153 JO0Eb. Bsdolosdy,
9600369035605 ©@o®(dMbgdmwo goymm, GMmI gy vy ob Salmonella L3yxE0ROIMOO
RBORMOO 309350530 9™ Tgo393L dogdBgMoe Gmgbobol dFoMmBmgdgwo,  dogBHgMHowo
3060 9gbGHMHMBOL 96 96EH0d0MEH03mMHBOLEBHIBEBHMOOL AobLALIDVZMIE  39690L. QoM
530y, IM[HAMbgdmo Mbs 304mm, MHMA 36M935MsGd0 09353500 Goggdo  bsdgzow
WOoGONO  R52q0L  FoMdMobgb, Mog LMW FodMmOOEbogl oo  Fmbsfowrgmdsl
3M5L5LM39e0 296900l 3MMOODMBE SN 493039 gdsTo.

3b6&0d0mE0390mb 39056980, 9398900l 9ON-9OH” 3600369003569l
30053 guMdsl  Jo00 3993030 49bsbErgdol TgbodergdEMmds (5Q93E9300) Po®Bmaagbl,
O990a LofoMdmnm 3Mm3gbdo baM30wYds. 533930s  Lafomdmm 3Mmi3gldo sbowo
9359900 Bs®35L 49elbdmdl, HMIGEBIIE B39ag00L F9TM3egds BYds. Gglodsdobs
SM(30MGII0S  OMYMOE  Boaqg00L  s1g3g  Sbgoo  LEGeMTmm  JEHsdgdol 9GO OO
©bOLOSMYDS, BomTo  sEMBLIMMZgo 296900L A9TM3Egbol Jobbom.  WILMgMdOm,
05658900039 ($9JbMEma0900 ©s 339308 0LYMO  FGNMEIO0, OHMYMMOESS FIWIWO
DomBomdol  Lgdzgbotgds (high-throughput sequencing), $©0bodbmwo dmmdbmMzbgdols
©53054mx30gds  dglodwgdgeos, MOMOE BogMM0 369356530l b MsbsdgEM™3g
©Mbgbg 9943965 O ILOZWMMO LBHIBIMEJOOL O305YMBOEGOS Aobgds Fglsdergdgwro.
9l 30 530L IBMHOZ Bl omblbol Rogm@o 3693565@JO0L MBOM FsOMY 459MmYygbgdsls
39GMOM0Md0L X bIOMYEMdOL o3E30L Lalioggmme.
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339930l 9900MOMEIMY0S

0530 4. 357GHgMoMeo 93s3gd0l Fglfagarolismzgol 4sdmygbgdwyemo dgommegdo
4.1. 3353900l 00gbGH0RB035300L Fgom©Ydo
4.1.1. 3790 GMIBSEMEOO 9g0MEO

Logo®ormm Salmonella spp 0BMEs3JdOL godmbogzegbs 8080bsMmgMdEs 33935 MO
6081890l MMEGHobmeo sbsewoBo. BodMdgdo Me3bEYdIMEs BEBIMOEME Lobxs09gddo.
09390 O0 Boborol osbMgdom 0.9 g 1:10 MsbsxzsGEMdom, Bs3qdm©s 0.9% NaCl -
do. 603dgo0oL BgMHoMEo FobB398900L 0bM 3 s300L5MZ0L A5TM0Ygbgdm@s dgLsdsdolbo,
1533900 60300096050930™ 5dEOPEMHGOVIEO dOJEHIMOIO 15533900 5609900 s LY gJEHOMMO
B05oggd0. Bo0b3ds30Mm 30MMdgd0: 24-48 Lo 37°C -Bgy. LO33MIMEM OBMESEJOOL
39603035305 bgdms gMsdol  fgboo Fgpgdzols @s  JozMmmb3m3Mwo  sbsgroBol
Logdzgwby.

Salmonella spp.- ol 05J&gM0Mwo JEs9gd0lL 009bEGH0B035300LsM30L 30949bgdEOM
bgergd3ome 153390 5Ol - SS ogo®L, (85640 SS-Agar - Sa/monella Shigella Agar, Sigma-
Aldrich, Inc.). ®mIwol 9995096md5d0 890535000 bs®3ol oMo gdo, bs@Momdols
GOOMIGO 5 ¥M0wosbGol 0(3sbg (Brilliant Green) gdlobwEgds 26T  IWIOOMNO
M62960H3900L, 3MWoRMOHIGO0Ls s Proteusspp. b BOEOOL sMOAMO635L, Homog bgarls
MPymdL Salmonella spp. - BOLL. Logmberols be®Eol gduB®od@o, 96H0dgdom deoo
39Bgobo s 3bmzgMo Jumzowgdol goBodMmo Il 3MMYIEHI00 Hommoygbl
SBMAGHOL, bsHA0MBIOLS S MMYBOBAOL BMEOLsM30L LsFoMm 30ESF0bgdOL FysemU.
529600 51939 8903o3L  BobToMfysls  sdBHMBIL  Loboom, M@Iol  Bg@TY6ESE0LSS
Salmonella spp. 396 3obsbm®E0gwqdL, Joa®ed FoMdmJbols gmaoM©fgowdol (HaS), Gog
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39653003908 MRG0, 8530 396GH®OL dJmbg d5d@9M0Mwo 3MMmbogdol Foedmdbsls
(Harper & Shortridge, 1969) (M L Mikoleit & Diseases, 2010).

bmesomo 2. Salmonella spp. - ®30L ©535bsL0s39090 65H3MEO SS 5356 BY.

4.1.2. 30mgodowMo 0gbEHox03sgool dgmmupo

0DBMEs3HJool 99damdo dgufogers 300obsMgmds  LEGHBPIOEHMEo domdodowm®mo
A9bEJOOL 359mYygbgd0m, HMAMMIIOEGS: e 3MmDOL BgMHdghES30, YIMJIBMEO 5dGH03MdY,
0bmob  GgbBo, wobBob ©939MmdMJlosBs  GHgbBHo,  HS - ob [o®mdmddbs o
395JBH0GHME0L (MEE0GMEoL) B9MbEG30s (Matthew Louis Mikoleit, 2014).

4.1.3. 95303530 5BgMoL Lbogol glim™MmdE0s 0mboBsE305BY ©s8dbgdvyemo ALl
139dGHMMU3Mm300L Igomeo (MALDI-TOF MS)

05JH9OoMo  0DBMWHBHIool  Lobgmdol  mbgbg  0wgbEH0B0ZdEO0LIMZ0L
299myg9bgdme  0gbs Bruker MicroFlex™ do@Mogsdo @sHgmol Lbogol @gbm®mdos
0mbobBo305Hg ©sxdbgdmo st b3gdEOmbzm3ool dgmmeo (MALDI-TOF MS) (Bruker
Daltonik, MA, US) (Singhal at al., 2015). do9bgsg5 0dols, MM oLl L3gdEHO™LZM300l
3900m0 503mBgboe 0dbs 1900 056 fiemgddo, dolo godmyggbgdols 6ods Eg396EsdYy
bogdom  30(O™m ogm o dbmemn  Jodon®  d93609609090830  25dmoyqbgdmos.
999 EHO™bgd0L 203693000 0mbobsools  (ESI- electron spray ionization) o do@®o3odo
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wsHgMHoL Lbogol glm®mdiEos 0mbobsizool dgmmgdol 2963005609350 1980 056 fergddo
Log®MAbMBEIS@ FoBotIs AsLL-L3dEHOMIYEHMOOL 45dMmYghgdols 50950 S PILPOIMIOM
MALDI-TOF MS @gs0omm© 59m0ygbgds, MHmymems dozhmdms 0©gbdoxolzsgools ©s
©05360mLEH0MGIOL Lydswgds (Singhal et al., 2015).

dm39dmo d3065M0MGOICO 990 MO MEMY0S 993dbgds,
9036MmmM560DIgdobm3zol  sdsbsliosmgdgero,  2000-20000 s GH™bol  Loool
(0dMBMINwo  30egool  bseoBlL.  Tob-U3gdBHOMIgGHMooL  d9dzgmdom  3bmdo
9036mmEM560Ddol FsLol B3gdEBHMOL oAbl 989y bgds dsmo 3MMEHJMI03MOO
56509300q00L F9oMgds M939MH6E dmboszgdms d5BILILD. MoL Lyxdzgw b3 bogds
M3bMdO 3030MMEOPB0BAOL LogsM9EM 35M0L S Lobgmdol oygbs (Wattal et al. 2017).

Bruker MicroFlex™ MALDI-TOF MS (Bruker Daltonik, MA, US) 259mygqbgdom Lsbgmdols
©mbol 09bEH0x035305 899gabsoGms© F0odobstrgmdlL: 193er LEgMow GO dstywysol
99939mdom, 89s6 1553390 569Bg BsBIMIO SEMIMEO BESE30MbIMEHO BSBOL dogd@HgMomwo
3Mmmb0gdo 2505096905 MALDI-b g3cmeool Loboabg 530605303gdBg. bozbgdols 9deHmdol
0990099 35000 53353905 bgds 193¢ 2-3056m-3- (4-30OHMmJLoxggbow) 53000l T55300
(Bruker IVD Matrix HCCA) o ¢ym3b@gds momsbol  $Hgddgho@dsdy 5 §moob
3963530 m™d5d0.  0bLEBHMMAYBGHOL  30M39OO  39W0dMSE0S  BdJBHIOOMO B9l
bEObIOEHOL 2odmygbgdom bm®Eogwrgds (BTS, Bruker Daltonik), sdol 99992 Mmool
Lologabg BoMOBOEHJIL 5Mo3Lgdgb 935G do. Bruker MicroFle 5356530l dsmgs FlexControl
3.0-b (Bruker Daltonik) 36GmaGmsdmwo MHOMB3gwymaol 99939md00 3080bscgmdL,
Loo3 d0gdmwo 13gdBHOMwo 6sd93Yd0 MEYds Bruker MicroFlex™ dmbsigdoms
05BOL S bgds dEsdol LobgmdMm030 0IbEGH0G03s30s (Wattal et al. 2017).

4.1.4. LyOMEHO30M9dS

0BMs3HGool  BYOHMEGH0300905  BIMIdIM©s 9.5, 3503)-39958dsbol  Lggdol (White-
Kauffmann-Le Minor scheme) dobgwgoom. Sa/monella -l 0Bm@s3Hgool LgdmEo3dgdol
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39bLsBE3MS Faoggrol (H) s6GHoggbols s odmdmeobsgs®omwo (O) sbEoygbols
dobg30m, Imbs 30350 9bEWEmO FMsEobL 499mygbgdoo (Grimont, PAD. Weill, 2007).

4.1.5. 56¢0d0mEGH03m-FgM36mMdYmmdoL gsblssbrgMs

0543900 0DBMWHEJOOL 55GH0B0MFH03900L B0 FYMHAbMBYEIMdOL Q5BLYBMZIMS
dmbs 30600-859M0L 03039 EOLZM-EORNDMOO FgoMmEOL 2sdmygbgdom. s©0bodbmwo
3900m©O0  9YMH©bMdy  LEBIOEGHMW  3060HMdgddo  dogdBHgMomwo  BOHOL  0b3odoiool
29DMIZ35/250mmM3esl. dgmm©To godmoygbgds doarg®-3oe@GHmbol 53500 (Mueller-Hinton
agar). 9m@EgdMe 539030, SY3BH03MYMO© bgds LoGHILEGM MGYS6oDBIOL  (dodBHgMoob)
06m3m@s30s, 890amad 30 9g9MBg ®o3Lgds 9.0 Jowswol ©oL3gdo, MHMIEIOO3
3959095000 535 M) 08 3MB3OYEHME0 56EH000ME03ZOL F9BLIBOZOO 3mb396EMsEGo0m.
054390 BoBIMEMIb GOHMO©  929MDg bomo bgds  doddgMormo  BEOL
0630003053. 9060360 0630003006  BMBIOOLE  gobmIgzs  LoTMogdIl  0deggzs
3960L5BOZOML BM390Mw0 56GH000MEH030L 5gdGH03Md/IJBsd5ToLMdS LoBuG™ ddgBHIM ool
909sMm. dogdEo 999900l oz0mbgs bgds 3000603MM0 O WIdMEMSEHMMOMEO
UBobMEJdOL 0bLEHOEGHWEOL (CLSI) 3003gM0wMdgdby iyMbmdoom (Clinical Laboratory
Standard Institute, 2018). dm3gdMeo 300EHIM0MIGd0L dobgz000 MEYI6oDBIo Tgloderms
30ooBoEoMEIL OMAMOE MIBoLEIBEGHMwo (R), dmsegoméo (Intermediate (I)) o6
dam3bmd0sm9/lgbLloGHomMo (Susceptible (S).)(Hudzicki, 2016).

36G0domEGH03Mm dOAbMdYEMds Jglfogerow 0dbs L 11 s6GH0domEG030L dodsdrm,
9bgbos Ampicillin (A, 10 pg), Amoxicillin + Clavulanic acid (Au, 20 pg/10 pg), Azithromycin
(Az, 15pg), Ceftriaxone (Cx, 30 pg), Chloramphenicol (C, 30 pg), Ciprofloxacin (Cip, 5 pg),
Nalidixic acid (N, 30 pg), Streptomycin (Sm, 10 pg), Tetracycline (Tc, 30 pg), Trimethoprim-
Sulfamethoxazole (Tm/Su, 1.25 pg/23.75 pg), Sulfamethoxazole (Su, 50 pg).

090929008 06¢gm3M9BH0M9ds  dmbs  3obolzMmMo @O dMEOSGHMEOONO
LGObIMEHJdOL 0BLEHOGHMEOL (CLSI) 300@9M0890Dg ©oyMbmdoo (Clinical Laboratory

Standard Institute, 2018).
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4.2. 359BHgM0ma3s8900L glfsgemoliogol gsdmyggbgdwmemo dgommgdo

4.2.1. 35g39m0omx358900L gsdmymes

SO0 B5JBHIMOMRBHRJOOL  45FMbOYMs®  499m0yggbgdms 9.,  “998oMgdmEo
1533900 9GM0OL“ Igmmeo (Adams, 1961). 53 IgoMEOL 3M0B3030 TYSMYOME0S Goagdol
139(3080329OMBSDY, M3 BoROLS s Fsl30bIgEo d5gE M0l Mbo3sE MO MHPOYHNMIO™
3ob0lBE3MNds. 3bmdoEros,  GMI  goggdol  dogh  Bsb3dobdgro  MRG9gdoL
06830306M5d0LbmM30l, H©MIJE0oE 35JGHIMH00L Wobolom Y LG EIL, 30039 9BS3DY
R520L5M30L  HY30WGIIW0s  oGHEMMbO  MXOIOL  DYPI30ODY  ToYMYOS/B0BoYMYDS
(attachment). gl 36Gm@Eglo 396 AoBLMOEF0YW DS, Mg Gogo LsgsMsMEM Fob3dobdgwro
0543900l Bgo30mBg Fglsdsdol M9Ea3@G™OML 396 0905369ds. 5d0GHMI 253OEMYdOL
900m©Oo  2obbdmdl  Lolwymggwwo  dmddggdol  B3gdGH®ol  8Jmby  BsygdoLsm30L
1535659 M/3mF9630MM0  AsL3dobdgwo  9EHodgdol  botrgzol  ,890035HgdsL",  BMIgos
Lgmo M9393GHMOI00m 0469gds smIFmzoo.  Bgz9bL T9dmbggzsdo godmlisymao §s39d0L
dob3obdgen BB gM0gds  0bo®gdms  Salmonellall  GMyMOE  3wobozm®o,  obyg
393960bsGrmeo  dodBHgMoo  9BHedgdo. dgomeol  dobgzom  10-x9Moo©
3M6396@®0Mgdwo LB d9cmombols 10 d¢r 300003b9d@om 125 der dmEmeemdols géengb-
890960l 303580, 35953900 90 I BsdE0bsGY, I0bIOOL 56 B30l fywols bodmal, sd
6569300 bgdms Lobymz9wo FFHSA0L 96 EHsdgdol botrgzol 1 dgw-ob 0bmgmesgos.
063905300bm30L  3MEds MH3BEYdMEs 37°C-Bg 18 Lor-ob gobdsgermdsdo. 0b3mdsgool
090099 bgdm©s 65930l 39bGHMoRMA0Mmds 6000g - By 30 (ool gobTogwrmdsdo.
1396Mb5@9bG0 080w EHMYOM©s G 45 um o6 G 22 pm BmIol GowEH®gddo, Mol F900IAS3
b9dMm©s BowGH®moGHol 890mfdgds $sgol  sOBYGOMDIBY, GOLMZoLsE  dodmoygbgdms
939900 5©fgMH0o wodgdol Igmmo o649 “Spot-Test“(Garbe et al., 2010) (Kakabadze et al.,
2018).
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4.2.2. 35J3H9Mm0cxsg80L g50m3¢0gbs odgdols 390700 (SPOT-TEST)

93993900L J0F5OM d5gEJM0I0 FE5T900L TMdbMdYMBdOL (5649 Bo3gdOL dogdEgMogdols
303 9d3H03MdOL)  obLoBE3MS IMbs 9. §f. odgdol Tgmmob, ogogzg “Spot Test” - ol
3990myggbgd0m, MHoLMZ0LsE 05JGIM00L 18 Lo~ 0sbo dMEPOMbMEO 3w EHMMS Bo3ds 107
3090 BHo@®ob doef9350g, beaeom 15331930 B30l BHoE®mo 3o 10°63(9/de mbs ogmb,
06g39d3ool  IGogmdommds (Multiflicity of infection — MOI) 5649 53 99dmbgzgzsdo
05d3H9M0oMmPogol  OHMmO3  0bxgjgomcdo  ghmgmEol s dsb3obdgwo XG9Ol
50m9bMdM030 9BsMYds 0.1 GHMWos, o3 MOMMIME Bogl Bsdwoegdsl  sderg3l
d9denml 3sB306d9e M MDY oBoMYOS/B0ToM9ds S F98YMT0 Fob3z0MsMYds.

1533093 BOJLY s BogBHYMoM B TGOl 0bEHIMOJ300L IYIbol doBbom
0000MJY0 35JBHIM0wo 3w EMob 300 pl 4505300 5 dew bobgzmo mbogh 0.6%-056
535630, 39650 “IM9396 5 PoWI5g3m 39BHEMOL Bobx 6D, HMIgEoE 2% 5g5ML TJo393L o
dolb  B9300HDY 653G 9650w gdgh. Bobxbgdl  BHM3909gb goLOTOMBI©  MmMbOL
}H9939M5@MM5BY. 580l 8999y  35BEHIOL 3039BH0m 96 93BG 3039E0m 1533930
R520L 0BsEOL 5-10 pl FOHPHOEIS® os5d300 Bobxbol Bgsd3ombBy. 3obxBL sdOMdID
Mmsbols (3H9839BHoOGMMsDY, oL 890oyo3 bgds dobo 0b3zmdsgos  37°C -Bg 18 Lo
3960530mMd5d0. 063053008 8999y bgds Fogol dodBHgMool dodsdm  dmddgqdol
99935L9d5.  0dobm3z0L, M 25FMOMOEbML 3O YOO F9JA0, bEYds Mo FbME M
Lohgolo  WoBoGol  4o9mygbgds, 963990 dolbo dobodmd ULsdo s0KIMS©O  LYMOYWO
396%53900L53.  Bogol Joge (o®mdmddbowwo woBolOO BMbgdol sbsliosmgds d9dwgao
506038369900 @o6r9ds:
CL - U&wwo wobolo, 3030mdbg 3ol dmgddgogdol 50w 3583F30035¢9s.
SCL - G560 wobHBobo, dogd@gmormo bsBseo 39bmgbsw d9060dbgds.
OL - 5006086905 ¢0oBolwtmo 236900, GMmIgeos 390s85MHIm0s d5d@GHgMools 3gmMso
BOHom, HMIgo3 MBOHM 0bEM35605, 300Mg SCL-0l d98mbgggzsdo
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IPO / IPC (Tv) - 05dBH9M0om BsbombBY ow3gmwo wobolm®o Mobgdo zhowo
Do GHowgdols Lobomss  Ho®dmoagbowo. IPO - 50b0dbogl {zBowo dbmgzsbo
3Mmb0gdol 5MLYdMdL, beaerm IPC - 2583306035¢0g 3embogdol sMLYGdMBL.

R-  9®s90 Ggbol@gb@mwos goaolsdo. (M. R. Clokie & Kropinski, 2009).

4.2.3. 3534 9m00mxy53900L g99m3zegbs 8¢ Mobgdol 89mmo (STREAK METHOD)

96535¢00 115330930 WODIGOLS S FMSZ5¢MOEbMZ60 BHILE 3N EHIMJOIOL SOLYdMIOL
d9dbgg35d0o 09ygbg096 9.5. 9BHGobgdol dgoml, MH™IgEog 356Ms3Gmex 4.2.2 sefig®owo
99000l Abs3L0s, MIES JIEOLJO0M MBOM §30bMB0MEMO0s, 306506 9Hm Fobxsbby
6509608y B30 s B30 G90dwgds gobmoglicgl. sdolomzol 3g@®mol Bobxbadol J39ws
(0306900583 96M056) bsfowl  Hoboslifjot 33500M0FHJds© bobogah. 9.0. 18 Lom- 0sbo  FHgld
3M0EGHOH00L 13900900 969000 390030905 2% LB 5256056 3930l 530bxs6%g
BB MEo Dol gobfizMog boBgdol/d@mobgdol Lsbom. 3g@®mol 3obxbqdol 10-15 oo
Mm5boL  (3H9d39MeGEsDg 4odMMdOL 9909y, oMM JGHMobBy bgds Lo33wg30
93393900L6 o™ {)39mol (=5pl) o@ebs. 0b3mdsgos - 37°C- By 18 Lor-ob gobdogermdsdo.
054390 byBoMbYg (dBHM0bgdbg) woBolyGo MdB1dOL SMBYIMDS/>MIOLYdMDOLS
om0 bsGolbol  dobgzom bgdm®s @30l Gogm - d3OIbMdYEMdOL Jga3sligds begds
00539 36003960M3900m, OG0 SOFIM0E0s 3560aMo93 4.2.2.-do (Garbe et al., 2010).

05d3H9MH0MPoag00L  dodBHgMome  IBHMobgdbg  woBoby®o  MBdBIdOL  SOLYIMDS
1539M9M©OM©  BoRolL  dmddgEdsHg Fommomgdl, ™Id3s 0dolsmgzgol, MM  FJggyo
LoMHIMbMm© Bs0MZoMl, LsFoMmms dmbgl IgMdbmdosdg d5d@gMomwo  3MEEHweol
809500 3930830300 B0l BHOGMOL oYIBS O FIWIJMWO BIAMOO 3MMbogdol -
9.9 69253H0M0 3ME™mbogdols godmymes (Klieve, 2005)(Alberts et al., 2004).
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4.2.4. bygoms §oavo 3embols Jomgds - bgasdom®mo 3memmmbogdols gsfdgbools gommeo

3969303905 LR B0 3ermbols dobomgdos 0ygbgdgb 9. §. bgasGomeo
3Mmmbools 2543960l dgomml (Plaque Purification assay), ©ma09600 {igo®mdo 53 dgorml
0543H9MH0MAo0L 300MmboMgdsLS[ MHm©gd9b (Azeredo at al., 2018)(M. R. . Clokie & Kropinski,
2009), 6@dol dobgzomsi Lolv@Mzgero 9ol dobowgds® bgas¢omemo 3membools
39008960l 806033 3 (303e0L Bo@ogdss LyFOOM. 3OMEIOIOS FMEolbIMdL d9dpgl:
3500005 BO35M9EM Gogol 99339070 BOWEHGMGOL LMo A56Ds3909d0 10! b 105
-dg 3530l dngMdo 96 Mbgzs 153390 s®9do (LB). 0ommgreo 45b6H539000 3ogol 1
9 25005930 LBEBHIOOMO Lob)sM5T0, Looz oL gdo@gds 108 3G9 /0 GHo@®ol dgmbg
Lo@9ALM 05gBHIOONWo 3MEEGHMMoL 0.1 s @isbemgdoom 45 °C 9y 259m0560,59¢w
0,6 % o0sbo, 9.0. Bobgzds Mbgz500 539M0. LObxIMOL LGSR0 JobxwMgzol 8909y,
65Bo30 290503 YOs 2% 9396056 39BHEOL RBobxBDY. Bobxbgdol odMMdOL 99y
(=30§) obobo ™3 Yds MIMIMVBESGHTo 37°C- B, 89098900l bsE0Bo 18-24 Lssmosbo
0637905300L 89992 bm®E09w©gds. 800gdo BgasGHomcmo 3mwmbogdosb s6MBg396
96Om, 33N 3Mmbosl, MHMIglLsg 009096 3sLBHgOOL  3039BHoL 39000 b
533™I>GHMM0  3039G0L  LGHIMOWMOO dMbozol (39M0m, ©IMYm3bgderog dgodzo 10
0b9350 153390 M0 O sbEIBgb ol 0b3dsEo0sL 30 oo - 1 Lo ol gobTogErmdsdo 37°C-
9. 06399053008 090009y BopMO Jmermbool 9dggro bstgzo oxzgow@H®mgds & 45 pm
bmdolb gow@H®mTo. 0bg3 bgds BowEHMHGHOL LMoo sbBs399900L IMIBsYds
BDMLGHI© 03039650600 3OME390MMOL 4589mMgds J0bodMd 3 xgM. 50bodbmwo (303Wgdol
39396900l 9999y 3930l Bobxbgdby Mbs doz0mmm  gMMbsoMo  bmdobs o
390330603530l dJmbg RO 3MEwmbogdo, Moz 0ol 3560869d9w0s, MMI BoaqdoL
6569300056 490M35(39¢0393900 9ODO BoRMMO 3WMbo. MMI3S Bmy F9dmbz935d0 Fgloderms
R9L  692530M0  300¢™b0gdol  3oIMOHRODBT0  SBOLOSMIOEIL s JIBBRMS3700L
3032900l LoIMO3EPol B0Ybg35, 396 G93dcMm JOMBIOMO 3MeMbBogdOl JoEgds.
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4.2.5. 3533 9M0m8g0L 3dE03MmdOLS s ImJdggdol 3gdEMol 3oblisbrgMs

0543H9MH0MBogol 9d3H03mdoL 1B39dGHML MPHMEIdgb 0T dod@gMorEo Eodgdol Mmoibabs
Q5 36535 xR9MM36905L, HMIqdo IgMabmdgemdsl 53¢09b9b 5©0bodbwro Bogol dodsero
Q9, d9LsdsdoLs, byl MFymdgb Aol 4o8M53wgdsL. Bogol Imddggdol LOvIero b3gdEHMmob

5906 36gdBH03Mes© 8999w gdgos, MoYb sOE gMmo gdudgModgbGHo o 0dwg3s
99L5dgdMBSL FgdmA[IEIL Roaol ImJdggds Yz9ges sOLBYIMEO d5dE Moo Esdol
80056M0. 530G M dMOMSBHMOO0M 306Md9dT0, OHMymG3 Falo, ymgzgwo dm3gdwo Rsaol
54BH03md0l dglfoges begds dodBHgMommo 9@Hedgdol 9.5. AIbG-3MGHMgdol Fobsbfo®
9960B gm0 6530900l J0dsm (Azeredo et al., 2018).

3398008 994BH03mdoly s dmddggool B3gdGHEMmol dglfogzerobsmgols 89dwdsgzgdmewo
990090056 B396L JogM 458mygbgdme 0465 mGo :
1. 9¢®obgdol Igommo - Streak method
2. @5gdgd0l dgomo - Spot test
3. 6039 09000 S0fgM00s 356036050300d0 4.2.2 5 4.2.3.

4.2.6. 35J3H 90850l Go@™mob gsblisbrgMs 539wdsbols dgommuols 3odmyggbgdoo (APPELMANS,
1921)

5393560l gomEo  4eEolbdmdl  b533w930  Bool  WoDoLYEMO  5dEHo3MmdOL
39bLsBE3EMLL  glsbfogero  dod@BHgMool Fodsmo mbgzs  9Mgdo. o3  9du3gm0dgbEol
BoGo6gd0oLoll  0lsHBO3MGds FBogol ol MBoeglo  AobBogqds, GMIgWLs3 x9O 30WI3
3999dwos  L¥AOBBEY  BOJBHIOOOL  BOEOL  oPMRMB3s. b BHILBGHO  bBEGdOMEH03900L
906005¢0®0 063080GHMOMo  30m6(396GHM300L 2obLoBO3MOL AbysgLos.  9dudg@odab@o
dmo393L 9999 LogggbmMgdl: begds 1533¢g30 ROl SIXIMHOIE F9BDeggds 106
10"9qog 63%9/0¢c» 53¢ mbgzs0 153390 s®9do (LB) s 9909y bgds dolo 0bmzwmwsios 150
pL 10° 309/0c GHo@®Mob dJmbg LsBoBbY dod@BgMoreo 3MWwEHMMom. bs09g30L 0639ds30s
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bgds 37 °C -Bg s 999009330 bgds 5330603905 508MmTgdol 359F306035¢MdsDY 6, 18
24 ULo-ob 9999y @S 0909gaq00L FgsMgds  3MBBHOMEOL  xaMxol  609mTgdmsb
(3MbBH®MmEo #1 - mbgzs 153390 90930 0bM3MWOMmPOMEO 35dBHIM0MO 3MEEGHOS
B0l 256989  (3MBOGHOMOO  3MBGHOHMWoO);, JMbGHGMEo #2 - 00539 L3390 oMgdo
060310693 05JGIO0MBY0  B3dBHIM0IO  3NWEHNMOOL  50M9dg  (BgasGHomeo
3Mmb@®meo) (Burrowes at al., 2019). 53 9900Mm©00 9600 GHOGHOO godmobs@gds
Motymaomo  bsdobbom,  OMIgoi 00 2obBoggdsls  Fggbodsdgds,  MHMIgerdoc
3993306035wmds  x9M 300093 d90obodbgdms (353,  GHod®o 104 50bodbogl, M™J
39933063535 500b0d670m@s 10000 % gMo© 3o6B3995d0).

306500056 89009390D9 ©5330603905 G16dIbxJMT), O™OL bbgoolbgs 0bEHgM3zs5¢wdo
bgds, 0bxmOTs30sL 300900 965 FBMEXM® B0l WODBOLYOO SJEH03MdOL  Tglobygd,
565990 Aol LGHOBOEIMOMDIBY(3.

59 99omEoL bsgero 08530 dEAMIscgmdl, Gmd dolo gsdmygbgdom dgmdegdgEos
9393900L  6ofos3900L  200mmgrs. 930l Bodwmogdsl 235393l aMsEosl  dog®
9900 MmOHIM0560 53500l Fg00™M©O, MHMIGE0E J399mm sMOL sefigMoo.

4.2.7. 35J3 9608530l Go@®ob gsblisbrg®ol mmdmosbo s3sm0ol 3900mEo gMsEosls 39000
(GRATIA, 19365.0)

339800 65{053900l Mom©gbmdol 56w BHoG®MOoL 4oblsBMgMs 1 e 133193 obBsEdo
bgds gMo3osl dgommeoom (Gratia, 1936), (Gratia, 2000) GIgarbsg 1939 MOIOHO60 S53560L
9900l M)mEqd9gb. 53 9goMmEOL 2sdmyggbgdom obsBW3MYds FBogMo boffoerszgdol -
692393000  (BoaM0)3mmbool  (o@mdmd]bgwo  9gHMIMEgdol  MHom©9gbmds  18¢0-do.
HoLM30Ls3  Bo33wg30 Bogol Wobs@Go Bsggds 10 XMoo (101sb 101%gg),
000MJ)0 2369539000 Boaol 1 g 2509593 LGHIMHONH Lobxs®sdo, Losg ol
905995 108 309 /8¢ BHo@GEMob ddmbg Ls@gBHLm dodBgMoreo 3Mw@«eol 0.18¢» s 45 °C
99 3odmds®mo 53w 0,6 % 0560, 9.f. Bobgzo MB350 sgG0. LobxsMOL LHGsRO
99bx 069308 8909, BoBogo @s0GHBYds 2% 5256056 39BHEMOL Bobxsbby. Bobxbydol
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39d6MHMdoL 8999y (=30(m) obobo MogliEYds MYMHTMLESET0 37°C- By, 990093900l sbseroBo
18-24 UL5500560 06329953001 99909 bgds. R0l GHoGMo gobolsdwg®mgds sddomeo
93990900 Bofiogns3gdol 96w BgasBHomo  3mbogdol  o®mdmaddbgwo  9Hmggdol
50m©gbMmd00 I3 gobbBoegqdsdo. dolo qsdmmgms 1 I Ls3zw g3 wobs@Hdo bgds
3990090 BMOIMols d9d39mdood:

698509029650 3020060980l Hogbgo X 10 X 3s6Bsz980b JsB396989¢m0 = 6369/0cm

(69353099600 3mEmboob {o®dmdJdbgero ghmgeo/den)

(Johnson, n.d.) (Alberts et al., 2004)

4.3. 35J3H9M0MmBs3gd0LmZ0UL 9.§}. FsL30bdgero d@sdols AgMBggs

096530090 JoBbgdoLOM30L  oBMmboygbgdgwo  dogd@gmomBsaolbmzol  dsG®mbo
93500l 99mBg30Loll  ©599bodg  960336gemgsbo  Lszombos  golsmgzawoliobgdgwro.
3969, 3599605 Mbs 0gml 00g6E0B0E0MYOME0 Lobgmdol Mbyby. 0©IbEHOTB0ZE0s
Mbs 94MEbMdM©L MBsdgmM™mgg, LEbM FgPMEMEMAOSL (359.35GHMO0EI0 sBYMOL
bogol  ELMEdE0S 0MboBE0sDY BMIEIdMwo T B3gdBHOMLZM300L  Fgmmo
(MALDI-TOF MS). ULsbvydggeros dmbogl d@sdol Lgdzgbo®mgds, Moms 003096 04bgls
530930 0lgMO HMOLLLYMZ9E0 BoJEGHMMJOOL SMBYIMDS, MIMYMOIBOEdS GHMJuobgdo,
36OH0DMbE M0 39693039600 250965(330290900, 306MEgbEHMdS s bbg. (Merabishvili et
al.,, 2012) sbggg Lolwy®zgwos, 3s@mmbo 9@sdgoo 56 ogml obmygbmeo, ovy slgomo
959900 56 6oL by dolsfzmdo, Mbos 990MHBgl 0lgmgdo, HMIGEMS 3096 3OHMBOYRJIOL
13MBE6MOO 0bEMEoMYdoL LobdoMg B0 0dbgds. 5b0dBMEEOL gomzseolfjobgdoom,
906009995009 ©50Y356905  LodmErmm  Foge  3MH935MeBHdo  DmTogho  Bsygdoly o
39900b393000 3MOHODBMBEHIWMMO 496930300 F0dME3egdoL sOBYOMBOL FglodEgdEMds.
93590l 53 1309093Dg 330603905 gLodEgdgeos dobo ggbmdol LOEo Bgdazgbbobs s
36MHMR520L 0600 300900L dgMmEIdoL 45dmygbgdom (MARK H. ADAMS, n.d.).
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4.4. 3500 993mfj39ds 3HMFBa9d0L MYIMBdSBY IM©POBOEOMYdMEO ,,530l35L“ Bgomupols
258mygbgdoo

3MMRORI00 @O BoRMMO0  99d9bBH00  [omBmoygbgb  Y39wsBy o  Fyomml
054390900l I35 RIOM30YdBS O B5JBHIM0MWO g3mE300L 3MMEgLoLsmzoL (Bru,
Canchaya, & Hardt, 2004). olbobo NBOHMb39wymxzg6 06x53030MJOME  dogd@EHgMosl
03960@9BH0m Lbgs dmbomlogg $3939d00 godmdHzgmnwo Lw3gmobggdiool obsswdwgy,
39999050 39bmaols LEGHMWJGHIOOL FMEOG03530d, TLsdwMms 0gmb 3sLoMo 39dGHMM9d0
306099 96GMM0 396900L 49oEBOLMZ0L (BHMIBLEWYJE00L 96 oDBMYbMEo 3mbggdlool
d9939m00m), obobo dgbsdwrms [o®mdmoygbwbgb oJBHowWe  3m33MmbgbEHIoL  dog@ge ool
350m9bgHol Mgy sizoolsmgzol (Bru et al., 2004) (Alberts et al., 2004).

00 8990b393580, M35 B0 BodBHYMHOMRROL 2odmMmbogmzs 396 bgMbgds 396G
99L5H93w0E0 s IbOLYMYOMEO B5gEIO0MOo FEoAol AodmYygbgds, d0BsbAghmboros
obobo dgdmfdgl L3MbEHbMs© 06E0MYdSO 3MMFBIRYdOL sOLGIMOSYY (Kumar et al,,
2012). 59 GgbGHOL AobbM®mE09Wgds Ggladegdgeos dsdEHgMool ©bd -ob sdsbosbydgero
obgmo  9396@ 900l BgImJdggdom,  OMAMMII0ESS  FIYI0MO, YW EHMI00LFBIOO
©oLb039xds s deogMo dMEspqbo - do@mdogob C (MARK H. ADAMS, n.d.) (Alberts et al.,
2004). 30650056, 800Bbg3s, MMI  FogmmgM305d0 bBmTogmo  Boggdol  Asdmygbgds
565LoLMM3gE0s,  860d36gem35b0s R930L  LEOBMWOEoMm s 35BHOME  BsTo©
399my9690e 0469l obgmo @80, BTG MsQbsE 3MMBORIOOL 0bEwE0MmgdoL Lobdoy
35050 56 0dbgds (Kropinski, n.d.-a) (Hyman, 2019).

B39bL F09gH 50bodbMo  FHGLuBHOL Bolis@ecmgdwo aodmygbgdmer odbs dgormeo,
OmIgog §oMdmoaqbl ,z0oL3slL" dgomol dmogozssgost (Roy T. Fisk, 1942) o
390olbdMAL 9.0, 9939000 FBHodol BOWEHMSGHOL ,of3900905L  Loggw 96
0600035@™6  93Hodbg, OmIwol  899gao0s3 dgbodwms dmbgl  3GMRBIR9d0L 9. .
13MbEsbMOO 0bdi0s.

39000 dm03s3L 399009y 9@939dL:
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e byds 1533930 IMNWEGHWOOL 063795300 Mbg3s 153390 969do, 37°C -Bg 24 Lo
3963530Md5d0.

e 3J90pamddo bgds 9.0. dombr®o 3MEHMOMOL ©sd39wgds, dobo dgbsbgs 4 °C -bg 10
- 14 ol 3s6doby.

® 53390900 3MWEGHMOIO0L  3gMboBob@o  oxzowmGHMmgds 0,45 930  Dmdol
999065699 BowGHM9dJo.

e BOWAHMGHOL 3900905 bgds Fobsbffo® FmIbogdmwo, 1,8% 550056 3g@®ol
130bxb69gdbg o@sbomo 0boIsGMOHMEo JBHIgooL 9.f. IGHMobgdbBY, LzMobobyol
d9gmob - ,spot test“-ol 3M0630300.

*  393M0b Bobxbgdol 0639905300 beogods 37°C -bg 18-24 Lo - ol Jsbdoby.

o  36MHMmRBs0L godm3zwgbols d98mbggzsdo 0bolsGmmo 9Esdol dEGHMmobgdby bowmwo
39b9ds 9.§. woBolmEmo Bmbgdo.

ol oo, MHMIGDBIEIE BoZOL 25dm3egbs dmbgMbgds, 003egds 53 B0l 35GHO™b-

95050, MMIgHBg3 b 29bbmME0wggl dolo Fgdamdo 25393 gds; brgrm ol

5939900 93530, OMIoEsbs3 99 Fogol  0bwMEoMgds dmbs, BI0M3Wgds
w0oHBMYgb6 @5850.

4.5. 5091300 989JGHIOMDS
Roa0LomM30L B39 gLeM  3oBHMmbo  d3gd@gmool  Fgmbgzolmzols  I60d3bgermgzs60s

dmbgl dobo 259653 gdol bl 4oBLEBOZMS M6dgbodg TEodol d0dscmm. 3sEGHMmbo
93590l dgMbBg3z0ol 58 990MEL IMgLZ0L 9539dGHOMBOL gobloB3ML »Mfim©9dgh. dowr0sb
093600 gs3obm30L, dop. T4 FHo30L FBsgd0oLm30L odoboliosmgdgeros 100 % @osmgligols
9189JAHMOMBS  m3BH0To® 30639030, o3 085L 2olbdmdl, MHmI ymzgwr RO
boffoagl, GmIgrog xX@Ids BoJHIOONw  IXOIQDY,  YxOI8o  Fgafigzols  ©s
00500353 mdol Im3gdol Mbosto dgLfiggL. (Azeredo et al., 2018) (M. R. . Clokie & Kropinski,
2009).

39000 dm0353L 999 9G9390UL:
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. bgds 15331930 Fogol  FodsMom  FMmABMBosGg  Lbgosobbgs  dogddgMoreno

3L GHIOIOOL 3N EHOZ300-

300000905 1533930 B0l LYMHOMEO A6D3939d0 (10! b 1078yY)

99900930 2969539090056 - 103,10, 107, 00gd9gb 100 ul m@©gbmdoom B, 505319d9b
LEAHYOONOH BobxsM9dTo, ool Mdsdgdgb sbg3g 100 pl MmEIbmdom doddgMool 9.§
0ME0mbE 3MEGHMOSL s 3 I MmEIBbMdOm BobgzmsE MBOYH 5256, Tgbx 930l
390099 9060860 656930 50306905 1,5% 58961056 39EHM0L BobxbgdBg 06305300
37°C - B9 18 — 24 Lo -0l 96353 Mdsdo.

06399053006 99003  bgds R0 30embogdol  sMoibgs.  ©omgbigol
98399AOMBS  2960LsBPZMYds B3z gzo  d5gBHIMool 0T  F0PIIMO  RsAOL
GoGMoLbs @ 35GHMMbo  d5dBHgMool  Fodsco  sOLYdMWO  Bogol  GHoGmol
MON0YOTIIMJO00.

98393GIOMS 450Mm0mM3egds 99090 BMMTIMEOM:

E=T/To,

Loo3 E - ©@o09b3ol 9839dGOH™ds, T — x3sg0L Ho@®o 1533eg30 05J@gMoo d@Esdol
80056m, To- Bs0L HoEGMO 3oBHO™mbo dodBHgMmomwo J@sdol dodseon(MARK H. ADAMS,
n.d.).

00 890mbgzs35d0, o) E 958396900 1-0b GHmeos, gb 0dsl 608bsgl, Gmd 1by33w930 (BHLE)

93590 53o0L 0LYM039 49FMBHZHEL 0dg3s, MMM dolo Lafigolo 3sGHM™bo dEsdo. mv

E>1 5 653 9860m 000 0db69ds g 958396900, Ggbd 9Godo ©93909L 3s¢®mbo Mbos
Bo0mM35mb, 3000609  Lofigolo 3o@G®mbo  3MEGHWGS, OMIGHIIE b BORO  0y™

3o0mymaowo(Kropinski, n.d.-b).
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4.6. 3m65396GHM0MYOMO B5gGHIMOMBsR0L FmIBIYds

3M6396GM0MgdMwo  FogmMo  @oDBIGHOL  IMbodBOEIOWI© 30039 9Be3bY
39900g9gbgds 3560593 4.2.6-00 50f9M0w0 MmOHIM0560 525600l dgomo. 3mbigbdMma@ol
doLoegdo® Mbs FgoMhgl B0l ol obBoggds, MmIgwrog o3 dgomom 9.f. ,0sgL“
§o68mgddbols, ®mIgaros germdsbgmBg 9039350 BgasEH0m0 3:me™mbogdols Juguroloysb
3902905, 03wgds, OMI SLgmo Jugwo FoMmdmoddbgds = 10° Hom©gbmdol bgasdomo
3mmbogdom. 51939 3bMdoW0s, MM MmommgMwo bgasGHomMo Jmermbos = 10°-10°
©om©OYbMdOL BoaM b5Hors390L (3060H0MbgdL) Fgoiegl. dglsdsdobs, 396ME0L Bobxsbby,
LoOE »09Y" Po3m0gdbs GogmMmo b5fos3gdoL LogsMomm MmoMmEIbmds ~ 101°-101 mbgs
095009969l.  0dols dobg3z0m MY Mo dMm3IMdoL 3Mmb396EGHMOMYdIMWO WoDsEHOL
d0mgds a3uOL, MOIM060 535608 FgMEOm 358DOEIOM M5dYb0TY ,050056“ 3gEMOL
130bxsbL. v doboll Bobxbgdl 3bsmMmdm, 063905300l 8909y BobxHJIL Moz3IYgoMs
35000390 @5 RobXbolL LobwmEmsgBg 35(39m9dm =0,5 I JumOMBMOAL. 3065006
JmOOxzmOHAL  dsdGHgHomEoo 9i39JG0 9J3b s 0o byl »MHgmdl dsd@gMomeo
300000l odEsls,  439ems 359dBH9M0o XM, GMIJGFoE Bo3JOolL b0 MoMdsS
9m3fonqgdmo, ©s0dEgds s Tgbsdsdols Bogol BHoGoMo 3mbiEgbEHMo@do Ao0BM©Yds.
IONR IO 3sLBHToLOL BobXbIdOL FgdNb3935d0 53 3OMEIOMSL 49dM3E™M3gdm. sdol
3990099 MmOHIM0560 545008 Bgs INGHg 303 1 e LEHIMOEMEO d)ombL, 3G ™390m
1 bo» 853035030 0-4°C-Bg s 990099 935390l sbdstgdom 3blbom 3)wombosh bgws
96O9L 5 350593943l ol Lo39bGH®0RMYM LobxsG5T0. 396EHMORMA0MGdS bgds 5000g 30 foo
3968530Md5d0. 99damddo bgds 1Y3gMHbsGIbEBHOL BowEH®MsEos 0.45um  d9ddMSbmEo
ROWEHMOL  258mYygbgdom. WoBsGOL BHOGMOL goblobEgms Bgds M3l Fgmmom.
3M6396GHM0MgdM  @oBIGHL 350530  JMmOHMBMEOAL obg, Gmd dmEremdol 0,05%
3950006MU. JurmOMmxzm®do 53 9gombggzsdo 3mbLgM356E 0L MMl SLMYEgdL, Moysb oxo
9005330000690 s dmddggdl d5d@BH9M0gdDy. 00l J98gy LI3gMbsBb@o dooy35d3L
LEGHIOOW YO Lobxstsdo Qo 3065bogm 353035630 0-4°C-%g 399pm™d
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399myqgbgdsdg(Azeredo et al., 2018). 250mygbgdol fob 3mb3zabGH®oMgdmwo oBsEHo
(3000935 w9605 o0BOGHOMU 4.2.6-d0 J00mM OO FJOMOO.

4.7. BMsbLdobommo gergd@mmbrmemo dozmmlizm3os

05JH9M0MmABo0L 3060H0Mbol IMORMWMP00L Fgbolfogzeo @O Boaol Godumbmdor®o
370360 q00L ol 9bs®, 259m0Ygbads gw9d@®MbMo dozMmMmbim3omgdol dgommo.
33w930bm30L  LoFoMms 15330930  BOAOL  Lyxgoms  (bbgs  gsgMMo  3e0mbgdolsysb
3908960 e0), domoco GHo@®mol dJmby (s69bs3egd 1710°63(9/de) 3mb3gb@®s@o. 533w
AoLod 50396YdS 30MEMBMEOHT0D OGO do©YDY, 0MHY3bYds BOPOLEHOWOMHYOIMWO
Dgom, 935¢gds 1%0560 9MHBoOL 539BGOL 2 39000 ©@s IMgds 3596Bg. Lobxgdol
QOM35¢09MH9ds BYds 99dBHOMbmo dozhmbzmdom JEOL JEM 1400 TEM do 80kV-bg
(M. R. Clokie & Kropinski, 2009).

4.8. 35gBHgMmoMmBoR0L gMHoRIMSO 4536 gd0lL (303000

0543HM0MBoRGO0L WoGH0mO dMBgdoL oYIBs, ®38Ybodg 356dgEBHMmOm bgds,
OMIgwms  dmGol  36033bgermgzsb0s  dmbo399930 Fomo  493M3egdol  dglobgd  gMmo
35¢Ombo »x®gol dogboo.

4.8.1. 3553 9m0omx353900L 35EHOMD M BY SELBMODIF0S

9339800 Labogmiaberm 303¢00, 390IM® 30 WOGOMMHO G53gd0L Lalogmisbwm (303w0
990dgds 999093 39MH0MEIOI® I0YML: R0l SELMEODE0S dodBHIMOOL YO DY,
30600mbols 3096 6493crgobols 3:5530L MxMgdo d9d3905/069J305, WsGIbdEHMo 3gMomols
bsbaMdwogmds, MmOl ©OMLsg bgds RBogol ©bI-0l MY3E035305 ©s FogMMO
Boffoems3gool offymds o oBoMmGOMEo MXMI0EIB F0HOMBIdOL  sbowo  MIMdOL
399mbgs. (F. Dherelle, 1926) (Mark H. Adams, N.D.). 6OmgmGg 3bgoegom, gsaol

Lobogmabam  303e0l 30639 Loxkggbm®l  dsd@HgMool MxMgool 39009wdg  dolo

SLMEDE305 FoMTMoPIBL. 35BHMMbO B3dEIMOOL MXMIODY B30l sSELMOBdE0OL LoBdstg
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0oa0Ls @O B5JBHIM00L  3MBE39bGHMHEO0L  3OMIMOEFONMOS S 030 MY
A993965GHMM5Bg, 133900  960L  LodBBHIBY s B3JBHIM0JOOL  BHOGHOLS o
LogmEbolbo®msbmds®g.  860d3bgemgsbos  @ogol  3mb3gb@dMoisos,  0bggdiool
36530MO0MMds, MMAMO3 [gbo, MAxMdGLos 0ymb gombg bs3wgdo, gb 03536 3MM3gLL
3O53MBOMO  SELMEOD30900L520 s 5d30MJIL ,xMgdo Fgofiggzol 4oM9dg oBOLL®
(“lysis from without”) (Delbrueck, 1940) (Abedon, 2011).

054}H9MH0MmBooL 35BHMMb MxMHIDY SELMOBE0L 3MMEgLol dglsbfsgws Mbs
©OR06@IL  9MVOIELMMOOMGOIMWO  RoRGOOLS b 0bBOoEOMGOMEO  BdJGIOOMWO
MR OI0IO0L MoMmEbMds 56 MO39 9MHM.

3655LMMBOMIOME0 Boggd0L MHOMIbMBdOL 2obLsbBPZMOLIMZ0L LsFoMms F9dwga0
30U Bo@IMgds:

009096 853 9M0M LYL3gEBOSLS O BIAL OO MVBsGTsBIPMIOM, BMT 0bgzzgd00L
36530Md0mMds 895096 gL 1:1. LobxsMVL 50b0bMwo bstrgzom s053L9d96 37°C-Dby,
D90l s35Dsbsdo s MMl Lbgsslbgs 0bEgmzscmdo - 0fm, 5§m, 10fjm, 15fm, s 20§ -
569696 LObxJdOL 50gdsls (0.18¢0) s 49IEHIBSL 9.9 e dmeombobys 0.4 JermM™mBM®Iol
6569300, LObx MWL FobxwMg30L 8989y 10 Hoo 59m369096 gobmeol sd5Bsbsdo. 9999y
bgds mommgmwo Lobxol 100 xg®so s 1000 x9gMmso gobBsggds s 39@HmmoL
R06x%690D7 goo@sbs gMoEosl mOIH0sbo dg0m©Ool godmygbgdom. 3s6Moegu s bs
dmbgl  3mbGHOMEol  dmdbogds,  0@YTJRs  OMMEOE  Gogol, olg  dodGHgMool
3Mb6G®Mgdo. 530bxbgdl 505319996 gMHAMLGHIEGTo 37°C-Bg, 990ga900L sOMOEb3S o
5b65¢0Bo bgds 18-24 Lor-0s60 063905300l 890gy (MARK H. ADAMS, n.d.) (Delbrueck,
1940).

9OmM0 B30l 9OHm  05JGHIO0M MXOIODY SOLMODE0S JSTMOMZgds  F9dgR0
AMMI00:

k=2.3/Btxlog Po/P
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Los3 & SLEOBEO0L LOBJsMOL 30B6LE6ES (Fe/fom),
B - 35d396M0900L 30639665309, £ - MM, MHMAOL 3s68530Mds803 Bogol Lsfigolo GHodGeo
Po 93995 535300 Lodmmm P ¢o@®sd@y.

M3 MBOM  BHOsxgos  3oaol  sbmMdEos  05g@gMoM  3MWEGHMSDY, doo  MRO™
1539659 MY, M 0y0 WO EHOVIMO FBoggdoL 3esLL gob93m3690s.

4.8.2. 35J3H 908530l sGI6G M0 3960MmEols s 5dmlisgmosbmdols gsblsbmzgMs

05JH9Momaogol MXMgdoEs oA PEGHMOO  3gMHoMmEOLs S OMMYIEO
065303060900 MXOIOED  LsdMoEm  99mbog0sbmdol  AobLlaBL3zmolm3zol
5(30009390s  Hobolifo® 303Mm©gm t OMOL  96353wMdsdo  ddJBHIMOMRBIAOL o
(5m©IbMdOL  SLMMBd30s bgds  ddgBHIMOM YR MHJODY, Mo3  39MyMon  4.8.1-05
sofhgMowo.

d90pamdo 3ol d0dobstgmds 890gabsocos: mbgzs 153390 96M9do SLX IO
3969539090 9.§. 18 L;-0560 3MWEHWOS MI3bYds 37°C-BY g0l sdsBbsT0, dodEgMool
BOOOL 9gl3mbybEosw )M BsBoL (57108 3§9/0e) Bomfg398wy. 899y bgds bszzwgzo
B0l ©sdaBnds (17107 B3h9/0¢» ) 03 GomEgbmdom, MM 0bxgd300lL M3 MOOMMDS
9950093969L 0,1. 656930 33W63 093LY0s 37°C-Bg Fywol 535Bsbsdo, 990y IPsYds

9.9 »396%5399w0 3MEEHmEs®, bLyfgobo bs6g30s6 0.1 e 25o0EBYdS 9.9 A Mbyzs
153390 90900, bem 53 656093096 0lgg 0.1 A J950EH6Gds 2.5 I MB35 B3390 sOgdo

9.9, 3ombdo. 35653900 3MGHWMEOS 00ydgds [Yywol s35Bsbsdo s 0fjygds
Lobxgdol 50gds MMOL 10 Fmmosbo 0bEHIM35egdom, 2 LysmOL gobdogErmdsdo. g0l
AOAHMOL 4oBLOBOZMS BMM 309 YdS MOE0L MOIM060 g0l FgmmEom, MOLM30BSE3
0o0mMmgo bobxo Bogwgds 1:4, 1:10, 1:100 s 1:1000. 37°C-Bg 18-24 Lssmosbo
0639905300L 999092 bgds 89092900L s0M0EbZS. bgasGH0MMO 30E™bogdol Momgbmdols
dobg30m ©y0bgds oBIbEHMIMO 39MHO0MPO S BoZOL A5TMBOZW0sbMds (Azeredo et al.,
2018) (M. R. Clokie & Kropinski, 2009)
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4.9. 35J3H9m0omB53g00L 58degmdols (3eaMomdol) Gglifagums bgsslibgs (gddgmadm®mols
5 pH-0ob 30O md9ddo

1. B0l BAHI00OHMdS  (H339Mo@Emol  bbgosbbgs  0b@HgM3s¢qddo
3960LsBE3MIds F9d9YAbs0Ms: TgMbgre 0dbs Lsdo 39gddgesdmdvcmo bodbwmwo - 45°C,
65°C, 75°C. 115330930 B30l WoBsGO GoG®om 1086379/0¢ s3L@gds BgImom s©bodbwyew
A9JPIOIGHIOHM 3060HMdJOT0 s OHMOL 256339 0bEYIMHZ5wgddo (07, 5bm, 24Lo) begds
Lobxgd0L 5GBS S BOAOL 5JEGH03MBOL ASBLIBAZMS FMSE0SL MOTM0BO sl gNMEO0D.

2. 339806 5gBH03m00L  bbgssbbgs pH-ol 3060md90d0 goblolsbmz®o 9,99
Lbgoobbgs pH-ob (pH 3, 5°, 7, 9°, 117) 9Jmbg bs3390 dmewombdo dgy3dmbs ogbs 0,19¢w
15330930 Bool oBsBo GodMom 10863(9/0e.  ©MMOL s6339Mw 0bGgM3semdo (0,
300», 5Lom, 24bm) bEadms Lobxgdol sMgds ©s GOl  9gGH03MO0L  (33¢0gdol
3obLOBE3MS  AMBE0SL  MOIM0sb0 53900l FgmMmEOL  493mygbgdom.  MomMgMwo
99b3960896¢ 0L 99900l F9Mds bEYOdMPS BP0V HIO0M JMBEHMMEW M.

4.10. 35gdBHgMmomg3s900L LGsdomwMmdols glfsgus 4°C - Bg dgbsbgol 3oMHmdgdd0

339808 BLAHIBOEMOHMBOL  2obLOLYBOZMO® 1533930  FBooL  WODOGL  GHoGHMom
10°6309/0c»  s0o3Lgdgb 4°C - Bg 96 6 TgBHo ©EobL gobogErmdsdo. Rsa0lL  GHoG®MOL
090900905l ofjygdgb 7, 14, 21, 28, 56, 96 ol 8999y GHOG®OL 5BLIBOZIGOLIMZOL

3990ggbgds 45300 MOIO0560 5500l FgoMmO.

4.11. 35gBH9momxs30L ©6A - ol odmygmys

939300056 b3 - ol 2odmbogmxs 99(30¢0gd9wo0s 43Jmbal Gogol 3mbEgb@®sdo
oo GHo@®do 10'0- 102 63(9/0¢n. Fo0seo  GoG®ol dJmbg oBs@ol dobomgds
MAX M90S odmygbgde 0469l 330l 3Mb3EIBEGHMOMGdOL 9.. MOIM060 sgs6m0Ol Fgommo.
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99396089630 8MmOo353L 99 JBo390UL:

. 1 9 8520l 3mb639BGHMIG0 M93bgds 2 F-056 Lob)s®80, GILSE dgdymddo
905905 ©bd - 5B (DNAsel) s ®b3 -5%s (RNase A), mommgmewo 1 pl - ob mEgbmdoo.
06305300 bogds 37°C-Byg, 30 oo -0l gobds3mdsdo.

. 9053995 40 pl 0,5 M EDTA, 25 pl 20% SDS 5 5 pl 36m@Egobs®s K 108y/d¢», «69396
BsBo s 506390069096 55 °C-Bg 1 Lo - ol obTogErmdsTo.

. 06305300l 89009  b56g3L 9dsBHgds 1 e B9bMm:JwmBm®3:0BMsdogrol
L3oMEHOL bstg30 (25:24:1). bogds dobo JgbxwmMazs s 39bEGHMORM0M9ds 5 oo 10000 xg -
9.

. 1396653 96E0 FOPBOWSE 2oq9d30 2 8en 056 Lob) sGT0.

J U396MbsBGobGL 9353gds 1 FmEwEmds 0bBm3OHM3sbmwo ©s 0.1 dmawmwmds 3 M
Bo@®0wdol 539G9G0 (PH 5.2). bobxs®ol bsBo 8gbx wMg30L 8909y w9bs 259mbbgl 9.§.
,00000L  Jmes®,  ©bB3-ol bogrgdo. LobxsMOl mmsbol  FH9gd3gMo@Msby 15 {momosbo
063905300L 89999 bgds dolo 396@GMogMA0m9ds 13000 xg -Bg 10 foo.

J 396082060900l 9999y Mbs IMIMOHEIL b39Mbo@sbE0, boergdo 4sdmdcmgl
m5bols 39339M5@GH«msbY, M599Ybodg Lssmol ob3sgwmdsdo s 9999y 3o0M9gEbML 75 %
-0560 gmsbmoom.

J 35909 396250 259mIMMdOL 909y, Jowgdo boergdo  oblbgds 50 ul
LEIOHOENH Asdmbow gserdo 6 EB 89539630 (10mM Tris HCL, pH 8.5).

o ©b63-0b 339653008 BoB3MS396 L3gdEMMBMEGHMIgEH® Nanodrop ND1000 - oo
(Phagehunting Program, 2017).

4.12. 3543H9m0mx53900L dneosbo ggbmdol BgdzgboMgds s s6sgrobo

9393900L  29bmdol  1gdzgbloLomzol godmygbgdme odbs 9.f. ,dmIE93bM“ Momdol
193396069008  dgoomeo (Next generation sequencing technologies) (Klumpp, Fouts, &
Sozhamannan, 2012). ®52900L bofloewols Ugdzgblo gobbmMogers MiniSeq Illumina
A9JbmEmaool  25dmygbgdom, bmeom  gogqgdol  dgmeg  Bofowro  slgdzgbods -
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Bsbm3memwo 193396060 gd0l  (nanopore  sequencing)  G9dbmermyool,  MinION
mfymdommdob asdmyqbgdom (MinlON device, equipped with an R9.4 flowcell); 656m3m®ol
19939606905 Mb03sE M0, BoBTEHNVMMO  3JIbMEMA0ss, GMIgwoi ©bd-ob 6 ®B3-ob
3Md9wo gMs3d96@gd0ol 30030600, M9oe EMHMI0 BBl L5FSEgdSL 0deg3s.
030  89d5m0dL  9egdBHBMEo  ©Ibol (330000930l JmboEGHM®obyol  Loxgwdzguby,
Omdgwog §omdmodzqds  6493argobol 85539008 (30e0M3z96 Bobm3mEMTo gsoligeols M™U.
9909290 d00gdmwo  Logbserol asdoxkzcms bgds ©b3-ob 6 M63-ol L3gzoxz03mMo
056800936000l MBEOMB3gLsgmBs©. 98 Fgomolmzol asdmoygbgds  9.f. MinlON
dmfymdomds (MinION device, equipped with an R9.4 flowcell). 9mbs3gdms s6s¢roBoliorgols

299my9b69de 0dbs Albacore v2.1 (https://github.com/rrwick/Porechop). 49603900l de novo
30ymdob 3OHm3EqLo (assembly) aobbm®Eoges Canu v1.6 -b (https://github.com/marbl/canu)

3odmygbgdoo (Koren et al, 2017). 99bmdol o5 Fsgzombgzol Bs@Bmgdol (ORFs)
0©96¢0x8030M00LsM30L, MMH03g FJOMPO® S3v)ds390E0 296mdgdols d9dmbgglsdo,
399my9b9de 0gbs 9890 3OMyMsdgdo:

Artemis (http://www.sanger.ac.uk/resources/software/artemis/);

Genemarks (http://exon.gatech.edu/GeneMark/genemarks.cgi);

Glimmer (http://www.ncbi.nlm.nih.gov/genomes/MICROBES/glimmer 3.cgi )
bmwm 39643000 sbseoBolm3zols godmygbgdmw 0dbs 999ga0 3GMYMd9d0:

 pfam http://pfam.sanger.ac.uk/search
* InterProScan http://www.ebi.ac.uk/Tools/pfa/iprscan/

396m39080L (39005 S 9.§). 9659bEs8909d0L/MOPO0YONTGMb{iymdol (Alignment)
d9L59d3bgro 25dmygqbgdIem 0gbs 3OMYMds - Geneious (https://www.geneious.com/).

396m3do ¢-M63 gdol sOGLYOMBOL OYIDS S FoMO MOMEIBMBOL QsbLIDBLIMS TMbs

36053900l - ARAGORN, tRNA (and tmRNA) detection (http://130.235.244.92/ARAGORN/)
5 tRNAscan-SE (http://lowelab.ucsc.edu/tRNAscan-SE/) 39339md0o.

39630l O30l Jgboddbgero@ @O §¢sgdol  29bmdgdol  9HTbgsb
09L5QM9dEO, 459MmYygbgdme» 04bs Geneious (https://www.geneious.com/).
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15330930 B93gd0L 3T MYOMOHO dodBHIM0MBIRGOOL 50IMBBIbs© 25dmyqbgdryem
0965 NCBI dmbs39dms 35%s (Coordinators, 2016).

4.13. 35gBHgMmomxsagdols Isbdobdgmo 83sdgdol LigdagbotMgds s sBsgrobo

05JG9Momo  JEsdgdol 396m3dols  19gd3z9bLobmzols  godmygbgdmee  odbs  9.§.
»000000936m“  ®momdol  Ug339606m9d0L  dgoomeo  MiniSeq Illumina  F9dbmenmgools

3990myggbgdom.  bm@o300LsM30L  2odmygbgdmer  odbs RAST annotation  36OHMyMTd

(https://kbase.us/applist/apps/RAST SDK/reannotate microbial genome/release?gclid=EAlalQob

ChMIulP1gOmAS5wIVysqyCh3Y2gSaEAAYASAAEEI1IPD BWE). dod@g®ovyen 49bmddo 3Gmgogqdol

5mIMLSRIBI® 20 2450MmYyqbnd 0465 36OMmaMsdqd0 - PHAST (http://phast.wishartlab.com/) oo
Q JboQ 30 350tgabgo Y 3M50g (&

PHASTER (https://phaster.ca/) (Zhou at al., 2011).

39093900

0530 5. 85d3H9M0oMo &8990l IbI0s0IYDS
5.1. 33093580 259myggbgdwyeo dsgddgMowemo ¢sdgdo

B39b0 LodMBomb 30039 9BHo3DY JmbEs sGvGHOBMOWEOO Sa/monella enterica subsp.
enterica 9&s9900L 89Mm3z9ds Lb3olbgs J39969d0@sb s 3smmagbols dobsO™dOl
Lbbgoolbgs  3900@sb. 93sdgo0oL  boffocro domgdmo ogm  Lbgeolbgs 43996900056,
OMIwgdog godmogm OHmamemE 3bMm39wgdosh, olg Loswdmbyrmbom  ©s9350gdMwo
50053056900l 15330930 60889006  (obogsero, Lolbero) s sbggg Sa/monella-oo
363530606930 1533900 3MMEYJEHJ00. L Fgadmzos 345 F@sd0, GMIYdO3
399053600 0gbs B39l 0bLEOEH™MEGHT0 F90AMI0 Bodwgdomgdol 4oblobmM309wgds.

B39bL 33093500 299mYy9gbgdeo d5JE M0 FESTJOO 0gMGBs MM X YMBO:
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https://phaster.ca/

L. 390%9600bs6Ormo dsdBHaMomwo 9Esdgdo 30md35600s6 EasyBIO, 30695 (2o0mygmgols
5QR0WO- ¥MEOOOL 39 ds) (Lve 81 0BMESE0).

2. 3533H9M0mo  9BHedgdo  0mEsb00sb (39¢9M0bseeo, 3w0bozm®mo, 1533900
36©J3HJO06 45dMYMBOWwo 39w EHMmqd0) (L 148 0bBmsEo)

3.  3wwo0bozmemo 93sdgdo LodoMmzgummsb (25), LmIbgmosb (77) s GHox039000@b

(14).

39Ms  s3oly  BggbL  33eng35d0  20dmyqbgden  0dbs  3mbaml  ©gIm3MsEorE
M9L39d035d0 S.Typhi 583000900l ML gsdmymaowo, ESBL- ( extended spectrum beta-
lactamase - @oOm™ 13gdBHEOOL PB-ogd@odsBs) Fo3MMEE0Mgdgwo d@sdo- CTX-M-15,
OIgog dmy35fmos GHO™M303wo 99030bol 0blGo@Gds, s6339M3960sb, dgwyos
(Institute of Tropical Medicine (Antwerp, Belgium).

30039 xamndo 99dsgsero Salmonella -b 81 0BmEsGOL godmygmas dmbgs ISTC-
L59gMMSTMOHOLM 3OM9dBoL BsGgddo 1219p, 2010 — 2012 {ergddo, LsdbOHgo 3mE9sdo,
©MMHgooL BM>do, 0bxo30MJdM0 (3bMm39wdolYsb (3m83s60s EasyBio). obmmo@gdol
do3mm3bgds  Salmonella-l  235G0Lom3zOL  dmbEs  Lygmggwomom©  JoEgdMwo
9036Md0MEMYOMM0 s 30MmJodoOO 8g0MmEIdOL A5dMYgbgdom. FJo3MHMOOMEMAO0EOO
096GH0B035300L5M30L  2odmygbgdmer odbs Salmonella-l L50©I6EHOROZSE0M 1533900
509900 (SS, XLD). LsdmEmm 0©gbE0xk035300Lsm30L  35dmygbgdme odbs API 20-E
LobBH9ds. 0096EH0B035300L FgEYMT  ODMWHBHJOOL  4oIbs[owgds Tmbs  F909y
LgOmGo3gdsco: S. Tphimurium, S. Enteritidis, S. Galinarum, S. Pulorum. sobsbodbsgos, G»ma
dm3gdmo 930900 aodmygbgde  odbs dbmwmeo 9. 9mbsdbswgdgwo
L5349 d5mgdoLEmM30L. B39BL J0gM 498MYMBOO B5JBIMHOMBRJd06 7 goaol (VB_GEC_N3,
vB_GEC_N5, vB_GEC_N8, vB_GEC_MG, vB_GEC_BS, vB_GEC_B1, vB_GEC_B3,) 253mymgo
LHmOgo 99 3mengdaosbg 399dsmdol 30mEgldo dmbs. 3065096 50bodbmeo BEoedgdols
dgLobgd B39bL F9damd 3393500 9O 23996905 LordsMo, dsom dodsco Bz9gbL dogM

3900gmR0wo  35d@9MH0Mmx33gd0lL  9339JGHOMdOL 5036033690  @OYMHTS 9d39 0gb69ds
OMME0. 0b. Lme. 3
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bwM000 3. 3939M06sGwEmo 83sdgdols 300560 SHEws 353mYMBOMO B53gd0l OEHOMO 5JE03Mds

393H900bsGmo 993900 3mMmJ0©6

100% 93%
90% 81%
S 7% 60%
0 (o]
0
40%
30%
20%
10%
0%
& O & © & Q>
7 7 (G4 (% (S
R A N S AN -

OMamO3 990939006 BsbL, sberoysdmymaowds gs3gdds dmagdmeo 81 §@sdol
8005600 15305Mm@ FoMOWO 5dEH03Mds 563969L, MMFEs Bodo gsaol: vB_GEC_B3, vB_GEC_B1
s VB_GEC_BS 5g@&03m00L 8583969390 456L53m0690000 350000 0gm s dgLsdsdobs
74%, 81% 5 91%-0b YEHMWEIOdMEs. S0b0dbMwo 7 Gogo BsGmew odbs d9dyma,
ROMMISBI 90056 33eg390d0 (3Omgddo ISTC A- 2140).

3393000 dmyggbgdyo  Boghytoywo IGO0l dgmdy XG0
960056093056 359BH9gM0Mwo F3s3gd0 0Msboosb - Salmonella-lb 141 0BmEsGO,
OIgms Im3m3905 Imbs 0MHsbosdo s®lgdwo bbzsolibgs sdMmMo@M™Mm0gd0b,
dom  dmOOL 393 9M0bso,  3wobozm®o s 339906  MLIFOObMIdOL
WHdMOBHMM0gd0sb (Food Pathogen Laboratory at Teagas, Moorepark, Food Microbiology
Laboratory at St. Finbarr’s Hospital, Bacteriology Unit at Cork University Hospital, Veterinary
Laboratory of Cork, the Center for Food Safety at University College Dublin). o%mgos@gdol
Salmonella-l  335(>0Lsm30L 039M369ds dmbs ULbgoslbgs 5@ gMoMmEmyomMo  ©s
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d0mdodorMo GHLGHOoL dsdmygbgdom. 39MdmE, 3I3MEGH035305 bgdms XLD 52560,
Odgbgs Salmonella -5 0BMES3HYO0 0dEg3096 356MHOLRBIO, T30 396GHE®OL IJmbg 56 56
dJmbg 3mermbogdl.

LOsmO 4.

, ———— Salmonella -boyzols
@30sbsb0s0g890 HO30LIHO
\

Brs XLD 50609

XLD 53560%g 30309600 BOEoL dJmbg g3gams 0BmEs@ol 0931035305 bgdms
153390 bosag®y (LB).

Bo3o®s B0 MO0MMIMo 0DMWHEHOL MO MEo  5gdEGH03Mmd0L ol gbsc.
Salmonella enterica - b {560m3o9bwgd0, MMaMOE JmbowwmEbgwro ogm, wMgsbs-
6929309600 5000mBbbAb.

0963080353008 899092  Y39ws  0BMmmo@Ol  9BEGH0dOoME03M-M9BolEIbEHMdOL
36MHMR0ol sLOY9bo, NCCLS L3obsMEHgdol dobg3z0m, Bo@otqd
56¢000mEH03mIYOIBMBYMdOL FHguBo, 16 9bEH0d0mEH030L (Lomefloxacin, Nalidixic acid,
Ciprofloxacin, Enrofloxacin, Norfloxacin, Ampicillin, Chloramphenicol, Streptomycin,
Spectinomycin, Sulfonamides, Tetracycline, Cefotaxime, Gentamycin, Amikacin, Trimethoprim,
Teicoplanin) 59mygbgdoom (Wayne, 2009) (Clinical Laboratory Standard Institute, 2018).
AIuEs 963965, GMIT 0BG MIMIZEglmds 93¢gbL  MHGDBOLEBHIBEHMdL dJobodwd 1
3b6G0d0MmEH030L  F03sO®. I EHOMGHBOLEBHIOGHMDs  (MYBOLEIBEGHM™dS MmOo 6 dg@o
3b6GH0d0mEH030L  XMRBoL  FodsMm) ULozdosm@ bBoGMos.  bEH0d0ME03M-M9HBolEIbEHMdOL
y39wobg bdoMo godmgagbowo 3Ohmyowo  99dgabso®mos - ACSSuTSh s oo
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dg@howo Salmonella Typhimurium - ol 0BMEsEJOOLMZOLSS TobsBOsMYGdgO, dg36B0
domgobo o939 93wgbL  @HTsBJOom  BIBOLEIBEHMOSL  Trimethoprim-ob  dodsGo.
Jobmermbgool  (Lomefloxacin, Ciprofloxacin, Enrofloxacin, Norfloxacin)  dodsGo
M9BoLGHIBEGHM™dOL  F9gdmbgzgzgdo  9sMgdom  00305m05. MYOMTGETs  0DBMEs@ds
299mog3obs MHgHoliEgbBHmds Nalidixic acid (bscroodlol d:530L) doda®m. dbmerm bsdds
0BHEHTs 499M3w0bs MHYHBoLEBHIBEHMBdS Fglsdg MomdOL 39B39WML3MMobol Cefotaxime - ol
dodo®mm. 15d0gg b VDM ByPmgs® Salmonella Newport -1s 30939003690s.

B39b0 33eg30L BgLsdy s 439w sy 9608369 m3zs6 9@edby Salmonella - s 93sdgdol
392603905 bgdms LogoOM3gemU, Lemdbgmobs s Fox03900L 30603900s6. L
99360305 126 0BMEsG0, 963H000MmE039d0m 5656583 9Obsgd0, Bodmbgwmboom
5535009090 3530963 JO0LsRb. 77 oBmsdo dgadmzs Lbmdbgmol o0bggdzom®
055350090505 3¢0bogm®o 39bGH®0sb (“Nork” Clinical Hospital of Infectious Diseases)

(9693560, Ledbgmo), 25 0BG dM3M3zgdE 0dbs 0BEII3erIMO 330amEmyOols, Bogliolss

©> Jeobogamo odmbmemgools bsdgabogmm-3hagdogamo 3idMod - 14 obmwsdo
©¥)356039L 3mBo303semMm0 06839d30LIM 9350099 3mL30ESM0EH.

5.2. 358900l 009bEH0B035305 © BYMMEH0306M9ds

3063950, F03MHMBOMEMPO0MNMHO S d0mJodoMo dgmmEadol  godmygbgdoom
0©96¢053035300L 8990099, Y395 0BMms@0 309390365 Bobgmdsls  Salmonella enterica.

L5JoOM39Mb, LMIHYMOIL s BHox039000s6 Jogdmwo 116 3wwobozm®o
0DBMEsEHOL  LobgMdol MBYHg LofIMbMm 00 bE0B0ZoE00LsMZ0L, Bo@sMEs dsmo
56seobo Bo@MmoEsdo sBgMol bogol alm®mdE0s 0MboBIE0sBY IRdEgdwo TsLls
b3gdB®mmbzm3ool  dgomeol (MALDI-TOF MS) g00myggbgdom. sbsgrobol  dgwgye©
50069, O™ 25 0BMo@0 (14 Box 039000056, 5 LoJoMM39eMIB s 6 LrdbgPO0I6)
560  90937903690m©s  Salmonella - b §35ML. obobo 8093993690Mm©bI6  Lobgmdgols:,
Escherichia coli (9), Hafnia alvey (5), Morganella morganii (4), Enterobacter cobay (1),
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Enterobacter ludwigi (1), Comamonas kerstersii (1), Citrobacter freundii (1), Citrobacter
braakii (2), Proteus vulgaris (1). dgLodsdoby, 50b0IbMWO 0BMEsGJdo 56 0dbs
399my9690wo 999ymdo bodw)dsmgdolsmgol.

LgmGH030090s BoBOM©s 350@)-399833560L bdgdol dobgwzom. 91 JoHmwwo s
LEIbMEO 0BMEsGH06 54% 0930365 LgBMEGHo3L  S. Typhimurium, 32% - S. Enteritidis
5 5% sBMLEHJIMWo 0009bEGH0R0EOMYdS 396 BmbyMbs, s80@MI olobo s00bodbydosb
OmamO3 - Salmonella spp. (Grimont, PAD. Weill, 2007). 5b939 399993996 -350¢0bL ggdols
dobg30m LYOMEHO30609dMWo 0gm Esdgd0o, MHMAIdoiE 396 WHdMEMSGHMEM05T JooLM
069600 06.  90b0dbM  0BMEsBHIIL  FmMoL  439wsHBg OO MHIMPIbMOOM
Salmonella Typhimurium 93b3wgds, 9md©Y3bm ™G, g439msHg bIoMs yodmygmaow
0DBMEs3HJOL Gmobos Salmonella Dublin s Salmonella Enteritidis §o60m0s9bwgd0.
39930580 dmbgbgb olgmo 0330500 LyMHMEH039003, HMYMMId0EsS Salmonella Uganda
o Salmonella Goldcoast.

U000 5.

3393530 2580299698790 8HdJB0L 356503 LyOMGHO3HdAL
dobyzom

M S. Anatum 5% M S. Bareilly 1%

M S. Braenderup 1% i S. Brandenburg 1%

M S. Bredeney 2% M S. Derby 2%

M S. Dublin 7% M S. Enteritidis 23%

M S Gaminara 1% M S. Goldcoast 1%

M S. Infantis 4% HS. Java 1%

M S. Kentucky 1% M S. Newport 3%

M S. Poona 1% WS, Senftenberg 1%
MS. Typhimurium 41% MS. Uganda 1%

H S Virchow 1% M Salmonellaparat.B 1%

M Salmonella spp. 6%
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OMamO3 BO00sb BsbL, @s99dol «dg@glmdst (41%) S. Typhimurium LgGmEodlb
909379336905, 351 ImL93L LgdmEodo S. Enteritidis -23 %, LyHm@odo S. Dublin - 7% -om
5oL HoMmdmppgboero, S. Anatum 5%- om, bmwm Ubgs LyMmEGH03900 MOOM-MOoMM
36MHm39bGH0mss Do@dmppgbowo.  bmwm  5050090EH0B0E0MGdMmo  bghm@Hodgdo,
Salmonella spp. 6%- o», S. Anatum 5%- om, bogom bgs LYOHMEGH03900 1 56 2 FEHsF0Mss

Pomdmpqbogro.

Loghonm xs8do B39l 33¢0g3580  godmygbgdmos 240 9BHsB0, MHMIGEmosb 118
3wobogmemo  93odos, bmm 121 30 - 3939M0bsOMwo, dsm  ImEGOlL  9FHod900
LogoO 39 M6, LeIHJPO0IB S OMOIBEPO00IB. 148 FEST0 0MHIBO0IHB, 20 FEsdo
LogoOM39emsb, 71 - Lmdbg0EIb s 1 JEHsdo 3mbymesb - ESBL- (extended spectrum
beta-lactamase - Qs B39dGHOOL B-WodGHoBsBs) F3MMEYE30MHGdgwo JEsdo - CTX-M-15.
59 Gom©Ybmdsdo 56 0gmeolbdgds 393 9M0bsermeo 93odgdo  3mMJ0IL, MHMIWGdo;
3990y9gbgdme» 0dbs IbmEm 9.§. dmbsdbsgd9wo bsdMdomgdolsmgzol.

L5000 6.

B@530L FomogBeRd

121 218
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5.2.1 . SALMONELLA-L LodoGm39embs s Lemdbgomdo godmygmepowo 3¢sdgdol sb@odom@ogm-
M9BoLEIDGHMdS

50 xamBol  93odgdol  9bGH0doMEH03900bsEd0  FRMAbMDYMBOL sl gbo©
399mygbgdme odbs 11 sbGodom@Gozo ampicillin (A), amoxicillin+clavulanic acid (Au),
azithromycin (Az), ceftriaxone (Cx), chloramphenicol (Cm), ciprofloxacin (Cip), nalidixic acid
(N), sulfonamide (Su), streptomycin (Sm), tetracycline (Tc), trimethoprim-sulfamethoxazole
(T/S).

GQMO3 33009350 983965, LodoOmzgwmdo 9m3m3z9dvwo 9@s9900sb dFbmemo 3
3006036 93oal 50dmoBbs IM930MB0MO© 563000Mm3H03MM)BoLEGHIBEMWwO 3gbm@Eoso,
50 8(%59900056 2 8093936905 S. Typhimurium, géomo - S. Enteritidis. 950 dmMol ogm
S.enteritidis 104, ®mdgwog 990ymddo 459mygbgde 0dbsgbmggem@Mo 0bggdzom®o
9ol 99bogdbgersc.

LedbgMTo 2odmYgmRoEo 3¢006039M0 0BMEsEJOOL 74.64% FmEEH0MIHBOLEIBEGHMO
50dmPbs 96E0d0MEH03900L F0dsOm, 5Jgsb 44 d0g39369dms S. Typhimurium, 5 - S.
Enteritidis, 2 - S. Derby, 1 - S Kentucky, s 1 S Newport. 399c@GHocmgbHob@ab@mas
0m3wgds  d@sdo, vy ob  3-Bg 9gBo  9bGH0dOMEGH0IOL  Jslol  FodsMm s
M9BoLEI6GHMWo. 890093900l 565¢w0BTs 563965, M MHIBOLEHIBEHMOOL Y39 sbg oswowo
35h39690c0 gojbomgds Nalidixic acid (Lobmg@E®o Jmobmermbol) dods®o - 68.13%, bbgs
363080m 303909 M9HBoLEbEGHMd0L ds5B39b90o F99gabsoMo bofowqds: sulfonamide—-
61.54%, ampicillin (a Penicillin) — 52.75%, amoxicillin + clavulanic acid — 47.25%, ceftriaxone (a
cephalosporin) — 41.76% o ciprofloxacin (a fluoroquinolone) - 14.29%. 0%BMmEsEgdoL
Logerolbdm 50 9bMdsI (13 9500) 259053¢0bs M9BoLEI6EH™MdS
REMMOMIMobmmmbgdols s gLy MomdoL (3985 MB3MGH0b69d0L (11 9Esdo) dodstrm, gl
ol 963H000MmEH039005, MHMIGdo3 Y3gwsHg bdoMos godmoygbgdosb Salmonella -oo

390mf399wo  0b6g399d30900L  Lsd3MMbserm@. TbmwmE 9 0BG  Lods@mngzgwmdo
399mgma0o  93odg00©0b ©s 5 obBmms@o Lmdbgmdo asdmymaowo  9Esdgdosb
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50dmPbs  FMIbMO0sEMY Y39y 9BGH0doME03Z0L  F0T6I0).

3OEIOM0  0BMOIGO 96

50dmPRbs ®BoLEHIBE IO 439t godmygbgd o s6EGH0doMEH030L 0dscrm. dodlodowrmEo

M0ob30 96EH000MEH03900L5, HMIGEms J0TSOMO3E MYHBOLEIBE O S©0IMBRbS (35K 39MEo

0DMWOG0 obErsm - 9 s Fbmem Lmdbgmdo sdmygmgowo S. Typhimurium - ol mmbds

0BMEsGTs 9B3965 sLgmo Fomsero MHYHBoLEBIBEGHMBS. Y39wsBy 989JBHIO0 bEH0dOMEH030

50dmPbs Azithromycin 95394@O™dol 94.51% - 0560 8sb39690om. y4z9esby bs3ergd

9153993900 956E0303MH MO0 59960 90dmbbes Nalidixic acid, 9sdgdols dbmenrme 31, 87%

5396l dols Jodor LgbLoEGowWEMMdSL.

gb®oo N 1

565GH0xmoM®o Salmonella LyH@EH03gdol s6EH0dOME03MMHBOLEHIBEHMDOL 3BMBOEdO

3630d0mG03MMHgBOLAEHIBEBHMdOL
36Gmzgowob No.
36800

MDR*

0BmEE Bl
©5020095md>

0bmEos@ol
baogb@ogogssom
Bemdgo

.'.

LgOm@odo

3%3mgmgol
fiowo

ESBLP

A) bmdbgmdo gsdmygmzomo 3wobogm®o sbEdoME03MMHYIBOLGIBEMEo 0BmEsdgdo n=5.

3

1 AAu*CxN

12

105t

Typhimurium

2011

6457

Typhimurium

2006

678f

Typhimurium

2011

1214

Typhimurium

2013

1349

Typhimurium

2013

2324

Typhimurium

2012

2503

Typhimurium

2016

2730

Typhimurium

2013

3128

Typhimurium

2013

4216

Typhimurium

2011

8019

Typhimurium

2012

8130

Typhimurium

2014

2 AAu*CxCip'N

76

3017f

Typhimurium

2013

3109

Typhimurium

2013

3175t

Typhimurium

2016

5084

Typhimurium

2011




5703 Typhimurium 2012
5730 Typhimurium 2012
60" Typhimurium 1996
69" Typhimurium 2006
3 ACxN 6841 Typhimurium 1996
1051 Typhimurium 2012
1726 Typhimurium 2013
115% Typhimurium 2011
4 AAu*CxAz*Cip*N 3194f Typhimurium 2012
34061 Typhimurium 2012
1328t Typhimurium 2013
5 AAuCxCip*'N
5943 Typhimurium 2013
60047 Typhimurium 2013
6 AAu*CxCip*NT/S
8011F Typhimurium 2014
46491 Derby 2016
7 CipNSmTcSu
4970f Derby 2016
5064" Typhimurium 2016
8 SmTcSu
82391 Typhimurium 2016
9 AAuCxAzZNSmTc*CmT/S 30407 Typhimurium 2016
10 AAuCxAzNSm*Tc*CmT/S 3725t Typhimurium 2016
11 IAAuCxAzCip*NSmTc*CmT/S 3246t Typhimurium 2016
12 AAuCxAz*Cip*NSm*TcCmSu 38891 Typhimurium 2013
13 AAuCip'NTcCmT/S 1722f Typhimurium 2013
14 AAuCxCip*NCmSu 3854 Typhimurium 2013
15 AAuCip*NSmCmT/S 5923f Typhimurium 2011
16 A*CxNCmTcSu 59621 Typhimurium 2012
17 AAu*CxNSu 1320 Typhimurium 2016
18 AAuNTc* 2017 Typhimurium 2013
19 ACxCip*N 5048 Typhimurium 2011
20 NTcCm 2330 Typhimurium 2012
21 AAu*CxNT/S 126t Enteritidis 2011
22 ACip*™NT/S 588f Enteritidis 2016
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23 ANSm*Cm 4 1 6059 Enteritidis 2016

24 A*TcCm 3 1 6187f Enteritidis 2016
25 ACx*CipN 3 1 7201f Enteritidis 2016
26 AAu*Cip*N 3 1 478tf Kentucky 2016
27 A*NTm/Su 3 1 7187f Newport 2013

B) bsgs@mnggamBo gs0mygmzowo s630dom@o3mgbobBgbdmmo obmmadgdo , n=3

28 AAu*CxSu 4 1 104% Enteritidis 2016

29 AAuNCmSu 3111 Typhimuriu |
5 1 m

30 AAu*SmT/S 4 1 1150f Typhimurium 2016

50b0dzbgdo: ampicillin  (A), amoxicillin+clavulanic acid (Au), azithromycin (Az), ceftriaxone (Cx),
chloramphenicol (Cm), ciprofloxacin (Cip), nalidixic acid (N), sulfonamide (Su), streptomycin (Sm),
tetracycline (Tc), trimethoprim-sulfamethoxazole (T/S).

2 36¢080mGH03mM9BoLEIEGHMdOL Jeroligdo
® ESBL-8f5680d9eol g96m¢030: ©3@g80m0 (+), M5Ggmuomo (-);

* 3995009001960 BgbmE030.

5.3. ,,05L306d9e0 FEsdgd0L*“ FgMPBY3s s LILOSMYDS

3393580  259mygbgdmo  d5dBHgMH0mBygdol  dol3obdge  IBHedgdo  dgMBg3s
396bmM 309 IMILZ0L  9BIJBHIOMOOL  BHJuEHOL (Azeredo et al, 2018) Fggagdol

Log3mdzgedy. L dgMBgmee 0dbs 8 93odo, Bomgob 3 J@sdo 9.0. 3939M0bser o
9(%59900L 3megd300©sbss (Salmonella enterica Enteritidis 3, Salmonella enterica Typhimurium
4, Salmonella enterica Typhimurium 6), bmwm ©s65MRgbo 6 B0 3006036 TEoTgol
396931036905 (Salmonella enterica Enteritidis 232, Salmonella enterica Enteritidis 407,
Salmonella enterica Typhimurium 641, Salmonella enterica Enteritidis 765, Salmonella enterica

Typhimurium 7.328.
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gb®owo N 2 951306dgero 9¢3)s99d0l sbalinsorgds

3000l
Qabiaby
905

Lsbgmdas/lgHmEo3o

39909mxob (oG

2990gmgzol
QYO0

35dmgmgols
fioewo

36Mx52900L
65000065

(intact/incomplete/pr

esumable)

3353900,
60wgdos
06953090056

506036
9(35990%9

SeE.3

S. enterica
Enteritidis

©mOOL
9Jb3®989b&0

WMOHIOOL
39M0s, LTb.
30695
(EasyBIO)

2011

4 (1/3/0)

vB_GEC_N3,
vB_GEC_N5,
vB_GEC_NS8,
vB_GEC_MG

SeT.4

S. enterica
Typhimurium

©mOoL
99636989630

WMOHIOOL
19635, Ldb.
3MMgs
(EasyBIO)

2011

10 (6/3/1)

vB_GEC_BS

SeT.6

S. enterica
Typhimurium

©mOoL
9Jb3®9896&0

©MmM9ooL
139635, Ldb.
30695
(EasyBIO)

2011

vB_GEC_NS7,
vB_GEC_B3,
vB_GEC_B1

232

S. Enteritidis
232

Q05690
0Jmbg
35309630

06g39d300mo
35000960,
Gogoliols o
3wobogomo

0021600mmo0l
Ladg3Bog@m-
36dBH03Meo

6PAO

2015

5 (2/3/0)

vB_GEC_M4

407

S. Enteritidis
407

QQO05M90L
0Jmbg
3530960

0bg3d0onOo
35000900,
Gogoliols o
3wobogamo

0021600mmo0l
Ladg3BogMm-
36dBH03Meo

GPAO

2016

4 (1/3/0)

vB_GEC_M5

641

S.
Typhimurium
641

0560l
0gmby
35309630 (LRl
obo)

0639430000
350009000,
doolold o
30obogo
00996mEmO0l
L5d93bogMm-
36gdBo3Meo
GPAO

2016

3 (1/1/1)

vB_GEC_TR

765

S. Enteritidis
765

0560l
0gmby
35309680

06333330090
3500MEMO0U,
Gogolols o
3w0bogOo
00996mEmO0l
L5d93bogMm-
3OagB3eeo
G0

2016

5 (2/3/0)

vB_GEC_Hi

S.t
7A

S.
Typhimurium
1328

3wobozm®o

Lbmdbgmol
0bgadso0®
Q5535000

2016

2 (1/1/0)

vB_GEC_7A
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3wobozmeo
396@®0

gb®owdo N 2 Bsdmmgomo 93odgdo  go9mygbgdmwo 0dbs sbowo 5353990l
2990gma3ols @O 25953 gdoLsmM30L. A59M 3390000 1535MME™ FsL3obdgero FEsdgdols
990mfjdgds  dmbs domTo  3OMGBIRJIOL  9MBYGOMBSDY,  IMPOGBO30MGOME0  ,30L3oL"
3900m©ol  godmygbgdoo  (Roy T. Fisk, 1942). 30650056 3MmMx309900L L3MbEH61MHO
060014300 9OE 9OHmo JEodol 890mbgg35d0 96 ©sx0JLOMYGOMEs, S©0b0dbmwo FE939d0
3906Bs 9399990 B53900L Foldobdger 9¢odgdaco.

B3gbo 33930l Fobryangddo, dmbs FsL3obdgero  FEHsdgdol 693w gmEGHoMo
056808360™dol  dglfogars (Bgdzgblo). sgzg dmbs 9EHodgdol 29bmdgdol Tglfogwns

domdo  3MMGBSRJO0L  sMLgdMdsby PHAST  (http://phast.wishartlab.com/) s PHASTER

(https://phaster.ca/)(Zhou et al., 2011) 36maM5d900L 450mygbgdoom.

5.3.1. 3393500 359mygbgd o 9.§. Asls306dgero 8(Bodgdols (HOST STRAINS) 3GMBSRwIMO
3OHMGB0E930

93900 - SeE.3-(Salmonella enterica Enteritidis 3), ©m39oi3 39390M06sGWI0 9Esdos
@5 §omdMogbl 4 dogdEHgMomnsaol (vVB_GEC_N3, vB_GEC_N5, vB_GEC_N8, vB_GEC_Mg)
dsb3obdgen  9BSAL, Fgo3ozb 4 3OHMBoL. MmMbosh dbmemE gemo  [oMmBmoygbl
06@odBHme 3Mmeoals (intact prophage), bmeom  ©bs®Rbo Lsdo  sGLBMEygmaoE
3MmxsaL (incomplete prophage). ob. bymtomo 7.

93900 SeT.4 -Salmonella enterica Typhimurium 4, Gm3dgwois 56939 39GHIO0bIOMEO
935005 s oMmBmMopqbl gogol vB_GEC_Bs 8sL306dgen 83odls, 90393L 10 3603309,
OMIgmogob 6 0bBIJBHMOO 3OMPog0s, 3 - 9MLOMEYMBO 3OMBSY0, brerm 1
bog5M5M 3MMRBIR0 (presumable). ob. LryMsomo 8.
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b0 7. LmGomo 8.

E SeE.3- Salmonella enterica Enteritidis 3 E SeT.4—Salmoenlla enterica Typhumurium4

L1embos -
Y

AR I

Lo

Accession: N/A Length: 1,193,733 bps; Phages: 4 Accession: N/A Length: 4,288,200 bps; Phages: 10

Prophage types Prophage types
I intact prophage [ incomplete prophage [0 questionable prophage [ intact prophage [ incomplete prophage [ questionable prophage

o3 99gbgds 9Bodls SeT.6 -Salmonella enterica Typhimurium 6, GMmdgog sb9g39
3939606500 Fo6MImTodobss ©s §sgdol - vB_GEC_NS7, vB_GEC_B3, vB_GEC_Bl1
ds1306d9g0o 9Fo805, Bgdm 50b0dbMwo 3MIMAMTgO0L godmygbgdom ggbmdol dglfogerol
39009390 3MMGBRMM0 BbsOMGd0 49bmTd0 56 50MBBSs. ob. LvyMsoo 9.

94000 S. Enteritidis 232 - ob (VB_GEC_M4 -ol 9sb30bdgero 8¢sdo). 3ewobozm®o
93od0s O 290MYMBOWO0s oMol dJmbg  3530963H0LYSD, 2015 Fgl (mdowrolols
0693943000 dsmmermaool, dolols ©s 3wobozm®o  0dmbmemaool  bsdgabogcm-
365350300 396@®0). dobo 3MMRBsYMO0 3OMTBowol Tgufogersd 563965, M 53 9Esdol
396m3do 0d9d3bgds Ly 5 3OMBIYo - 2 0bFGsIBHMGO 3OMMmRPsao (intact prophage) o 3
5MLOMEYMBOoo 3OHMRPSY0 (incomplete prophage). ob. Lyydsmo 10.
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bgH5000 9. bmGomo 10.

S. Enteritidis 232

= SeT.6-Salmonella enterica Typhimurium 6 E
i

Accessio NA Lengt 431,710 bps, Phages 0 Accession: NJA Length: 1,549,499 bps; Phages: 5

Prophage types Prophage types
B ot prophags ncomplete prophage [ cuestonate proprage I intact prophage [ incomplete prophage [ questionable prophage

9900 S. Enteritidis 407 (vB_GEC_MS5 - ol ds5b306dgeo 9¢s80), 3e00bo3mdo 9@sedos,
(MIY0E  odmygmxowos  osMgol  8dmbg  353096@0LRYb  (Mmdowobol  0bggdzom®o
35MEma00L, JolLols s 3wobozm®o  0dMbmwmyools  Lsdg3bogHMm-36533E03Mw0
396@®0). dobo g96maol 3MMBIAMOO 3OMTBool Tgufagarsd sB396s, MM 0yo dgoaegl 4
36OHMRoaL, MOMIGEMoQ90  TBMEME gMmo 3OMRBIR0S 9.). 0bGodBH Mo 3OMmz3s0, beem
©565MBgbo Bsdo 9.§ sMLOMEYMBOEO 3OMBOPL FoMdmoygbl. ob. LyyGmsmo 11.

93500 S. Typhimurium 641 (vB_GEC_TR - ol 9sb30b6dgero 9¢sdo), sbggg 3erobozam®o
95005, OMIJOoE 2odMYMBOE0s 0sMgol dJmbg, Mbsdmmwo LgxLoLbol dJmbg
353096@0LoQb  (MBOEOLOL 06839 J30M0  ZsmEMmaool, dowLols ©s  3wobozwmeo
03996mmyool  BsdgEbogmHm-3Ms3B03mwo  396@¢®0). dolbo  a9bmdol  3GMIBIYMGO
3G0mxzool  dglfogsd 2o0mogew0bs, M3 0go 890338 LY 3OMAPeaL, OHMIYW NP6
dbmwmE 9005 06@BHMM0 3OHMRBIR0, JOMO 9.f. sOLOMEO 3OMGBIY0s, beagnm dglisdy
1535059 M 3MMRBIAJOL 25693900369ds. ob LvyGsmo 12.
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boesomo 11. bmesoo 12

E S. Enteritidis 407

147mbps -
Txbps
14m bge -"'}"'/
S 4

Tctsasibne R Length: 1,508,946 bps; Phages: 4 Accession: NIA Length: 2,009,880 bps; Phages: 3

Prophage types Prophage types

B intact prophage ] incomplete prophage B questionable prophage [ intact prophage [ incomplete prophage 2 questionable prophage

98o00 S. Enteritidis 765 (vB_GEC_Hi - ol 0sb3obdgero 93sdo), 3wobozw®o
05dBH9Moo  JBsd0s,  odmYmBoEros  0dMgol  8Jmbg  3530963H0LAYD  (dooliols
0693943060 3s00mEMmao0l, doLols ©@s 3w0bozmemo 0dMbmwmyool  Lsdgsbogemm-
36530320 396H60). 3oL 296030 s0dmBgbo 0dbs 5 36OHMBsQ0, OHMIJW M6 Mo 9.§.
06&5dGHME0 30359205, beagnem Bsdo g.§. sMLGWMo 3OHMBsR0. ob. LMoo 13.

93500 S. Typhimurium 1328 (vB_GEC_7A - ol dsb30b6dgero 8@s00). 51939 3erobozm®o
935005  (Ledbgools 0bxzgd30MEe  ©s935YdsMs  3wobozMMo (396G ®0). dolo  ggbmdols
5b65¢0Bds  FBMEME MO0 3OMBoR0  25TMO3W0bs, MHMIGEMIQD  gPMO  0bBHIJEBHOO
3OMGB5Y00, bonerm Igmeg 9.4, sOLOME0o 3OHMRBe0. ob. LyyGomo 14.
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Lbo@smo 13. boyGsomo 14.

S. Enteritidis 765 S. Typhimurium 1328

- _.-l‘-)-‘.,“.

Vo

i@cﬂ:n:u:u:m(
’ -
v
)= -

Accession: NA Length: 1,548,996 bps; Phages: 5

Prophage types Prophage types

B intact prophage [T incomplete prophage [ questionable prophage | M intsct prophage ] incomplete prophage B questonsbie prophage

5.4. 33e093500 50mg9bgdo BBHYMOMBs39d0

B39bL o9 Lodwmdomlb 9633w mdsdo  godmygmaowo ©s dgufogwrowo oym 13
05dBH9M0MGo20, OMIgmopobsg  Siphoviridae cmysbl 809336905 6 BsymMo Jwmbo: -
vB_GEC_N3, vB_GEC_NS5, vB_GEC_NS8, vB_GEC_M4, vB_GEC_MS5 s vB_GEC_Hi; Myoviridae
cxobl 80939936905 6 3Jewrmbo: vB_GEC_Mg, vB_GEC_Bs, vB_GEC_NS7, vB_GEC_7A,
vB_GEC_B1 s VvB_GEC_B3; bmem Podoviridae-b mxsbl dbmerm@ ghomo xgsgo -
vB_GEC_TR.

00mMJ0 Gogo dgufogerow 0dbs ImeBMEmaomcmo  (bggo@o©o 3mwmbool @
30600m60L  BEGHOWJGHMOS),  BOMWMAONOHO  (35GHOMbo  d5JBHIM0gdolL  L3gdBHMOU,
A99396M5G MLy s pH-0b 30350 dyMsmdols dobgz0m) s 3969303900 60dbgdols
dobg30m. Bs2900L 396MmTgdOL S6MEH0MYOOLIL F9BLY3MNNIMGIMWO YMIOPIdS OgMIM 0
396900l 459Mm3wgbsls, GMIWgdo3 BoggdoL  WOBMYI6ME  36gdsbg FoP00gdLIP.
OMamO3  9900MmEMmEmyon)®  bsfodo  50obodbs, xs3gdol  396mdol  Lgdzgblobosmgols

84



299myg9b9dme 0dbs 9.§. ,0mIg3bm”“ Momdol LY339b0Mmgdol dgmmeo (Next generation
sequencing technologies) (Klumpp, Fouts, & Sozhamannan, 2012). 5353990l 6s{ ool bgdzgblo
2956bmM 309 s MiniSeq Illumina &ggbmermyool as9mygbgdom (Next generation sequencing
technologies), begom 1352900l dgmeg bsfowo sligd3gbo®s - bobm3m®memo g339606Mgd0l
(nanopore sequencing) &gdbmeomaool, MinION dmfymdogmdols asdmygbgdoom (MinION
device, equipped with an R9.4 flowcell); 655m3mM o 1593396060900l dgmm©o X9 30093
99b3960896¢ o5 s IbZgHoll ImoMbmal, bmerm dgmeg Fgmm©o 339 IMOZ5WR IO
39903000 3900005 S BoRAZ3e06 0bRMMT>305l 0deg3s.

9000 3506 VB_GEC_N3 2530533605 3960 dmbgMbs. 9393900L dqlobgd dmbsigdgdo
QO9393Y0s 0dol dobggzgom M) MMIgwwo Ggdbozol asdmyqgbgdom dmbs  dsmo
3969303900 Jgbfogs. 9d3lo Bogmdo Jarmbol vB_GEC_B3, vB-GEC-Mg, vB-GEC -Bs,
vB_GEC_NS7, vB-GEC-B1 s vB_GEC_N5 - ol dglfogers dmbes MiniSeq Illumina
&996mmao0l 25dmyabgdom, bmem 9d3bo iogol: VB_GEC_NS8, vB_GEC_M4, vB_GEC_MS5,
vB_GEC_7A vB_GEC_Hi, s vB_GEC_TR-0l 6v309&00)600 005680800930md0L 2580903305

dmbs MinION 9mfiymdowmdob, 9.§. bsbmdm®mmo 1gd3zgblols godmygbgdoo.
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vB_GEC_7A vB_GEC_NS7

vB_GEC_Hi vB_GEC_M4 vB_GEC_M5 vB_GEC_Tr



53980 - VB_GEC_Bs

o0 - VB_GEC_Bs 8093wm3b690> Myoviridae -b cmxobl, 35600 - Viunavirus.
dob3obdgero 9@odo - SeT.4 -Salmonella enterica Typhimurium 4, 393960bs6eo d@sdo.
dobo 5dmygmazs dmbes 2013 Hganls, godmymazols figotrm - 530 B3, Wm3sEos -dsmvdo.

LMoo 16.

vB_GEC_BS

3020l 306MH0mbol bmdss 77/118 +568 (0930/3900). 3gbmdol bmdss 158 kb. GC
3993390 ™d0l 36Mm396@GHWwo 583969090 - 45%. 396030l bgdzgblo gobbmeMiogus 9.§.
»000000036m“  momdol  19339606M9d0L  Igmmeom, MiniSeq Illumina  Ggdbmermaools
3o9myqgbgdom (Klumpp et al., 2012). 9496m3ob oo §Hogombzol bs@Pmgdols (ORFs)
00096GH0B030MJO0LIMZ0L 45dmYgbgdrE 0dbs 3MIMAMTYdO:

Artemis(http://www.sanger.ac.uk/resources/software/artemis/);

Genemarks(http://exon.gatech.edu/GeneMark/genemarks.cgi);

Geneious (https://www.geneious.com/).

005 5300308 BsGBMgdoL  30M39ws0  bm@s30s  gobbmMEogws  blastp- ol
Lo gd0m (Coordinators, 2016). 396m3dgd0L 39005 Qo 9.0
0565965290900 L/M009MHMgM6{YmdoL (Alignment) dgbogdbgers godmygbgdmw odbs

36HmyM5ds - Geneious (https://www.geneious.com/).

13520L 296030l 5bMEHOE058 godmsgerobs, M 0g0 306w gbEmMo Bsaos. vB_GEC_BS-
ol 496mddo 959m3zwobs 208 ©os (ogzombgol Ps@Pm (open reading frame -ORF). 208
3960056 141 9.§. 303mmgEmeo 3Om@Egobos (Hypothetical proteins), 21 bE6OwdEOHYIwO ©s


http://www.sanger.ac.uk/resources/software/artemis/
http://exon.gatech.edu/GeneMark/genemarks.cgi
https://www.geneious.com/
https://www.geneious.com/

dmORMA969Hd0 Bs®rorao gowss. bLAOYIGHMOMEO (3060930 sbodzbol oGBS 3 9.§.
3oL §39@0560 (obsBomol 3Mm@Egobo (tail spike protein), GmIgeoms Jmbsg, 3900 -
Viunavirus - ol {o®3m35003969w0 00gJdol y39ms Rsa0Lm30L 56H0L sdsbsolinsmgdgwo
(Hooton et al., 2011). vB_GEC_Bs g3¢0m3l bo32mao6 9.§. 0930003530996 535653, 306500006
dolbo 296mdo 53mEOMYOL A 3ME0TYMSBIL, BT 365085DL, 39E035DsL, WOYSBIL,
365005D5-3900035D5L, 39035y - BsIGH300m3gwol  (loader of helicase),  ©bd -
05353006909 3MMmEGHg0obgdls s FHM3M0DMIgMsbsl.  ggbmdo 8go3o3l BHgMTobsbsls m®
bmdgomgmel  (ORF 155,  156), 9sb30bdgero  dsd@gdool  wyxMgool  eroboliols
396053003909 M6 g9blb (ORF 070, 168). dol 496mddo 56 508mbbs GHmJLogMO™dOL 6
w0HBMYg6Md0L 25933930 3969d0. 0b. Ly@MSmO 18. 53 Roamb Y39 B Bowoen AbsgLYdL
539696 olgmo Ebmdowo Boaqdo, GMAMOGd0Ess Salmonella L3xEOROIMNOO RORIOO -
STML-13-1 (0qb@: 98.83%), Vi0l (09b®): 96.18%), Escherichia phage PhaxI (®m3dgwog
96 90m3q0mMogomwo E. coli - ob - Escherichia coli O157 : H7-ob UL3g303039960
930a05(Shahrbabak et al., 2013))(096¢): 92,67%) s PhiSH19  (09b¢®): 91.69%). vB_GEC_B:s -
ol 296m3o d90393L 4 B-Mb3 396L. 60FsbMdE0g305, HMA LsT0gg HBgdmmMbLbIdMo Gogo,
Bs - ol 3m0m@mq00, 890353L6 G-6Mbd 296900L 03039 MoMmEYbMdLL, MLoE B39bl doge
odmygmaowo - VB_GEC_Bs. ®sao STML-13-1 bmdowos dolbo 8mgddgogdol xsGorm
139dBH®om, oL  2sdmE3 00 BIOMMWOos 0bY  BIRMO  3(935MGHT0,  MIMRMOOFESS
SalmoFresh(Woolston et al., 2013b). ggsgqd0 Vi0l o PhiSH19 ULoob@gtmglbem gobensgo
053056000 3990b 9.. §39@ 0560 {obsbotrpgdol 3OmEgobgdoo (tail spike protein)(Hooton et
al.,, 2011). 39@Hmbobs s ToLo MBss3EHMMYOOL Mobsbds (Hooton et al 2011) 3mcol
03930560 (ob65Bo6r0q00L LEBHMWYIEHOHWWO 3500530900l FM635¢RGMMZ690s A9B530MHMDYOL
Vi0l ULobgmdol xoggool dmddgogdol b3gd@mol L3gEoR03MOHMdL, 390MdmE 30 dsmo
9mgd9gool gomomm 569gowls. B39gbl doge asdmymaowo gsgol vB_GEC_Bs -0l 396mddog
dmbs bsdo 393056 FobsBomosbo 3OMmEHI0bol 0©9YbE0R0E0Mgds. ghm-ghmo dosmysbo
30, (ORF165) 53096l dowogn dbgoglgdsl Vi0l - ob Tspl oob. s@lsbodbsgos, M@ Vi0l
Lobgmdol  sOE 9o  Gogdo 9O sMHOL  Bsbsbo  BHMmIJLo3MOMBOL b6 oBMbMdOL
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296353060Mmd9d9wo oGO3 gMmo 49gbo (Hooton et al., 2011). vB_GEC_Bs - ols Salmonella phage
Vi0l - by o PhiSHI19 - 056 dlgoglgdol sdbebggero msbogebamsggds dmEgdoeros bmMemby
18.
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Le@somo 17. vB_GEC_Bs - ol 396030l (M35

tRNA, tRNA
tRNA tRNA 0o
GpéE baseplate wedge subunit \1“0‘
hemolysin-type calcium-binding protein X <

deoxyribonuclectidase

DNA poI]/merase

RIA protector from prophage-induced early lysis

R, AAail fibre
tail spike protein 3 /
tail fiber protein % DNA topoisomerase 2
tail spike protein \\\ 72, -DNA topoisomerase
&
vrlC protein-g* 2

DexA exonuclease A

y dCMP deaminase
Gp13 necl ;:-u:»t-:-_.in»\ AL i A

Gp14 neck pre

~membrane-flanked domain protein
z 1 ‘,_15. Gp4 head completion protein
Gp15 proximal tail sheath stabilization - l;f'_’ %2~ Gp4s T4-like haseplate tail tube cap
Gp16 terminase DNA packaging enzyme small subunit P 4\ T Gp53 baseplate wedge subunit
Gp17 terminase subunit for DNA packaging, nuclease and ATPase 4 |
Gp18 tail sheath protein—"]

Gp19 tail tube protein , GlIY-YIG endonuclease —%
Gp20 portal vertex protein of the head—

Vh-GEC-BS

» ¥ ——Gp59 Loader of T4-like helicase

——Gp30 DNA ligase
158,018 bp e, .
Gp21 prohead protease — =) irs
Gp22 prohead core scaffold protein-g 5 _ Gp41 DNA primase-helicase subunit
Gp23-Major capsid |:urotein";” - & RecA protein
@ =7 —2-Deoxyuridine 5-triphosphate nucleotidohydrolase (dUTPase)
» - Thymidylate synthase
Gp3-tail completion =~ Gp2 DNA end protector protein
putative type lll restriction enzyme—""" ;-"@«/Gpﬂ-baseplate tail tube
gp45 sliding clamp holder /6;,
clamp holder for DNA polymerase , Gp44-sliding clamp holder =

:/p Gp32 single-strand DNA binding protein
% & | — Gp26 hase plate hub subunit
g... — Gp5-tail associated lysozyme
& | Gp25 base plate wedge protein

Glutaredoxin , Ribonucleotide-diphosphate reductase beta subunit
ribonuclectide-diphosphate reductase alpha subunit

Gp33 late promoter transcription factor ,Regulatory protein, FmdB family , putative
hoH-like phosphate starvation-inducible protein

v

> ] S AP ) hr
acyl carrier protein / ey,
DNA binding protein fg'
Superinfection exclusion protein/ RNAse H/ phage-encoded peptidoglycan binding protein
GpS5 sigma factor for late transcri tion | NrdA.1  Gp61 DNA primase subunit
Gp46 recombination endonuclease subunit
Gp47 recombination protein subunit
ATP-dependent helicase

’ - ©63- 0b G330, HRFTHEO, Jrxgogozeod- ~goobo

B - o68-cbamoon B - estgborn g

- bAEmIAH/Bexamagbto

E> -~ 965md0 oijps, 303mondiahe 3Gndgebo



besmo 18.  vB_GEC_Bs - ol 0565956emsgqds Salmonella phage Vi0l - 096 qos PhiSH19 -
036
oW N WM A0 HN0 R0 MW B NN MW @ N0 W0 W00 R0 B
1. Salmoenila phage PhiSH19
Al DA 0 G0 0 DA R (W 4 ¢ O R e4E ®
AALIAR ([ {4 { | {
2. Salmanglla viot W
DI D PR DA () DN 0 AL O MO 4 44O M )
PRIMED K40 G4 ¢ BEL ‘ 1 |
3. Vb-GEC-BS :
DRV I D01 DA (€00 0 DN G 0 OO MO0 R G G ) INUDY D
2NN L { {44 { i

vB_GEC_Bs - ol dmgdggdol B3gd@®ob dgbfogans 51939 239 9Esdol 30856000 Bo@o®s.

9B B5303 3969390036935 Bo0owsg@oMMO Bsagd0L Mosbal s dolo dmgdgwogdol LB3gd@®o

9%59900L LagMmnMm MomEgbmdol J0dom 2oboloBg®s 81% om. (ob. LyyMsmo 63.). BosgoL

59BH03mds bgoalbgs LyMmEH03gdol dodstmo ImEgdoycos vmE@smby 20.

95000 19. vB_GEC_Bs -0l 3gMdbmdgenmds 33¢93580 358mygb69d+9emo 9¢8sdgdols dodstron

Salmonella spp.
S. Typhimurium
S. Newport

S. Infantis

S. Enteritidis

S. Dublin

S. Derby

S. Bredeney

S. Anatum

Lgd@ G030

VB_GEC_BS

0 20% 40% 60% 80% 100%

N

da®dbmdgarmds



53990 VB_GEC_ Bs bsboomgds = 2-3,5 99 9y Bmdol, bsorgwo, 9396@cm™ bgas@domeo
3Mmmbogdom. B0l HoGMO MOHIO0560 5g5M0L FJOMPOM obloBEOZMOLLL Fodmowyqbl -
2:10" 63%9/8¢, bergmwem 539edsbols 9900m©om 2obLoBO3MOLSL - 10-865(/d0-. vB_GEC_Bs -0l
BGodoEmMmds  bbgoolbgs  306MHMdgdol  dodstm  d9dgabso®mos:  ($HgddgeodMer
33W0g090bg, 45°C-Bg, 24 Lor-ob 99009y, BoOL GHOGHMO 03wgdl 1 Gogom, 65°C - By
GodHM0 2 Gogom bo3wgdos, bmerm 75°C-Bg gogol  GHod®o 10'0s, 9699 momddol
06593H030609099005. Bo0E0s oLO 25ddEGMBS B 3Hga39MoEIMOL J0dsMm, 3960ME
4 °C - By, 0bgzs0 153390 30980 F9bsb30LsL, BoZOL BHoE®MOo 1 Herol 890wgys3 MBI IR0
B90s. B0 0656MHFMBIIL LBHodOEIMOMdLL pH= 5-10 - ob goGygddo 24 Lo ol Jsbdoeby,
boeom pH <3 B9, 3o30b 9gE0gmds 24 oo do 9390s.

x50 - vB_GEC_Mg

gop0 - VB_GEC_Mg 0093136905 Myoviridae myobl, a350o - Tequatrovirus.
dsb3obdgero 9odo - SeE.3-(Salmonella enterica Enteritidis 3), ®mdgwo3 39¢9M0bsermwo
935005, §¢o0L 2odmygmazs dmbs 2013 Fgal. godmygmaol fysém - dobstg 9333560,
900905(9Md5 - MO0 OLO. Boaol 30MH~OMbOL Dmdss 95/104+568 (01530/39000).
bmGoomo 20.

+B_GEC_MG

dolo 29bmdols Bmdss 171 kb. GC 99933390 mdol 3Om39bE Mo 3583969090 - 35%.
23990 - VB_GEC_MG 99bm30b bgd39bLlo gobbmMoges MiniSeq Illumina &gdbmeomaools
399mygbgdoo (Klumpp et al., 2012).
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9mbs39dms  9bse0oBds  9B396s, M3 gogo - VB_GEC_Mg 306099 gbBHMo  x3og00.
vB_GEC_Mg - ob 3960330 byar 359m3e0bs 276 00s (ogombgol Bos@Bm (open reading frame
- ORF). 276 99L5dem 39b0qsb 142 9.§. Logs@omom 3Mm@Egobos (Hypothetical proteins), 41
LEAHOMIGHONO 0oL 353MmPOMYdGEo d9bo, Tomm FmMoL 3 3ol FobsBoMoL
36MHm@Egoboys (tail fiber protein). ggbmdo 51939 890393l 39gbgdLs, GMIwgdoa BsGmEbo 50056
6130 9mGH0900L d9390MmE0HBALs s BT - ol M93e03530580. 3500 TMEOOL (06 g™
(ORF 018-019) s 96mbwm3amgsbgdo (ORF -033, 187,188), sbsgbmdmeo (ORF 076, 077,
079) s 59MHMdo  GHOdMbM3IIMEGH0© M9MIGIBS bLMBdghmgmwgdo (ribonucleotide
reductase subunits)( ORF - 227, 229) s 00doowosd Lobmsbgdo (thymidylate synthase)
(ORF - 071, 073). 96089000 gl x2930, H™MaMmOE 50dmRbEY, 15305M© ITIBILOSMYIJWOS
Myoviridae - L §o®m3mdsygbgermomgzol N obobo 3oLbls 59096
©9JboM0dMbEw3gMEH0gdoL LI -0l LEbmMgBOLIMZOL gbgMHOMmYdOL dBMi3guby(Villegas
et al, 2009). 96%00900sb, GMIgdoE WdMswmE 006 BsMommbo ©Bd - ob
0930003530500, 50b608bwo GFogol 9gbmddo Bobobos - ©bd oasbs (ORF -108), ©bd
3m@o0dgemsbs (ORF - 255, 258), ©bd 3gero3sbs (ORF - 015), ©©bd 39000355 - 36:005Bs
bmdgOmgyeo (DNA  primase-helicase subunit) (ORF - 267). g9bmdo sbg39 990393
AGIMTobsBOL MmO Lmdghmgmel (ORF - 141, 142), 3s¢®mbo oxMgol  crobobol
396353003909 Lsd 29bL (putative holin, baseplate hub subunit and tail lysozyme, soluble
lysozyme).

dol g9gbmdTo 56 0465 Bsbsbo olgmo 30Ergdol 353mEoMYdgwo 396900, MMIWgdos
3965306839096 Bogoll WoBMYg6MOHMdsL ob. LGmsmo 22. vB_GEC_Mg - ol bmdowro
300 myg000b 50lsbodbsgos Shigella phage SHFML-11(096¢): 98,94%), Gmdgerog o939
WOoGOMH0 Rog0s @S OMIGoi Jobo Foemm B3gdBHEoLs O FoMWO 59dGH03MmdOL Qodm
d9Boboe 0465 0ligmO BN 36M935M5GOL FGsRIbMdsTo, BMYMmEOEss ShigaShield™
(Soffer at al., 2017). vB_GEC_Mg -Us oo Shigella phage SHFML-11 - ol 96m38900l dbgogligds
SbobMos 23 - g LyEombg. B39bL FJoge 9o8myYmzowo §Bsgol 3MmIMEWMA0 Roag006
50603360l wo®Los Escherichia phage vB_EcoM_G2540-3 (09b®): 97,56%) oo Escherichia
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virus T4 (0©96¢@: 95,69%), H™Igd03 sB939 GM30E Roggdl FoMdmowyqbgb(Korf et al.,
2019). dombgsz50 0d0ls, Mmd vB_GEC_Mg Lowdmbgws 1393080371600 3og0s (35GOmbo
90o0do SeE.3-(Salmonella enterica Enteritidis 3), 030 ¢0@06 5d&H03m0sL 93w9bl, Gmymea
Salmonella, obg Shigella- 335(900bs ©s E.coli bLsbgmdol Lbgsslbgs 8Esdgdol dodstron
(8mb5(399900 506060 9du396H0d96E0L Tglobgd 53 bsIMMITo 56 sGOL Im39g3ME00).
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bGsmo 21 . vB_GEC_Mg ol 396mdols 193s.

transcriptional regulator , transcription regulator MotB domain-containing protein

gpd..
rllA.1 hypothetical protein
cef modifier of suppressor tRNAs , RNA metabolism moderator
exonuclease , exonuclease A
NAD--protein ADP-ribosyltransferase ,RNA polymerase ADP-ribosylase
DNA helicase
molybdenum ABC transporter
transcription medulator
capsid and scaffold proteind
adenine-specific methyltransferase , dCTP pyrophosphatase ~4
recombination endenuclease subunit, RNA polymerase bin.. 1738 {
homing endonuclease , anaercbic ribonucleoside-triphosp...| ™ n
ribonuclectide reductase of class lll (anaerobic) large sub...
DNA polymerase
Chain B, Dna Polymerase Accessory Protein 44\
recombination-related endonuclease\&

—DN...
endonuclease
tail fiber protein

alpha-glucosyl-transferase’
glutaredoxin
endonuclease VI

rotease inhibito Vb-GEC-MG
hypothetical protein KITSB 86, thioredoxi
thioredoxin, Thioredoxin, phage-associated 171,068 bp
thioredoxin! . ¢
thioredoxi Chain ... helicase

thioredoxi

thioredoxin

rl lysis inhibition regulator

RegB site-specific RNA endenuclease ,endoribonuclease 3o\
putative thymidine kinase

valyl-tRNA synthetase modifier %
homing endonuclease

putative NTP pyrophosphohydrolase , soluble lysozyme

tail fiber assembly protein

gp2 DNA end protector protein

baseplate wedge subunit, gp4 head completion protein

glycoprotein 3, gp1 dNMP kinase

baseplate wedge subunit

baseplate wedge initiator

baseplate hub subunit and tail lysozyme

baseplate wedge tail fiber connector

short tail fiber protein

neck protein

prohead ass...
gp2...

B oo

* -~ @38xdgBoo grigos

- - @63~ 0b G330, GRG0, BEogOFEOS-
» - ©b63- 0bBygmon>

- bOGTIGTRSBerrgmapyo |:> -~ 065mdo graos, 303mondiio 3Gmagebo

intern...
hypothetical protein Shfl2p186 , hypoth

lIA proteinrllB protector from prophage-inducedearly lysis

RIIA protein

anti-restriction nuclease , anti-restriction nuclease
nucleoid disruption protein , acridine resistance protein

A topoisomerase ;o
inhibitor of MrcBC restriction nuclease, hypothetical protein ShflZp..
putative holin
long tail fiber proximal subunit
tail fibers protein
$tail connector protein
% ribonuclease RNaseH | double-stranded DNA binding prot...
phage DNA helicase loader protein, homing endonuclea...
I-Tevl homing endenuclease, thymidylate synthase
hythymidylate synthase
\ late promoter transcription factor
\_ ‘single-stranded DNA binding protein
ribonucleotide reductase of class la (aerobic) alpha su..
@\ ribonucleotide reductase of class la {aerobic) beta su...
homing endonuclease
RNA ligase
ribonucleotide reductase of class la (aerobic) beta su..
polynucleotide 5'-kinase and 3'-phosphatase
A\ \ inhibitor of host transcription
W&\ dCMP deaminase
,‘: rlll lysis inhibition accessory protein
(' DNA ligase
RNA polymerase-ADP-ribosyltransferase Alt
RNA pelymerase-ADP-ribosyltransferase Alt
baseplate tail tube initiator
baseplate tail tube cap
baseplate hu
1 |gp28 baseplate hub distal subunit
bﬁzeplate protein, baseplate hub subunit

tRNA

tRNA, tRNA, tRNA, tRNA, tRNA, tRNA

aseplate hub subunit
capsid and scaffold protein
gp25 baseplate wedge subunit, Chain A, Recombination Protein Uvsy
Fputative RNA ligase

phage capsid vertex

heming endonuclease
maijor capsid Erotein
etical protein [S09 0260 , Chain A, ATP-dependent DNA helicase uvsW




bmeosmo 22. vB_GEC_Mg ol 0sb5g0bgmoggds Shigella phage SHFML-11- 0056

000 £0.000 70,000 100,000 110000 12000 40,000 150,000
| | | | i | | |
) % e i T i 1 ) f sy O
T T T T T W T T

80000 K
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Felix 01 (009b¢): 98,21%) s Salmonella phage Mushroom (0g6¢): 98,36%). bsBgslislidgeros,
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0bg39, Hmyme3 Salmonella phage Mushroom - 0, bomeom Bacteriophage Felix 01 - ol 396mddo
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056 Abo3L9d0L 5BLIHZYIWO MbIYIBMYGdS B (39T 26 -9 LYYOSNDY.
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210" 6309/0cw, bmerm  539wdsbol  IgmmEom  AoBLEBEZMOLLL - 10865(/de0-b. Gogo
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90dsmm, 3960dm 4 °C - By, Mbgzs5 153390 MHgdo TgbsbzoLsL, Bsaol GHoG®o 1 farol
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vB_GEC_B3 009349m36905 Myoviridae -l cxsbl, g3s60- Felixounavirus. dsb306dgero
9500 - SeT.6 -Salmonella enterica Typhimurium 6. 25dmgmxol fgwo - 2013, 4s9mymazol
D906 - 800656 93335600, M 35309-00B0WOLO.
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129 ©os §5300mb30L Bs®Bm©sb 74 9. 303mm9BH 6 36MHMEgobl 8gqlodsdgds, oqo s939
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ol ©93035(305/693m3d0bs30sL, M9YMEs30sl, d0MmLObmgBL s IMORMAI69DL.  dom
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GOy, 351306d9wo Mgl wobolbolbsmgol vB_GEC_B3 0g4gbgdl 3meobl (holin - ¢fp
046), «o%boblL (Lysin (lysozyme)- ORF — 037) @5 89906560L 2569 s dos b3sbobgdls (o-
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90931036905 Myoviridae -l mxsbls, a3560 - Felixounavirus. ds306dgero d¢sdo - SeT.6 -
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phage Mushroom, ®mdgemsbsi h39bo Lozzwgzo oo - VB_GEC_NS7 98% 056 dbgogligdsl
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6O - 2017 §gao, odmymaol gotrm - 3eobsdrg 9333500, 0m3d530s - 0MdOEOLO.

LboyGomo 34.

vB_GEC_7A




vB_GEC_7A- ol 3060mbols bm3s5-82/109+568 (00930/3000). dobo 496mdol bmdss 85kb.
GC 99933390 ™Md0L 300 396Ewo 35639690900 - 39%. Bm3wgmEH0Oo 9630dY3eMmdol
99LHo30l (bgdagblol) dgommeo - nanopore sequencing. vB_GEC_7A- ol 99bmddo 154 B
399m3wo0bo, OIUTSHIQHRPRG) 76 303mm9@Mcmo 36Hm@g0boy, 27
LEAOMIGHONEO/IMNORBMYID6IBOL oW, 34 MY3E03530IO0  335MGHOL  BOWD, BOYO
3903393L 39M30bsBL 3 LYdYONGML, d5dEHIM00L OBOLOL gobTs30MmMdYGOYE 4 (30l - 2
@obBobol, 1 3meobolb s 1 Mm-3s6obols Lobom. s®BOTbMWO Boaol 29bmddo s6 odbs
656sbo 06E)xaM5Bgd0. ob. Lydsmo 35.

dobo  ggbmdo  Tgogogb 27  GH-G63  a96L. 93900 -  Felixounavirus  -b
$o6885029690 35030l 5FoBIBOSMYdG0S BMSZ50 B-M63 gbol Jmbs, Mg Dmyogdmo
9330939560l 5HO0m, GgLoderms 3930060TF0 0ymb RsA900L 30O BEBHMILMbs3(Albers &
Czech, 2016). vB_GEC_7A- ols NCBI - ol 3mbs3990ms 565¢00Bol 89009390 359m3w0bos, Hmad
ol 53096l oo Abs3LYdL, Omym® @3 Salmonella B3xE0BOMMO Goaqdol, oly E.coli - ob
13930BOIOO G900l F0dstrm. dso dmEoLss Escherichia phage pinkbiff (0gb@): 95,41%),
Salmonella phage Mushroom (09b¢): 97,12%) oo Bacteriophage Felix 01 (09b¢): 97,12%).
5392008 3m3Mmaqdol  Jobggzom 99a30de0s  30dbxgwmm, Mmd s©0bodbmwo  Bsao

306099 9bGHOH0 9699 oBHOMMO B0l MHoEb3L d093Mmm3bgds.

vB_GEC_7A - oL 8mgdgoqool UL3gd@®ol dglfogws dmbs dbmemeo 141 J@sdol
903s0m, (27-30060399600 0BMmo@0, 114 - 393 9M0bsOWMwO0). B0l 5§E03Mds FEsdgdols
5060360 Gomgbmdol 0dsMm 37% - 00 2o60LsBP3MS (0b. LumEomo 63.). bmerm dolo
59GH03mds Lb3goslbgs ByMMEGH03900l d0dsrm, Bsh39bgd0s LMy 36.
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bmesomo 35. vB_GEC_A7- ol 396030 G35

tail+fiber +protein
tail+fibe +protein - dihydrofolate+reductase
tail+fiber+protein thylnldylate+symhase , hutative+transcriptional+regulatory+protein
tail+fiber+protein - Holiny, dihydrofolate+reductase
putativ+baseplate+assembly+protei \ % DNA+ligase Putative+phage+DNA+primase/helicase
haseplate+assembly+protein - putatlve+HNH+endonuclease
haseplate+assembly+protein e HNH+endonuclease
baseplate+protein~ \9\ N \\\ DNA+polymerase
haseplate+assembly+protein- : DNA+ponmerase
tape+measure+protein — L DNA+polymerase
tape+measure+protein - O minor+ail+protein
tape+measure+chaperone, tape+measure+chaperone —«& g i A minor+ail+protein_-GIY-YIG+homing+endonuclease
structurak+protein - ] 'ﬁ deoxynucleatide+monophosphate+kinase
major+head+protein-— 3 deoxynucleotlde+monophosphate+k|nase
head+maturation+protease, structural+protein ~ _,A[’

Putatlve+exodeoxynbonuclease
putative+head+maturation+protease §J e

\
4

HNH+endonuclease

terminase+arge+subunit— f . NAD+synthetase GIY-YIG+homing+endonuclease
terminase+large+subunit 4 putative+phosphoribosyl-ATP+pyrophosphohydrolase-like+protein
terminase+large+subunit Ribonucleoside+triphosphate+reductase%2C+alpha+chain
tRNA tRNA ribonucleotide+reductase%2C+small+subunit

vB-GEC-7A
84,744 hp

ribonuclectide+reductase+heta+subunit
ribonuclectide+reductase+heta+subunit

glutaredoxin
ribonuclectide+reductase+of+class+li+%28anasrobic%29%2C+large+subunit
=Ig—anaerobic+nucleoside- diphosphate+reductase

% putative+anaerobic+ribonucleoside-triphosphate+reductase
= HhH+homing+endonuclease

U B—~membrane+protein
anaerobic+NTP+reductase+small+subunit

. putative+ribose-phosphate+pyrophosphokinase

‘. nicotinamide+phosphoribosyltransferase
nlcoﬂnamlde+phosphor|bosyltransferase
nlcotlnamlde+phosphor|bosy|transferase

putative+membrane+protein — X
tRNA tRNA, tRNA, tRNA, tRNA -3 L >

cosﬁ’)\\ A

tRNA, tRNA tRNA —5 &
tRNA, tRNA, tRNA, tRNA

tRNA, tRNA

tRNA, tRNA

tRNA tRNA, tRNA

tRNA tRNA, tRNA
VWF A+protein

VWF A+protein
putative+tail+pr ot-:m

/
A
(7 &‘ A ’AA

putative+tail+protein/” lysin / '11« w“ SN nlcotlnamlde+phosph0| ibosyltransferase
membrane+protein ““""‘ 4 4 rIIA+prote|n anaerobic+nucleoside+diphosphate+reductase®2C+arge+subunit
CDS,CDS ’b{ Gl rlA+protein  tail+tube+protein
bg uo[}oa putatlve+lys1n b putative+membrane+protein
o-spanln\ RIIB+pro’(e|n
putative+phosphatase  polynuclectide+kinase
[8"*’3SS'Z‘I'I]N'{/'HJI'OU“II’IICiI|+&S“r‘mb|y+|)I otein

‘ - ©63- 0b G3cra3360, HIRITAGO, Frogozeos. ’ - obabo

B - ©58-ob3gaons - @33xPoo0 BPda0s

- LGS Betgmyhyto ¢> -~ 965030 03, 303mondiyHo 3Gmdgobo



bmGoomo 36. vB_GEC_7A - ol 3pMdbmdgermds 33eg3s80  gs8myggbgdwyeo
359900l Godston

VB_GEC_A7

Salmonella spp.  —
S. Typhimurium  EE——————
S. Newport I
S, Inf Nt
S. Enteritidis  m———
S. Dublin I
S. Derby | —

L@ odo

S. Bredeney
S. Anatum I

0% 20% 40% 60% 80% 100%
dHdbmdgurmds

953990 VB_GEC_ A7 bsloomqds = 2-2,5 80 dg Bmdobl, boomgaro, miEgbdmm bgas@omeo
3mmbogdom. Rs20L GHoGHMO aMo3osL dgomeom - 2-101° 63(g/dw, bmem 539edsbol
39000 - 10765(/d¢0-b. VB_GEC_A7 - o @od®o 45°C-Bg, 24 boo-ob 8999y, 0390l 2
(00m, 65°C - Bg - 3 Gogom, beargnm 75°C-Bg B30 LOWWSE 0bsdEH030609dMwos. 4 °C - By,
mbg3s0 153390 9M9gdo Fgbsbgzolsl, gBogo 1 Herol 993gasa 0b5MFMbIOL BHOGHOL.  Fs30
065608690 LEod0OMdSL pH=5-10 - ol GoGergddo 24 Loo ol Jsbdoe by, bmewm  pH <4
B9, B530L 5gEH03mds 24 o> o 939do.



53990 - vB_GEC_N5

vB_GEC_N5 8093%03690s> Siphoviridae — U cxobl, 3560 - Tequintavirus. dolo
dsb30obdgero d@sdos SeE.3(Salmonella enterica Enteritidis 3).
Lrybsoo 37.

vB_GEC_N5

dolbo @odmygmaxs dmbos 2013 Hgwb. aodmgmaol fysdm - 3obsdg 8333560, WMIsE0s-
0000olo. Boaol 3000mbol bmdss 90/231+560 (00530/3990). beagrem g9bmdol Bmdss 110
kb. GC 8993390 ™d0b 30m39b¢mwro 3583969090 - 39% (GC content). 49bmdols sbm@o0sd
399Mogw0bs 158 fip (0os fogombgol Bs@Pm), GmIgemogsb 80 9.f. 3o03momg@m®
30m@GHobl  8gqLodsdgds,  26-LEGHOYIGHMOMEO/BMOBMYIDYBOL  owss, 43 - 9.0.
M93C003530)M0  53505GOL 305, gabm @S 96Mb3egsBgdo, MOdMEM3IWMmEHO©
909dAHOBs LdgPmgmwgdo, Al s A2 36GMmEGHJ0bgdo, GMmIwgdog BsOmMwbo 56056
d51306dErol H3- 0l YAMIEOSLS S MXMIOL b3y ggbgdols gom0dzsd0, s©0bodbmwo
3603906900 515939 IMbsfowgmdgb 3060 ©HT- ob dog@gMome MYxMgdo dgmfiglzsdo
(Paradiso et al., 2016) (Wang et al., 2005) (ob. LwGsmo 38). 96%08900s6, HMIgdo;
M3MOWME 96056 BsGnbo ©bd - ol ©93w03530580, 50b0dBMEo Roaol g9bmddo
Bsbsbos - ©bd osBs, B 3ME0dgMsBs, ©BI 39e035Bs, BT 390035 - 36M50B5Bo
bd9Omgeo (DNA primase-helicase subunit). sbg3g bsbsbos D2, D3, D5, D11 s D14
3OWgd0, MMIId03 BsONMWbo 5M0sb ©BI - ol MHg3e035300L bbgoslbgs 9@oedgdols
3obbmM309gdsdo. 29bmdo  sliggg 9903936 BHgMBoBIBIL  LMdYHDYMEL,  3oGHO™bo
MXOIO0L wobobob As6ds306MHMdYdgr e 9qgbl (lysozyme,putative holin). vB_GEC_N5

3903536 5 9.5 300005O™M350 9oEOMObM3wgsHsls (HNH homing endonuclease), ®og
112



3obolibgoggol Aol Gmamé3  Echerishia phage T5 olbgob, Hmdgewwoz 8 HNH homing
endonuclease - b gwMmdlL, oby Salmonella phage Shivani - 356, ®™dgedo 18 HNH homing
endonuclease s®ol bsbsbo(Denish Piya at al., 2015). gogol 295mdols 9ge®gdsd NCBI dsBsdo
3OO BoAGOMB, 563965 MM ol 3¢9l deroge AlgogLgdsls obgo 3bmdo W oEHowME
B9390096, MMam®gdo3ss E. coli TS5 (0©gbd): 94,69%), Salmonella phage Shivani (0©qb¢d:
87,62%), Salmonella phage Stitch (09b@: 87,75%). 50Lsbodbogos, Mmd Salmonella phage
Shivani  (560moybl  ®gMs30Mo  BogMMo  3MY39M0GOL - 0bGILBHO  Boyob
09050099bmd58d0 F98s35¢ 9MM-90 Boals (Denish Piya at al.,, 2015). vB_GEC_N5 -ob
396mddo  aodmgzobos 23 G- GBI ggbo. s0bodbMwo RsaolL  4g6mTol  SBMES3053
399053w0bs, ®MI 00 5O JgoEegl 0bEHMBYOL, Fodobosdy, 53 Bodbom s sbgzg dolo
doeoo  AbasgLbgdom  bbgs 300WbEGH™MEM  RBoggdmsb, Fga30dwos  I3sL33bsm, ™A
vB_GEC_N5 30609 96@160 535390008 6Gogbal gobg3m;m3690s.

3980 bolosmgds = 2-3 99 99 BMIoL, gsdF30M35wg, M39bGHM™  bgasdEHomeo
3Mmbogdom. B0l BHOGHMO MOIOH0560 53500l IGOMPOM FobloBEZMOLLL FoMdmowyqbl -
1.10° 63(9/0¢m, beaewm 539w dsbols 3900m©o0m 2obLEBEOZMOLLL 107-b. Bsyo - vB_GEC_N5 -ol
0oBoLYIOO 5gGH03M0ds FglHogeroe 0465 239 @580l oot - 121 39@gM0bsGwMwo, borgom
118 3¢006039960 9EHodo (ob. bryMomo 63.). 8993900l sbseroBds sh39bs, HMA s5©0bodbeo
0920  99BHoMm0s 15330930 FBHodgd0L LogMmm MHoMYbmdoL 44% ol dodsGom. bemeorm
1b3505L35 LM MEH039d0L J0oMm0 oL 5dEH03Mds B399 39 - 9 LYYGHIMDY.
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bmGooo 38. vB_GEC_NS5 - ol 396m30l G35

tRNA « putative+transmembrane+protein  tRNA  spore+cortex-lytic+enzyme+precursor
tRNA tRNNRNA tRNA tRNA \ tRNA tall+1xl er+protein
tRNA TRNA, tRNA \ metallopeptldase /n0+nmches

4
'Zl a3

tRNA, tRNA, tRNA ~ tRNA, tRIA-
tRNA
tRNA tRNA —tRNA
putative+acetyltransferase-related+protei
H-N-H-endonuclease+F-TflV| o

swarming+motility

putative+ser melthreonlne+protem+phosphatase
putative+membrane+protein~_
putative+membrane+pr ntrlng,
putative+membrane+protein- =

tRNA
RNA tRNA

vB GEC N5
109,963 bp

A
deoxynucleoside-5'-monophosphatase
H-N-H-endonuclease-
putativ r‘-*lllr'mhl ancﬂ 0} htcln

ta||+r' her+proteir
receptor-| blndlng+pro1e|
termlnasac+large+subunrl
receptor-blocking+protein<” portal+protein—
decorating+protein

N\
N\
\

putative+prohead+protease S » 5
major+head+protein+precursor / % N\ \\ P ~L-shaped-+ai
tail+completion+protein 4 / . .- PR tail+protein+Ph4
tail+ter mlnatou +protein  / Sopse "C‘-' R’ Mail+protein+Pb3

head+completion+protein” putative+tail+protein
maijor +ta|I+;:-| otein+ap25

\tan*rlr-nrnhﬂap- neasure+protein

’ - ©63- 0b G3era3560, HRIKTEOS, 3LogozEe- - @oobo

B - wsd-abBomoo B - eavpeongmiions

-~ LGSR Bebgmagpto E:> - 96600 g0, 303mondiyHo 3Gmdgbo

+protein

ribonuclease+H

thymidylate+synthase
dihylr
aer

ofolate+reductase
obic+ribonucleoside+diphosphate+reductase+small+subuni
aerobic+ribonucleoside+diphosphate+reductase%2C+arge+subunit
putative+PhoH-like+protein
anaerobic+ribonucleoside-triphosphate+reductase

&)
2.

\2_ putative+Sir2-like+protein

putative+replication+origin+binding+protein GFF Attribute: translation

_—D2+protein

_—D3+protein

- putative+ssDNA-binding+transcriptional+regulator
L% NAD-dependent+DNA+igase+subunit+A

=~ DNA+ligase+subunit

——D5+protein
—— putative+replicative+DNA+helicase
~——HNH+homing+endonuclease

DNA+replication+primase

putative+DNA+polymerase

DNA+helicase

D11+protein
putative+homing+endonuclease
putative+exonuclease+ShcCD+D+subunit
putative+exonuclease+ShcCD+C+subunit

D14+protein

flap+endonuclease
putative+deoxyUTP+pyrophosphatase
L-shaped+tail+fiber+protein

|+fiber+protein+p132

tape+measure+chaperone “Bacteriophaae+T5+Distal+ Tail+Protein



boesomo 39.  gopo - VB_GEC_N5 -0l dg0dbmdganmds 330093530 gs8mygbgdvero
9359900 303560

VB_GEC_N5

Salmonellaspp. T —————
| S e 1 iy |
S.Newport ———
———
S.Enteritidis  —————
E——

LgOmGH030

S. Derby
=]

S.Anatum e—
0% 20% 40% 60% 80% 100%
dp6dbmdgmmds

35050 398396053 MHOL MbsmdoLLl, 39Mdm, 45°C-bg, 24 Lor-ob 999y, vB_GEC_N5
- ol BoG®o 03gdL 1 MHodom, bmgrm 60°C - By GHoGHMOL 4 Moo 3gds BoJlLoMEIdY,
70°C - B9 30 B30 BOJGHMOM0350 0b5JFH030609005. Bogo 065MRMBABL LG OdOEIMOMBSL
pH= 5-10 - ob gs6pw9ddo 24 Loo ol JsbdoDBy, beagrm MmEs pH - ol bodbmeos - 3, gogo
24 b Jo 396Mo3L 59BH03MAL. Fogo 0bsORMBIBL LEHIBOW MO GHoGML 4 °C - By 1 fierol
3960530Md5d0.

33590 - vB_GEC_N8

13020 - VB_GEC_N8 0lg3g, OHmam®3 vB_GEC_N5 00934m3bgds  Siphoviridae — U
MxobL, 435600 - Tequintavirus. dobo dsbdobdgero d@odos SeE.3«Salmonella enterica Enteritidis
3). godmygmaowos 2013 fgwbl. asdmgmxzol fyodm - dobstry 83335600, WMmIs30d -
0d0olo.



116

bmEGsoo 40.

13520l 3060Mmbol Bmdss 77/168+560 (09530/399000). beaenm 296080l Bmdss 51 kb.
GC 9993390md0L  3Mm3gb@mwo 8563969090 - 39% (GC content). 53 g0
613w 9mGH0MOHO0 3568000 930MMdOL  godoxzmOlm3oLsE  4odmygbgdme odbs  9.§.
MinION 9mfiymdogmds (MinlON device, equipped with an R9.4 flowcell), dmbsigdome
3bseobolmgol 3o - Albacore v2.1 (https://github.com/rrwick/Porechop). owmdgs

50Lsb0dbs305, MHMA dolo 29bmAol BmTs Fgboderms s ogml LEWWO S SPAOWO
339mbql byd3z9gbLol 9.§. F93MSLMSB. 396mTol SbMES300L Jobgz0m, 50bodbmwo
39803 306MEIBGHMO0 FBogos, oL 4gbmddo 56 godm3zwobs 0bE MIBgdo. Lyew
3399800 296m3o Jgoiegl 103 b -b, MG 51 9.5. 303mGgEH Mo 3OHMEJobgdols
95306909 39bgdL Tggliodsdgds, 13 M93w03530IM0 535M0BHOL (30, beagom 20
LAHOYIEHNONWO/FMOBMYPIBIBOL  Goss. 4gbmdo  sbg3zg Tgo3egL  BogBHYMOWO
X900l oboloL 496353060HMdIOgo 30¢gdol  Tgbodsdol Bsd gqbl - MG 3merobl
5 9600 wobmEodL(Holin,lysozim). 5530l g9bmddo 56 0bsbs olgomo 360d36qwmgsbo
BOWwgdoL 353ME0MJd9wo 396930, MHMAMMGO0EsS: EBT- Wosbs, BT- 3mE0dgMHsb.,
©63- 390355, o3  339580JM5d0bgdL, ™A 50b0dbmo  gsaol  29bmdols
3900833600LsL dmbs  3H9dbozmeo dgzmds s dmboggdo o 6oL LEWMEo, b
d9Lodwms  50bodbmeo g0, L3MMIMo ©b3- ol Lobmgbolomzol  dogddgeool
930035300 535M5E0L  30gdl 09gbgdgl. 90bodbwo LoFoMHmgdl dgdyma

33%939L.


https://github.com/rrwick/Porechop

deoxynucleoside-5'-monophosphate+kinase
deoxynucleoside-5"-monophosphate+kinas

Lbyosomo 41. vB_GEC_N8 - ols 396mdol 63

tail+completion+protein tail+completion+protein
major+tail+protein+gp25  tail+terminator+protein  portal+protein
\ tail+protein  tail+completion+protein

major+tail+protein+gp25 major+head+protein+precursor
putative+tail+protein phage+ id+protein
tape+measure+chaperons 3 000 ~major+head+protein+precursor
Y K 2590 i ’
tail+length+tape-measure+proteiny o - ‘,~

'7;53'6 | prohead+protease
tape+measure+protein >/ prohead+protease
tRNA e - -,,.{!Y;(Zz_} -decorating+protein
tRNA % A 5 % terminase+large+subunit
tRNA tRNA tRNA terminase+large+subunit
tRNA terminase+large+subunit, terminase+large+subunit
tRNA —&2 2 receptor-binding+protein
H-N-H+endonuclease+F-T1llll L receptor-binding+tail+protein
tRNA receptor-blocking+protein

tRNA receptor-blocking+protein

tRNA B H-N-H-endonuclease
deoxynucleoside-5'-monophosphatase
deoxynucleoside-5'-monophosphatase

tRNA
tRNA
tRNA
acetyltransferase

vB-GEC-NS8 Al+protein

50,790 bp

H-M-H-endonuclease+F-TflVI
putative+membrane+protein—"%

Holir

Clp+protease~" Holi

lysozyme” %y

H-N-H-endonucleas y

thioredoxi

major+capsid+protein
putative+serinethreonine+protein+phosphatase

putative+serinethreonine+protein+phosphatase  putative+membrane+protein

putative+serinethreonine+protein+phosphatase  putative+membrane+protei

putative+serinethreonine+protein+phosphatase

’ - ©63 - 0b 633560, HIRIRTIGOS, BeNCOBOFOS. » - crobobo

B - o69-cbBymoon - @sax3gbooo g

[} -boemgammsbatgmdto [ - mebedogafdsns, 3odmoxdso emdgpbo



3350900 LEgONM M>MEPIbMOOL 65% TAMHIBMOOIMGS 50B0TbYO G0l JodsGm. (0b
bmEomo 63.). VB_GEC_N8 - ob sg@0gmds bLghm@Eodgdol dobggom 8mgdveos buydmomby
42.

bGoomo 42. gspo - VB_GEC_N8 -ol dg0dbmdgemmds 33¢93580 298mygbgdwyeno

359900l Godston

VB_GEC_N8

Salmonella spp.

S. Newport

S. Enteritidis

LyBm®GHodo

S.Derby

S.Anatum
0% 20% 40% 60% 80% 100%
93 ®36Md g MdS

653 9995995 9.5 B9BMEH03MO O dOMEMYOE FobobosMGIGOL, FBogo BoLosMEYOS =
1-2 89 8y BmdolL, bosomgwo, MEIbGHO™ bgyo@oM®mo Jmwmbogdom. RBogol GHo@®mo
MmOIO0560 52500l IgnMEOm  QoBLIBOIMHOLIL FoMdmoagbl - 4-10° 6359/0¢c, bemerm
5393560l 3gomEom 2oblsbEg®moLsl  107-U. VB_GEC_N8 bslosmgds Lozdome doswswo
399dgmdom  (3H9339MoGHIMHME0 (330000930l dodsdm, 39Mdme, 45°C-bg, 24 Lor-ob
3990092, B530L GHOG®0 03wqdL 1 Gogom, bmm 60°C - By GHodMo 3 Gogoom bszwgdos,
bom 75°C-Bg 3530 5399300 065gEH03060909905. B30 0b65MBMBIIL bEOodoEMOHMdL
pH= 5-10 - ol gsMaqddo 24 Lo ol dsbdo DBy, bmgrm GmEs pH < 4 By, Bsao 24 Lo do
3963930 9d303MdL. B30 06560F6gdL bEHOdOEM® BHOGHML 4 °C - BY, MHY35 153390 G900
(LB medium) 1 erob 256053c0mdsdo dgbsbgol 3o6Hmdgddo.



%3sg0 - vB_GEC_M4

vB_GEC_M4 00937036905 mxsbl Siphoviridae, g3560 - Jerseyvirus. dsbdobdgero
9odo - S. Enteritidis 232. s©bsbodbsgos, ®md S. Enteritidis 232 3000bogzm®™o 9@oedos o
3990MgMmxowos  osMgol  dJmby  353096@0L  Lobx0wsb  (06x3gdEz0MGmO  ZsommeEmyool,
dolols s 3wobozm®mo 089bmemaool bsdgEbogdm-3Gsj@ozmwo 3gbd®o 2016§.).
93980L 208mymxzol Fgwo - 2016, sdmymazol Fyserm - 9o30 Begs.
Ly@omo 43.

+B_GEC_ M4

il

vB_GEC_M4 3060mb0l bmds-72/136+560 (09530/399000). dolo 296mdols bmdss 45 kb.
GC 9993339 ™d0L 36:M396¢) o 3583969090 - 50%. g9gbmBol sbm@s3058 odmogeobs 88
005 ffogoombgols BsPm  (0fB),  MMIgEmsgeb 29 9.. 303mmgEHeo  3HmEgobgdol
953Mm@0M909 (30€0gdl F9qLods09d, 21 69300353000 535653H0L 3MMmEGHgobgdos, 30
LEAHOMIGHMONWO/FMOBMYIBYBOL (30 gd0s. 03990  9903ogL  dsgdBHgMool  oBoliols
396853063909 M6 3OMEHJobL, oBMEodol Loboom. gqbmddo dsdmgwobos &gMdobsbal
mmbo  bdghmgo. (ob.mMsmo 44.).  G-MBI g9bgdool  godmlogargbo  3MmaMsdols

ARAGORN -oU (http://130.235.244.92/ARAGORN/) 8mb53999000, 5060860  goaol
396mddo -M63 396900 56 odmzmobs.  VB_GEC_M4 8smoe dbaogbgdsls s3¢gbl bbgo
3bmdoo 3060w gbGHMMo Foggdoll 0doMm, MMamM9gdoEss  Salmonella phage vB_SenS-
Entl, Salmonella phage vB_SenS-Ent2, Salmonella phage vB_SenS-Ent3.
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http://130.235.244.92/ARAGORN/

bmGoco 44. vB_GEC_M4 - ol 396030l 635

intein-containing+DNA+helicase  tail+fibers+protein
DNA+pri imase tail+spike+protein

DNA+polymerase

DNA+polymerase

DNA+polymerase
DNA+polymerase
DNA+polymerase+4%2C+partial

HNH+endonuclease

DNA-binding+protein

EaA+protein 4
putative+prophage+regulatory+protein
r ephcatlve+DNA+heIlcasefDl\IA+prlmase ﬁ

vB-GEC M4
44737 hp

putative+replicative+helicase-primas

DNA-binding+protein

putative+phage+terminase+small+subunit
terminas

terminase+small+subunit
terminase+large+subunit ¥

B2kDa+structur: 1l+;llntr-|n'/’

portal+p |-.ut~m

w‘ &

. amidase

tail+fiber+protein

DNA+helicase \af"& 22 400 3,000 tail+fiber+protein
intei o -~
DNA+helicas » - AT N
) )4 putative+tape+measure+protein

V. Y,

portal+protein |-~ ot 1I+; rotein

tail+tape+measure+protein

tail+tape+measure+protein
tail+length+tape-measure+protein+1
1+tape- |1n=3<u|r—+wut-—|n+1
mbly+c 0
~tail+assembly+c hd].":‘-l'_'nr:‘

superinfection+immunity+protein
putative+serinetheonine+protein+phosphatase
calcineurin-like+phosphoesterase+superfamily+domain+protei

putative+DNA-bhinding+protein

Y
1 Q- putative+major+ail+protein

— tail+protein
~ putative+tail+protein

~head-tail+joining+protein
N putative+Hoc+protein
~putative+major+coat+protein
L n m v—+|nainl +C rvatﬂ rotein

“scaffol lﬂxl utr-ln
“neck+whis
“head+mo rphogenesis+protein
head+mo rphogenes

kers+protein

+protein

[HIITa!ﬂllutr-ln putativ r‘+;n-|tql+;lmtr-m head+morphogenesis+protein

-

B - @sepom sl

‘ - @63 - 0L G93era3360, GRYITIGO, BeXTOBOIGEOS-
. - ©63- ol Byzmorz>

[} -boemgammsatgmfto [ - mebedogafdsns, 3odmoxdso emgpbo



B FodAHo ©s dB939 ob, MMI Roaol 496mddo 5O 0dbs Bsbsbo  WoBMYgbmdOL
3968530039090 296900, Bogowoms© 06@M9BYd0, SILEHMMYOL, MHmd vB_GEC_M4
3009@IPGHNO Bopd© Ibs 0dbgL yobbowryero.

vB_GEC_ M4 - ol cro@ow6mo 5303005 99603091600 809900l godm dgbfagerow odbs
218 0%Bmo@ol dodsmm (104 3ewobozm®o, 114 3939M0bsG™ME0). Bsaol  od@EHogzmdols

360Om3bGmwo  95P396909w0s - 23%.(0b.LMsmo  63.) 2560339790 LY MEH03900
©90LGH6EGHbO 50IMBEPHI6 5B dbMEO Gogol Jodotm. ob. Lmtsmo 45.

bmGooo 45. vB_GEC_ M4 - ol da®mdbmdgeomds 33¢93530 58mygbgdwyemo
9359900l 30356

VB_GEC_M4

Salmonella spp. —
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? S. Infantis =
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€ S.Dublin =
= S. Derby

S. Bredeney

S. Anatum

0% 20% 40% 60% 80% 100%
9»3bMdYE™MdS

953980 VB_GEC_ M4 69253099600 300¢0mb0900lL dmOxmermaos: = 1-2,5 33 dg bmdob,
Bomgeo, M396@G®M bgas¢0mMo 30mbogdo. Goaol GHoG®mo aMoEosl dgommeom - 3-10°
6309/0w, bemgom 539008560 dgomnmoo - 10765§/dgn-b. 45°C-Bg, 24 Lor-ob 909y, VB_GEC_
M4 3o@®mo 03wgdl 1 Mogom, 65°C - By - 2 Hogom, beem 75°C-Bg bgds isgol Lermwo
0659d3H035309. 4 °C - Bg, mbg350 153390 5M9d0 T9bsb30LSL, Bogol GHoG®o 1 Herol 99gass
ME3wgeo Mbgds. pH= 5-9 - ol go®yrgddo 53530 0b5MRMHJIL LEHodoErwmMdSL, beaenm
OmEd pH <3 Bg, 13520L 5903035 24 oo do 9399.



3350 -vB_GEC_M5

13020 -VB_GEC_M5-3 sb939 80932036905 mxsbl Siphoviridae, g3sM0 - Jerseyvirus.
dsb3obdgemo d@sdo - S. Enteritidis 407, GmIgwog sb939 3eobozm®o 9@EHoedos o
390MgMmBoE0s oMol  dJmbg 35309630l Lobx0sb (06839300  sMMmEMyooU,
doboLY S 30bo3MMHO 0FMBMEMAO0L bydY360gOHM-3M5]E03Mwo 39bGHMo 2016§).) iogol
398myma3ol fgero - 2016, godmgmxaol fysmm - 9530 Begs.

bmE500 46.

vB_GEC_MS5

VvB_GEC_M5 3060060l Bm8s-64/136+568 (07530/39¢000). dolbo ggbmdol bmdss 44 kb.
GC 89933390md0b 30m396¢ Mo sB396909o - 50%. Lgdzgblol dgoomo - 8mdg3bm
05Md0L 19dgz9boMgds - nanopore sequencing. ¥bS 5006OIBMUL, HMI Gogqdo - vB_GEC_ M4
©> VB_GEC_M5 dspoe  98,70%- 056 3dbgogbgdsl  93wgbgb  9Mmdsbgomol  dodstron.
0©9bGHWO05 3500 3mIMEMA0 GBoaqd0L bosg - Salmonella phage vB_SenS-Entl, Salmonella
phage vB_SenS-Ent2, Salmonella phage vB_SenS-Ent3. 353990l 03039 335680 - Jerseyvirus -
do 900056905 F39bL Jog 2odmymaowo s 53 33rg3sdo odmygbgdmwo 30093 9MHMO
03990 - VB-GEC-Hi. 506036meo bsdo g3s30Ls o dom0 3mamemyo 36mdowo goggdol
130Mma9693H0379M0 by 9430639600L, I VB-GEC-Hi ¢)g6mm doeogn dligogligdst s3egbl
253900l  Salmonella phage vB_SenS-Entl, Salmonella phage vB_SenS-Ent2 Ls o5 Salmonella

122



phage vB_SenS-Ent3 - ol d0do®m, bmewm vB_GEC_ M4 s vB_GEC_M5 - 9633565000l
dodo6o.

vB_GEC_M>5 - ol 996m380l sbm@ogoolsl godmzmwobs, Mmd ogo d90353L 92 b - U,
MI9gwmogob 35 303mmg¢HMo  3MmEHgobol  s3m©oMmgdgwo  2qbol  dglsdsdolios, 27
LEAHOYIGHONEO/INORMYI6IDBOL (3005, brerm 19 - ©93w03530MM0 535M5GOL (30es.
903990 9903930 05gGHJO0MWO MXMHIOOL oHBoLOL obTo30MMBGDI 3 30SL - obobob,
wodMm30dol s 1B3s60boL Lobom. 939 0go FgoEsgL BHYMT0BsBsl 4 LrydIMMYMEOL. ob.
byOsmo 47

396m3olL 899mfdgdsd G-M63 949bgdol sOLGdMBIBY, 963965, Mmd vB_GEC_M5 - ol
396m3o, 256Lbgs390000 VB_GEC_ M4 Lgsb, Hmdgwog Lsghome o6 dgo3egl ¢-0ba 949bgdb,
390353L 1 &-6M63 99bL. 296mTol S6MES(3050 I9PILEHEMS B0l WOEH0MO dbgds - 56
0965 Bsb5bo oBMygbool 396900. F585L5sTY, 930005 535133650, MHMA g MO BSOS
(VB_GEC_ M4, vB_GEC_M5) 306v)¢096& 6005, 3000 Mx536OHM, G m6039 3530L «9obarmglio
300mEMmq00 93530500 WO G0N0 Boggdol HoEbgl 3569313693056 (Anany et al., 2015).
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50bs603bs300, BMI dombgszs vB_GEC_ M4 - bs s vB_GEC_M5 - ob dogosb
35050 AL3LgdoLs, 8500 ImJdggdol O0s35BMbO 1y3oMm Foblb3539dMWw0s, 39Mdm,
VB_GEC_M5 - ol o@onmo 5d@03mds, Gmdgwog dgbfsgarom odbs 218 obmems@ol
d0dsmm (104 3w0bozmeo, 114 39@9M0bsGWM®o), 0bg3zg, MMamOE g gobbmeEogws
vB_GEC_ M4 - ol 899d:bgq35d0, VB_GEC_M5 - ol ¢o@o)60o 59d@ogmdols dsB396909wo 37
% 05, VB_GEC_ M4 - 0o 30 - 23%.(0b. by@omo 63.) 356Lbgs3989c0s 5000 930dbMdgemds

LYOMEH039008 Bobgz0ms3. LyyGMsmo 48.

bmesono 48. vB_GEC_M5 -ol 9g0dbmdgmmds 33¢093580  259mygbgdwero

9359900l 30356
VB_GEC_MS5

Salmonella spp.

S. Typhimurium ———
C S. Newport —
2 S. Infantis =
; S. Enteritidis  m——
:i S. Dublin ==
= S. Derby

S. Bredeney
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0% 20% 40% 60% 80% 100%

da®3AbMdgenmds

1300 VB_GEC_ M5 693530600 300¢0mbogdol dmemamamaos vB_GEC_ M4 ol dlgoglos:
=~ 1-2,5 88 99 BmIoL, bomgwo, M3gbBHO™M bgasGomco Jmwmbogdo. Gogol GHoG®o
30530l dgomoo - 3-10° 63(9/0cw, beaenm 539edsbol dgomoom - 10765§/d¢0-b. vB_GEC_
M5 - ol Bo@mo 45°C-Bg, 24 bo-ob G999y, 03¢0l 1 Modom, 65°C - Bg - 2 Gogom, bmerm
75°C-%g 9390l 59dBH0gmds LOWWSE 0MOYMBgds. 4 °C - By, Mbgzs B3390 SMgdo
3965b30LsL, B30l BHoGMOo 1 Herob 8909gao3 ME3L o ®Rgds. pH= 5-9 - ol gsMyw9ddo
923990 LGS0, beaewm  pH <3 B, Bogob odEHozmds 24 bod o 9390s.



5390 -vB_GEC_Hi

3530 -VB_GEC_Hi 90939336905 mysbl Siphoviridae, 33560 - Jerseyvirus. dsb3obdgero
9dodo - S. Enteritidis 765, &mIgeog 3aroboz«®mo 83sdos o godmymaowos ostgols ddmbg
35309630l Lobxosb  (06xzgdEom®mo  Jsmmermyool, JoLolbs ©s  3wobozw®o
03996 my00b bdg3609MM-3M5JE03Io 396G 2016f).) Roaol sdmymaol oM - 2017
Do, 259mygmxzol §ys®rm - 3obstrg 8333560, Mm3s3E05 - MOOEOLO.

L5000 49.

vB_GEC_Hi ?

-

il

3920l 3060060l BMBss 62/130+568 (0530/3900). 3gbmdol Bmdss - 45kb. GC
0993390 mds- 50%. 360Mmy®sds genemarks- do ggbmdol 965¢0BTs godmogwobs 86 ©os
Dogobzols Po®Bm. 86 Logo®omom ggbo 53m©oMgdL 43 9.f. 303mmgBMO 3MMEHJobL
(Hypothetical protein), 18 g9bl, Mm3wwgdoE 3sLbL 539896 @I -0l M3e035309,
(937300l 30m3gLgdBY, 16 9gbl, MHMIWgdoE  93MPOMYdY6  LEGHMMIGHMIOWW  ©d
dmORMA9bgBoL  30e0gdl,  d5dBHIM0MEo MXMgEOL @obobol  asdmd[3g3 3 Gowsl
@0BME0dolb Lobom (lysozyme -ORF - 04, 05, 086) s ¢9M3dobsbols me LmdgHogenl (ORF -
011, 012). 8go3o3b 1 &-6M63 296L. xgsaolb 4960l  SbMEO3058  ©o9LEGHMOS  dolo
3060 9gbGHMHo 06gds. dob 29bmddo 96 0dbs Bsbsbo oBMqbmdOL 2s685306HMdgdgwo
3969090 (LYYOsmo 50). NCBI -0l 05580 dobo 296mdols 5b5¢Er0Bds 2odmegerobs, M@ ol
3o dlgogligdsls oBgbl 0ligmo Gsggdol JodsMrm, MHMamMgdo3ss Salmonella phage vB_SenS-
Entl (00096¢(:91,79%), Salmonella phage vB_SenS-Ent2 (0gb¢): 91,43%), Salmonella phage
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vB_SenS-Ent3 (0@96¢): 91,82%), HmIwgdois 4obobowgds, Gmam®3 dmddgoqdol gsGonm
1399dBHM0L AJmbg, 306 gbEH MO Goggdo (Turner at al., 2012).

13930-VB_GEC_Hi ols 8mgdggdol bdgd@®ol 9gbfogarsg dbmerme 141 3@sdob dodstron
Bo®oMo, (27 - 3000603760, 114 - 39¢9MH0bsermwo0). 50b0dbmeo Esdgdol dodstrod dobo
5J3H03md5 58% -0 2960L5BW3MS (0b.LYOsMO 63.). 52 -9 LMoy dm3gdeos dolo
5J3H03™ds Salmonella -l bbgoslbgs bLyH™mEH03900L 0ds60).

300 VB_GEC_ HI 6939309960 300mbogdol dmeOammmyos = 2-2,5 38 dg bmdob,
Bomgo, M396@GMM bgasd0mMo 30mbogdo. Roaol HoG®mo aMoEoslt dgomeom - 3-10°
6309/0w, bererm 539adsbol dgomm@om - 10765(/den-b. vB_GEC_ HI - ol ¢o@®o 45°C-by, 24
Lbon-0l 9990093, B3930L GHOoG®0 031gdl 1 Hogom, 65°C - By - 2 Gogom, bogm 75°C-bg 3oL
5JBH03mds LEMEsE 0OYMbgds. 4 °C - By, mbgzs@ 153390 9M9do TgbobgzoLsL, Fosaol
GodHmo 1 ool 9909353 E3wgo  Mbgds. pH= 5-10 - ol gsdawgddo o0
LGod0EMEM0s, pH <3 BY, B3ogols 5dGH03mds 24 oo o g399s.
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lysozyme

lysozyme, partial
, szozyme

utative phage terminase large subunit

putative replicative helicase-primas putative terminase large subunit

EaA protei e O
- 8D8Nkf‘e)-bilnding pl‘c;ei%
3. a late protein =
HNH endonucleas \N .

/structural protein

amidase

SANC>
('\)\\)‘?;/ head morphogenesis protein

glycosyltransferase family 9 protein

putative DNA polymeras
NA polymerase

DNA polymerase’:i:_:.

neck whiskers protein
Vb-GEC-Hillary
45,334 bp

DNA polymerase 1, partia :_: =]
%

scaffold protein
[ £

j\ putative major coat protein

: ’35\ utative Hoc protein
¥ D

putative helicas ,'1

intein-containing DNA helicase;%‘)'-q/-q
DNA helicase~” A5

DNA helicase:} ‘

DNA helicas wcé%

tailspike protein/\ &
“)

AR
tailspike protein %/ ‘*\/
) NG v &8 major tail protein
tail fiber protein '~ da : NA-binding protein, regulatory protein
/6 N & éi

tail fiber protein 05} & Qe putative DNA-binding protein
tail fiber protein n ~0¥ putative serine/theonine protein phosphatase
tail fiber protein 24,00 22,000 ~tape measure protei
tail tape measure protein
tail tape measure protein

tail tape measure protei

. - ©63- 0b G3¢203560, HIBITEO, Bexgogozgos- ‘ - oo
» - B8 - 0L Bggmord » - 5333780000 BIbjgo>

B -vosmiscstntamadto [ - mgbmbogafidgos, 3odmonaxo dendonbo



bGooo 51.  vB_GEC_Hi -ob 00bsgsb6e0sg9ds Salmonella phage vB_SenS-Entl 056
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da@dbmdgermds

350 - vB_GEC_TR

200 - VB_GEC_TR 080931036905 ®mxsbls Podoviridae; @350 - Lederbergvirus.
dsbdobdgero 93sdo - S. Typhimurium 641, GmIgeroi dsB939 3wobolzm®o JGHsdos ©d
390MgMmBoE0s  0sMJoLs s LBYBLOLOD  FIOMMWGOMEo  FEYMTIMGMOOL  IJmby
35309630l Lobxosb  (06x3gdzowMGo  3smmermaool,  JoLols  ©s  3wobozmeo



03996mmyool Lsdg3b0gMm-36sdBHozmwo 3ab@GMo 2016f.). 3ogol godmygmaol fgwo -
2017, 350mymgzol §ysmrm - 3obstg 8333560, Mm35305 - MdOEOLO.

byMsomo 53.

vB_GEC_Tr

vB_GEC_TR- ob 3060mbols b©mds-64+560 (530). dobo 39bmdols bmdss 42 kb. GC
399(339mdol  3OMmEgbGwo  sbgz9bgdgwo - 50%. ULgdagblol dgomeo - nanopore
sequencing. d90353L Mm® &-Mb3 29bL. 5MbOAbMO Fogol SbMES30000 OIILEWMES, Brnd
ol BmIogho  Fogos, 39MdmE, dob  g9gbmddo  sIMBgboer  0dbs  OBMYgbMdOL
396853060900 (30¢900L- 0639 BYdOL, F53Mm©OMYdgo 3 gbo. ob. ryMsco 54. NCBI
-0l ¥5Dsdo dolo 4960l sbsE0BTs 583965, BMT 00 ALYS3LYdL FgBFOWSE dOJGHJM0JdOL
800500 93w9bL, LI M6dEIbodg Bogo 53WabL Abgogligdsll ol dodstrm, 80 dmGol
Y39wobg domoen  AbasgLYdSL 83agbgb (36Mmdowo BmIogho $Roygdo - Salmonella virus
BTP1(09b®: 97,54%) o Salmonella phage epsilon34 (0gb@: 95,10%)(Owen et al,
2017)(Villafane at al., 2008).
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bm®smo 55. vB_GEC_TR- ol 05b530b¢90s Salmonella virus BTP1 bs oo Salmonella
phage epsilon34 056
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dmbs dbmewm 141 93sdol 30350, HMIGMoysb 27 4obw@sm 3arobozmo obmws@o,
bom 114 - 393960065600, 5ogol 5gG03mds 93odgdol s0bodbwmwo  Momgbmdols
30356 40% - 0o 3560LsBPIMs (0b.LYMsMO 63.). G55 Fggbgds Aol 5dGH03MdL Lbgsalbgs
L9OMEH03900L 80O, BsB396gd0s LyMsmbY 56.
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8008500
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53980 VB_GEC_ Tr 692530960 30m¢0mbogdols dm®mamemmyos = 2-3,5 93 dg Bmadob,
39933063509, M;396¢OM bgao@0mMo 3mwmbogdo. g0l GoGHMo gMoEosl dgomm©om -
3-10° 63%9/0¢, bemom 539wdsbols dgomm@oo - 1076sf/den-b. 45°C-byg, 24 Lo>-ol J90YQ,
33980L BoG®o 03qdL 1 Mogom, 65°C - By - 2 Gogom, bmgom 75°C-Bg Rsa0L 9gE03mds
LEMWH 0OYMDGds. 4 °C - Bg, MHY35 153390 3G90 F9bsbgzolLols, Gogol BHo@®Mo 1 ol
9990092353 13390 MB9ds. pH=5-10 - ol gs62wqddo B0 LEIBOW GO, bmewem  pH <4
D9, 39300 59FH03Mds 24 Loy do g;390s.

53590 - VB_GEC_N3

vB_GEC_N3 80939m3690s Siphoviridae - 1 mxsbl. dobo dsb30bdgero 9@odos SeE.3-
(Salmonella enterica Enteritidis 3), ®mdgcrog 39G900b5GM@o FFo80s. BogoL A5TMYmRs
dmbos 2013 (garl. @godmgmaol fysdm - 8obscg 93335600, WM3Is305- MBOWOLO.
50b0dbmo  gogol 6993 gmEGH0IMH0  M6308EI3MMBOL 25808300 96  BodoMmgdvIems.
d9bPogoe  0dbs dobo 30MOMbOL  FMORMEMY0s,  GHOIBLAOLOwO  ggdEHOMbmEo
90360mL3Mm30l  2odmygbgdom. 306MH0mbol bmds  68/140 +5 63-05 (00530/39@0). BoRO
bob0smMYds = 2-3 83 g BMAOL, 259330603509, M396GOM BxAdGHOMMO JMEwMmbogdom.

LyyBsoo 57.

vB_GEC_N3 ¢
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339808 HOGHM0 MmOIO0560 52500l IgNMEOm FoBLEBOIMOLOL FoMdmowygbl - 2.10°
6309/0¢, bogom 9390560l dgmm©om 4oblabEg®mobsl  107-b. dglfegeroe 0dbs dobo
@oBOLYOO  5dBHogMds 239 FBSFoLb  B0ToGmm, MHMIGEMaRsb 121 39@gMobstrmwo
Po60mBs3emdobys, bowm 118  3w0bozMo. @woboby)Mo  5d@BHozmdol  dglsbjsgas
399myggbgdme odbs  MMamO3 9.). wodgdol dgommeo (spot test), olg 9.f. dG®obgdol
dgomeo (streak method)(Klieve, 2005)(Azeredo et al., 2018). ©y©y0b©s, ®MI 50bodbmwo
R920L 5gGH03m0 15330930 FE999gd0L 0T>MID 15305 TIPS, 0YO 5JBHOYIMO >©IMBBLS
9359900L  Loghmm  MomEgbmdol 77% ol 808smm. Rsaol dmgdggds LyOME03900l
dobg3z00m dm399990s bryMmomdy 58.

bmGosomo 58. gspo - VB_GEC_N3 -ol 3g0dbmdgermds 33¢93580 258mygbgdmemo
3359900l B0ds60n

VB_GEC_N3

Salmonella spp.
S. Typhimurium
S.Newport

S. Infantis

S. Enteritidis

S. Dublin

S. Derby
S.Bredeney
S.Anatum

LgOMEGH030

0

R

20% 40% 60% 80% 100%
dMIbMdGermds

A99396M5GHMOHMwo 330w gdgdo VB_GEC_N3-%g 999w9absoto 9mgdggdl: a3og0l
45°C-%g 24 Ls500 oYm3b9gdol 9989y, dolo GHoGHMO 03wgdl 2 Hoyom, baem 70°C - By
GoGHMoL 4 MoYom 30905 BoJLoMEIOS. B0 065ORM6IBL LESdOEIMGMdIL pH= 5-11 - ol
396 gddo, 24 Lo ol dsbdow by, bmem Gmas pH - ob Bodbmwos - 3, gogo 24 Lo do
3963530 99d3H03MdL. B350 0656MBMbgOL LESd0W MO BHoE®ML 4 °C - Bg 1 ferol gsbdsgermdsdo.
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5.5. 853900l 89005MgB30m0 bIlOMYDS

33093580 359MYg9bgdmeo Roggdl dmMol Boorglsry®o 3530060l oloygbs Jmbs
domo  29bmdgdol  FgoMmgds,  GOLM30LSE  JddM30ygbgo  3MMyMmsds - Geneious

(https://www.geneious.com/). 396930316  bgbg  (LyMsoo 59.) Boagdol  gobersygds
0990093b50605: domogn Abs3LYdL 93cgbgb 9OMTsbgmol 0o @S gbgBHO3Me bgby
Bl 2obmoglibgb xsggdo - vB-GEC-B1, vB-GEC- B3, vB-GEC-NS7 ©s vB-GEC-7A,
mmbogg domyobo mxsbo -Myoviridae, 93500 -Felixounavirus - ool {o®3msdpqbgwos;
bl 29bmo3bbgb g3oggd0 vB-GEC- N8 s vB-GEC-N5, m®o0gq Siphoviridae -s, 335600 -
Tequintavirus. vB-GEC- Hi sbggg Siphoviridae - U 96939036905, 960005600905 a350do -
Jerseyvirus, 509539 335030 9M®M056©Jd056 VB-GEC- M4 s vB-GEC- M5; 33em93580
390mygbgdmo O3 gOMo Boaol o IOF 9OHMIsbgmol  FoTsm  goblo3MMMGIME
abaogLgdol o6 0Bgbgb o TgLosdsdolo®, BoWwMEIbgBH03MGO bgbgs B3I 393900m
3960536696 Bsagd0 - VB-GEC- TR mxsbo - Podoviridae; 43560 - Lederbergvirus, vB-GEC-
MG mxsbo -Myoviridae, 23500 - Tequatrovirus o vB-GEC-BS mysbo -Myoviridae, 335600 -

Viunavirus.
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boGoomo 59. 330093580  9s0mygbgdyee  Boagdl dmGol  BaomgLom®o  3sgdoMols

BowwmagbgBo3n®o by

(
\

<

i
9]
m
(o}
z
=

o
=)
©

50239605, 9MHMTbgmoll 0o Bomglomdols  3mmboom,

B93J00  3obwsybgd
65996089 xamndo :

1. 9.9. g9wodummbs (Felixounavirus) 306mbgdol xamao - vB-GEC-B1, vB-GEC-7A,

vB-GEC- B3, vB-GEC_NS7.

2.9.5. x96Lo3060HLgdoL (Jerseyvirus) xR0 OMIgEdois 9OM056©Yd0s5b Siphovoridae -
9 mxsbols fomdmdsygbergdo - vB-GEC- Hi, vB-GEC- M4 s vB-GEC- M5.

3.9.9- 393306@®5 03039 T5 (Tequintavirus) 3069900 - vB-GEC-N5 s vB-GEC-NS8.
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4. 93500 - Tequatrovirus 03039 T4 53900l (oMo gbgwro 50dmBbs dbmem
96m0 330 - vB-GEC-Mg.
5. 23500 - 3099653060HYLgd0L (Viunavirus) §o6dmdoyqbgeroi dbmemo geHmo 1s0 -

vB-GEC-Bs - 0s.

6. Podoviridae, 33560 - Lederbergvirus - ol gm0 {omdmdoygbgero, Dmdogo gogo -
vB-GEC- TR.

33093500  29dmyggbgdmmo  goggdol  dmgdggdol  L3gdBH®ol  9e™Asbgm™b
390560900L5L 259M3e0bEs, HMA 9.§). FoLoEsdBHOME Boggdl 9693903690056 Boaqdo - VB-
GEC-B1, vB-GEC -Bs, vB-GEC-B3, vB-GEC-N3, vB-GEC-NS7, vB-GEC- N8, ®mdgwoms
59303005 4560L5B3Ms 60% 6 80 % Iy ob. LryMsmo 60.
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boGomo 60. 3393500 358mygbgdmero §sagdol 5yBHozmds 1s33¢g30  Bsdgdol
L5gMHom H3mEgbmdols 30300 (239 B¢)sdo)

100%
90%
80%

70%

60%

50%

40%

30%

20%

10% I
0%

y O O 2 © SO R
S c$$c@c%®g/ Qc/\(}g/
FE ST EEET S E S
Q”%/%/("b/%/ew © 6% 9@/
VPN R\24 VS P77 4@’4@/4 4@ Q

daM3bmdgEmds

B93JO0

9398900L  5d3H03Mmds  33¢093580  godmygbgd o FEHgo0L (3539w LYHMEGH030l
00056000 dm399os  62- 9 LB bg, LooIbsE bsodws BsBL, HMA .§. Jomowsd@omeo
33993900 MoMJIol M9bsdIG  5dBH03MOL 93w gbgb Lbgoalbgs LgMm@GHodol dodstm. 9.§.
Q050 5d3H03MmO0L Boa9003 FgBHbogrgds Imo3396 @900l yzgws LgMmEo3dL. o6
3o0m3wgbows  LBgHm@o30, OMIGWOoE  Y3gws  Bopol  dodsmo  MHYHBolLBIBEGHMwo

50dmPbgdMs. 96 goggdol FogH  F9BHbs3wgdo  sdBHozmdom ImEwyros Bs3zwg3o
9359900 g39es ByBmEGHo3o.
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boGomo 61.  33@93500 258mygbgdmemo goggdol sgGHogmds 1s33¢rg30 Esdgdols
Lbgagslibgs LgMm@o3gdol 3036

ez e
ve, cec_vi. | eess—
VB_GEC_TR —
—_— e
ey
VB_GEC_M4 S —
-,Ts:
e ————
$ L
VB_GEC_MG
? L ——
% T ———
VB_GEC_BS
P
ve_cec_c: | —
et
ve_cec_ns7 T ————
e
veoec s T —
ﬁ
ve_cec_ns | —_
™
weeii EEEEEEEEE——————
e EEERE}E}E}E}E}E}E e
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
aawm

M Salmonella spp. W S.Typhimurium MS.Newport HS.Infantis M S.Enteritidis 9S.Dublin ®S.Derby MS.Bredeney M S.Anatum

L50BEGHIMGLMS, OHMA 50b0TbIO B39O0 MBOM 9539dBHMbO 50IMBBEBIL 3erobozmMo
9350900l 0o (~ 90%), 300609 393H9M0bsOMO FoOrBMIMdOL FEs3gd0L dodstro (~
70%). oLobodbogos,  GMI 93  9BHodgdol  MIMO3Eglmds  AMOZLIMI0MOQ
363H0d0mGH03MmM7BoLEBHIBEGMwo (MDR) 36:mM330¢09000 boliosm@gdms.
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L5000 62. 53900l 5JGH03mds 15331930 3x0bo3MO s 39GHIMOBIMMEO FEsTgdols

30356,
B5302-59H0gedd 3erobozmMo s 39¢)PPobstrmeo
3®58900b B0d>GmN
100%
Ep]

ﬂg 80%

£ 60%

.:g“ 40%
ER 8 It hith

€ 0%
© »oaﬂ;c, S N N I G R
<<5"’ &7 @95\ <7 <<S-*’ &7l <&»§ S S &’ ) &7

@eo@e@aebﬁ,@«,@@b

& &7 L7 _\\Q,‘,’ R R @ R R R R @l R

303000

B 3robBozamod@eidgdo B 39E96HobstoyemoBEsdndo

3b®0wdo N 3 ©oxs9900)mo Lsboo dm3gdwmwos Bggbl doge dglfogwrowo 533900l
©bOLOMYDS, BIMTg oz F0O0MYPIN0s Fomo ALRS3LYds FMbBs3EMS dIBSTO SEMLYdIME

30mEmqg0msb.
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3gb®ogro N 3. 330093580 353mygbgdeeo gaagdol bos (Bglsagergeros B3, Ns7)

30f0m sbenmgLo
5300 Bab 306m 3:8m@m3 o0 >9m 333mymazal
B3 bmads 3o@Mmmbo d03MmmL3M3ymmo aabs M3J 8 Y fyofm/s0a
N Lobgmfime | mxsbo/a3sfmoa NCBI - ol mazal
(0no30/ 9®s80 bnMmooo bmdo 0dlodsmy
200 9mboigdoms faomo
39c0. (kb) moo
05b530
63.)
Salmonella Salmonella 9330
1 | vB-GEC-BS “\"I:’l:’:;cﬁzj 77{;18 . e:f;’;iﬁjm 158 phage 2013 | e35/d300
= P ] Vi01(98%) a0
-, Salmonella . 9c0bomy
Myoviridae, 95/104 . Shigella phage-
2 | VB-GEC-MG | . juatrovirus 15 enterica 71 | cpemLan (os%) | 2013 | 9033360/0
Enteritidis 3 doobo
Salmonella
- . Bacteriophage 9c0bomy
3 | ve-gecpy | Mvoviridae, 1| 81/122 | enterica 87 | Felix01(98%) | 2013 | 3®33sMn/o
Felixounavirus 15 Typhimurium
6 d0ogmobo
Salmonella
- . Bacteriophage 9c0bomy
4 | ve-gec.ps | Mvovirdae | 81/122 |  enterica 87 | FelixO1(98%) | 2013 | 3@333M0/m
Felixounavirus 5 Typhimurium
6 d0gmobo
Salmonella Salmonella 330
Myoviridae, 86/113 enterica phage
> VB-GEC-NS7 Felixounavirus 15 Typhimurium 86 Mushroom 2015 ﬁ)do/(l?:omm
6 (98%)
Salmonella
- dc0nbofy
Myoviridae, 82/109 Salmonella phage
6 VB-GEC-7A Felixounavirus 15 enterica 1328 85 Mushroom 2017 ae;zsoi)zgm
(97%) @
. . Salmonella . dc0bomy
7 vB-GEC -N5 _f;p:?:g:;z; 90{ ;31 enterica 110 Bafrt: r(;);;)a se 2013 9®335M0/0n
q B Enteritidis 3 ’ doaobo
. . Salmonella . 9nbamy
8 | VB-GEC-N8 fép'.f:l;'f.?ﬁs 77{ ;68 enterica 51 Ba‘:::;’sﬂrfge 2013 | 3®335Mo/o
q B Enteritidis 3 ? d0ogmobio
. - e Salmoenlla 9s30
9 vB-GEC -M4 S;::‘;‘"\:f;:’ 72{ ;36 s enzt;;mdls 45 phage VB sens 2016 B35/0501
Y = ent1 NA(91%) 30
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. - - Salmoenlla 9130
10 | vB-GEC-M5 SJ'Z:‘S"E‘";':::' 64{;36 s e";g;’t’d’s 44 | phageVBsens | 2016 | %3s/dsom
v * ent1 NA(91%) 3o
. - - Salmoenlla 8c0nbofy
11 | VB-GEC-Hi SJ"::'S"E‘";':::’ s e";;;’t’d's 45 | phageVBsens | 2017 | 3®s3sMo/o
v entl (91%) dogmobo
. . . Salmonella denbomy
12 | vB-GEC-Tr L:g::’b";:'ﬁfds 6445 S'tyrf]héTI”"” 42 virus 2017 | 3®s3sMo/o
§ BTP1(97%) dogabo
68/140 Salmonella dconboMmy
13 vB-GEC -N3 Siphoviridae +5 enterica 2013 9®335M0/on
B Enteritidis 3 doaobo

5.6. 83900l 3gGH03mds CTX-M-15 godomm 13gd@Mols B- amogd@edsds (o®dmagabgero
SALMONELLA ENTERICA bg®mgst TYPHI -0l 8035600 3:baml ©ogdm3mo@omeo
9L3MBE0300056

B39b6L B0ge godmymxowo BsAgd0L MYM30Io  3mEHbEoswols Jglobgd  doosh
06g3m®dsGommos sb939 396l Foge Po@sMgdo in vitro gJudg@odgbBo, Mmdgwos
30Bbs© olsbogs CTX-M-15 go@omm B39gd@emol B- wod@edsBs  Fo3MHMmEE0Mgdgwo S.
Typhi - U 800560 B3960 3megdEool  35dGHgMomxsaqdol  dmddgoqdol  sd@o3mdol

d9LPogamsbs.

9BGOMwo  3bgwgds MRG®  bBdoMos 053039000 s  IMBOHPOGdTdo, 30009
b56@oBIMw 3530963 9080. gl AbmaEomdo, 9B (3bgeEgds Y39 d9gEo©
SO0l 293MEIXIONMIO  QOWIM00gdIM  Gvombgddo,  MHMIwgddog  Lsbodstrmwo
000 M3569MdS doe0sb 3@o09s. S. Typhi 990b393900L HoMm©gbmds LydbEMGm-39bEGHMIMEO
500, LodbMHgM-508Mb3egm SH0s O BodbOHgm sx8M03S M0MBIdTo 15305Mm© ToPIE0S.
(>100 d93mbggzs 100,000 sesdosbo fawofodo) (Ryan & Andrews, 2019)
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2017 Hgeob 3mbaml ©g8m3Mo@Gon Mgldmodwolsdo sofigMow odbs 3wobozm®o
39000b3935, HOBMOYOO 3bggds, MHMIgwoag 7 §erol 359L IEY0bEs. ©99350gd0L
3odmdfiggg3o  CTX-M-15 (Cefotaximase-Munich (CTX-M) 15) dw@s3ool 9s@s6gdgwro
ROMM 1B39JBHOOL B- odBHodsBs  Fo3MMEME0MYdgwro S. Typhi 5©0dmBbs, GMIgwos
bsbosmgdmes ciprofloxacin - ols 305G ©J3000Gdo dYMHAbMdGEmdoo (Phoba et al.,,
2017). 506086990 0Bmmo@o 3bmdowo Gmyme i Typhi 10040_15, go8mogbogbs gerosgsls
0bLGOGHMGHTo  33e0g30Ls s JOB30MGOOL  2obgmRoErgdsdo doli FodoMo  GoggdoL
9mgd9gdol 3mE9bEoswol dglsbfogems. B39l doge dglfogerowo 14 dogdgmomaogols
@5 3M39ME0Mwo 369350530 ,06GHJLBEHO Bogo™ -ob 5 Lbgoabbgs bgMos, sdmEo 0dbs
5060360 9EHodols 303sm  9d¢03mdBY. L3M0BobYOLIMZ0L A5dMYgbgdrIe 0dbs MMM
9.9, »@0dgdol dgmmo“ (spot test), obg 9.0. ,IGHMObgdoL dgomo® (streak method).
500mBbY, ®MI 14 g¢symMo 3wmbosd 12- ob s ,06GHgBEGOL 5 LyMoosb 3 - ol
9mg099ds 50bodbmen 3odbg 299m3wobEs LYRMS WOBOLOO DBmbydol Ho@mdmddboo
(clear lysis zomes). 03039 990920 ©530JB0M©s 9.0. »wodgdol” dgomeol d9dmbggzsdog.
dbmEm© MO0 Gogoo 3ewmbo vB_GEC_MG ©s vB_GEC_TR (gb 3565L369c0 bmdogeo
B9205)503MmRbEs 5Ms5gdBHoMo Typhi 10040_15 - ols dodsGron.

S. Typhi 10040_15 - ol 90056 5539008 @oloBMMHO 5dEH03MmdOL bEHdOEMGMBOL
F9LolHogaro godmygbgder 0dbs 539edsbol dgomeo. dmdbss 14 39 BoaMO Jermbol
05680809300 gobboggdgdo 106 sb 101 63F9/de 5 3 mbggzs L3390 s6gdo (LB),
000Mg) 256539008 ogds@s 150 pL S. Typhi 10040_15 - dcwombaéo 39w @Gmeos,
Godmom - 10° 309/, Bs6gzq900L 0639995300 bgdms 37°C -Byg, dsmo Lodwzmozol
3310 g090bg 30D MH0 33003905 Fomdmgds 6, 18, 24 Lo 0560 0bEYMH35¢gdTo.
b53MbGHOMEm  50dMIgdl  HoMImoabs  TbmErmE  d5JGIM00®  0bMmIMEOoMIOO
obgzo0 1533900 Mg ©@O TBMEME  BoRo®  0bMIMWoMHdMwo  Mbgzs©O  5MY.
Lo3MBGHOMEM @S 15330930 FoBOd 23bMOZLYOIEO 0gm JOMBIOG J5Mgdm 306HMdYdT0
(37°C -%g)(Burrowes et al., 2019)(Kakabadze et al., 2018). 0®®»bdgEH0b 50> Roads
399093065 oBoLYMHO 5JBH03MdS EOMOL LbzoLbgs 063 JM35¢gdls s bbgsalibgs
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3M6396GM9309000, Fomgsb bmmds 30 963965 @OBOLMEO  9JBHO3MBS BoAMm  goddeng
39@9BGHJO0L [otmBmddbols 256939, 24 Lssmosbo 063053008 890903 30, Mg 005%Y
dommomgdl, Mmd  olbobo  odmoMBg3056  FoAMAsIdEg  FMBHOBGHIdOL  BMEOIOMYOOL
©@030&06M900l MbsM0MS3. 90b0Tb o M30L9ds doe0sb 8608369 M3z5605 Bosgmmg®msdools
36OHmEqLoLsm30L.  sbodbmmo bmo gogos - vB_GEC_N3, vB_GEC_N5, vB_GEC_NS,
vB_GEC_NS7 s vB_GEC_Hi.

9m399mwo 94b3gM0dgbEHOL J9EIROP IPILEMES, MM Bgqbo 3mwgdsgool Ly
93069 5 x9N0 3wmbo, in vitro 306HM090do 93wgbL dE0gH WOBOLYIO  5dEH03MdL
3062 ©g9m3MGH0MmMWOo MYL3dE0300s6 Jo®gdmwo 0BMWsEOL - 9JuG®MgdowmEs©
5630d30MmGH03MmMO7boLEEHIBEHMOo B- sd@Hods®s dffo@Bmgdgero Salmonella enterica LyHMZsG
Typhi - ob dodsero.

5.8. 335mmgM3300l 9x8gGHUIOMMdOL glifsgzes Fbm3gmwM 06x8gdzow® dmogmby

3b™39wMMHo 9Ju39MH0Tg6EHOL BoloGIMYdEs© dgMBgmwo ogm J0YR0 Boygdo: VB-
GEC-Bs (Myoviridae), vB-GEC-Hi (Siphoviridae) s vB-GEC-Tr (Podoviridae). 53 353900l
3960B930L 9m0-90m0 30M0E9M00 0gm FMOBMEMYFOMOO 0530U90v)Mgd9d0. 15T03g Boyo
Lbgoobbgs  dmORmEGHo3l  (Myoviridae, Siphoviridae, Podoviridae)  {o®dmoqbl.
3b™39wrMHo 9du3ge0dgbEol sfygdsdwg, dmbs OLm30L dgMBIMEO Bs3gd0L 35GHMMb
WIXROIODY JONKINOO J9IM63wgdOL (3030l - sb3obdger YR MHIODY SELMODEFOOL

356599@H 900U, 05dGHJMH0 MXMITO Bogol 259M3wd0L WHEIBGHMMO 3gMHOMPOLS s
399053 056Mmd0L goblisDeg®s. s5ELMMBdE00L J5B3969d0l obLsBZMS FMbEs 3BrM30bLZOoL

3096 s>0fgmowo dgommwom (M. Clokie & Kropinski, 2009).
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a®sg030 1.
VB-GEC-BS -0b 5@@bm®d3o0b 36G©o
120
100
80
60
40

20

0530693500 3539000 3MMEIBEH IO 3583969090

N

-
[N]
~
v
o
~
)
0

10

6ex{o)

aMs%3030 2.
VB-GEC-BS -ob ar5®963)1®0 3960m©o @5 353mbsgamosbmds

3.50E+09

3.00E+09

2.50E+09

2.00E+09

33530L BoG®o

1.50E+09
1.00E+09
5.00E+08

0.00E+00
15 25

& (fo)

amO3 30553030 1 330839693, 3og0 VB-GEC-Bs - ol gogméo baoffoanszgdol 70 %-ol
SQLBMMBOMYds 30639 3 fymdo bpgds, bmwm 5 {mmol 8999y Boggool 97% w339
SQBMMBIOMGOMWO0s. FBogol WosBIBGHMMo 39MomEol boba®dwmogmds 40 fmmos, ol
39909953 009905 9.9. 399653190l 5©dobgeols oBs (Rise phase), Goboz ImbEOI3L SEsEHM.

5060360 Boa0 Fo0o0 25dMmbogEr0sbmdom boliosmgds, Mog 89sa9bL 220+20 gs®
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Bofoes3l, 9hm 0683030090 MYR9gDY. OMAMOG 3BMBOE0s, 30O IbEWOO Boggdol
SLMEO30s  LBHOIRI©  bmdEogw©gds, bmwm  3s9mlogwosbmds  gho  Mx Mgy
Lodmoeme  200-300-b ¢®ol. B39bl BogH  dowgdmewo 9o 3093  JHbgw
5Q3LEGM90L VB-GEC-BS g3590b 3060096316 396905L.

vB-GEC- Hi - ob 853960 bsfiows3gdol 79% s@bm®do6ms 2 fmomdo 4obbmdEogws ,
3 8o - 89 %, bmeom 96% s@LMmMIOOHO0MYdS 4 fmdo dmbs.

2053030 3.

VB-GEC-HI - 5obm®d30o0olb 3G Mo
120

100
80
60

40

0530b99935¢000 B35500L 3BHMEIBEGH o Bohggbydgwo

30533030 4.
VB-GEC-HI 53953160 3960m@0 ©5 353mbagwosbmds
1.80E+09
1.60E+09
1.40E+09
1.20E+09

1.00E+09

3530L BoG®o

8.00E+08
6.00E+08
4.00E+08
2.00E+08

0.00E+00

L @ﬁm(ﬁo;i
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LHEOSR SLMODE300L dmbE3L osbEmgdom 30 Hrmosbo wo@gb@m®o 3gHomeo,
9990099 bsbIM 309 29361530900 50BolZEOL BoBs @S 50b0TBMEO Fogols 4odMLOZE0sBbMdS
35¢Ombo d5dBHgMHoemo JEsdob 9hHm 1YxMH9DY,09500890L 155 + 20 Bsame bsfoszl, Mog
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d9L53530bO, F9a30d0s 353365, MMA sEbodbMe» in vivo 9Ju3gM0dgb@Edo
3990myg9gbgdmds 353900l 6569335 LYMHOMBMWOo JMEHIBEoswo B39y MV MBOMS©-
6900oLEI6Go Salmonella - ®o godmfzgero 06539430930l 939OHbsEMdOLIMZOL.

oL3MB05/0bEYM3MYBHS30s

RO 139dBHOOL 8Jmbg, 9RIIBHMOO Boggdol FoLOMYIS®  HYEOGOIWO  306MIMDSS
9350900L  IM35¢0xgMOM3060  3megdiool  Jmbs,  OHMIgeems  asdmygbgdomsz  w9bs
296bMM (300Gl Boggdol  godmymns, om0  9dBH03MdOL  OILEHIMNDS, ITMIZEDS S
Lo F0MMgd0LTGOM dMmgggdoL 9i39dEOL goderogcmgds.

LodmBomb 300390 @93y F396L doge Fgacmmz0eo s dglfsgerowo oym 345 Salmonella
spp 0%500, GMIgwoiE a0dmgmxowo ogm  bodsGmzggemdo (25) s Lemdbgmdo (77. o
Gox039000 (14), 833900L bsfoero Fomgder 0dbs Lbgssalbgs J3g9bogsb: otMesboos (147),
Lodbego 3mMgs (81, s 3Mbaml gIMIMoG0ME M9gL3dEr035do S.Typhi s390mdgdol O™l
aodmygmaowo, ESBL- ( extended spectrum beta-lactamase - g3o®om B3gdGHOOL B-anod@Hods®s)
9530mMmEM306M9d9wo 1 §@sdo- CTX-M-15, M®Igwog 8magzsfmos GOHm303wwo d9eo3obols
0bLEGHO0GMGHTd, 963390396006, dgergos ( Institute of Tropical Medicine (Antwerp, Belgium).

399009y 9393Bg 935d900L IBMLBHIOMWO 0IHEHOBOEMGOOLIMNZOL  goTMYgbgdrIEo
0d6s  OHMAMOE  GHMIOEOMWO  B5dBHIOOMWMYOOHO  FgOMPIYd0, 0Ly MbsIgEMH™M3Y
A9960m@ma0900, OHMamOoiEss MALDI-TOF 9s5b-b39d&H6™ag@6M0s, H™IEol Bodmsmgdomsa
dogdmwo 6035 Mmo  B39JBHOIWOO  96509Fgdom  gobbm®Eogms  9Esdgdol
3OMBooMgos.  BoobBHgMOLms ol BodBHo,  MMI  d5dBHIMOMEMPONNOHO  FJOOMPO
396bmM309gdMwo 00gbEGH01035300L T99Agd0 8600369 m3bs 96 9BLLI3IOM®S
35050 3H9dbmemmy0gdol  gsdmygbgdom FomgdmEo T99agd0oLoysb. Y, Bogswoms,
565¢0Boll 9909390 ©IR0bs, ®md MALDI-TOF -oo dqUfsgwowo 150-%g dg@o0
93500056 FbmEm© 25 obmwsBHo (14 GHox039M0b, 5 Lods@mzgewrm@sb ©s 6
bLmAbgPO0EsD) 9O F093MM3b9dMm©s  Sa/monella - L 350L. obobo 8093293690 ©HI6
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Lobgmdgodls:, Escherichia coli (9), Hafnia alvey (5), Morganella morganii (4), Enterobacter cobay
(1), Enterobacter ludwigi (1), Comamonas kerstersii (1), Citrobacter freundii (1), Citrobacter
braakii (2), Proteus vulgaris (1). 99bodsdobo@, 50b0dbMwo o0bmWsGgdo s®s6  odbs
399myqb9gdmwo 999y mado Lsdmdsmgdolosmaob.

Salmonella -5 0D 53HO0L LYOMEHO30609dS BHOMEIOMWS 9.§). 39503)-39983d560L Ldgdols
(White-Kauffmann-Le Minor scheme) dobggom. Salmonella -l 0bm@s@Hqdolb bghm@odgdol
2obLsBO3Ms Fuogqwol (H) s6@0g9b0ls s @odmdmeobsds@ommo (O) sb6Eogqbols
dobg3z0m, Imbs 3035w b Mo IMsEHOL 3sdmygbgdom (Grimont, PAD. Weill, 2007). .

3o6bmO 3000 LodoOmggwmlis (20) s Lbmdbgomdo (71) 250mygmxzowo  9¢sdgdol
3BGH0d0MFH03mM)BoLEBHIBEHMOOL  Tgufogs.  33wg309  9B39bs,  OMI  LodsGnggwrmdo
dm3m390mo 20 9@s3osb  dbmerm 3 30boldnd  3MGHNMOSL  900moBRbos
3653005 963H000ME03MmMGHBOLEI6EIWO 296MmEH030, 58 8398900sb 2 80933690
S. Typhimurium (56@&080m@030609BolEgbGH™dOL 3Omzowoo AAu*NemSu s AAu*SmT/S),
96mo - S. Enteritidis (AAu*CxSu ) s geomo S. Agona (AAzCip*NTc) byHm@Hodgob.

LmAbgNdo A5TIMYMBOO 3000603M0 0BMEsEHGdOL 74.64% FmEEH0MIBOLEI6EGHWO
50dmPbs 96EGH0d0MGH03900L B0TsMm, 5§96 49 F093Mmm3bgdmes S. Typhimurium, 5 - S.
Enteritidis, 2 - S. Derby, 1 - S Kentucky, s 1 S Newport. d9e@o®gbob¢gbdweso
om3wgds  d@sdo, ov) oL 3-Bg 9o b6GH0d0MmEH030L  3wsbol  Fodsdrm  sGob
M9BoLEJGHMwo. by  459m3wwobs 40  96EGH0d0MEH03MMmIBOLEHIOGHMBOL  3BMmgoo,
L50BsE 35 30b03MMO FEHoFgdOLMZ0L 0Ym ITIHIBOSMYdJWO.

363000mGH03MMLEIbEHMdOL 3°6lb39390E0 3MMBOgoOoL SOLYIMOS
Logo®mggembs s Lemdbgmdo dgladwgdgeos  256300Mmd9dMEo  ogml 93 J39y69ddo
9mddgo  H9AMWH(30980 s J3eobolzMMo  LEbIMGHJdom, MMIwol dobgzomss
0693993000 ©93500900L LA MMBswm© 0603695  96EHBOMFGH03O0L gl mvy ol
3003065305, MHmIgwoi bYW gdBHoed FmbL Jdbol  Fglsdsdolbo 3w sHBoYdOLS vy
JOMIMLMIMEo 296900L 33 s305d0 oz 39egdoLs s MIoboMmgdolsm30U.
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50 36390 O 3605350 xgMHM39560 3093000056  35JEGIO0MBIRJOOL 3G Mbo
959900 d9MBg35 49BbMM 309w sMIL30L 9RIJBHIOMOOL GglEol (Azeredo et al., 2018)

3909290008 Loxg/dz9eBg. 490 5oL, 396G 3oG®Mbo FEsdgdo d9dmfds dsmdo
36MHMPogq00L  5MBYIMOIDY. BMmTogho Boggdol  9.f. L3MbGHBMMo 0bmromgdobmzol
299my9690wo 0gm dmEoxgo0Mgdeo ,530l35L“ dgmmeo (Roy T. Fisk, 1942). 306500056
360HMo2900L  B3MbEBMOHO  0bwydisos O3 9ohmo  9BHodol  Fgdmbggzedo o6
©5xB0gJLOMGIMWS, 5bodbMwo  FEodgdo TFgoMBs  FM3gIMo  BsROOL  35GHOMME 9B
dsb3obdgew  9Bo09ds. 99dpamddo  dmbEs  3oBHMmbo  FBIgdoL  Bm3wgmGHomdo
056808©9360™mdol  Jgufogws (bgd39gbbo) s Too 296MIgddo 3MMBOYIOOL  sOLYdMIOL

596> PHAST (http://phast.wishartlab.com/) s PHASTER (https://phaster.ca/)(Zhou et al.,

2011) 36653930 godmyqbgdoom.

boen dgeBgmen odbs 8 F@s8o, Foogob 3 8@sdo 9.0. 3939M0bsreo 8Esdgdols
3Me9d300©sbss (Salmonella enterica Enteritidis 3, Salmonella enterica Typhimurium 4,
Salmonella enterica Typhimurium 6), bmem ©bs@hgbo 5 FEsdo Jwobozw® TEsdgol
396939036905 (Salmonella enterica Enteritidis 232, Salmonella enterica 407, Salmonella enterica
641, Salmonella enterica Enteritidis 765, Salmonella enterica 1328). 4gges 99MBgme» JEsddo
5960 0dbs 0b@od@Mo (intact prophage), s6sLGMwero (incomplete) s 56 LogsMowyOM™
(presumable) 3MMEBHAJOOL Bb3oILBZS  3mFB06s30930L  9MLYIMBS. DMYsI, Eod9d0
39035300696 2-096 10 36Mx0458009. 259Mbs3oLl FoMdmoagbs dbmermm gMmo d¢sdo
Salmonella enterica Typhimurium 6, ©393do3 sOE 9HDO 3OHMBOA0 56 0dbs Bobsbo.

05JH9M0MBoa900L A5TMgmes 45BbMM309 s 9.§. 3980 MYBOL FGNMEO, Q5MGIMUL
6001098056, ®MmIwgdoz IMm3Mm390MEo 0ym dooldo (Bsdobs®g s 9BH33G0L
P9gdo), do0ddo (dsgo B30l fyseo) s Mdo MJosh. B3zgbl doge  Lsdmdomls
3960530mMd5d0 godmygmzowo s dgufogeroo ogm 13 35J@gM0MmxsR0, MHMIGEmQbs3
Siphoviridae )sbl 009336935 6 RoMMo 3wmbo: - vB_GEC_N3, vB_GEC_NS,
vB_GEC_NS8, vB_GEC_M4, vB_GEC_M5 s vB_GEC_Hi; Myoviridae mysbl 8093036905 6
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3wmbo: vB_GEC_BS, vB_GEC_MG, vB_GEC_B1, vB_GEC_B3, vB_GEC_NS7, o> VB_GEC_7A,
bemeom Podoviridae-b mxobl dbmerm ghoo gogo - vB_GEC_TR.

00MMJ0 B0 FGLogeroo 0ym JmOBMEMA0MMo (59a5EH0MO JMmErmbool o
306000608  LAHOMIGHMOS),  BOMEMPOMMO  (3sGHMmbo  dodBHMm0ogdol  L3gdEBHeoU,
&99396M5GMMoLy s pH-ob 303500 dyMsmdol dobgz0m) ©s 39693H03M0 60dbgdol
dobgz0m. 39693031600 035LIBOOLOM ASBLHIMMIOIOMEO YMMHOEEMGdS )M 03
396900L 359m39bsls, MHMIgdoi3 B93gO0L oDMYgbme dmbgdsbg JoPomM)dbab s
O0Igwos 96O Jmbs  vILGHYIMGOES  BoA0L 300 gbBHME  dbgdSL.  MramO3
3900MMm®yom® bsfodo s0obodbs, g9b9gEH03m0 Tgbfagams aobbmiEogws  goggdols
396mdol  19dz9bLoLEMZoL  godmygbgder odbs 9.f. ,0mIY3bM* Momdol bg3zz9boMgdol
dgomeo (Next generation sequencing technologies) (Klumpp, Fouts, & Sozhamannan, 2012).
352900L bsfools bgd3zgblio gobbm®mEogers MiniSeq Illumina gdbmermyool godmyqbgdoom
(Next generation sequencing technologies), bmm 5353930l dgmMg boffoero aligdzgbo®s -
Bobm3memwo  19339606MHgdol  (nanopore  sequencing)  G9dbmermyool,  MinION
9mfymdomdob 459mygbgdoo (MinION device, equipped with an R9.4 flowcell);

5093965, 300390 XyMRBJo F90535¢00 Rs900L Tgufogs gobbmeM0gws MiniSeq
Mlumina  G9dbmeomaool  998mygbgdom,  s0bodbmmo  xgsygdos:  Myoviridae-ll 5
Pom8mBop9bgero - vB_GEC_Mg, vB_GEC_Bs s vB_GEC_B1, vB_GEC_B3, vB_GEC_NS7 s

Siphovoridae -l my)sbdo 459000056900 gsgo - vB_GEC_N5.

99m69  xaBL  PomIMoygbgb  Foggdo,  OMIgms  g9bgBHozmedo  dglfogems
396bmM 309 Bobm3mermeo 1933960609008 (MIinION-0l) go8mygbgdom. 58 xyw5zdo
993000 Siphovoridae dmGRmMma0©mo GHodol 4 gspo: vB_GEC_N8, vB_GEC_M4, vB_GEC
_M5, vB_GEC_Hi; Myoviridae mxsbol 1 o00mdspqbgwo: vB_GEC_7A s Podoviridae
xobol gomo (o®mdmdsygbgro - vB_GEC_TR. gdomo gogol (vB_GEC_N3) 19339606905
399603960 30B7HBgd0L godm 396 dmbgMbs.
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y39ws  ©d9939b0MHgd o Roaol  296mdol  BMES30s  BoBHIMS  3OMYGsTgdol: -

Artemis(http://www.sanger.ac.uk/resources/software/artemis/);

Genemarks(http://exon.gatech.edu/GeneMark/genemarks.cgi);

Geneious (https://www.geneious.com/). Pfam -https://pfam.xfam.org/; ARAGORN -

http://130.235.244.92/ARAGORN/; Trna scan - http://lowelab.ucsc.edu/tRNAscan-SE/ 59mygbgd00.

500y, Hm3 xs39d0 - vB-GEC-B1, vB_GEC_B3, vB-GEC-7A s vB-GEC_NS7,
OmImgdoi  Felixounavirus - ool §o60mdoygbagdo  aobwsgm, dbigogligdsl  53egbl
96»3s69000L 0docrI;

90m 935030 - Jerseyvirus -90do 9OH®»0s6gd0s6 Siphovoridae -gl  mxsbol
Dom0mBsa9bewgdo - vB-GEC- Hi, vB-GEC- M4 ©s vB-GEC- M5.

9393900 - VB-GEC-N5 5 VvB-GEC-N8 9630560090056 335630 -Tequintavirus.

3393500  2o8mygbgdmo sME gemo  Gogoly s sOE  9OHmMTsbgmol  Jodsero
3obLO3MMOGIMe  Abo3LYdsL o™ 0Bgbgb @,  TgLodsdolo®,  d9bgBHO3MG  bgbg
3963939390000 2960536696 Bsagd0 - VB-GEC- TR (mxsbo - Podoviridae; g3s00 -
Lederbergvirus), vB-GEC-MG myosbo -Myoviridae, 935600 - Tequatrovirus) o vB-GEC-BS
(mxobo -Myoviridae, 33500 - Viunavirus).

LSOBEHIOGLMS 53 Boggdols Aus3LNdS b3S (36MdOE FBoygdMSb.

vB_GEC_Mg 306"wab@«to g3sg0s, dolo 36mdowo 3mdmemygdosb sebsbodbsgos
Shigella phage SHFML-11(per ident: 98,94%), ©m3dgwoi 5939 @OoGH0MOHO Fogos
Gmdgog dobo BoGom B39gdEGHMOLs O FoMOo 5dBH03MdOL Asdm JgBsboer 0dbs olgmo
R92MM0 309356M53H0L 099500ygb™mdT0, HMmAMmMo3ss ShigaShield™ (Soffer et al., 2017).

13000 VB_GEC_Bs sbg39 30601w9b@v60s, 020 9439wsBg dowoen dlgoglgdsl s3egbl
o090 3bMdOO BsAgOOL FodsOm, OMYMOMGdOESS Salmonella 139308039M0 GFoagdO -
STML-13-1 (0@gb@: 98.83%), Vi0l (0@gbd: 96.18%), E.coli 1393080379600 KRo2900 -
Escherichia phage PhaxI (©m3dgwo 96@960m39dmMogowmwo E. coli - obs - Escherichia coli O157
: H7-0b U393083036M0 3sa0s (Shahrbabak et al., 2013))(0o9b@: 92,67%) cos PhiSHI9
(00096¢: 91.69%).
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vB_GEC_B1 3060%wob@meo 935205, dolo 99bmdol  89@o6gdsd  Lbgs  36mdo
90399290056, 5953w 0bs, MM ol Joesgn ALs3LGdL 0RIBL OGO 30HYgbEIMO Foggdol
903s6Hm, OmymOmgdogss Bacteriophage Felix 01 (0@gbd): 98,21%) oo Salmonella phage
Mushroom (0gb@: 98,36%). bobyololbdgos, ®md ag3s60- Felixounavirus - ol
Po60mBo96wado  3bmdowo  306MEIbGHMMO  Boaqd0s,  MHMIWGd0E  39IM0MBI3056
05305600 5JBH0MOMmd0om enterobacteria - gool bbgoobbgs x353900L, o0 IGO0l E. coli -
bo o Salmonella spp. - o 3035O™. 50606305, HmA Salmonella phage Mushroom - o §,.
9005356 LobgEmdol 0bLEGHOEGMEHOL 8096 Fo6TMYdMEO MYMHS30IWO BogMO 36M935M5E0L
- 0b@gbGHO BoRoL gOMIOH 3MB3MbI6AHL HoBmowaqbl (Tolen et al., 2016), HmIol
900smmo3 Abs3Lgdsl 93cgb96 B39BL JogH godmygmaowo gsaqdo vB_GEC_BI1, vB_GEC_B3
,VB_GEC_NS7 s VB_GEC_A7, mombogg domgyobo 3060mwmab@dmMo gogos o  dopow
abo3Lgdsl 53egbl 9MMsbgmOL JodoMrm, 0FEs SMEIOMO FomYsbo 56 sGOL MMIgEody
3m3mmaol 009bEYM0. Mbs 500bodbml 53 gsggdol Abyogligds E.coli - ol L3gzoBom©o
393900l d0dodm, To» Tmeol Escherichia phage pinkbiff (0ogb@®: 95,41%), obgzg
boBsLobdgeos Bacteriophage Felix 01 - ob (0gb®: 97,12%) 00ds0on do0o Fo@oero
abgogLgds. Mbs 00d3sL, ®md vB_GEC_BI1, olggg Gmam®3 vB_GEC_MG, vB_GEC_B3 s
vB_GEC_BS wo®0u® 5J¢03mdsL 53c0gbl, Gmyme 3 Salmonella -l, olg Shigella- bs s E.coli
- b Ubgoalibgs 9¢3odgdol 30ds60).

U500 65 330639690l Bgdmm s©0bodbEo, B396L Joge QsdmymazoE MM Rogals
0o 3MmIMEMA0ME R0l JmMOL  sOLYOME  Boogboe  353006L.  S©bodbmwo
130Mm39696303M0 bgagdol sbsggds© godmygbgdme 0dbs Boggdol dmerosbo 496mdgdo
Fasta  @sowgdol  Lsbom,  3Gmagbo  gobbm®gogms 36OHmyMsds  Geneious
(https://www.geneious.com/) -0l 3OMyMsdwo BGHMb3geymgzgom.
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LbmGosoo 65. vB_GEC_B1, vB_GEC_B3, vB_GEC_NS7, vB_GEC_A7, Felix 01 - Lo o

Salmonella phage Mushroom - s 800l 6s0glismdol 3sBg3969d9e0 Bowmagbg@o3m®o by.

vB-GEC-7A

Phage Mushroom

— Felix 01

vB-GEC-NS7

Vb-GEC-B1

vB-GEC-B3

0.07

3060 9gbGHMM0 53939005 VB_GEC_N8 o VB_GEC_N5, ®mdwwgdog dowae dligogligdsls
939696 9M»Msbgmol dodsdr (97,52%). ™mE0gzg Fompsbo g9.f. TS gsa0s.  50Lsb0Tbs300
doomo AbgogLgds Salmonella phage Shivani - 6 (09b@: 99,64%), ©MIgwos »,0bGHILEO
B00L“ 9995096 mdsdo 905350 Boaos (Denish Piya at al., 2015). sbg3g LsobEgeglime
dooo Abgoglgds Shigella phage SHSML-45(99,63%). 66 - 9 LvyGomn By boB3969005 VB_GEC_NB8-
U, vB_GEC_N5-U, E. coli T5 - Us s Salmonella phage Shivani - ol 9m60oL 5OLYdIMO
Booglom®o 3538060.
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bm®ooo 66. vB_GEC_N8-U, vB_GEC_N5-U, E. coli T5 - bs o Salmonella phage Shivani -

ol 8cmtol bsoglisrm®o 3sgdoMols sB396989w0 Bommygbgdozm®o by.

vB-GEC-N5

vB-GEC-N8

Salmonella phage Shivani

BacteriophageT5

0.02

963356900L bgoglo s©0dmBbos Bsaqdo vB_GEC_Hi, vB_GEC_ M4 s vB_GEC_MS5.
159039 300 9bEBHWMMO BoA0s, ALYS3LGAL 0BYBI6 OGO FBoggdol F0TsMIM, MHMYMEMGOO(35S
Salmonella phage vB_SenS-Entl , Salmonella phage vB_SenS-Ent2, Salmonella phage vB_SenS-
Ent3. (ob. bGomo 67)
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bmGooo 67.  vB_GEC_ M4, vB_GEC_MS5, vB-GEC-Hi -Us s Salmonella phage vB_SenS-
Entl, Salmonella phage vB_SenS-Ent2 ls o5 Salmonella phage vB_SenS-Ent3 - ols bsoglisrto

3939060 35B396909e00 gowmygbydoznmo by.

’rvB-GEc_MS

VB-GEC_M4

vB-GEC_HI

— Sensent2

Sens Ent1

SenS-Ent3

VvB_GEC_ Tr Bm8096H0 55305, OH™Igeoa bme 6s89body i3ogol 8085000 53¢09bls
AbogLgdsl, doom FmMob yzgwsbg dowowo dbgoglndss  3bmdowe BMT0gH BOAGOMIb -
Salmonella virus BTP1(096¢): 97,54%) o> Salmonella phage epsilon34 (096¢): 95,10%)(Owen
et al., 2017)(Villafane et al., 2008).

5960950, Bo@969390 29b6mdMOH0 565c0BoL G9gao® 9330d0s 35833650, HMA
12 93091, dm®ob 11 gogo wo@onmos: vB_GEC_B1, vB_GEC_ B3, vB_GEC_Mg, vB_GEC Bs
vB_GEC_N5, vB_GEC_N8, vB_GEC_NS7, vB_GEC_7A, vB_GEC_ Hi, vB_GEC_ M4, vB_GEC_
M5, bowm bmdogho s0dmBbos dbmemme  VB_GEC_ Tr. 59 ©sb3360L 9539009300
L5Togdsls 235d¢g3b NCBI - b dmboggdoms 085Bol 152q00L 30350  Bo@o®mgdeo
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0905690000 9Bl 3slbgdo s slggg  VB_GEC_ Tr - ol 29b6mddo bsbsbo
w0HBMYg6Md0L go6ds30MHMdgdg0 39gbgdo - 06FHIYMIBYOOL Lobom, MMIGEMS SOBYGOMDS
bb3gs 9398900l 996mddo 56 godm3zw0bs.

3393900L  59BH03mds s BsL3obdgen  dogd@BHgcmosms Mol  Fglfogams  Lbgsslibgs
3903655300 BMb0Ib s FYserMmb Jogdme 240 B3odBg QobbmGmE0gWw s, HMIgwoms
dmMob oym Salmonella cxsboll GMAMO3 3¢000b03MM0, 1939 39¢JO0bsOWMOo FosOHTIMIMdOL
3615350 RgMMm3560  LgHMGH03900.  5OLBB0Tbs305, GMD 53 FFOIJOoL  MIMIZGLMDS
36530 MB0MO 96EH0d0MEH03mO7BoLEBHIBEGH Mo (MDR) 360Mm300qd00m boliosmgdms. 58
9359909 B53900L dmgdggdol B3gdE MOl 9MHM690MsL TgEscMYdOLOL 4sdM3E0bs, MHMA
9.9 85055430 Bo290L 256937933690056 Roaqdo - vB-GEC-B1, vB-GEC -BS, vB-GEC-B3,
vB-GEC-N3, vB-GEC-NS7, vB-GEC- N8, 6Hm39wms 5J@030m0s 2560b5H03Ms 60% ©sb 80 %
909. LYOBEHIOGLMS, M 50BOTEO BSAJOO MROM 9139dEWIOBO 50BMAbBIL 300bozMGo
9350900l 0T (~ 90%), 300069 393H9IM0bsOWMO FoOrBMmIMdOL FE539d0l d0doMm (~
70%). 953900, GMIgdoE I3MmIbMdYMdL 93wgbbgb 5060360 BsygdoL Fodstmrm
doMomss© S. Typhimurium s S. Enteritidis bg®mgsmgol d093m03693mbab.

50603360l PoMLoS Goggdol 5gEH03MmdOL AoBLEBOZIMOL gHMYHMO dogswomo. 2017
Dol 3mbgml ©98m3Ms@GHom GL3MdM035d0 sfigMoe 0dbs 3eobozm@mo 99dmbggas,
G0BMOEOO 3bgwgds, Mmdgwos 7 Hol 3591 ©sR0bs. ©5350900L 45dma()3930
CTX-M-15 (Cefotaximase-Munich (CTX-M) 15 ) 8m@s5300L 3s¢o09d09eo  gsmomm b3gdE®ol
B- @5g@o3Bs  F93MM3060909¢0 S. Typhi 50dmbPbs, H®Igeog boliosmgdmos
ciprofloxacin - ol 90856 ©5J3000gdo IMIbMOgermdom (Phoba et al., 2017).
50b0dbmo  oBmwsdo bmdowo Gmam®i Typhi 10040_15, 258mog®Hsgbs  gwrosgzsls
0bLGHOGMGHTo  330930Ls @O AOB30MMYBOL  2obymBogdsdo dol B0 Foggdol
9md09gd0L 3m@H9630swols Tgbsliogars. B39l dog® alfogeromo 14 dod@Egomaogols
@5 3M39MHE0Mwo 309350530 ,0bGHILBE0 Bogo™ -0l 5 Lbgoalbgs LgMos, gsdmiEow odbs
50b0dbmeo 93odols 0ds6mm. dmiEgdeo 9dudgmodgb@ol d99ad IILEMOS, Mmd

B39b0 3mgdagool bren 8oty 5 Bsaeo 3wmbo: vB_GEC_N3, vB_GEC_N5, vB_GEC_NS,
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vB_GEC_NS7 s vB_GEC_Hi,. in vitro 306009030 53¢9bl dgroge wo@orm® 59@Ho3mdsl
3MbamL ©9dm3M9GH0OWo MHgl3w9dE0300 J0YdIMYWo 0BMEIsEHOL - 9JuEGHMYT>MES©
56G0d0m#H03MmM5BoLEEHIBEMOo B- sd@odsBs fo@dmgdgero Salmonella enterica LyHMZSG
Typhi - obs dodoGr0.

09605300 3mFH9bzoswol in vivo ©@gdmbLGMHoMmgdolsmzol Bo@doMmgdren  0dbs
99b3960096G0 93390D9.  3bM3gEMH0 9JL3gM0TIBEOL Rolis@oMmgds dgMBgmwo oym
9900930 Bopqd0: vB-GEC-Bs (Myoviridae), vB-GEC-Hi (Siphoviridae) o vB-GEC-Tr
(Podoviridae). 58 goggo0ol d96Bg30L gMm-9m0 3MH0EHIO0To 0ym  INORMEOMA0IOHO
5301909090900, 306506  (36MmdOO0s, MHMI  Lbgoolbgs  FMOBMEOMYOOL  Foggdo
068943000  36OHmEgbol  Lsfgol 9GHedby  (sLMMdE00L ©OHML) MXMIOL 3909w dY
56OLYdIME Bb3oLLIS M9393GHMMYOL 9doaMgd0osh (Silva et al. (2016). B39b odmboggw
Rome 6509300 BI3MM0 Y39ws IMOBMEMY0MM0 G030l Bsa0, ghomol b6z 0dgwsb
3903066, MM  MomMmgM  FomobL  BodELMEMDdBZOM  M9393G™MMYdOL  FodsMIN
3o6b35390wo 36MH0MM0GH)EJO0 8g0dwgds Jnbmom, Mg dsm LobgkMyomwr 5JE03mdL
bgarl 99MFymds 699 b3l 09953090 M35 LEBOHOLOM MBOHM JRIJEHMOL Fobos
©> dgmbglb  dbGMOZg, 3065006  3MTgOEoME 369356539000  F9o35¢0  Boggd0l
MdM53wgLMOOL  EYGHIWIOO  IBILOSMYds  TgBfows MiEbmdos s v bs69g390d0
d9L5dgdg0s  Bmdogho  Bsagdog  9OLYdMdDBIL, 53 Fgdmbggzsdo  B3zgbl  dog®
3MbLAHOMOMIdMo  BogdudgModgbBm  bstgzo  slgmo  3mIgHEoEo  36MY356MEH0L
3OMGMEGH0350  990dwgds  [o®dm3z0a0bmm.  5dobmsb, 3609369 mgzsb0s  obog,  H™A
000MJMo  I9MHBIMwo B0, M9 35Jd@gM0sHg  Ho®dmddbols  sblibgsgzgdmero
dmORMmmyool  dJmbg  bgae@o®  3mEmbogdl, Mog 99w0gag00L  S©HgM/seMoEbzol
36 39LL LogMABMBEISE 5530 YOU.

5023905, ULsdozg Gogo  bbgoolbgs  ImOMBMEMA0mE  3¢00bl  HomImoygbl:

3bm™3g9mMo 9du3geodgb@ol sfygdedy, dmbs 3EOLm30L TgMHBYMEO BsAJOOL 35EHEOMb
MXOIODY  9ODXR IO 39TM3cgdol 3030l - 35GHOMMb MY MDY  SELMMdFOOL
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3565393900, 359BH9M0Mw MYxMHII0 B30l 25FM3gdol WIBHIBEGHMMO JgM0Mm©OLs
399053 056Mm30L AobLEBOIMY.

53930 VB-GEC-Bs - ol 53539960 b5os3qdol 97%-ol sbm&mdomgds 5 ool 8909y
dmbs,.  Ro0L  @oBHIbGHIM0  39M0MmEOl  bobaMdwogmds 40 oo ogm,  Boyob
399053 056Mds F9509bL 220+20 gsM bofowszl, 90 0bx030MYdMM MxMgODY.

vB-GEC- Hi - ol gogmédo boflowszgdol  96% slm®domomgds 4 {oodo dmbo,
396 GHMM0 39600m©0o 30 H)m0 R0l godmbogerosbmds 35EHMmmbo dod@gMomeo dEsdol
960 MxM9D9,d95096L 155 + 20 Rsa6 bsfos3l.

OMamO3 3600009, 306091 gbEHIMH0 Boggool sELMMIE0S LIRS bMM 309w gds,
boem  459mbsgosbmds geo xcgdg Lsdmsemeo 200-300-b mGOL. B3zgbl doge
900900 9900930 30I3 GO SQLEIMGOL 5T IMBsDBMGIL.

vB-GEC- Tr 97% -0l s@lm®d30s 4 fmodo 4obbmM3ogw®s, wos@gbdmo 39Momols
bsbaMdewogmds 25 (oo ogm,  go9mbogeobmds 30 89a6mdom ©dswo 90 Boame
Bofoemozo  3oBMmbo  9Hsdol  gho  dodBHgPomr  MxMgDY, Mo 30©I3  JOPbYW
d0momgdL 53 Ro0L DBmdogh 0bgdsbg 96 dob doge FEHSAoL WoDMYgbobsEool
Mbs®BY. »MI3s B396 gl Bogo o063 Bz A9TMBsE3I 06839306 dmgwrdo 0d
AbyBMGOgO0Ib 498MAObIMY, MMdgwos Bgdmo ogm sefigMogo.

5dob 99damd B39b d9393°09g 89339ddbs bmzgGmo 0bxggdszom®o dmpgwo.
06939930960 3mgolsmzol G906bs LydsOmM3zgermdo Asdmymzowo 3arobozm®o d@sdo S.
Enteritidis 104, 63903 boboosmgdm©s 36053mdomo H7HobgbEmdom s83030wobol,
59mglsgoobols s 3003 sbol  Bgogol  3MmI3gduol,  39BEGHMO0sJLMmboLS o
L350 00L d0dsMm.  yzgws dgdBgmwo isao: vB-GEC-Bs, vB-GEC-Tr s vB-GEC-Hi
50 @3By Ho0dmgdbos 3983306M35¢09 oBolol BmbgdL, Mo 0dol sb0dbgdgwros, ™A
2908 30356 OH9DBoLEBHIBGHMOOL  49630msM9ds  Bo3gds©  LogsGdE™MS, dom MROH™
9ONOMO b5T039 Bogol 0sG0).

167



0533900L5030L 0693993008 PMBOL WILYIB, OMIJEoE 2odMI[3930L MOIEIMEO
domadoLOl, @935 J00L  250M3w0bgdsL  AsdMmof393s,  BoBods  obsbfo®o
99b3960896¢39d0, MOl F0BBO 0ym Lsobgxgd0m s BOA3MOBsWM MBYdOL TgMbg3s.

LodMEMME EY0BS 06839300l godmadfjzg3oL - S. Enteritids 104 GodMo 1083(9/d¢»
@5 05d3HYM0MBsRoL GHoG®o 10763(9/0w - mgmsdomwo GHod®mo, OmIgwos B3gMwgdMog
399009496905 05JGgJM0MBRgd0L 3MIGOE0IE 3693505EJOT0. 933900 06939300l 96 G0l
0965300 MO0 IHEHZ0MMNW 9 oGHobol 3md9gdL, 0liggg MmymemE 3eo3gdml  6-12
Losmoll 06@9M3swom 009dbgb. 53539 39MH0M©Yddo bgdMmEs Fobsgwol bodxdgdol
509053, OMIgdog obsHBWIMJOMPS 05JGIMOOLS S Fogol GOGHMJdO.

59 9Jb396M0096EH00 OYOBEs S1939, MM Fow3g g9gwo@obols doEgds, 0bg3g MMM
039208 J0gds, 9MOZ30M5M) YOMYMBOM 493 gbsl 96  9bgbl Mog39d0l  Lollogmabarm

35639690 9dby. 06539J300L g8z 0b90900 M35wLsBobMm brgdms 0bxygjizool 4 ombol
d00qdol 9999y 96v9 5©I0bolEGHMOMId0EIE 2 @Eol d9dgy. 0bgxgdzool 60dbgdo
30bgdmEs  fmbol 3wgdom, 5dBHoMOMIOL  ©g39000900m, d9fizol  dB0b3sMgdOL
©53903300. 3530l 3MBEHOMEOL ¥Rl 3bMm3zgeEgdol gobsgsedo gs3ol GHodMo sbg3g
ME3CY0 MBGIMS, M53 090l 35603bgdgw0 0ym, HMI BB 3mFol H39b0Ls s bswgwols
1963963 gd0l  253wgbs d0bodsemo oygm. Tgbodergdgeros gl 490M9dmgds  gEsGobol

59339 ™M00m O 3530060 JOMOIL.

9m0d936m 93He3By 3bMm3z9w MO0 9Ju3gM0dgbEHO 20 Moy3Bg Hmboom 18-20 g Bo@sMo,

OMIwgdog 4 XPMIBOIO ©I0YM, mommgedo  5-5 0bogooom. 3063900 XYMIBO
0Jb3g®0dgb I XpBL f20dmoeygbes, 832 x3Bo 0683d500L JMbGOME oy
3990yg9gbgdo, 39 - 3 Bo30L 3MbEHOMMO, bmerm 39-4 3¢0o3g0mL X aRL HoMdmoygbs.

30639 s 39069 X3IROL 0533900 YMm39w g 0bGHJMH35om 6-12 Lssmmo 00gdbab
350 93¢ #9wo@dobl s 50093c»  SEnteritidis 104 (Ho@®oom 1X10°309/dw). 0039

3960MMY™mdom 153309350  3009d©om  sbsgawol  60dmdgdl,  M@dgerdogs
3LsDBW3MIZ30M  B5JBHYM0JOOL  MOoMEYbMBdSL gMm g ImEMEmdsdo. 9JudgModgb@ol

50999056 99-3 ML, OMEYLIE 05339000 bEgdMs 06939300l godmzargbs, 306390
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X3IBOL 523906 9IWIMEIm  Gogagdool  bsMg30L  (dgxstgdom  1:1:1)  F9d;339w0
J9wsBHobol 3990900 (350 93¢ FgwosBHobo+500 I3 GFoggdol  BoMgzo  GHoGMoom
1.10’6309/0w).  8gm6g xawnol (II) 033990, GMIIdLsg 0bxggdsool  0yo39bsocmo
390m3wobgbgdo  Jmbosm,  gld3gmodabGH Mo  XyMIBOL  09y3900LM30L  Fogom
939960bsMmdol sfiygdol 99992, 99995ys0 06539J300L 359maf3930L dogds.

dgbodg xamxnoLb (III) msa3990 0090©HIb FbMmEMm© Boaol F99339e  Fgs@obols
31090L, G0moE  3MBGHOMEXEIdMNES BoZoL  GHOGHMOL  BEGIOOWOHMDS, 159d39M 090G ™
X3IBM6 G9969000.

d9mmbg X3MR0L(IV) 0533900 9956OHYMR000 3MbEOMEOobm30L 093696 godmygbgdero.
3500 9dwYMEOm  3WH390M 569 LBEBHIMOWNHO Hgws@obol 3mdgdo (350 I3 Hgws@obo +
500 93¢ UEHIO0WMOHO 35JGIO0MELMYOMEOO 569, MMIGEDII3 ©ITDBIWVIdIMNWO 0ym
054 3H9M0Mxs2900L b56930).

Lo9Ju39M0TIPBH™  xamxzdo  (I) Foaqdol bsbgzol  30639w039 Mgl dowgdol
0909y @osg3odbotds S. Enteritidis 104 - ol 9eodobszos 9649 dog@gmool GHoG®ds 6
WMROHO0MT0m 03em. 068393008 Lo3EBHMIJOO BJO0M 1YMH300m FYgd0EL FgmMy
@Ol 339 96 T90608690Mm@s, 53900 250MmEmEbw©bgb. Jggao  LEHIBOEMMOS©
996560bMbs  dogwro  94u3gMmodgbEGHol  80dobsGmgmdol  3MHmEgLdo,  5853MMMWS©
ME3Wgo OHBIdMES Bsaq00L Bo®gz0ol  BHoG®o s 030 MEHMEEYdmEs - 1.107 - 1.10°
6309/0¢»-L.

d9m6m9 (II) xamxzoL 5699 06039J300L IYdODO 3MBEHOMEOL Moy390DY ©S3306039ds
byen 100l 2535300mds30 206039, 58 @OMOL gob3sg3wmdsdo, dsmdo boeBmbogdms
06939J300L Lod3EHMIGd0, MOl JodmE 0bobo MsbEIML 33009dMm©bYE. 3oM3gwmo 6w
15993960096 (I) X3MBoL s3900 30MH39wo 2 Mg 069300l MBHBYIL 0wydbYb,
3990099 4 0oL 256053 ™d5d0 GBoggdol EMBYOL s Y39 3MELIEO F9IOMBRS, M3 B39bL
9096 9990bogro bsmgz0l mgMe30w 9839JGDY 993Y39w90L.
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3909900

170

563080mEH03mM9BolLEIbEHMIOL 3OMBOEGOOL MROM OO FM35BIOM369000
bLEAbMO  0BMEsEIO0 AdTMOMBIM©bAb. gl aoblbgoggdgdo  Fglsdrms
3930000 90Mm©gLb 53 J39969ddo dmddg  AobLb3390M  MgaMEs30gdLs O
300060316 BEBObIOEHIOL.

193900L 2969303900  SbswoBom oAby,  ®MI 12 xgsal JmeoL 11 xgsao
wo@omcmos: vB_GEC_ Bl, vB_GEC_ B3, vB_GEC_ Mg, vB_GEC_Bs, vB_GEC_N5,
vB_GEC_N8, vB_GEC_NS7, vB_GEC_7A, vB_GEC_ Hi, vB_GEC_ M4, vB_GEC_ M5,
boem 1 - vB_GEC_ Tr  (mxsbo Podoviridae; 9350 - Lederbergvirus.),
0©96G080E0MS, MMAMOE BMI0GMH0 350, L3 bsymal dob gabmddo Bsbsbo,
woHBMYgbMmdoL  gobds3oMmMdgdgo  30wgdo - 0b6@9eM9BYdo s  sbY3g dolo
300mEm0 3539000 Bos NCBI - ols 3mbszgdms 05H0b.

3060 gbGHMO RBoggdl dmGolb 6 Myoviridae -b cmxsbol {omdmdsagbgwos -
vB_GEC_B1, vB_GEC_B3, vB_GEC_Mg, vB_GEC_Bs, vB_GEC_NS7, vB_GEC_7A, bmgm
5 Syphoviridae -l mysbol - vB_GEC_N5, vB_GEC_N8, vB_GEC_ Hi, vB_GEC_ M4,
vB_GEC_ M5.

3dM935¢0Mm03bM3z9b0 in vitro GHglGgdol LyxRIz9WHBY WY, HMT FoSESJEHOO
R9390L 296937903600056 Bosygd0 - vB-GEC-B1, vB-GEC -Bs, vB-GEC-B3, vB-GEC-N3,
vB-GEC-NS7, vB-GEC- N8, ©m39wms 54303mds 4560L5B036Ms 60% ©sb 80% dqyg.

5060360 399900 MROM 9139JEGIObo 50dMBbEbILb 3000bozMEo BEsdgdol dodstro
(~ 90%), 300069 3939O0bsGMEo ForMmTMdOL FEsd9d0L dodstm (~ 70%). F@Esdgdo,
OMIwgdog  93MIbmdgmdsl  93wabbgb  B39bL  dog®  godmymgzowro o
©HILOSMYIMWO G53gd0L F0TsM™, JOMOMI©s©, S. Typhimurium s S Enteritidis



bgOHM35MdL  F09393690Mm©bI6 s FgBHfos  3w0bozmeo  FoeHIMBogwmdOL
935990L 35693073690 b7b.

3336900

171

5060950, YMm39w039  HgmmJdmwwosb 2odmdobstg  89a30deos 053535
©535U3305m, O3 50 33¢g30L  FgEIPO  FoIdIWo  BdJOOL  3MWII3od
36535 xR9MOM35600,  B93900, MOMIWGO0E FoMOO  5dBH03Md0m  bolosMEYd06
3b6GH0d0MmEH03MmMGHBoLEBEGHMwo  IBHedgdol,  Foo  dmOol  9JuEBHMYIsIMS©
963H0d0MmGH03MOIBoLEBHIBEGMWO, B- WodBHedsBs  Bs3OMmE30Mgdgwo S. Typhi
8005600, dglodwms gobbowmem 04696, MMamO3 9x39dGHWM0  96EH0dsEHgM0MEo
52963)9%0.

59 3353990l MYM5309w0 3ME9bE0sWO YMMmsEEgdsl 0ALEHMYOL, ML dMHIMOL
Bo@o6mgdmeno in vitro o in vivo 94b3gMmodgb@gdol 899a9gd0. 8500 36dEH03IWwo
33035300l Loboo  498myggbgdols 20030 gdl  olog, MM Foggdo  Lo3dom
©IAHOMMOESs JglHogwrowo 29693H03MMH0 ©S BOMEWMPOMHO FobILOSM OGO
dobgzom.
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