03969 X% 935603300l Lobgermdol mdogrolols
Lobgardfogm Mbogzgdlo@g@o

390003060l Bs3™GHIG0

©MJGHMOMBEGHMOOL Logsbdsbs0IgdEm 3MHMYM TS
BOBMYSOMIIM030 X 9D(335 WS J30IFOMEMYOS

ds0s dgdHO939¢m0

»3593000d5gBH9M0MBO galiBMMgbGHMoGwmo
06539943000 3mb30Ese0bBoMgdmm 353339030 S
Campylobacter spp. 8¢sM90demds Js0398do*

LOBMYSOMIIN030 K 9b(330L MJBHMMOL 5350gd0YGO
bs6obbolb dmbiadmgqdms Foddmygbowo olgMEosgool

533HMM9BIOGH0

1539360960 bgeddm3zs69w0: dsschs 0dbsdg

0000oloL 03. X 93560330¢0l Lob. Lobgardform

60396L0GHYGHOL IgoE0bol Bs3MwEHIEL 3OHMBILMOO
/890003060l Mmd@™m®mo




BLGMsgBHo

35030 MdgEYM0s X 956IMMYMIOL JbMBE oM MMHRB0BsEGoOl
doge 50MYOMW0Y, QO3 LmOLsOLI0YMO,
3LEGOMIBBHIM0GJOOL  200md(j3g30 Yzgwsbg  bdoMo
000963053030609d50  d5J@gM0s  dbmxzwomdo. dol  dogH
39003900 5350090 - 35930¢MdEHIO0MDBO MIgEgLlo©
030030WY35005, Mw)d3s, (3939 990mbgzg3z9d0 LoFoMHmgdl
3b63H000MGH03MMYM5305L. 00  bobosmgds  fywosbo b
Lolbeosbo ©osdgom, Ebgwgdoms s dMEeol b3sBIoom,
003005  ©9006g00m.  35330MdsgBHIM0MBOL  BHZoMHNL
3600369crm3boo  53d0dgdl  bobgadwrogo, 3mbiGobggdzom®o,
33¢™03MbmMo 1gd3gs, OMAMMOES 2096-056gL Lob®™mdo
o5 bbgo.

LoobgOGHsgom  659Omdo  FoMdmoagbl  Lojos@mgzgwrmdo
3003900  3obbmO30gwadmer  Campylobacter  spp.-ol
33w939L, geomo dbeMog, bsferegm®o 0bxggdiogdol djmby
3b30@o0B0MmYOMW 853839030 o, dgmerg IbMH03, Jo»d9ddo,
MOmamO3 0b6g9gdgool doMom M9HgM3medbs s fystmdo.
dobo 30Bsb60s, FoBLEBEIOMY 35830 MdIIGHIHOMBOL BH30OHMO
3LAM®MIBGHIM0GMo  0bxggdzoom  3m3oEIoBoMYO
0530390do, 399053 0bmU dobo Lbobdotg Q5
93000930 MyoO0 GHMbo Lb3s bsferszm® 0bggdE0gdmsb
3085609000 s dgobHogerml 5@sd0sboly s BMoblzgwols
6039939006  oBmEomgdmwwo  Campylobacter  spp.-ob
JoOmmwo 9@s900L  96GH0d0ME03MM0  MYHBOLEHIBGHMdS o
30My9693 0300 M5350339MHM369ds.

330930l BoMgddo, 239B6bmM309w@s (oo gdmeo
056533OMImds  gOm3zbme  ©mbgby 99350935
3MbGOM@OoLy @5 LEBMASOMIOMH030 X IBIOMYMIOL
9636990 3966, ,0d0obol  Bs3dzms  0bxggdome
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300603796 3mb30@ewmsb® s 3953006390 gmdol 390093096,
begoem bygEMSINOHOLM ™bybY ,39M3b0ol MLl gz3sLgdoL
RIIONEG  0bLEHOGHWGHMB® (BfR) s  xmOxool
2603960L0GJBHOL, I9RO0639wgMdOL  ©I35MESTIBGMB (530,
UGA).

2020-2021 §engddo, Lwmer dgbfiogarowos  3s309b@os 481
3939¢0ls s Joomdol 063> Bofigmogols 160  bodwdo.
Campylobacter  spp.-ol  ©@9AH9J30d> @S  0DBMOMHYdS

396bmGdE0gw©s b9gegd@ome B05090%9
05JBgOomemyomMo  dgomEom,  bmwe  3Me@Em®ob
39930 0096bEGH0BO0E0MYdS, LG MYdS s LobgmdMogz0
©0x9gMgb3oMmgds  dmbs  domdodowmGmo  @gbBgdoms s
956 OMI0 300dgMobs KoF3MM0 Mgodzom (RT-PCR).
39605 5doby, LMo  496mdol  Lgdzgbomgdom® (WGS)
2396bmO30gws Campylobacter spp-ob 204 JsGoryero d@sdols
993 mH-2969303MmM0 33935 s  EUCAST-ol dogé
693md9boMgdmro, 90bodserMo 0630006900l
3063963530900l (MIC) 3d900M©Om 93539000l
96300036390 Igdbmdgemdols 9ggsligods.

Domdmoagboro 33em930L 999a900m, 35330EMdsgEIMHOMBOL
fowds ©osMIMNWo  ©5350JOJO0  3L30EIWOHBOMYdNE
053939000, J399bol FolsdEodom, dgoobs 16.6% (95%CI[3.05,
20.8]) (0d0@0bo, 35001990, J9ms0L0), bergrm MdoErolido dobo
LobdMhy s g3ogdomemmaon®mo GHM9boo Lbgs bsfersgzme
0693993093056 d0dsMrngd00 5©0IMBbs F9dga0: Y39wsby
bdoGo 0WIbGHOR0E0MdI©O oym Shigella sonnei 19.1%
(95%CI[15.2, 23.4]), ULobdoMoom dgmeg MHIOIMBROWMEGO
Campylobacter spp. 12.3%(95%CI[9.2, 16.0]) oo Sa/monella spp.l
000963053030609d5 mbs by33wg30 boddqgdol Fbmerme 4.9%
(95%CI[3.0, 7.6]). o3 Tggbgds 35930 MdogdGHgMombBols
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A3000b,  930HF0MEMAO0NYHO  3065doEOl  FgMPOm,
0553500900l BogsMmsm 06300096@™ds MBdOEOLOL dogdz30s
303530580 3oL, MMymemE 6 dgdmbggzs 1000 353939
Doeofodo.  535Lmsb, 3603369 m3bo  2oblbzszgdms
Campylobacterspp.-0o 06830306090 353096305 89060
obo30 (40 39) o Shigella sonnei-om» 0bFBOE0MYIMO
353096¢)s 99000569960 s530LA6 (92 ™39). gl goblbgsggds
BGOGHOLE03MMOP OOPIBEIOS Bob-0EbOoL BHLEDsi (U=994,
p<0.001). 8909390, 39930MdsgdEgMH0MbHO 508mRbEs WoyHo

05439600 3LGMM™96bGH0MOGH M0 0bggdi09d0m
330G 0HB0MYOO 153 YO Sb530L d530390d0.

Lodommggermdo 0bmeo®mgdwds Campylobacter spp.-
ol, GMAMOE 3wobozw®mds, slg3g BOOb3gwOlL  IEsdgdds
390m30bgl  Foowro  BFGH0BOMEH03MNM0  MgBOLEHIDEHMDS
303OMBmJls30bols s GYBHM303e0bols dodserm, bmerm
396¢9doobob, 96000OM™Io3z0bobs Qo
Jwm650839603me0olsdo yzgws 9@sdo oym dy®mdbmdostg.
96G93969308  dodo»  C. colil  0BmwbFHJdds  5B3969L
1b3oslbzs 360m(396EH0m MHgHoLBHIBEH MBS, 35d0b Omss C. jejuni
-0l 959900 093696 LOMEs FZOHABMBOSEMY 5T SHSWO MoMdOL
9b63000M 30399600 Lsdw95¢qdol 0dsM.

3b6E0d0MmGH03MM0  OHBoLEHIBEHMOOL  ©YEIMT0bIBEHO
090303560 39@Hs30930 508MmBBEs Barm®dJobmergdols o
A9IOHM5303obol J0dsmm  MBoLEBHIBEGHMwo g3zgws Gl
grA  (T86I) o ter(O) g9b9gddo. M EHOM)boG b Mo
9390900 RGM bIoMo o0gm 9©sdosbols s BHobggarol
603993900056 0bmEomgde C. coli-8o, 300y C. jejuni -0o.

902030 m-3060003900  33wdzeb  Fgeoyew;
Campylobacter spp.-ob  JoGomE  9BHo09ddo  5©0IMBbs
IwEowm3Meo  19dz9bomgdol  GHodgdol  (ST) oo
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390M0509wMds, ds00  dmMol  Lsdo  sbowo  bgd3zgbl  Godo,
OMIwgdo3 39bmogbs PubMLST dmbsigdoms dsbsdo. RT-PCR
330930l dggyo Campylobacter spp.-ob 204 93odosb 37.7%
(n=77) 0009b&0x0306093wo oym C. jejuni s 62.3% (n=127) C.
coli,  50Lob0dbs305,  MMI  FOHOb3gwol  0BMEHEHGOT0O
»B399m© mdoboMgds C. coli.

§o63my9boedos 33w9350 390M53wo0bs
399300Md5gdBHgM0MBoL  9bgdOHMds  J3gysbsdo.  dobo

39092900, Ls0bEHYMILMS, OMyMEOE LyOLsmol 3693w MmdOLS
@5 3939M0bsmool, sbgzg  LaBMmAsEMIdMH030  KobIE30L
L9dEGHmOgdOLMZ0L.



303mbogngs

35030 MdsgdEYMH0MBo mgMdmpow o Campylobacterspp.-om
390mf39o Q55350090059, Gdgos Abmxywwomdo
LmOLI0TOgM0  OsMYJOOLS s LA™ IBEIMOEHIOOL
390m3)393  Y39oHg bdoMo  0IBGH0ROE0YMYd©  Mmmb
05dBHgM0sl dmc0obss. Campylobacter-ols Lobgmdgdo dmdMs30,
635009060, 3030MMI9MHMOMO, 4M53sMYMR0m0 RAboMYd0Y,
HmIwgdog B39Mwgd©og sMbgdmdgb IMszso dobsmMo s
390960, 030bobbosbo 3390l
39UEG®M0bELEG0bsME BHModEdo.

35030 MdsdBHIMH0MBol  sGvgMmo  fgohms  3bmdowo,
HMQMO0E99: 3M53583gM0BYdMmo MdYg, obsrMo 3bmgzgwgdo
5 Bbgs. 39, 936MM30L LYYOLIMOL 3693 MBOL MMYSbML
(EFSA) 9mbas3gdgdom, 9303530 358300mdsg@gdombol 20%-
30% sbmEoMEYds Jomdol bmMEol dmbds®mgdolbomsb, bmerm
50%-80% 93538060905 53006390l M9BYMH3GMU.

399300Md5gdBHgMombo doMOMIOIQ 3003093500
Q05535009055, ™dizs d90mbg393900L 360d369wm3zs60 bsfoero
(31%)  LSFoOMYdL  BEHBOMEH03g00m T3 MMBIEXOMBSL.
553500900l A3060mL 36009369m3bso 50dodgoU,
39930@Md594GH9gMmoMBoLm30L 535bsllosmgdgo,
3obobgdew0399o, 9GH™MOINBbMMO  Bgd3gws, OMYMEOOES:
095dBHoMo  MMOOGHO,  3900B0sbgdmwo  Bsfarsgol
Lob®mdo s yob-ds6mgl Lob®™do.

Lodo®mggermdo 35930 MdsgdBHIM0MBOL  ©0sbMBOMGds 56
bdy, 505496 3wo0bozmMo WHOMOGHMOH0JOOL
BOBROHYL; 3OMEIRYOIW, ©0bLOEIIO 33L939dd0
59 35dB9gm0ool 0IbEBHOBOE0MGDdS 56O bMEOEF0JWYds. 5J9sb
3900m30bsMg, J399sbsdo  MEbmdos 35830 MdsJGHYHOMDOl

LobdoMmg S 99350YdOL BHZ0MHMO. B5dob M3s, Logsbysdme
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050505 ,L535MMM 0639J30M0 FoMTIMIMdOL MBI
5 ,L539M3MEM LYYIOLIMOLJOYMHO FMTbsTZgdOL“ LBESEHOLE0IS,
396630 BO0m 30 - 15383005 3M3MWS3E05T0.

dbmgwomdo 05dBH9M09d0L I EoMmgboLEI6G Mo
9353900l 50Bm(396905 @O 393MEIEY0S  BODBMYPOOMIIM030
X906IOMgmdol  36003bgermzgsb  4sdmfzg3o0  MBRgd..
936035380600 0936 J399s65d0 ©5530JLOMYOME0S
d9bmOEMwo  808sOHMEgdol  Jondgddo (3MMmog®do) s
50590560l 650393900056 3990MYgMzoo C.jejuni-ob
0bBMWHE 9030 MHxBoLEIBEGHMBdOL DO GgBHMo303obols s
3036MxBmJlsz0bol odseo.

LodoMmggermdo  s6&H08030mdMo  MHgHobBHIbGHMdOL  (596)
B9sdbg39™mdol dmbs399900 LobMPoMgdMH030
X9653330L LobiEgdsdo AFoMos, beargrm LyyOLsMOL FoMdmgdols
5 39390065600 1gdBHMOH9dd0 MOMNJIOL 56 SOLYIMOL.

fomdmoagboro LoOLYOGHOEGOM [s[QToti/el dobsboo,
39bLsBO3OMU 399300MdsgdGHgMomBol A30000
239LEGO®MIBGHIM0GMo  0bxggdgoom  3mL3odswobomgdme
0530390d0, 399053 0bmU dobo Lbobdoty Q5
930930 myoc0 GHM9bo Lb3s bsfesgm® 0bggdzogdmsb
3035mHM900m s dgoLHogerml 5@s30sboly s FMobzgeols
6001390006  0bmodgdwo  Campylobacter  spp.-ob
JoOmmwo @900l 96GH0d0ME03MM0  M9BOLEHIBGHMDdS o
30My969303M0 M350 3390 M369ds.



33¢930L 3900000eMA05

00003100 ©s153365 - LoolyMEIEoM BsdMMAol 3wobozM®o
3309306 3m33mbgbBHby 9003MmO  ©sli336s  FoMmBmoyobs
»000OLOL 0530309 0bg9dgom®o 3w0bozmmo
155350dYmBmb* LsIgEoE0bm gmozol 3mdobosd (15.06.2020),
boem ©3bx - 330g30L 900030l bodFmd dmobobs 3Mmgd@ ol
330930l 3MMmEGHM3MoLs s bb3s Lomsbowm ©m3dgbEsEool
99x3ol90s @O @osL33bs, ®MI 330930l IBMEGHMIMEOL
dobg300m 1533930 306HJOOL MREJOJOO S 3)0LPOVINS
5099353 “M© 0Ym s3I0 (28.12.2021).

33w930L obBsobo - 2020 Ferob o0g3b0bosb 2021 fierols
199d3H93dMOL  Bomzom ,,0d0oloL d53d3ms 0bxygjzowco
1553500FYMBMEH* D) ©3Lx-b Q553500 JOM
93000H953Hg39w™Mdol  LobBgdol d939Mmdom  TJMHM3WS
5005905b0L 481 8935¢®O 60ddo LogdoON3zgEmb Mmmbo oo
Josdosb: mdoobo - 405, dsmvdo — 49, Jymsobo - 25 o
3™M0 - 2. 33930l d96B935d0 dmy3b9b
3b30EGO0HB0MYGOMO, B53d305 S1s30L 353096300 (3539,
36390000 OsMHJom, MMIGrgdLsE 509b0dbgdmc F93gy0
Lod3GHMIgd0: (3bgErgds FMEwol L3sHIom, ©sAOL OSMY,
903Mm303HJ00  49bsgsedo, 9F3539 Lolbosbo osMgs 6
390 Md0b6BY ©©JI0MO 456535¢0.

s©0bodbmo 3530963900l 60dxdgd0l A9LBH0MdY,
059G IOOMEMY0MMHO d9onmEom, bmO(309009dMOS
300603930L  0dmEMsG™Mm09ddo bbgs 9bg@gdm3smmyqbgdby.
05mAol,  Jmooboly s Mmool Loyhgbo LoyMgdo,
Campylobacter spp.-ob 35J&9H0ME0 FGOMPOM 33g30LM30L
035536000696 Fbmerme 00 60dMIgol, OmIwgddog 396
b90Mm©s 9BHOMEMY0MMHO 5396¢0L 009IbEHOTBOE0MYdS, beagrm
»OO0OLOL 05303m5 0bx9dgommo 30bo3zmMo
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155350IYMBMEsb*  0gHogbgdms 33930l FgMbhg30L
3603H9M0mddo  dmbzgmowo  g4ggws  353096¢0L  bodwdo.
fomOmagboer  LomdBmOm  Bsd@mddo  gs9mygbgdenos
50b0dbmo 3006030l WsdMGsGHMOo0L dogé Salmonella spp.

s Shigella spp.-l 33930l 9093900 s 353096GMs  FgBo
dmbsigdgdo.

6596mddo sg3zg Fo@dmoygbowos Campylobacter spp. 33935
x3M0b3zgeol 60089d30. MobmzoLs3 2020 ol
09096030056 2021  Herol  bgd@gddgemedy:  mMdoobOU,
©oEdol  gmgbos  3bmgggdol  dsbsMmOLE  Labgwomby
392635 Jomdol dMTs Bofiersgol 110 Bodwmdo (d9damddo
»0XbMOO“ Jodol 60399F0) s 50TMLOgE Yo LodsOm3gErmdo
90090569, LydMoem BmAol Jgi3M0b3zgegmdol 13gMTosb 50
bodmdo  (9.0. ,0bMLEG®OMO*  Jodolb  Bodwdo).
o0bb0dbs30s, MHMI 330930l FoGRyegddo  TJAMHM39dO
5Q5d05bols s BMOB3zgeol Bodwdgdo 3mMgEsEosdo ogm
9603569000056 3gH0M©POLS s WMIs300L dobgz00.

3060327960 6083930l EHEMBL3MOEH0MIdS bMME0gMEIdMOS
30906 5M59dgBHL 24 Lssmdo, 1dgBHgLs® JoMo-deggMols
Lo@®obL3MOGM  Bosogom, 4-6°C-Byg, bmwm g»Hobzgwol
60810930  25050F9BJdM©s Yobmom  3mbEHgobgMgddo s
039LEIOMPS 565G EHIL 3-6 LosMOL obTozEPMdsT0.

Campylobacter spp.-b  0bBmEWOMHYPRs ©s 0Y6EHOBOFOMYDdS
39b6bmGdEogws ISO 10272-1:2017 bsfoero C-ols dqlodsdobsq
»00Q0R0E0MYO Bobdomol, BIBM3gOHBMbOL,
©9JbodOHmMmoEol  Lgwgd@omed saseMbg (mCCDA), bomeom
3wo0bozmMo 609mdgdobmzol Igmeg Lgwgd@ome boswoyow
399mygbgdmes CROMagar Campylobacter. 603+98900L 20%-ol
5993990090565  ,309EHM™bOL  dwombdo® (Preston broth)
390000M9d5L. BobxbIdOL 063 MBOMYds FobbmEME0gw©s 42°C-
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B9, 303600-56596HMdM a569dmdo (02-5%, CO2 -15%, N2 -80%)
48  ULosool 2060530 mdsd0.  Logd3zm  3membools  bsgbol
3619356M530b gM530l dg0Mm©om J90gd30L d9damad 39bYbom
ol 3030L33060905L. ©sdsEgdom, Campylobacter spp.-ols
bo93F3m 3Mm®bogdols QOLEGHMOGOSL 3sbgbom
00mdgmHodlol  530-35930L domgodoMo LobGgdol  GgliGgdol
LobBgdoo (Biomerieux system ApiCampy). Campylobacterspp.-ob
0DBMWoMHgdMWo  3mEmbogdol  Tgbobzs  bmM309wgdM©s
3600 bLobx 99330 10%-0560 e0(39H0b-d6Y 39wl d)EP0Mmbdo
- 80°C-%g 999030 33¢93900LmM30L.

Campylobacter spp.-ll  ULsbgmd®030  ©OBIOIHEOMIDs S
©3©3LBAHMMPDs  Ogser®  ©MmTo  30odgmebs  xsF3MMo
95J3000m (Real-Time PCR). Uodo®Mmnggarmdo 0bmeo®mgdwyeo
Campylobacter spp.-b 220 3@530l, GMIGEmssbsg 60 oym
0bmwoMmgdmwo  353096¢ms  bodmdgdoosb s 160
53M0b3zgeol 33> Bofiemogol  Joamogolosb, dgdpmdo
330935 393Mdgers  ggMdsbool  ®olgol  FgxzoLgdols

390IOMOO 0bLEoGHMEOL 39930cmdagd@gcmools
9539056 dMmMo@GMMmosdo (BfR NRL- Campylobacter).

Campylobacter Spp- 0bMWBEGHO0L LobgmdMmo3z0
©0xgIM9630Mmgds  obbmémEogwes  RT-PCR  dgommooo.
MHobmgobsg,  ©@b3-ob  gJuB®madioobmgzgol 0bmwsEHgdol
RO MEo Lol OHgbmbdgbboMgdsl 39bYbom 5%-056
Chelex 100 resin. 80©gdwo bML3g6Hool MgMIMw wobobl
39bmOm30gwgdom 95°C by 15 fmomol gobdsgzemdsdo o
399003 35396¢HM0x3Mgdom 5 fo. (14,000 x g). domgdmeo
05dBHgomwo  ©bd-ob d9gdi33geo 2.5 93w bogogdl, 1:100
396%s3900m, 30996900m dgdamdo PCR sb6seroboliongol.

RT-PCR 695J30530 @59mygbgdmwo m@ogmgdol Lodmemm
3063396305305 ogm 300 nM, 100 nM gwwrm®glggb@®mmero
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9do-94396R96 36:md9d0 s 1U Platinum Taq b3 3cen0dgess;
®95J30s80  3o8myggbgdyo  ogm  BEMOILEIEEHYO
Lo09053900L  33d0bs30s FAM  C. jejuni-ols mapA-bodgol o,
JOE C. coli-ob ceuE -030L s Cy5 C. lari-ob gyrA-Lioogol, begom
5030080353006 3MbGHOMWI©  9ds@gdmes  IPC-ntb2
3sBdoob 25 sbigro.

Campylobacter spp.-b  56300030MdMwo  daMAbMdGMdOL
AILEHOMIPOOLbm3oL  (536) - Campylobacter spp.-ol  LvRMS
3MEGHMOHJO0b  350Bsgdom  LLdgbbosl 2-8 x  10°
30embool §o6dmdJdbgwo ghHmgmwo/der-do s 3smomboom
3069dBH0Mgdm  donwgdH 3owEHmbol dwmwombdo (Cation-
supplemented Mueller—Hinton broth), ®m39bsg 059539090
3Jmbos 5%  bdmb Bobobobols  dMo@o. MIC-900
©93HIMF0MOPMo  0ogm  930M3NWw,  LEAHBIOEHDIOWW,
9030mFGHOGOMo  GoORoGHoL  BmMOIs@Gdo  EUCAMP3.
AAH0M9d5d0  250mygbgdo  oym  93009I0MEMYOMGO
0360 bLooggdo (ECOFFs), GmIgwos ©oagbowos
9630803600  3ydbmdgemdol  GglGHomgdol 930M™m3)o
3030@9G oL dog® (https://mic.eucast.org/Eucast2).

Campylobacter spp. - bongols ECOFFs 560l 9909a0: 16 mg/mL
(CHL), 0.5 mg/mL (CIP), 0.5 mg/mL (ETP) ©s 2 mg/mL (GEN).
ERY s TET borgol babgmdgdomzgol bdgsoxome@mo ECOFFs 0dbs
doRbgmo, 390dm C. jejuni4 mg/mL (ERY) s 1 mg/mL (TET),
boeem C. coli-boogob 8 mg/mL (ERY) s 2 mg/mL (TET).
0bm3Meomgdmeo 30MOB0EHJOOL 06300690
bmO3090©gdmEs 44 + 4 Lo, 37°C-By 0030MMgOHMdIM
39M90mdo.  MIC-gdo  (mg/L)  25965¢00bgds  bgdms
Bobg3Moog@MBsd o  dmfiymdowmdom  (Sensititre Vizion

system).
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Campylobacter spp.-b 9353900l Lo g96mdol Lgdzgbomgds
(WGS). 12-18 - Losmosbo 3w @mgdosh 39dmbm®o ©bd-ol
99bGH®sg30s bmMEogeqdms PureLink Genomic DNA Mini
Kit 998myggbgdom. ©bd MomEabmd®mogzo dgxuslgds bgdmes
Bm®odgBHmomws Qubit 3.0 Fluorometer-oo (dsDNA HS
Assay Kit 0.2-100 ng), bmem bs6Holbbmd®mogo 139gdEMHwwo
9b5¢0Boom (NanoDrop Spectrophotometer). ¢gb@Eobomgol ©bd-
ol d0doMmmy3> dmIBsEs Illumina DNA Prep, (M)
Tagmentation Kit-o» dhomdmgdeol 0bLE®wyg00l
d9L5d5d0bS, g439ed 95295@0b dm3MEMmdgd0L
39b0bg3Mgdom. sfiyz0wgdwo  dmermgdol (paired-ended)
19d39606M9ds gobbm®Eogers Illumina MiSeq bLobgdsby (2x151
303wo) MiSeq Reagent Kit v3 (600 (303¢00) @odmygbgdoo.
300390 dmbo399900L 5353905 s de-novo sfymds
dmbs AQUAMIS 3503es060b v1.3.8 Lsdoogdom. sfigmdowo
396m3ol  3mbGH0ygdoL  boolbo  93BHMIsGHIMo  FgRsLS
teQuilR oo 3503ws0boo.

6939mGH0MOHO0  096300g3tmdgdo  Asdmd3zgybos NCBI
051500.  Bowmy9gbgBH03MMo  SbseroBol  FglslitrergdEs©
390myg9bgdme 0dbs Ridom Segsphere+ v8.2.0. cgMLST ULggdoom
30ymdoro 396mdob 3mbE0gd0L Fobolifot 3sblsbrgmwyan 1343
Lo0Bby g9gbbg 98%-0560 0©IEEGHMIOMS S MYIRIMIBEGHWwO
0563000930™md0l NC_002163.1.gb ghm-96m segwomsb (C
jejuni NCTC 11168) 98% ogo®zom. dobodmd 95% 3560
LsdoBbggd0“  0dbs  b6s3mzbo cgMLST-by  oxmdbgdero
3b5¢0Bolm3z0L Foboslifjo® FgmogzsBgdmwo cgMLST bggdoo.

36¢00030MmdMwo  MH7BoLEBHIbEHMOOL ©gEHIMT0bIbEHJdOLS o
3oHdoOmo  FoM3gMHgdol  3OHmabmboMgds  sfiymdoero
396030L 3mb6E 039030 gobbmeMzogers BakCharak 3s03¢wsoboo
v2.0. 35035060l 0bbiE®H)dgb39gd0o dmoizsgs: ABRicate v1.0.1,
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AMRFinderPlus  v3.6.15- o 3sboob 5393806 9dwgem
9mbs399ms 05D, 539039 963H0803OMIMO 3601935653 7d0L
90356 MH9DolEIBEHMBOL G IMT0b56GHIOL, 3esBIoYdOL
360bmbocmgdolbmzol Platon v1.1.0-b s 3esbdoé blaster
0bLGHOMIbEL. BLAST 89093900 350530GHMs  3mbGogol
Log®dol byew 8306y 20%-0560 IFSGZ0.

07009290006 BEASEOLE03MM0 3B5¢ODO - FobbmdiEogws SPSS
21.0 39®Lool  95dmygbgdom.  Lo@fIMbmMmdol  95%-0sbo
06396350900 20b0bsB3GMs Campylobacter spp.-l bLobdoMol
360 396¢ Mo 9539690 9d0LsmM30L. 5369039,
BEAHOGHOLEH0ZMNMO®E  PosboeoBEs  Mdowobol  3eobozmmo
60338900l 33e0930L F9YPI00. 390N, Lo 3o0MPqb0SH
00MMY0m 06830300500l 35380600 353096GMS Sb53MdM030
X2IBIO0L 35H93MOH0gdmb Fgxsls dsb-mo@bol U (Mann-
Whitney U) @gqb@ob 250mygbgdom. gots sdobs, dobbob
995350©q0s> (Odds Ratio (OR) @00m30m35gm 330093500
0Mbgdmwo  mMo  Lbgsslbgs  LgwgdBHowmedo  Boswogols
399mygqbgdols s FozOMMMERB0BIoL bBOEOL Joh3z969dgdL
9oL BEIEGOLEBH0IMMOE LIOHIMBM SLMEOMIIOL 303mmyBoL
99L50mfdgdws.

Campylobacter Spp. 9353900l 363H0d0MH03996M0
M9BoLGHI6GH™IOL 650Dl F9gagd0lL  LEGHOGHOLEGH03MMO
3bsoboliogol ECOFFs 85839693 gdols dobggom dmbs
3353900l 39393MM0Bs3E0s dadbmdOsMY ©s MBOLEBHIBGHWW

1Mo ©IIMI0EIOMWO (33¢©OL OJMEHMIobsEgoom -
»09B0LGHIBGHWMO vs. I3dbMB0SMY (O9RgMBEGHwo [reference]
353920605)”. 363000m3 0390050 9BobGH9YbGH™dOL
Lo®3w)dz9w by 9999995300 ©35BHJO0MO A5TMLBIZIWO (33CSEO
353920609000 ,,2-3-X 90500 HJHBOLEIOGHMOS.
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A9IOH5303wobol dodstm 9BoLEGHIBGHWMdILS
(©099Mm3090MWO (3305Q0) s L35 MEM 3019OJGHMMIIL
(@5¢®oduol  fysermb 330000 (5sdosbo  vs.  Jomsdo
(6989096¢ Mo [reference]  3539a3MmM05) @S  d5JBHIMOOL
Lobgmdgdobomgol (C. coli vs. C. jejuni (6G9R9OI6EGHWO
[reference] 35@&9aM6M05) dmMHoOL 3538060l ©YGHIJ300LsMZ0L
3653 MdOMO maoLEGH03YMO0 6926M9Loo, bowm
50930009090 3090JGMOwo dmgeol dgbsgdbgws
RMOH3560gM0 d9Mhgz0L dgmmeo (Forward selection (Forward
LR [Likelihood Ratio]) method) 59m30ygbgm. ao0mzomgzscgm
Boag39M3ol gbgzom R 33500Ms@0 (Nagelkerke pseudo R
Square) s 5M5LEHIBIOEHMWO dgBS 3MIB0E0Y6EHO (B). sbLol
398560905 95%-0560 LoGHIMBMMBOL 0bEIMZsom Fgi3sLs,
GymO3 B 309303096¢0L gdudmbgbzoswm®o iwbdisos (Exp
[B]). 9395 LEs@GOLEH0396 565¢r0Bdo bermzsbo 303mmgBol
3oOMGOMEMIOL  5EdsmMds  <5%-bg  (p<0.05) doBbgm0os

LGOGHOLEGH03M® LoO(IMbm.
33¢m930L 390092900 5 3500 SBsgobo

3503000md5gdBHgMombol oo sMEagbgmo  gEomEmaool,
353430 oMo  06839J30000 3MbBoEsEoBoMmgdem
053039000 ULsgds@mggmmdo - fFomdmygbowo Lomd@mOmm

33930l Botpargddo  Bggb 89393009 9330000
39930¢Md59EHgMombob Lobdomg »59b9w0o
9GOM@MYool”,  d5JBHIMOMWO,  OIMIMNO  OISZIPIIOM
330G 0B0MYOM 153039070, LodoMM3zgEml bsdo OO
Joewodol  dmbszgdgdom.  dggyo 378 ,99a9bgero
9G0MEMmyool” 60dwdosb 16.6% (95%CI[13.05, 20.8] (n=63))
0©0dmBbs  ogdomo  Campylobacter spp.-bg.  53sb9b,
0d0wobdo  35330¢Md5gdEgMHombBol LobdoMg oym 17.2 %
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(95%CI[13.1, 21.9] (n=302/52)), 3505080 16.3% (95%CI[7.3, 29.7]
(n=49/8)) ©5 Jx00L80 12% (95%CI[2.5, 31.2] (n=25/3)).

39605 590by, 2020 0g3wolbosb 2021 ozwolsdpy (1 Herols
296353mds3d0) »0O0OLOL 0530300 068943000
3w0b03MM0  155350aYmMBMmEE* dgdmbmewo 382 6odmdol
Logdzowdy,  B3gb 8939359 89a30©aMgd0bs  Lsdo
926G 9OM3smmygbols  (Campylobacter  spp., Salmonella spp.
Shigella spp.) ULobdoMgqgdo 1533093  3M3MWws30sdo @
39339905@0Bgd0bs 58 3ommmygbgdoo  0bxgosoMgde
35309630 5b53MOM030 QobsHowgds s Fomo LYBMbMOMdS
d0oldo.

382 139350l 603430sb, 139 bodmdo (36.4%) ©IIdIOMNO 0y™m
15306  MHMIgodg  Lsdobby  Zsmmygbby.  Bodwdgddo
0M39gOm0  gmgmo  0bxygdsos 9  sdmBbs.  Ls33w93
3399530500 96GJOM3smMgbe  d5dEHgMH0gdL  FmMob
439wsbHg bdoMo oym Shigella sonnei (19.1% (95%CI[15.2, 23.4]
n=73), bobdoMom Fgmeg oym mg@InGow®o Campylobacter
spp. (12.3% (95%CI[9.2, 16.0] n=47) 5 dcgomb, Salmonella spp.
(4.9% (95%CI[3.0, 7.6] n=19). >335, “bs 500boTbML, HMI
d9dombgggzoms Bobggombyg dg@do 63.6% (n=243),
9GO MY0MM0 539630l 00096E0BOE0MYdS 396 Jmbgdbs.

123303 XdBdo  9mbgggbgb  3530gbdgdo 343939
390m3m@o@om, bobbeosbo @osMgoms ©s bgwgdom, 6
39bsbyMdewogzgd o 090056/mefjmgsbo ©OSMHJO.
Q553500900L Lod3E™MIgdol 39903096056
30U30Gow0Bs359©g ©OHM BsdswmE 895096 5 L.
35309639 LggbmdMH030 49bsfowgds 0ym 00mJdob MsbsdsGO:
9009MMd0mo 55% (n=26) s sdGMd0mM0 45% (n=21). Joo0o
obd30 39MYgMdEs 2 ™300 211 ™mggdwg (17 Fgwo) s
09005bmEo  sbv3o ogm 52 mgg. @53MMSGHMOOICSQ
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©OILGHMMIOMO  ©ospbmbol  dJmbg 3530963900l
090005660 51530 30 71 ™39L 9500)bs. 9939 S0Lsb0dbsg0s,
6™ 353096(¢)9d0L 32 % ogm 2 {arsdyg sbogzol s 61% oym
13MEEYO sb530L 053330.

o0bb0dbsg0s, MM Campylobacter spp. 0bggjszool djmbg
3530963 5L53MdM030 Fobsfowgds (IgosbmMo  sbsgo 40
39 (IQR)22-95) 3608369crm3bs 9bbbgsgwgdmes Shigella
sonnei-00 0bx3030M9dMw0o 3530963g00L 3906wE SLs30LYE
(0g05bs 92 mzg (IQR) 52-140)), Go3 LEGHOLEHOIWOS©
Q593G MS Bsb-10@bol GgbBdsg, bosi U=994 s p<0.001.
09935 g0 BEIGHOLE0IMMO© LOMFIMbm Qsblbgeggds 396
390m30bs 39930mdogdGHgMombom Q5935 YOMIO
3530963900l sbs3Ls s LOEEIMbgEMBOL OsABMBOL dmbg
053035 sLO3L FMEOOL. 2odmIE0bsM) 0Josb, GMI 33eg30L
0535DMbo Im0(35305 Fgofool ygzgws bybmbl, 893935090
39339905¢0Bgd0bs  Lsdogg  0bxygdsool  LobdoGmggdols
LgDBMOEMOMBs. OMIMOF 36MdOW0s, bsfarsgzm® 0bxggdi0gdl
aboloomgdl 3339060  odmbobmeo LgbmbyOMds, 0md3e
B396L 33093580 03390000 LYBMbMO™MdOL  BH9bgbgos 96
390m3w0beo.

93000980MmW™A0M0 30605300l dgmEom  Imgsbobgom
3309306 99099006 ®MdoErolols  35393ms  3t3YIEs(305DY
9JLGHO93M5305, MM y39R3oBYd0bs LsdoBbY 3Mm3MsE0sdo
35030 MdgGH9MHoMBoL L5356 M 06309bEH™ds.
930930 Myoe 306059050 gobolyBzcs  dmbsizgdms
3699 BH0Mm9d0l 5 Mby. 00MNMYLI Mbgyby
@O BINSGHMOMo  §Yo0rmgdosb  96/@s  BGoGHoLEGH03MMO
060306 353000056  odmzgmzsgom  dglsdsdobo  3m9n03096EG0,
09039 39 GH03W035GHMO0 BodEmMgdo (MFs).
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47

©ELGNORIC
890mbggagdo

Bgmegols Bd6mdgermds
(76 %)

Campylobacter spp. -9
AhabBomgdmero Bodmdgdol Formo
(26 %) MF 3.8

/ 3aa0gbdodob Focro bagaerag erobogsdo

MF 1.32

(80 %) MF 1.25

JoB3ocrmdidBgmon®ob 3nbiodecroBagool obogdbo
(33.9%) MF 2.95
39830¢rmB3JHIOEMBOL Lod3Hndmmo vs. sLoB3HmdHo Bydobzgay
(50 %) MF2

338030 1. 930©980MmMy0NMHo  306M5F0s - 35030¢Mmdogd@gMombol

15356599M 330600 NBOOLOL B5303005 3M3MES305BY.

o 3065000L  gMdgl,  JIBol 35930 MdogdGHgM0MBOL
L0d3GHMINMo Fgdmnbzgzgdol fowo, MMIgwon 353096390l
Q3bEIMgdOm 50%-80 90800bsMgmdL. 9909390
MF=2 (100/50=2);

0 399300MdgdBHgMomBol  3mL3oGswobsgool  0bgdbol
300mm3ws  dmbs  @oFIMGHMOM  0bgmMTs305HY
©94MHEbmdom, MMIgems mMsbsbdosi 93Mm3me J39yb9ddo
3503000MddBHYM0MBol  ©0sabmbBom  3mLZoEowobsiools
3583969090 560U 33.9%, dggas MF = 2.95;

o ,mdowobob 0530300 0b689J30MM0 3w0b03mM0
155350YyMg3MFo* 353096@900L 3mb3o@oswoHoMgdols
360Hm396@ o foo s6Hob 80%, Mol gglodsdgds MF =1.25;

o 33wy30L 39M0mdo (2020 03crolosb 2021 03wobsdy),
30603580 b 3mb3odswobomgdmwo oym 1450 35309630,
3393580 dmbgs 382 353096¢)0l bodmdo, 6w 26%, dgwgyo©
300990 3095303096EL MF=3,8;

o Campylobacter spp.-l ©9®9dzool dobbom yodmygbgdmewo
AbBHoMgdol  dgoomeol  dydbmdgermdols dg0sbmMo
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05639690900 56 50903 9ds 76%, MF 1.32;

0 9300980My0MHO 3065d00L 3960 gglsdsdgds 0bxggdzool
WOBMEMSGHMOOMMOIPO  EILGHMOYIMo  Jgdmbgzglzgdl. gL
053969090  oym  Campylobacter  spp.-lL  YYIOODO
d900bg93900L Gogbgo - 47.

93000980MMQ0E 306580530 b7039 mbyby
5ygbowo 30980330953 900L 390mygqbgdom
(MFs=2"2.95"1.25"3.8"1.32=37) ©5@p0bs, ™I »dowolol
0530305 3039530590 35830MBBHIM0MDBOL 658300
39000b393900%, L35MMEME, dg0dEwgds 0gml b MGdOm
1800 Hgerofiodo. vy go30m35¢0bfobgdm, Mmd 2020 Fgarb
000obdo 8533305 Loghmm Mom©gbmds oym 283 400, qb
9539690900 d99L5058905 1:1500 99dnbzg3sL Hgwrofodo, 649
39330005 30356059 Mm, MM 58 JJ0IMEOM Q5TMMILOEO
L3565 M 06300096@™ds 6-05 1000 353930056.

Campylobacter spp.-ob Jo6039@o dEs99dol IEBEHMMIDS S
LsbgmdM030 EoBIMY6E0MYds dmgzsbeobgom RT-PCR d9gomm@oom.
Lodomomggarmdo obmwomgdmwo Campylobacter spp.-ob 220
d3o30L, LsobsEg 60 oym 3wobozm®mo Bodwdgdosb, bmeom
110 ,;oxsby®mo“ s 50 ,,06MLEHMowMwo*  Jsodol
603998900056, 33W9g35 29O ES  3gMdsbool  MHoLzoL
39935L900L B9gIOMHO 0BLEHOGHMEHOL, 35330 MdSJGIMOOL
M9BYOSNOH  dmMs@GmMmosdo (BfR  NRL-Campylobacter).
GOL3MMEGH0M9d0L G909 Imbg@bos 220 b 92%-ob (n=204)
9379w GH03060905. 16 06m3mB0@sb, LoosbsE dogdEgMools
3O@GHOOs 39000 mz0@gm,  3gbgHoznco  33wgzs
356bmOEogws PCR  dgommom, mdmsemmne  dvwombdo
496560 dogd@BHgmonan doborsby. 99gyo®, 12 dsmpsebdo
500dmPbs C. coli(n=4/12) 56 C. jejuni(n=3/12), borgoea byono ogm
99090 3N GG 41% (n=5/12).
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RT-PCR 3d900M©Om dmgzsbobgm Logdo®mgzgermdo
obmwomgdmwo  Campylobacter  spp.-ob 204  3@sdol
Lobgmd®o30  ©0xBgIMY6a0mgds.  Fg9agdo  gobsfows
d999absoto:  37.7% (n=77) 0@9b@0x80E0MJdMYwO  0ym
Omamms C. jejuni s 62.3% (n=127) Gmameg C. coli. 53sbmsb,
396Lb353900 0gm Lobgmd®m0g30 F9ygbowmds bbgzsolibgs
35¢®0g4Lgddo, 396MdmE 053839006 3935¢9d0B AsTMYmzBO
3wo0bozn® 609439800 ©mdoboMgds C.  jejunid 82.5%
(n=47/57), 99Lodsdobs, C. coli ogm 17.5% (n=10/57); 95306
MHm3d, BOOB3gwol 0BMWsbGHIddo ©MINBBEGHMMO Lobgmds
oym C. coli: ,mxsbm@mo” Jomdob 0Bms@Hqddo ol 99s9bws
74.2% (n=72/97), bow® ,060M8GHO0Mwo* Jomdol dMIs
Bofarogoll 0bmwsb@gddo C. coli 90% (n=45/50) s C. jejuni
oym dbmerme 10% (n=5/50).

bsgds®mnggermdo gsdmymaomo Campylobacter spp.-ols 9353900l
36(03030mdmeo HyBoliGHIbGHMdoL 33em93s Lsdo Lb3zsIlb3s
3oBHM0dbosd  (,exsbmo  Jomdob®,  ,,06MLEMOoMo
Jomdols® o 9530560l 935 9d0©B) 0Bbmwomgdme C
Jjejuniby  ©@> C. coli 33900l gobbmOEogws 6
3b6GH000MGH03MO 360935053y, mM03g, MMAMOE 30bolme
31939 BOHOB3gOL  0BMELDBHIOTo  Q5TIMZ0bEs  Foeo
M9BoLGHIBGH™S  303MMBWMJLO30BoLs s BYGHME03obols
dodshm, bmwm  g9b@sdosobol,  gBomO™IoEgobols

Jwm®s9839603me0ol J0dsmo g3zgws  GHgbGoMmgdMwo Esdo
0y 33dbmdosmy.
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@gbMowo 1. Ubsdo  Ubgoslbgs  3s@@modbosh  (,mxsbmdo  Jsmdol,
»06MLEGOMWOo JooToby“ s 50530560 1935w gdOED) OBMEWoMmYdIMO
Campylobacter jejuni > Campylobacter coli 810900l 5b&H00036OHMdMo
03036mdgEMmdoL 33erg30L 8993900.

sepboooge ECORT ool icyoneeo Beydhols Guexogfiods oo (%)

(g Ry | *XPOO0 Boude obobaonro’  groognto Total

=97 oo (n=50) (n=57) (n=204)
Cjejuni  Ceoli|  Cjejuni C.coli Cjejuni C.colf Cjefuni  Coeoli (n  Cjejuni C. coli
(n=25) (n="72) m=5) m=45) (n=47) =10) (n=77) (n=127)

_ Jeoet53Bg9bo gm0 16 16 0 0 0 0 0 0 0 0
o meoesogob 05 0.5 20 (80%)  69(96%) 5(100%) 45(100%) 41(87%) 9(90%)  66(86%) 123 (97%)
JPhomGmdogobo 4 8 0 0 0 0 0 0 0 0
3ol 0.5 0.5 0 27 (37%) 0 37 (82%) 0 6 (60%) ] 70
395@dogobols 1 1 0 0 0 0 0 0 0 0
AOEPEogmobo 1 2 18 (72%)  52(72%)  4(80%) 45(100%) 17 (36%) 8(80%) 39(51%) 105 (83%)

sbBoeols 3sb0s(33gds: ECOFF, 93000900mema0w®o bughwyamo boowgdo,
M0wgdog  3oblaHzmoglh  96¢08030MdMmo  bogmoghgdgdol  Jodstom
M9BobBHIBEH™dL (Wwww.EUCAST.org); R>, 9a®3bmdgemdol dsduodserm®o
30639bGHGsgos  (MIC);  b6gdoldogho MIC, Mmdgwog  s0gds@gds o9
3063963 Mo305L 2960LoBgMYdo, OemO3 ©9BobBHIBGMwo.
5900390 d580 1B 0gbgl owgdwyeo, HGmd ECOFF gHhomMmdogobobmgol
Qo 39E5303w0bobmzgol 296Lbge3gds Campylobacter-ob
Lobgmdgdobmgol. 1, GHgbGHoMdo 0DMESEIOOL MomEgbmds; sbGowdo
60Eb39o0  SdLMEOGMO  LoEOYJddos @S SLEbA3L  MHBOLEHIBGWo
0DMEOGIOOL MomEbmdsl; BOBbowgddo, MyHobBHIbGHWwo 0Bmws®gdol

36396¢ o 35839698 gdo0.

9035396990Lm300, OHMAMOE 5©580560b, s1939 BM0b3gwol C.
coli-b  9@s090ds  sB39bgl  Lbgoolbgs  3Gm39bGHom
M9BoLAHIOBHMBS.  ,OxHBMOHO  Jondol  IFBHodgdol - 37%,
»00MLGHOOoWOolL® 82% s 3w0bimEmol  60%. SFoLmb,
96G9396930L  dodom  MgBoLBHIOGHMwo C. coli-l ImOOU,
69HoLGHYB6EH™IOL oPBOWO B3Ol Bgdmo, MIC 1 933/
36008369 mdol ogm 89% (n=62), 4&s9900L 10%-3o (n=7) MIC=2
033/9e s gm0 3FSAL 3dmbes MIC 3603369 mds 4 939/d.
969396930L d0dom MHYHBoLEHIbEGH Mo FE99900s6 MIC =2
93y/de 36033690 mdgd0om 0oym ,300b03m0“ 609d9d0©b
bodo d@sdo, »0X MO0 Joomdol 60088900056
0bBMWoMHgdMwo mmbo s ,06MLIEHOOMWO”  JsmnToligeb
0BMWoMmgdmwo ghmo 9Esdo. Gog dggbgds, C. jejuni-ol

20



d3o990L, obobo LMo daMdbmdosMg ogm 9gMEe3dgbgdol
903s6H0.

d0owosbmdsdo,  Cicoli-b 0BMWsGHIO0  ogm  bs3wgds
HUOVEO© da™dbmd0sMY* (3/127, 2,4%) g39eo
3630d0mGH03MOM0  LsdMsgdol dodstrm, 306Mg C. jejuni-ls
(9777, 7%). 5396 ,xsbMEO* JomBoligsb s Jwobozmeo
600109306 0BMmEoMgdmwo 6-6 JBHsdo ogm LEWWSE
9336m0006Mg  g39ws  GgbBHoMgdmo  BEGH0dOMmEH03MM0
369350530l dododm,  35dob  OHmEs 0600 EHOOMWO”
136063906 0BMWoMHgdmo M3z ghmo JGHsdo oG oym
»U6ME5 gdbmdosMg”.

LogdoMmggermdo  obmwomgdmwo  Campylobacter  spp.-ob
9300900l 963H0003OMOMo B3 gdgdol d0Tom
M9BoLBHIOEH™IOL  BHILEGHMGOOL  F9IagdoL  LEBHIGHOLE0IMMO
365¢0B00m go8Mm3w0bs, HMI 303MMBmMJlszobols (OR =5.1
CI 95% [1.6, 16.7]), 5 &g&toogewobols (OR = 4,6 CI 95% [2.5,
8.8]) 30050 MBoLEIbEH™BdOL Bsbbo C. coli-ob MBMM Foowo
0ym, 30609 C. jeuni-b. 535LMB, 3wobozmE®o bodxdgdol
0BMEsGJo0 RO Bozargdoco 69BoLGHIBEGHwOos
A9IOHH5303wobol dodsdm, 3069 BOHOb3gwol 60dxdgdols
0DMEsbEHgd0 (OR=0.18 CI 95% [0.1, 0.4]).
3036MBMJbs30bol 0o 30, 50s30sboLy s BMOB3gEols
93039008 M7BoLEBHIBEGHMOL  FmMolL,  LEAHIGHOLEGHZMNMS©
Lo®HIMbM 9BLb353905 56 godmzw0bs.

Log@omm xsddo, C. coli-l 6o b dg@o sbE0d0MmEH030L oot
M9BoLBHIbEH™dOL 18.5-x9g6M dgEo dsbLo 59d3b 300Gy C. jejuni -
(OR 18.5 (95%CI [7.7, 44.8]). 03039 9906086905 3e00b03w6
9359908033, Losg C. coli-0 Mo b dg@o 96EGH0T03MHMdMEOo
159590930l J0dsM HGBOLEI6EGHMdOL 17.4-%96 g0 dsblo
oB39bs C. jejuni-lLonsh dgscgdoo (OR 17.4  (95%CI [2.03,
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150.1]); o3 T9ggbgds  BMobzgwol 6odmdgdl, C.  coli-s
990bggzsdo MM b 9@ 9BGH0doMmEH03bg MBoLEBHIBEGHMdOL
45bbo  7.9-x96 99gBHos, 30069 C. jeuni-lL Sb6sOMAO0MGHO
05639690900 (OR 7.5 (95% CI [2.6, 24.6]).

C.jejuni-obs 3¢509%3d0 M GH0M9HBoLEBHIBEHMOOL
LBHOGHOLEH03MMs© 3603369 Mz560 SbMEosE0s QM3 obs
0BME5300L [ gommbomsb.  396Mdm, GgBoLEHIbEGH™MOdOL dsblo
MO0 b6 FgBHo 96GH0domEGH030lL dodst C. jejuni-ol Jsomdol
0bmwsE9ddo 4,5-x9M 9B 0ym 5530560l 603F9gd0EID
399mymBo 93sdgdmsb 9gsmgdoom (OR 4.5, 95% CI[1.7,12.1]).

350300MdgdGgMool Lobgmdgdo s Lobzsslbgs ds@Gmoduols
0bMWs@gd0,  OHMYMOE  ©IMIOEIOMWO  (33E5©JYO0,
059943980090565 myoLEBH03MNM0 MYYMILOOL SBsODL MmO 96
3930 96303030MdMo L3 gdolsdo MHgHBolEIbEHMdOL
393006M0L  Jglodmfdgds. ™GM03g (33ws©o  d9bseBmbs
69309b00L Lodmermm dMmEYEdo, OHMYMOE M 30IOJTO
33%500. 6539139639 (Nagelkerkes) 3lgz™ R 3350065¢0 ogm
0,435. G553 d0MMOMYOL, MHMI ITIMIOEIOWO (335 HO0L
356508900l 43%-%9 dg@o 396306090 wos

©50M)30090ILO (3EdPYIOOL JEILO0).

3b65EMyomMo, IMI3MBOMO  MYoLBHOIMMO MGAMILO0
390m3w0bs  LAHGOLEGH03MOMs©  3603369wmzsbo 3538060
369000JAHMOME InEIwbs (35830mdsgBHIMool  Labgmdgdo
Qo Lobgoolibgs doBMogdLols 0BMWH3H900) Qo
A9IOHM53030bol HgDoLEBI6GHMBL TnGmOoL. MO39 (33O
396560Bmbs Lsdmemm dmEgedo, HMYMO3 ©ITM)300JOIE0
30M90d@™mOmgd0.  bsgygw3gzgh  (Nagelkerkes) oliggom R
33900M530b dobggom 0,204 dommomgdl, Gmd, MHgacmalool

dmEaom  Jglodergdgos  soblbsl  ©sdM30©YdO
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3350l (BYBHM303w0bol  F0Tsmm  M7BoLEBIbE M)
390009 mdol 20%-bg dg@o.

Campylobacter spp. FoGorwo 3Esdgdol gowmagbg@ozn®o
3653500x9MmM356900L d9Lobfogeo 2935565c00Bgm
Campylobacter-ob  m®dmgo  9BHsdolb  LOMEo  296mdnmo
19d39bLgd0 (WGS). 5§96 mEo 9sdo ogm gMobgzgarol, bagom
656MBgb0 Mm30 5530560l 608Bgd0IL; son-somo C. jejuni s
C. coli ®000mg7o F5@M0Jb0sb. BOHO0639wol 0BMWsEgddo
39000Mm©s OHMYMOF ,mxbWOO0 Jsodob b0dmdgdosb (n=14),
o939  »0BMLEHMOMEO  JomTgdoEIb (N=6) godmymgzowo
93909900. U19d39b06M9d0L Fggas© FoPIdMEO  30MHZJGSEO
9mbs399900L IMGHOoWwMm3NLOHo gd3gboMmgdom GHodoMmgdols
30969303900  bswobom, GHMIgwos IxRMdbydMo
0oym 1343 9616 5egegdHg 90300900 IMEEH0-MIMLMOO
19939606900L GH039d0L (ST) OO IMHZ35WBIOM3b9ds (n=24).
o dmMol bsdo M3bmdo 9Bsdo, MMIWOLSE SHILOSMYOS
uncA sergeol sOLYdIMBdS /56 ogm sbowwo ST-@odo. C. jejuni
(n=22) dog3momgbs 15 goblbgoggdme ST-GHodl, beem C. coli
(n=18) 9 bbgsslb3s ST-EH03b. 439wsBg bdoco ST-Eo39d0 oym:
ST-855 (n=6), ST-356 (n=4) o> ST-902 (n=3). C. coli ST-&037900l
36530 gLMdS IR QMBS BoIONM 3eMbME 30033 gJudo ST-
828 (17/18). 5bsewo ST-3H03900 s 3500 Tgbodsdobo sergeMo
303306530900 29bmogLs PubMLST 8mbsggdoms dsbsdo.

b9d39b06mgdmEo  9BHedgd0l  FgBOMEMWwo  MomEgbmdol
9019b905350, B396 3030390 Lsdo sboero Lgdzgblzarslg®o. 50

3WobBHYMgo0sb  ghom-ghmo  (ST-855) Omo@sgs mmb
m50MgLs ALS3L C.coli-0b 3Esal, Joglodsgrmo meo cgMLST
segeols  goblbgsggdgdom  ,,06MLEGHGOMWO”  Jomdols
600m80sb, GMIwgdos  SWPPMwo  oym 2021  fHierob
03b0l/03eoldo gmobggwol Lsdo bbzosbLgs 35MEGH000sb.
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3093 ™Mo C. jejuni 3eosbGgMo, 0om™mgewo mMo dEsdom,
HmA9d03 00095630330306090w0s 50590560l
0BMWHEGHMOGOL  ImOOoL, 93Mm3bms ST-356 GHodl s
©53mM900 0ym 9M03569m0Ligsb 226 S¢ergerol Lbgsmdom. 50
3WobBHYMgooEsb  ghm-ghmo  dmogsgs 2021 farob
199dG9gddIMLS S MJBHMIdYMT0 35383900Lgob 0BMWoMmgdM C.
Jejuni-b M6 3@sL, HMIgdog 9903930096 0©9bEHE cgMLST
0930@qdl o  dgmeyg  3WsbGHIMO  FMOEO3S  05303900L
6034989006  0BmWwomgRMw  C. jeuni-bl ™6 FESAL,
398mygmgowml 2021 ferol 03¢rolls s Bgddgddgedo.

Campylobacter-ob m36053930 0BMEsGHo  (45%) 5BHMJOS
3w sHdogdl, Mo3 Platon s BLAST sbs¢woboo NCBI RefSeq
35HdoM© dmbs3gdoms d5Bob 2459my9gbgdom,
36MbmboMIPdMwo ogm  OHMAMOE  930gdOMInbmINwo
99996@g%0.  yzgws  3eobdol  3Jmbps  3bmdogn
Campylobacter spp.-5b 3m3memyool dobodd 20%.

WGS  5b65g0r0Bds  sbggg  godmogamobs  GgBoLGbEmodol
©9AH9MF0bsbE0 296900, MMIgdoi 35Lmboldagdgwbo s®0sb
396mGH03Mm0  sbswobom Joegdmer 999y gdvg. 39Mdm,
tet{O) 2960l 56OLYdIMDdS, MO3 Fob30MMIYOL FgBHMO303wobol
3035mH»  OH7BoLEBHIBEHMOL,  godmzobs  BYBHMo3o3eobols
9005600 MH9HoLBHIBGME yzgars 9¢sddo (70%, n=28/40), beagwrm
g39@oPY 3303w IGHe30> gyr(A) gbdo  (T86I)
0095630830300 Mwo  0ym  303OMBLWMJLs30bol  JodsMo
M9BobGHIBGHMO Y39es 0BmEs@do (90% (n = 36/40)). blaoxa-61
mxobols g9bgdol sMLgdMds (OXA-193, OXA-452, OXA-460,
OXA-461, OXA-489, OXA-594), ®:m3wgdos gobsdoMHmdmd9b
M9BoLEEHIBEHMIL BYES-d@9TgoL 0o oxgoJboM©s 75%
(n = 30/40) 9¢5080. oM@ 3oLy, B39b s0dm3z580bgm aadE-Cc
3960  Lsd  C.coli-8o, GmIgos,  LO39MIMEME,  960Fgol
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05dBHgM0sl  MIBOLBHIBGHMIL  LEBHMY3GH™Ioobol  Jodstrm,
000 306506  EUCAMP3  go®gods o6 3903930
LEAHMI3BH™ToEobLs s 533033000l BIbMGHO3MEMSE  Tom
d0dsmm dQdbmdgeErmds 56 dgagz0Lfogeros. L22 Hodmbcmdmmo
gowob 50S_L22 A103V d9@sgos AMRFinder-Plus dmbsggdoms
05bsdo 3960356 @0, MmO 9536MM0gd0L
9DoLBHIBEGHMBOL F0TsOM LZ35MYEM T 396M0. 040 50IMBBLS
390M33w9o 9Esdgdol 30%-8o (n=12/37). 439ws 0bms@o
d3Mdbmdosty 0gm  gOHoOMIoEobol dododm. 9439 mbs
500b0dbml, MHMI  gMFGHs3969dob  Bodotrm  MHgBoLEI6EGHMDdOL
3969303760  894oboBdo X9 30093 Ebmdos. Platon-ol
36090dBHmMmolb  dobgz0m,  M7BoLEBIOBEGHMOOL  yzgws
©9HYHF0b5bE0 mIsoHgdmwo ogm JOHmdmbimdsdo.

Campylobacter spp.-b LggdBHom®mo bossggdol mCCDA s
CHROMagar Campylobacter -obs 950myggbqdsd d60d3b9cmgbso
2305Ms 609999900056 Campylobacter spp. ©9EgdEo0Ls
0BMEO300l  SEdsMMds.  39MIMQ, mCCDA  bossa®g
5090000 0ym n=28, bomem CHROMagar Campylobacter-%g
n=39. 596050, 47 Y00 b0dmdosb mCCDA-3 sBz9b6s
36 MOOYMB0mO 909900 96 FoIBOOO 0gm BMbMOO
30360md0mEH00 Bodwdgdol 30%-3o (n=12); 7 dgdmbggzsdo gL
605050 56 0gm godmygbgdmero. 85d0b Hmogbsg, CHROMagar
Campylobacter -obm3zol 36w 1s@ygmzomo d9ga0 dogowgm
17%-80 (n=8).

LggdBHomeo  bossygdol  9x9gd@0sbMmdoL  TgeMgdsd
390mogobs  Gsblol  Fgxzsgds (OR) 1.4, 95%

3Mbx509b30smdoL  0bFHgmzsewom (CI) 1.1-sb 1.7-0¢0y,
p=0.038, o3 godmbs@og CHROMagar Campylobacter-ol
39009L dmgdgqdsl mCCDA-bmsb dgs®mgdom.
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313336900 5> B9308960530900

e LodoOmzgewmdo 35930 Mdsgd@HgHombol oo
»510039690 9BHOMEMAO0L* 0sMYgdTdo s dobo GHZ0OHMO
0530305 3039)W5305DY 153050 ToHW0;

e d0wobobL FsbFEHS00m 35330 MdIdEHIM0MBO 50IMBRbES
Lobdo®om Igmeg 06939305 OIMIMEO 5350GdYOO0L TJmby
053039080 s 2obEGHMMIbgEIM0EIOOL godmdfzg30 Wwoymo
0543905 3067 sb530L, B3MEsTEYE 3530300 33305305

o 33930l dmbsfowgms 0bxzozomgdol bsgsMsmom abs,
3965 5M5L5MbsEME FMTIDs©YdIMO GBMH0B3 Ol bemtzols,
dgbodems  ymgowoym  bgdwog 3mb@sd@o  bmzggargdol
33939029056 LM 5T5IM IM9gEb)dBY;

o Campylobacter spp.-00 0bg030Mgdwo d53d300 sb530
0©dmBbs LEGHOGOGH03MMO© Lo®Hdmbme Bogzwgdo
3039 mBobL IJmbyg 05393ms 51530056 FgsMgdom, J5d0b B3,
abgmo LEOHIMBM SLS3MIMOZ0 obLH339ds 96 godmzw0bs
39930¢Md59BHgMOMBOLY Qo LoEPAMBgEMBOLS Qo
Loedmbgermbols s FoggembBol  ©osgbmbol  dJmby
353096¢¢90L FMob;

o 930©5doM M0G0 3065000
35030 MdgGYHoMBOL 990092900L 9J6GHO3M 3050
0d0oLOL B530305 3MIMYWHF0DY 95350000l 135 M
0630©gbGH™Mds Jgoxmsls Gmamez 6 dgdmbggzs 1000 353939
f9offodo. Mog 335993l al33boL 453900900L Lodw)oEgdsls,
6md  Campylobacter spp. 6oL 9bgdnMo  0bxggdisool
3°0m3(3930 939630  J399obs8o s 35930MdsdEBHgMoMbOl
oo  ©osMgMe 93500909330 85303000  3M3YWHE05TO
15305 FoPOW0Y;

e 3060316 60939080 MI0bIbEHIMO Lobgmds 50dmBbs
C. jejuni, 35906 HMEs, BOHOb3gWOL 0BMWHE9dTdo MB3gMEIM©
Jooo  ogym C coli-ob  LobdoGg. Bzgbo  35MoM©Om,
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53606390l 603993900l 0bm 3 mdgdol OO IMOZEIGLMdS
053005639 99039300 Campylobacter spp.-ols mM039 Lobgmdsb,
boem GOHBLEMOEG0Mgd0LS s 093w G03060930L 999y C.
coli-ob 139009b0 goMPBIBOLS s BOHPOL MbsMOL 2sdm 0y0
503mBbS ©M30bsbEHMEMO Lobgmds 33e930L F9gaq0d0;

o Campylobacter spp.-obL JoOommo 9309000l
36@&0d03MmMmd o 9336m0dgemdol 36MHMBowgdol
399650Bg00m 259M3w0bE., O™ gOHM3bw MbybBy 5d6M-0l
3619396G00Ls s 3mbGHMMEOL  3OMYMdgdoL 6530 gdmdOolL
9011H905350, LgsOrIMZgEMmTo 0bBMEoMYdMo Campylobacter
spp.-ol 506  3OMmxowgdo  d9@-bo3zwgds  dugoglbos  Lbgs
9363290 §3996930L dmbo399900U0;

J 5Q05905b0L5 s Jomdol 60ddgd0sb C. jejuni-bs s C.
coli-ob 40 9Es530L  g9gbmdgdol  bgdzgboMgdol Tggys©
50dmBbs dM@o-m3nledo bdzgboMgdol Godgdol (ST)
©OEO dM5350RgMOM369ds (n=24). dom» dmMolL Lsdo bmdo
9)500. 19396060900 JEsdgdoL TG)HBWMOMEPO MOMEYbMdOL
90195905350, B396 303Mm3gm Lodo sHosro Lgd3zgbl JarsliEg®o,
o3 Campylobacter spp.-l 9bgdme 3969dsBg 0O HdL
Lodoomnggermdo;

* 56(308036OMdMo dbmdIMdOL BI6ME3MGO 33930l
39093990 PRGN 6H9DolGHIBEGHMdOL 3969037960
©9AHYM0bsbEHJOOL  godmgzwgbsd.  39Mdme, tef(O) ga9bo

0©0dmBbs BHyE™M303w0bol d0dsMm MgHBoLEHIObGHWMW yz9ws
93>ddo, boem  dm@ogos gyr(A) 29600 (T86I)
0096308303009 Mwo  0ym  303OMBWMJls30bol  JodsMo
9BoLGHIB GO 439ws 0BMWSEHT0.
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e (93mIgboMgdwm0s 2sbbmMEogmgL:
® 358300 Md5JBHIOM0MBOL Q59mdf39g30Ls (Campylobacter spp.) s

doLo

3b6GH0d0MmGH03MMH0  MHgDBoLEIBGHMdOL  Lobgwdfozm

dmbo@m®mobaols s  Hgsdbg39w™dol  3MMyMsdgdo,

O3 BobdMYsMYdMHoz0  Kxobs330l, sgzg LwdLsmol
§o63mgdol byd@m@9gddo;

e Campylobacter spp.-ob 00050 YYROM  BoOOOMIsLIEH00560

L5393609MM 33093900, OHMPMOG LYYOLSMOL M3bgdEMBOLS o

3939M0bs600l, 939 LODBMPOO™MPIM030  KIbHE30L

L530mbgdbg 3oLbol Qolo3gdo, MMPMMIIOEGSS:

28

v 3503000md5dEgMool 063000963 ™doL

BOMMI593Hod05b60  9300IF0MEMAO0MHO 33939,
3mbsbEgmdol Bbgsolibgs sli3mdGm03 % aa39ddo;
Campylobacter spp.-bL 0bx9Jgo00L {gommgdols o
G®5bbdobool ABYdOL 3393, 3s00 FmMOL, 13m0
33905%9 dgma3 B30¢9dd0;

Campylobacter spp.-ob 39w E0M)HBoLEIbEGHMEO,
96000OH™030boLs  ©s/9b  303MHMBEMmdLs30bol
000s6Om, 51939 39bGHF0E0boLy s GMEe39bgdols
303smH»  OH7BoLEBHIPEGHMWO  0BMmEsEHYOOL  LErmwo
396mIMmo  bgd3zgbo®mgds; 96  ©9BHYMI06BEJdOL,
om0 39693037960 9009056 gMdOL Qo
3m6H0BMbGHowMo  GEMbldobool  3m@Egbioswo
29bLsbO3Mo.
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Abstract

According to the World Health Organization, Campylobacter spp.
is the leading foodborne pathogen causing bacterial gastroenteritis
globally. Campylobacteriosis is characterized by diarrhea, fever,
and abdominal cramps. Mostly, it is self-limited, but severe cases
require antibiotic treatment. Moreover, postinfection autoimmune

sequelaes, like Guillain-Barré increase the burden of the disease.

This doctoral thesis presents the first study of Campylobacter spp.
in human and poultry samples in Georgia. The study aims to
provide the first systematic data on campylobacteriosis among
hospitalized children with bacterial gastroenteritis and to reveal
the recent epidemiologic trends in comparison to other
gastroenteric pathogens. In addition, it presents antimicrobial
resistance and genetic diversity of Campylobacter spp. in human

and poultry samples isolated in Georgia.

The study benefited from successful cooperation with the National
Center for Disease Control and Public Health (NCDC), Tbilisi
Children Infection Diseases Clinical Hospital and poultry
companies at the national level and with the German Federal
Institute of Risk Assessment (BfR) and the Department of Poultry
Scinces of the University of Georgia in Athens (US, UGA) at the

international level.

In total, 481 human fecal and 160 chicken ceca samples were
collected and tested in 2020-2021. Culture-based bacteriological
methods were followed by biochemical tests and real-time
polymerase chain reaction methods for bacterial identification,
confirmation, and species discrimination. In addition, 204 isolates
were tested for their resistance to six antimicrobials using the

microdilution method (MIC- EUCAST). The genetic determinants
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of resistance and phylogenetic diversity of the isolates were

investigated with whole genome sequence analysis.

The share of campylobacteriosis among hospitalized children with
acute diarrheal illnesses was 16.6% on the country level, 95% CI
[3.05, 20.8]. Comparison of epidemiologic trends of three main
gastroenteric pathogens in Tbilisi revealed that Shigella sonneiwas
the most frequently isolated bacteria (19.1%, 95%CI [15.2, 23.4]),
followed by Campylobacter spp. (12.3%, 95%CI [9.2, 16.0]) and
Salmonella spp. (4.9%, 95%CI [3.0, 7.6]).

The estimated burden of campylobacteriosis by epidemiological
pyramid method resulted in a putative annual incidence of 6 per
1,000 children in Thbilisi. In addition, the age distribution of the
patients with Campylobacter spp. infection was significantly
different from that of the patients infected with Shigella sonner.
Moreover, Campylobacter spp. was the leading bacterial agent of

diarrhea in hospitalized children in the preschoolers (42%).

The antimicrobial susceptibility study showed the highest
resistance against ciprofloxacin and tetracycline, irrespective to the
isolation matrix and Campylobacter species, whereas all tested
isolates were sensitive toward gentamicin, erythromycin, and
chloramphenicol. For ertapenem, both human and poultry C.coli
strains showed some percentage of resistance, however Cljejuni

isolates were fully susceptible to this antimicrobial.

The point mutations in gyrA (T86I) and zet (O) genes were detected
as resistance determinants for (fluoro)quinolone and tetracycline
resistance, respectively. Multiresistance was more frequently
observed in C.coli than in Cljejuni. Besides, the Georgian strains
showed high variability of multilocus sequence types, including

three novel sequence types. It is worth mentioning that untypically
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the major species in poultry isolates was C.coli, whereas C.jejuni

dominated human samples.

The presented study revealed the endemic nature of the
Campylobacter spp. infection in the country. The multisectoral
outcomes of the presented study might be useful at food safety,

veterinary, and public health sectors of the country.
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Introduction

Campylobacteriosis is a disease caused by thermotolerant
Campylobacter spp. It is one of the four leading causes of diarrhea
worldwide and is considered the most common cause of foodborne
bacterial gastroenteritis. Campylobacter species are motile, curved,
microaerobic, gram-negative rods that commonly reside in the
intestinal tract of many wild and domestic warm-blooded animals.
The predominant species isolated from human infections and other
matrices is Campylobacter jejuni, followed by C. coli, but also other
Campylobacter spp. have been associated with human disease,

including C. Jariand C. uppsaliensis.

Many sources of Campylobacter have been identified, such as raw
milk and domestic animals, but broilers and broiler meat are the
most important. EFSA estimates that chicken meat consumption
accounts for 20-30% of campylobacteriosis in the EU, with 50-80%

of cases linked to the house as a whole.

Although campylobacteriosis usually resolves on its own, recent
reports have shown that a substantial proportion (31%) of reported
Campylobacter infections were treated with antibiotics, likely to
be infections with a serious outcome. In addition, Campylobacter
infections can cause long-term autoimmune sequelae such as
reactive arthritis, irritable bowel syndrome, and Guillain-Barré

syndrome.

In high-income countries, surveillance of campylobacteriosis cases
is most often implemented by reporting laboratory-diagnosed
infections in the population. While laboratory confirmation of
enteric infections is routinely performed in high-income countries,
most low- and middle-income countries (LMICs) do not have

routine diagnosis. However, preliminary data suggest that
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Campylobacter is among the top five causes of diarrheal disease in

children in Asian countries.

Campylobacter has never been studied or isolated in Georgia. Due
to the demanding growth conditions, the bacteria are not cultured
in standard procedural examinations of clinical diagnostic
laboratories. Therefore, the incidence and burden of
campylobacteriosis are unknown in the country. Meanwhile,
official statistics of "diarrhea and gastroenteritis of suspected
infectious origin" and foodborne illness in the country remain
alarmingly high, especially among the child population, at 92% and
higher.

In addition, the emergence and spread of multidrug-resistant
bacteria continues to be a global public health concern. An increase
C. jejuniresistance against tetracycline and ciprofloxacin in broiler
and human isolates has been detected in several EU countries.
AMR surveillance data from Georgia are scarce in the public health
system and lacking in the food and veterinary sectors. On the path
of EU integration, in 2020, the regulation for the monitoring of
zoonoses and agents of zoonoses, based on 2003/99/EC, entered
into force in Georgia. According to this regulation, monitoring of
antimicrobial resistance must be carried out at the level of primary
production and/or at other stages of the food chain. The regulation
covers zoonoses including Campylobacter spp.; however, the

implementation of the regulation is not yet underway.

The aim of our study was to provide the first systematic data on the
prevalence of campylobacteriosis in hospitalized children with
acute inflammatory diarrhea; and to reveal recent epidemiological
trends compared to the currently tested intestinal bacteria
Salmonella and Shigella in Thilisi. Also, the study reports the first

data on the genetic diversity of Campylobacter spp. strains from
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human stool and poultry samples isolated in Georgia based on the
whole genome sequencing analysis and identifies antimicrobial
resistance patterns of C. jejuni and C. coli including their genetic
determinants. The study supports future monitoring programs for
in-depth analysis of thermotolerant Campylobacterspp. in Georgia

to improve food safety.

Materials and Methods

This study was approved by the Tbilisi Children Infectious Diseases
Clinical Hospital Institutional Ethics Committee in 2020. In
addition, the Institutional Review Board of the National Center for
Disease Control and Public Heath conducted an evaluation of the
project "Study of campylobacteriosis in hospitalized children with
acute  inflammatory  diarrhea" protocol and relevant

documentation.

Totally, 481 human stool samples were collected from June 2020
till September 2021 from at the Tbilisi Children Infectious Diseases
Clinical Hospital, also through the NCDC Disease Surveillance
System from the three main cities of Georgia: Batumi, Kutaisi and
Gori. Out of this, 405 were from Tbilisi, Batumi— 49, Kutaisi-25 and
2 samples from Gori clinics. Acute inflammatory diarrhea was
defined as acute diarrhea accompanied by at least one of the
following symptoms and/or laboratory findings: fever with
abdominal cramping, nighttime diarrhea, leukocyte-positive stool,
acute bloody diarrhea or hemoglobin-positive stool. The samples
were previously (or in parallel) tested at the clinics’ laboratories for
occurrence of Sa/monella and Shigella and those, where no
pathogen was identified sent to the NCDC-Lugar Center. Unlike,
Thilisi Children Infectious Diseases Clinical Hospital sent the

samples despite the identification status. Also, it provided
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information of occurrence Salmonella spp. and Shigella spp. at the

samples, and metadata of the patient for further analysis.

Additionally, 110 chicken caeca samples were collected at Digomi
live animal market in Thbilisi (later mentioned as “backyard”
chicken samples) and 50 samples from medium-sized poultry farm,
located at eastern Georgia (later called “industrial” chicken
samples) from February 2020 until September 2021. The human
and poultry samples correlated in time and space. While, chicken
cecal samples were transported in plastic bags on ice and analyzed

within 3-6 h after sampling.

In order to guarantee high sensitivity, in particular, for
Campylobacter spp. detection, samples were transported on Cary-
Blair medium (Biolife Italiana S.r.l., Milan, Italy) at cooling

temperatures and analyzed within 24 h after sampling.

Detection and Identification of Campylobacter spp. was performed
according to ISO 10272-1:2017 part C on modified charcoal
cefoperazone deoxycholate agar (mCCDA). In addition, for the
clinical samples, Campylobacter Chromogenic agar was applied as
an additional second selective medium to increase sensitivity. Less
than 20% of the clinical samples were enriched with Preston
broth).

Chicken ceca were aseptically cut and the content mixed. One 1 uL
loop of the cecal material was directly streaked on the mCCDA agar
plate and distributed over the surface by using a fresh loop. The
human stool samples were treated similarly but in addition to
mCCDA a second selective plate was used. Incubation was
performed at 42 °C in a microaerobic gas mixture consisting of 85%

nitrogen, 10% carbon dioxide and 5% oxygen.
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Suspicious colonies were sub-cultured on Columbia Blood Agar.
Confirmation of colonies was initially performed applying the
Biomerieux system ApiCampy. In addition, colonies were observed
by microscopy after Gram-straining. All isolates were stored at —80

°C for further characterization.

Campylobacter Confirmation and Species Differentiation was done
at the National Reference Laboratory for Campylobacter at BfR
Germany. Totaly 220 strains, from which 160 were derived from
chicken and 60 from human sources, were tested by real-time PCR.
For this purpose, Cell material of isolates was resuspended in 5%
Chelex 100 resin and heated for 15 min at 95 °C for thermal lysis.
Cell debris was centrifuged for 5 min at 14,000xg, and the
supernatant containing bacterial DNA was used for PCR analysis at
a volume of 2.5 pL. For species identification, the RT PCR method
was used, with the fluorophore combination FAM, JOE, TAMRA
and Cy5. Oligos in HPCL-grade at final concentrations of 300 nM,
100 nM dark-quenched probes and 1U of Platinum Taq DNA
polymerase were used. In short, specific fragments of the mapA,
the ceuE and the gyrA gene, specific for C. jejuni, C. coli or C. lari,
respectively, were targeted. As amplification control, 25 copies of

the IPC-ntb2 was applied.

204 Campylobacter Georgian Isolates were tested for Antimicrobial
Susceptibility (AMR) according to the prescriptions given in (CID)
(EU) 2020/1729. For this purpose, strains were subcultured on
Columbia blood agar for 24 + 2 h at 42 °C under microaerobic
atmosphere (5% 02, 10% CO?, 85% N2). Cation-supplemented
Mueller—Hinton broth supplemented with 5% fetal calf serum was
inoculated with 2-8 x 105 colony forming units/mL. Minimum
inhibitory concentrations (MIC) were determined using the

European standardized microtiter plate format EUCAMP3.
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Antimicrobials tested included chloramphenicol (CHL; 2-64
mg/L), erythromycin (ERY; 1- 512 mg/L), gentamicin (GEN; 0.25-
16 mg/L), ciprofloxacin (CIP; 0.12-32 mg/L), tetracycline (TET;
0.5-64 mg/L) and ertapenem (ETP; 0.12-4 mg/L). Epidemiological
cut-off values (ECOFFs) were taken from the European Committee
for = Antimicrobial Susceptibility =~ Testing (EUCAST;
https://mic.eucast.org/Eucast2. For C. spp. ECOFFs were as follows:
16 mg/L (CHL), 0.5 mg/L (CIP), 0.5 mg/L (ETP) and 2 mg/L (GEN).
For ERY and TET, species-specific cut-off values were used (4 or 8
mg/L (ERY) and 1 or 2 mg/L (TET) for C. jejuni or C. colj

respectively).

Incubation was performed for 44 + 4 h at 37 °C under microaerobic
atmosphere. MICs (mg/L) were semi-automatically analyzed using

the Sensititre Vizion system.

For Whole Gemone Seugensing genomic DNA was extracted from
Campylobacter strains sub-cultured overnight using the PureLink
Genomic DNA Mini Kit. DNA libraries were prepared using the
lumina DNA Prep, (M) Tagmentation Kit according to
manufacturer’s instructions, but with using half of the volume of
all reagents. Paired-end sequencing was performed on the Illumina
MiSeq System (2 x 151 cycles) using the MiSeq Reagent Kit v3.
Trimming and de novo assembly of raw reads were carried out
using the AQUAMIS pipeline v1.3.8. The quality of the assembled
genome contigs was automatically evaluated using the teQuilR in-
house pipeline. Sequences were published within the BioProject
No. PRJNA844526 at the NCBI sequence read archive (SRA).
Ridom Seqgsphere+ v8.2.0 was used to perform phylogenetic
analysis on assembled genome contigs using the cgMLST scheme
of 1343 gene targets previously defined with 98% required identity

and 98% required percentage of coverage to one of the alleles of
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the reference sequence NC_002163.1.gb (C. jejuni NCTC 11168).
At least 95% “good targets” were found for cgMLST-based analysis
using the previously proposed cgMLST scheme. New MLST alleles
and MILST-ST types were uploaded to PubMLST
(www.pubmlst.org). Prediction of antimicrobial resistance
determinants and plasmid markers within assembled genome
contigs was performed by using the BakCharak pipeline v2.0. Tools
in the pipeline include ABRicate v1.0.1 and its associated database
for antimicrobial resistance determinant, as well as Platon v1.1.0
for plasmid prediction and plasmid blaster, a tool that performs a
BLAST analysis against the NCBI RefSeq plasmid database. BLAST
results were filtered with at least 20% coverage of the contig

length.

Statistical Analyses were performed using SPSS. The Mann-
Whitney test applied for comparing the age distribution of the
patients infected with either bacterial pathogen. The Odds Ratio
was calculated to find the statistical evidence of the efficiency of

selective media.

Isolates were categorized into susceptible and resistant, using the
epidemiological cut-off values as mentioned in Section 2.3. The
dependent variable was resistant vs. susceptible (reference
category) to the antimicrobial in question. In addition to the
individual antimicrobial, an outcome variable “2-3-fold resistance”
was defined for an isolate resistant against two or three tested
antimicrobials. This means that first, isolates were categorized
according to their MIC and the epidemiological cut-off value
(ECOFF) as sensitive or resistant towards every individual
antimicrobial and second, the number of resistances per isolate was
counted and those with 2 or more resistances were defined as

displaying “2-3-fold resistance”.
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Multiple logistic regression with forward selection was used to
establish independent predictors for tetracycline resistance
(variables of matrix source (human vs. Chicken (reference
category)) and bacterial species (C. coli vs. C. jejuni (reference
category)) were included). A Nagelkerke R Square and a non-
standardized beta coefficient (B) were calculated. An odds ratio
with 95% confidence interval (CI) was calculated as an exponential
of the B coefficient (Exp [B]). For all analyses, p-values of less than

0.05 were considered statistically significant.

Results

As mentioned above, totally 481 human stool samples were
collected at Tbilisi Children Infectious Diseases Clinical Hospital
and through the NCDC Disease Surveillance System and sent to the
NCDC-Lugar Center, for Campylobacter spp. identification.

Incidence of Campylobacteriosis at the Hospitalized Children With
Acute Diarrheal Illnesses and Gastroenteritis

In order, to determine the share of campylobacteriosis at the
section "diarrhea and gastroenteritis of suspected infectious origin"
of the official statistics, we evaluated the frequencies of
Campylobacter spp. among the samples, where no pathogen was
identified while tested at the clinics. As a result, out of the 378
"unidentified" samples, totally 16.6% (95% CI [13.05, 20.8] (n=63))
were positive for Campylobacter spp. from the three big cities of

Georgia.

Besides, based on the 382 stool samples, from Tbilisi Children
Infectious Diseases Clinical Hospital, collected during a year (July

2020- July 2021) we studied epidemiological trend of the three
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main diarrhea-causing bacteria, patients’ age distribution and

seasonality of campylobacteriosis in Tbilisi.

Out of the 382 stool samples, 139 specimens (36.4%) were positive
for any of the three tested enteric pathogens. There were no
samples with mixed infection. Among enteropathogenic bacteria,
Shigella sonnei was the most common (19.1%, 95%CI [15.2, 23.4]
n=73), followed by thermophilic Campylobacter spp. (12.3%,
95%CI [9.2, 16.0%] n=47) and Sa/monella spp. (4.9%, 95%CI [3.0,
7.6%] n=19). However, in more than half of the cases (n=243,
63.6%), the etiological agent was not detected.

The patients were hospitalized either with an acute hemocolitis
with bloody diarrhea and high fever for three days or with
prolonged diarrhea containing water, mucus and blood. The
average hospitalization time was 5 days. Almost all patients had the
following symptoms: hemocolitis, fever, abdominal pain, tenesmus
and rarely vomiting. 55% of the patients were girls n = 26, 45% n
=21 boys. The age of the patients varied from 2 months up to 211
months (717 years). The median age of all patients was 52 months,
while 71 months was the median of the subset of patients with the
identified pathogen. Thirty-two percent of the patients were up to

2 years old, and 61% were preschoolers.

The distribution of the patients’ ages with Campylobacter spp.
infection (median 40 months (IQR 22-95)) was significantly
different compared to patients infected with Shigella sonnei
(median 92 months (IQR 52-140)) using the Mann—Whitney test
with U =994 and p < 0.001. However, the difference of the patient
age with campylobacteriosis was not significantly important from
that with salmonellosis (median age 57 months IQR 27-123), U =
374, p = 0.3), and of patients with salmonellosis compared to
shigellosis (U = 534, p = 0.124).

42



We further analyzed whether any seasonality was observed for
enteric pathogen infection in children in Tbilisi. For this purpose,
the prevalence was categorized by month of sampling. There was
no obvious seasonal difference in the number of detected
campylobacteriosis and salmonellosis cases, although the overall
number of samples was low. In contrast, shigellosis appeared to be
predominant during autumn until the beginning of winter. It is
noted that almost all patients were citizens of Thbilisi, where the

seasonal temperature is significantly different.

An epidemiological pyramid was set in a way to extrapolate the
results of the study to the Tbilisi children’s population in order to
estimate the “true prevalence” of campylobacteriosis.
Multiplication factors (MFs), a measure of the magnitude of
underestimation, were taken directly from the literature or derived
from statistical information. The pyramid shows estimated

incidence data at five levels:

v’ Symptomatic campylobacteriosis: Although Campylobacter is
rarely identified in the stools of healthy persons, depending on
the population studied, as many as 50% of persons who are
infected during outbreaks were asymptomatic. Taking this
number into account, the calculated MF is 2.

v Hospitalization rate of campylobacteriosis: In European
countries, the proportion of hospitalized patients due to
campylobacteriosis is around 33.9%, which derives a MF of
2.95.

v" Fraction of patients at the study hospital: The Tbilisi Children
Clinical Hospital of Infectious Diseases is the main hospital for
gastroenteric illnesses in the city; therefore, around 80% of
children patients were hospitalized at this location,

corresponding to an MF of 1.25.
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v" Fraction of tested samples for campylobacteriosis: The annual
number of patients at the Thbilisi Children Clinical Hospital of
Infectious Diseases with acute bacterial inflammatory diarrhea
was 1450, from which 26% (n=382) of the samples were tested
for Campylobacter spp. in this study (MF 3.8).

v" Sensitivity of the laboratory method: For the identification of
Campylobacter from stool samples, we applied the standard
culture-based laboratory method, estimated to have a median
sensitivity of 76%, leading to an MF of 1.32.

v' Laboratory confirmed cases were delivered by the presented

study. They constitute the tip of the pyramid.

To estimate the “true number” of the infection, the number of
confirmed cases delivered in the study is multiplied by the MFs
indicated above (MFs = 1.32 x 3.8 x 1.25 x 2.95 x 2 = 37). Hence,
the “true incidence” of campylobacteriosis among the Thbilisi
children’s population might be around 1800 cases annually. Given
a total number of 283.400 children in Thilisi in 2020, this refers to

1:1500 cases annually or an incidence of around 6 per 1000.

Confirmed Cases

True Number o i
Positive Stool Samples
(76 % method sensitivity)

Total Samples vs, Tested Samples
(26 %) MEF 3.8
Fraction of Patients at the Study Hospital
(80 %a) MF 125
pitalization Rate for Camp cteriosis
33.9%) MEF 295
Symptomalic va. Asymy ic Campylobacteriosis
(50 %a) MF 2

Figure 1. Epidemiological pyramid for the estimation of the true number of

campylobacteriosis cases among children in Thbilisi.
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Campylobacter spp. Species Identification by RT-PCR

Totaly 220 isolates—160 derived from chicken and 60 from human
sources were transported to BfR for farther caracterization.
However, 16 of them were non-culturable, but Campylobacterspp.
was still detectable by RT-PCR. At twelve of the inoculums, C. coli
were at 4/12 and C. jejuni - 3/12 and mixed cultures of C. coli and
C. jejuniin five cases (41%, n = 5/12).

Out of 204 strains re-cultured, 37.7% (n = 77) were identified as C.
Jejuni and 62.3% (n = 127) as C. coli applying real-time PCR. The
distribution of isolated species differed between human stool

samples and cecal chicken samples.

From the isolates of backyard chicken, 25.8% were identified as C.
Jejuni (n = 25/97) and 74.2% (n = 72/97) as C. coli; in cecal samples
from industrial chicken, C. coli was even more dominant with 90%
(n = 45/50). In contrast, out of 57 clinical strains of children stool
samples, 82.5% (n = 47/57) were identified as C. jejuni and 17.5%
(n =10/57) as C. colL.

Prevalence of Antimicrobial Resistance in Campylobacter Isolates.

All isolates were tested for their resistance to the six antimicrobials
chloramphenicol, ciprofloxacin, ertapenem, erythromycin,
gentamicin and tetracycline according to the European
standardized EUCAMP3 plate format. All tested strains were
sensitive towards gentamicin, erythromycin and chloramphenicol.
Resistance in both human and poultry isolates and in both bacterial

species was highest against ciprofloxacin and tetracycline.
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Table 1. Antimicrobial susceptibility of Campylobacter jejuni and Campylobacter

coli strains isolated from three different sources.

No. (%) of Resistant Isolates

ECOFF

Backyard Chicken (n  Industrial Chicken Human Total
Antimicrobial (ug/ml) (R>) ) =97) (n=50) (n=57) (n=204)
Lo . C.jejuni  C. coli C. jejuni C. coli C.jejuni  C.coli  C. jejuni C. coli

Ceiuri Ccoli (IBS @a1)  (ae5 (el  (nedD @=1) (=7 (a=12)
Chloramphenicol 16 16 0 0 0 0 0 0 0 0
Ciprofloxacin 05 05 20(80%) 69(96%) 5(100%) 45(100%) 41 (87%) 9(90%) 66 (86%) 123 (97%)
Erythromycin 4 8 0 0 0 0 0 0 0 0
Ertapenem 05 05 0 27 (37%) 0 37 (82%) 0 6 (60%) 0 70
Gentamicin 1 1 0 0 0 0 0 0 0 0
Tetracycline 1 2 18(72%) 52(72%) 4(80%)  45(100%) 17(36%) 8(80%) 39 (51%) 105 (83%)

ECOFF, epidemiological cut-off for definition of resistance against antimicrobial substances
(EUCAST.org); R>, maximal MIC that represents sensitivity; any MIC exceeding this
concentration is defined as resistant. Note that ECOFF for erythromycin and tetracycline
differs for Campylobacter species. n, number of tested isolates; numbers in table represent
numbers of resistant isolates; in brackets, percentage of resistant isolates.

Both human and poultry C. coli strains showed resistance against
ertapenem—37% of the strains from backyard chicken, 60% of
human isolates and 82% of industrial chicken strains, while C.
Jejuni isolates were fully susceptible to this antimicrobial. Among
the ertapenem-resistant C. coli, 89% (n = 62) had a MIC value of 1
pg/mlL, just above the current cut-off value, 10% (n = 7) displayed
a MIC of 2 pg/mL and a single strain had a MIC of 4 pg/mL. From
the strains with MIC values >2 pg/mL ETP, three were derived
from human samples, four from backyard chicken and one from
industrial chicken. Overall, isolates of C. coli were less frequently
fully susceptible (3/127, 2.4%) than isolates of C. jejuni (9/77,
11.6%), with each six strains isolated from backyard poultry and
human samples and lack of susceptible strains among the industrial

isolates.

C. coli were more likely resistant—compared to C. jejuni-against
ciprofloxacin (OR 5.1, 95%CI [1.6, 16.7]) and tetracycline (OR 4.6,
95% CI [2.5, 8.8]). In addition, isolates from clinical samples were
less likely resistant to tetracycline compared to chicken isolates
(OR 0.18, 95%CI [0.1, 0.4]). No statistically significant difference

46



was observed for resistance to ciprofloxacin between human and
poultry isolates. Overall, C. coliwas 18.5 times more likely resistant
against two or more antibiotics compared to C. jejuni (OR 18.5,
95%CI [7.7, 44.8]). The same was observed in clinical isolates,
where C. coli was 17.4 times more likely resistant to two or more
antimicrobials than C. jejuni (OR 17.4, 95%CI [2.03, 150.1]); for
poultry samples C. coli OR showed 7.9 times more probability to
have resistance against two or more antibacterial agents compared
to C. jejuni (OR 7.9, 95%CI [2.6, 24.6]). There was a significant
association of multi-resistance probability with isolation source in
C. jejuni strains. In particular, the probability of resistance against
two or more antimicrobials for chicken isolates of C. jejuni was 4.5
times higher compared to human isolates (OR 4.5, 95%CI [1.7,
12.1]); however, we did not find a significant association between
clinical and chicken isolates for C. coli species, probably due to low
number of C. coliisolates from human stool samples. Additionally,
no statistically significant difference was found for the presence of
two or more resistances in C. jejuni or in C. coli isolates from
industrial compared to backyard chicken. Variables of bacterial
species and isolates were subjected to logistic regression analysis to
test association with resistance to two or more antimicrobials as
dependent variables. Both variables were retained in the final
model as independent variables. The Nagelkerke pseudo R squared
was 0.435 indicating that more than 43% of the variability of
dependent variables is due to the independent variables model.
Multi-variate logistic regression was performed with two variables
which showed significant association with tetracycline resistance.
Both variables, bacterial species and sample sources were retained
into final model as independent predictors. The regression model
can explain more than 20% of the variation in the dependent

variable (tetracycline resistance), according to the Nagelkerke
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pseudo R squared of 0.204. In other words, the predictive model,
consisting of the variables “bacterial species” and “sample sources”,
can explain 20% of the variability of the dependent variable
“tetracycline resistance”. Alternatively, this means, that the
remaining 80% of the variability of the dependent variable could
be explained with variables that were not measured within the
study and/or are not identified as a possible predictor for the
outcome variable. Nagelkerkes R squared 43% for the dependent

variable “2-3-fold resistance” can be interpreted in the same way.
Phylogenetically Diversity of Georgian Campylobacter spp. Isolates

We additionally analyzed forty Campylobacter strains by whole-
genome sequencing, twenty derived from poultry and another
twenty from human samples, approximately each ten C. jejuniand
C. coli per matrix. The poultry isolates were both from backyard
samples (n = 14) and from industrial chicken (n = 6). After de novo
assembly of the raw reads, multi-locus sequence type analysis
(MLST, based on 7 housekeeping genes) and, for more precise
resolution, the core-genome MLST (cgMLST) scheme based on the
comparison of 1343 gene alleles was used for phylogenetic analysis.
Missing cgMLST loci were pairwise ignored. As expected, we
obtained a high variability of multi-locus sequence types (ST, n =
24), including three strains with either unknown uncA allele
and/or unknown ST-type. The C. jejuni (n=22) belonged to 15
different ST-types, while the C. coli (n=18) displayed 9 different
ST-types (Fig. 3). The most frequent ST-types were ST-855 (n=6),
ST-356 (n=4), and ST-902 (n=3). The C. coli ST-types most
frequently grouped within the common clonal complex ST-828
(17/18).

Within the limited number of sequenced strains, we even found

three sequence clusters. One of this clusters (ST-855) included four
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highly similar C. coli strains from industrial chicken, collected in
June/July 2021 during three independent samplings, with maximal
two cgMLST allele differences. Two further C. jejuni clusters with
each two strains identified among the human isolates belonged
both to ST-type 356 and were separated from each other by 226
allele difference. One of these clusters included two C. jejuni
strains isolated from children in September and October 2021,
harboring identical pairwise cgMLST. The other cluster included
two C. jejuni strains isolated from children in July and September
2021.

Eighteen Campylobacterisolates (45%) putatively carried plasmids
(Supplementary Material Table S2), since contigs of the whole
genome assembly were predicted as epichromosomal elements by
Platon and BLAST analysis using the NCBI RefSeq plasmid
database. All plasmids had at least 20% coverage of homology to
known Campylobacter spp. plasmids, except for BfR-CA-19911,
which harbored a small plasmid without any match in the RefSeq

database.

Detection of Antimicrobial Resistance Genes by WGS revealed
several resistance genes, responsible for the observed phenotypes.

The presence of the ref(O) gene, which mediates resistance to
tetracycline, was detected in all tetracycline-resistant strains (70%,
n = 28/40). The most common mutation in the gyrA gene (T86I)
was identified in all ciprofloxacin resistant isolates (90% (n =
36/40)). The presence of b/aOXA-61 family genes (OXA-193,
0OXA452, OXA-460, OXA-461, OXA-489, OXA-594), which confer
resistance to beta-lactams, was observed in 75% (n = 30/37) of
strains. In addition, we found the aadE-Cc gene in three Cl.colj
putatively conferring streptomycin resistance. Streptomycin and

ampicillin are not part of EUCAMP3 plate format, so the
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phenotype was not confirmed. The AMRFinderPlus database also
annotated the mutation 50S 122 A103V of the L22 ribosomal
protein as a putative resistance marker for macrolide resistance in
30% (n =12/37) of the strains; however, all isolates were sensitive
towards erythromycin. The resistance mechanism against
ertapenem is still unknown. According to Platon prediction, all

resistance determinants were chromosomally located.
mCCDA vs. CHROMagar

We performed a dual selection of Campylobacter spp. on either
mCCDA or CHROMagar Campylobacter in order to increase
detection sensitivity, and we identified Campylobacter spp. in 47
samples with either mCCDA (n=28) and/or CHROMagar (n=39).
Hence, out of 47 positive samples, mCCDA showed false negative
results or was overgrown by the background microbiota in 30% (n
=12) of the samples; in 7 cases, the medium was not applied. While
for Campylobacter CHROMagar, false negative results were
obtained in 17% (n = 8).

The comparison of the performance of both selective media
delivered an odds ratio (OR) of 1.4, with a 95% confidence interval
(CI) of 1.1 to 1.7, p = 0.038, showing a better performance of
CHROMagar Campylobacter versus mCCDA. The typical greyish
metallic colonies of thermophilic Campylobacter on mCCDA
might be overseen due to dominant background microbiota so that
CHROMagar Campylobacter appeared to be more selective and
easier to handle for the routine laboratory, not necessarily focused

only on Campylobacter spp. detection.
Discussion

Our results showed that campylobacteriosis might be the second

leading bacterial cause of acute inflammatory diarrhea in
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hospitalized children in the country. An interesting yet
unexplained finding was that children with Campylobacter spp.
were significantly younger than children with shigellosis, while
the age distribution of children infected with Sa/monella compared
to Campylobacterdid not differ significantly. Meanwhile, in school
aged children and adolescents, Shigella sonnei was dominant. This
finding becomes more significant as age differences were
previously observed in a recent study from Israel, with younger
patients with campylobacteriosis and salmonellosis than with
shigellosis. Putting our study results with the existing national
statistical data in line, we could suppose that campylobacteriosis is
the second most frequent causative agent of bacterial gastroenteric
illnesses on a country level, and its burden on public health might
be largely underestimated. We tried to estimate the burden of the
infection by applying the epidemiological pyramid method and
adjusting data in order to provide more realistic estimates of
Campylobacter incidence. This method is widely applied for
priority setting for infectious disease in order to account for
uncertainties not captured by the surveillance system. Due to the
scarcity of information for public health systems at low- and
middle income countries such as Georgia, MFs to correct
underestimation, taken from other countries, might increase
uncertainties. However, for decision-making processes, this
approach is crucial, in particular for those countries. In our study,
it was estimated that the “true incidence” of campylobacteriosis
among Thbilisi children’s population might be over 1800 cases
annually. In this study, we focused on Campylobacter spp., but the
incidence of Salmonella and Shigella might be underestimated,
however, probably to a less extent. Still, in more than half of the
samples, the pathogen was unidentified. Campylobacter was

identified among five pathogens considered to contribute to the
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substantial burden of disease spreading through animal feces in
domestic environments in LMICs. Despite the fact that all
participants of our study were urban residents, contacts with
animal feces, e.g., from domestic pets and street dogs at kids’
playgrounds, could also have contributed to the infection. Thus,
there is an urgent need for further epidemiologic studies on food
consumption patterns of Georgian children, including breastfed
infants, with a focus on the development of campylobacteriosis,
which might help in source attribution of this important pathogen.
Moreover, large-scale studies are needed to confirm the differences
in these clinical findings, considering the relatively low
significance noted in a modest number of children. Higher positive
rates for bacteria may be related to the use of multiplex PCR tests
for  detecting  bacterial  enteropathogens,  particularly
Campylobacter spp., as they are more sensitive than culture
methods. We hope that the information will push policy makers to
support building clinical laboratories’ capacity for the
identification of relevant pathogens, in particular Campylobacter,
and enhance the national epidemiological surveillance system in

the country.

EU countries have made significant strides in developing and
implementing national monitoring plans on antimicrobial
resistance; however, in Georgia, monitoring programs are still
lacking. Our study results on antibiotic resistance in Georgian
Campylobacter spp. isolates from chicken show similarities to the
AMR data profiles of Campylobacter spp. in EU member states. In
particular, both C. jejuniand C. coli from poultry sources in the EU
exhibited high resistance against (fluoro-)quinolones and
tetracycline, which is in line with our data. However, notably, the
resistance rate to ciprofloxacin and tetracycline was 100% in
isolates from industrial poultry samples in Georgia, while in
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backyard chicken and in human isolates Campylobacter strains
displayed slightly lower resistance against both antimicrobials.
Comparing multi-resistance in C. jejuni or C. coli in industrial
versus backyard chicken, no significant difference could be found.
Interestingly, all isolates were sensitive towards gentamicin,
chloramphenicol and erythromycin. Use of (fluoro-)quinolones
was shown to be the major risk factor for ciprofloxacin resistance
in Campylobacter spp. on broiler farms. However, it was shown
that the gyrA mutation, conferring resistance against (fluoro-
)quinolones, can also contribute to a fitness increase in C. jejuniin
poultry depending on the strain background. The clonal spreading
of (fluoro-)quinolone-resistant clones was suggested to occur in
Europe, although the contribution of whether the resistance was
selected through (fluoro-)quinolone use in individual countries
and/or transmission between countries is still unclear. Moreover,
the differences in resistance rates between the bacterial species
from the same source and, therefore, the same antimicrobial
exposure indicated that antimicrobial use alone cannot explain
differences in resistance profiles of C. jejuniand C. coli. C. colifrom
the same matrix exhibited higher resistance than C. jejuni towards
multiple antimicrobials tested. The reason for this phenomenon is
still unclear. (Fluoro-)quinolones are among WHOs “Highest
Priority Critically Important Antimicrobials” (HPCIA). Increases
in resistance to (fluoro-)quinolones in Campylobacter spp. are of
concern, as resistance in Campylobacter from animals has been
shown to be associated with resistance of Campylobacter from
human infections. When Georgian isolates were compared
according to their origin, the chicken C. coli or C. jejuni isolates
were each significantly more resistant towards two and three
classes of antimicrobials than the human strains. This might hint

to additional infection routes other than cross-contamination from
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preparing fresh chicken meat and/or direct contact to animals on
chicken farms in Georgian children suffering from
campylobacteriosis. In addition to the preparation of poultry meat
and contact with poultry animals, contact with sand in a sandbox
with putative contact to animal feces such as that from dogs and
wild animals was also identified in a German study as risk factor
positively associated with a Campylobacter infection for children
under 5 years of age. Furthermore, our study showed a high
prevalence of Clcoli in comparison to C.jejuni from poultry
samples, which was untypical in a number of countries even in the
Caucasus region. However, there are other studies that identified a
higher prevalence of C. coli than C. jejuni in swab samples from
farms and neck skins at slaughter in Italy or some alterations of
species distribution depending on the stage of broiler production.
A long-term study over seven years showed a gradual decrease in
the prevalence of C. jejuni and a concomittant increase in C. coli
in cecal samples from chicken in China, while in Malaysia both
species were frequently isolated from different broiler parts. One
explanation for different species distribution might be age and race
of the chicken, which is not likely in our study, since we obtained
a similar species distribution from backyard chicken of different
age and industrial chicken with standardized rearing period of 38—
42 days. Our results may additionally hint at the fact that initially,
we might have isolated mixed cultures of both C. jejuniand C. coli
in some cases, since PCR results of inoculums identified the
presence of both species, which in turn could not be recultivated

together.

Preventive and control activities in Georgia are still limited
concerning the monitoring and antimicrobial susceptibility
profiling of thermotolerant Campylobacter spp. Our first national
study showed similar AMR patterns of thermotolerant
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Campylobacter spp. strains isolated in Georgia to those reported by
the European Union. In particular, resistances against (fluoro-
)quinolones and tetracycline were high and should be considered
in local therapeutic protocols for severe human cases.
Antimicrobial resistance and the prevalence of thermotolerant
Campylobacter spp. in animals, food and humans need further
approaches in order to gain a representative picture of concurrent

strains in the Caucasian region.

Recommendation

Large-scale incidence studies are needed on the country level at
different age groups applying multiplex PCR tests for detecting
bacterial enteropathogens, particularly Campylobacter spp., as
they are more sensitive than culture methods;

There is an urgent need for further epidemiologic studies on food
consumption patterns of Georgian children, including breastfed
infants, with a focus on the development of campylobacteriosis,

which might help in source attribution of this important pathogen;

WGS of isolates, especially those with multi-drug resistance high-
level resistance to erythromycin or ciprofloxacin, or resistance to
gentamicin or ertapenem, is strongly recommended in order to
decipher the antimicrobial resistance determinants involved, their

genetic location, and the potential for horizontal transmission.
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