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1. Uvod

Infekce vyvolané Clostridium difficile (CDI) nabyvaji v soucasné dob¢ na vyznamu
jak v souvislosti s nozokomialnim, tak i komunitnim vyskytem. Klinickd manifestace

onemocnéni je riiznoroda, od mirnych priiymi az po zivot ohrozujici stavy.

Pro zdravotnicka zatizeni znamena vyskyt C. difficile zvySeni nakladl na zdravotni
pé€i o pacienta z ditvodu nutnosti zavedeni bariérovych protiepidemickych opatieni
a prodlouzeni délky hospitalizace. Ze strany pacienta jde o snizeni kvality zivota a znacnou
psychickou zatéz spojenou s jeho izolaci a v neposledni fade komplikaci 1é¢by zakladniho

onemocnéni.

Globalni problém nartstajici bakterialni rezistence se tyka 1 C. difficile. Dle
poslednich doporuc¢enych dostupii jsou pro lécbu téchto infekei doporuceny pouze tii
preparaty, z nichz jeden je indikovan pouze v ptipadé mirného prib&hu onemocnéni a druhy,
ackoliv s vynikajicim farmakologickym tuc¢inkem, je vzhledem k jeho cené témér
nepouzivan. Vyvoj a klinické testovani novych preparatii a terapeutickych postupti v boji

s témito infekcemi jsou proto v poptedi z4jmu farmaceutickych firem.

Narustajici incidence CDI vedla k sepsdni doporucenych postupti pro 1écbu,
diagnostiku a surveillance téchto onemocnéni. Zaroven bylo provedeno nékolik
celoevropskych studii zamétfenych na incidenci a testovaci frekvenci CDI, a také
na charakterizaci konkrétnich kment stanovenim jejich genotypu, tak i fenotypu testovanim

citlivosti k antimikrobnim latkam.

Diverzita jednotlivych kmenti C. difficile je vysokd s dokumentovanym vyskytem
v prostedi, u zvifat 1 v potravnim fetézci. Studium podstaty molekularnich mechanismi
umoznujicich rozsiteni konkrétnich kment C. difficile v urCitém prostiedi je nutné

pro porozuméni epidemiologicky konsekvenci.

Molekularni typizace je zakladnim nastrojem pro sledovani vyskytu jednotlivych
kmenti C. difficile. Mnoho publikovanych typiza¢nich ptistupt znesnadnuje porovnani udaji
z jednotlivych studii. V predkladané praci byly pouzity metody v Evropé zavedené
a v piipadé ribotypizace 1 doporucené pro surveillance CDI. Vysledky prace predkladaji

hodnotnou informaci o kmenech cirkulujicich v Ceské republice v obdobi 2013-2015.



1.1 Clostridium difficile

Clostridium difficile bylo popsano v roce 1935 autory Hall a O'Toole jako soucast
sttevni mikroflory zdravych novorozenci a vzhledem k obtizné kultivovatelnosti bylo
nazvano Bacillus difficilis (Hall a O'toole, 1935). V roce 1977, bylo C. difficile rozpoznano
jako ptavodce pseudomembranozni kolitidy (Bartlett a Gorbach, 1977). Na zéklad¢ detailni
fylogenetické analyzy bylo C. difficile v roce 2013 reklasifikovano jako Peptoclostridium
difficile (Yutin a Galperin, 2013), nazev, ktery byl pfijat Americkym centrem
pro biotechnologické informace (NCBI), ale odbornou vetejnosti ziistal opomenut. V roce
2016, pak autofi Lawson a kolektiv navrhli, na zédkladé¢ 94,7 % shody v analyzovanych
sekvencich s Clostridium mangenotii, prejmenovani na Clostridioides difficile (Lawson

et al., 2016), coz by umoznilo zachovani zazitych zkratek odbornych tak komerc¢nich.

Kmen Firmicutes, tfida Clostridia, fad Clostridiales, ¢eled’ Peptosreptococcaceae,
rod Clostridioides, druh Clostridioides difficile je charakterizovan jako striktné anaerobni,
motilni, gram pozitivni, sporulujici bakterie. Spory jsou ovalné, subtermindlni. Kmeny
C. difficile fermentuji fruktézu, arabindzu, galaktézu, glykogen, inositol, inulin, laktozu,
rafindzu a sukrozu. Pro rist jsou vyuzivany prolin, kyselina aspartamova, serin, leucin,
alanine, treonin, valin, fenylalanin, metionin a izoleucin. Pyruvéat je pfeméiovan na acetat

a butyrat, treonin na propiondt, laktat neni vyuzivan (Lawson et al., 2016).

1.2 Patofyziologie onemocnéni

K ptenosu C. difficile dochézi fekalné-ordlni cestou. Spory jsou schopné adherovat
na sténu stifeva (Paredes-Sabja et al., 2012) a v pfitomnosti zlu¢ovych soli dochézi k jejich
vykli¢eni (Paredes-Sabja et al., 2014). Pokud je fyziologické slozeni mikroflory naruseno
dochazi k pomnozeni vegetativnich forem C. difficile a kolonizaci stény stfeva. Protektivni
mechanismus stievni flory zahrnuje stimulaci imunitni odpovédi hostitele, kompetici
mikroorganismu o limitované nutrienty, produkci bakteriocini, které inhibuji rist C. difficile
a modifikaci ZzluCovych soli, které ovliviiuji germinaci spor (Britton and Young, 2012).
V ptipadé¢ pomnoZeni toxigennich C. difficile mize dojit k produkci toxind, které jsou
primarné¢ zodpovédné za klinickou manifestaci Clostridium difficile infection (CDI),
(Hammond a Johnson, 1995; Braun et al.,, 1996). Rizné kmeny C. difficile mohou

produkovat riizné spektrum toxinli zahrnujici toxin A, toxin B a binarni toxin.



1.2.1 Toxiny A (TcdA) a B (TcdB)

Geny pro tvorbu velkych klostridialnich toxint (tcd4, tcdB) jsou lokalizovany
na lokusu patogenicity (PaLoc) spolu s dalSimi tfemi geny kodujicimi produkci proteint
(tcdR, tcdE, tcdC), které se pravdépodobné podileji na regulaci produkce toxini (Monot
et al., 2015). Oba dva toxiny maji ¢tyfi funkéni domény (GTD — glucosyltransferase domain,
APD — autoprotease domain, delivery domain, CROPS — combined repetitive oligopeptides
(Shen, 2012; Chumbler et al., 2016). Uvolnéni aktivniho toxinu zahrnuje Ctyfi kroky

zprostifedkované jejich jednotlivymi doménami.

Toxiny vstupuji do buiiky pomoci receptorem zprostiedkované endocytdzy.
Z endosomu se toxiny uvolni jeho acidifikaci a vytvofenim poru v membrané (Pruitt a Lacy,
2012). Poté, inositol hexakisphosphate (InsP¢) vaze a aktivuje APD uvolnénim GTD, ktera
inaktivuje Rho proteiny a ostatni GTPéazy (Egerer et al., 2007; Just et al., 1995a; Just et al.,
1995b; Shen et al., 2011;). To ma za nasledek interakci se signalnimi molekulami a s tim
naruseni zivotn¢ dilezitych signalnich drah. Infikované buniky se zakulacuji, dochazi
k apoptoze (Brito et al., 2002) coz vede ke ztraté stfevniho epitelu a naruseni pevnych spoju
mezi buitkami umoZiujici migraci neutrofilii. Plsobeni toxinl také stimuluje uvolnéni
prozanétlivych cytokinli (Shen, 2012). Vyskyt epidemicky vyznamnych kment, které jsou
TcdA negativni (v diisledku ¢astecné nebo Uplné delece genu tcdA), potvrzuje, Ze izolovana
exprese TcdB muze vyvolat onemocnéni (Cairns et al., 2015; Janezic et al., 2015; Elliot et al.,

2011; Goorhuis et al., 2009).

1.2.2 Binarni toxin

C. difficile aktin specificka ribosyltransferdza (CDT, bindrni toxin) je tfetim toxinem
produkovanym nékterymi kmeny C. difficile (naptiklad ribotypy 023, 027, 078 a 176). Tento
toxin je kodovany dvéma geny (cdtA a cdtB), které jsou lokalizovany na lokusu pro binarni
toxin (CdtLoc) spolecné s regulacnim genem cdtR (Perelle et al., 1997; Gongalves et al.,
2004; Carter et al., 2007). Binarni toxin se sklada ze dvou komponent (CDTa, CDTb). CDTb
komponenta je zodpovédna za vazbu a translokaci enzymatické slozky CDTa do bunky,
ktera svoji aktivitou zplisobi destrukci aktinového cytoskeletu a s tim souvisejici bunécnou

smrt (Sundriyal et al., 2009; Sundriyal et al., 2010).

V nedavné dob¢ byl u lidi i zvifat publikovan vyskyt kmentu C. difficile, které
produkuji pouze binarni toxin a zpusobuji klinickou manifestaci CDI (Elliot et al., 2009;

Eckert et al, 2014, Androga et al., 2015; Grandesso et al., 2016). Tyto kmeny, pokud
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zustanou laboratorné nerozpoznany (negativni test pro stanoveni toxini A/B v ramci
rutinniho vySetifeni a/nebo negativni molekularni test, pokud je cilovym mistem detekce
pouze gen pro tvorbu toxinu A a/nebo toxinu B), vedou k nespravné interpretaci a falesné

negativni vysledek mize mit zdvazné klinické i epidemiologické disledky.

1.2.3 Sporulace

Vzhledem k striktnimu anaerobnimu charakteru C. difficile, jeho vegetativni formy
nemohou piezit v prostiedi obsahujicim kyslik. Vlivem signalt z prostfedi (nedostatek zivin,
pritomnost antibiotik) dochazi ke sporulaci, tvorbé metabolicky neaktivnich forem
C. difficile. Sporulace je vyznamnym virulen¢nim faktorem umoznujicim pieziti C. difficile
mimo hostitele po dobu nékolika mésicti hrajici zasadni roli v horizontalnim pfenosu mezi
pacienty. Spéra C. difficile je pokryta plastém tvoirenym peptidoglykanem a dal$imi nékolika
vrstvami proteint, které ji chrani pied vysychanim a uc¢inkiim kysliku a chemickych latek

(Rineh et al., 2014; Paredes-Sabja et al., 2014).

Kultivace C. difficile na selektivnich pidach inhibuje sporulaci izolati.
Pro dlouhodobé uchovavani izolath C. difficile je nutné provést kultivaci Cistého izolatu

na neselektivni pade.

1.3 Klinicky pribéh CDI

Klinicky pribéh CDI miize byt manifestovan prijmy rtzné tize, kolitidou,
pseudomembrandzni kolitidou, ileem az po Zivot ohroZujici toxickym megakolon. Jako
prijem je obecné definovana pifitomnost neformované stolice s frekvenci tfi a vice béhem
24 hodin, nebo méné po sobé€ jdoucich hodin, nebo castéji, nez je bézné pro daného jedince.
Klinické znamky ileu, vazné narusené funkce stfeva, jsou provazené zvracenim a absenci
stolice, popfipadé s radiologickymi zndmkami dilatace stfeva. Toxické megakolon
je charakterizovano enormni dilataci kli¢ek tlustého stfeva s rizikem jeho ruptury

doprovazené znamkami tézké systémové zanétlivé odpovédi (Debast et al., 2014).

Rizikovymi faktory pro rozvoj onemocnéni jsou piedchozi hospitalizace, pfitomnost
zékladniho onemocnéni, vék nad 65 let, pfedchozi nebo soubézna antibioticka terapie
(Slimings a Riley, 2014) a také podavani inhibitorti protonové pumpy (McDonald et al.,
2015).
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Klinické udaje a predispozi¢ni faktory rozvoje CDI u Ceskych pacienti byly
sledovany na Ctyfech rtiznych pracovistich (Infek¢éni klinika Fakultni nemocnice v Brné
v obdobi 2007-2010, (Vojtilova et al., 2014); Fakultni nemocnici v Plzni v obdobi 2006-
2008, (Balihar et al., 2014); Interni oddéleni, Fakultni nemocnice v Motole v obdobi 2013-
2014, (Drabek et al., 2015); Infekéni oddéleni nemocnice Na Bulovce v roce 2013,
(Polivkova et al., 2016).

1.3.1 Rekurentni forma onemocnéni

Jako rekurentni forma onemocnéni je povazovan novy nastup ptiznakd CDI béhem
osmi tydnl od pocatku ptiznaki a po ukonceni 1€¢by prvni episody onemocnéni (pfiblizné
2. - 8. tyden). V klinické praxi neni moznost rozlisit relaps a reinfekei, termin rekurence tak
zahrnuje oboje (Kuijper et al., 2006; Debast et al., 2014). Po prodélani prvni episody CDI
je riziko dalsi episody 15-25 %. Pro pacienta, ktery prod¢lal dalsi episodu CDI, se riziko
dalsi episody onemocnéni zvySuje na 40-65 % (Kelly, 2012).

Rizikovymi faktory pro vznik rekurence jsou v€k nad 65let, podavani dalsi
antibiotické terapie v prubéhu 1é€by nebo po 1écbé CDI, zakladni diagnoza tézkého
onemocnéni (komorbidity) a pfedchozi episoda CDI v anamnéze pacienta (D'Agostino et al.,
2014; Debast et al., 2014). Kuri6znim rizikovym faktorem z pohledu stravovacich navykl

pro rozvoj rekurence CDI bylo oznaceno piti ¢aje (Oman et al., 2016).

1.3.2 Extra intestinalni formy CDI

Extra intestinalni formy CDI jsou vzacné, zahrnujici bakteriémie, intra abdominalni
infekce a extra abdomindlni abscesy (Bedimo a Weinstein, 2003). Probéhla CDI muze byt
také spoustécim faktorem reaktivni artritidy (Cappella et al., 2016). V prostiedi se zvySenou
moznosti kontaminace sporami C. difficile také narista riziko infekce rany (Mattila et al.,

2013).

NaSe vlastni zkuSenost s extra intestindlni formou CDI se tykala pacienta
hospitalizovaného na oddé¢leni Spinalni jednotky Fakultni nemocnice v Motole. Tento
pacient byl pfijat s mnohocetnymi dekubity, které byly chirurgicky feSeny plastikou. Z jedné
dlouhodobé¢ se nehojici pooperacni rany bylo vykultivovano C. difficile ur¢ené jako ribotyp
078. Po nasazeni oralni formy metronidazolu, doslo ke zklidnéni a zhojeni rany. K urceni

mozného zdroje infekce byla vySetfena i stolice pacienta s nalezem odlisného ribotypu (014).
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Tato klinickd zkuSenost upozoriiuje na uplatnéni C. difficile v etiologii infekce ktize

a ptilehlych struktur a na nebezpeci environmentalni kontaminace rany (Ny¢ et al., 2015a).

1.4 Asymptomatické nosic¢stvi C. difficile

Vysoké procento nosicstvi C. difficile je publikovano u déti v prvnim roce véku (25-
35 %), a u starSich déti 1-8 let 15 % (Enoch et al., 2011; Leibowitz et al., 2015) z divoda
nestabilni stfevni mikroflory umoznujici C. difficile osidleni stfevniho traktu (Bergstrom
et al., 2014). Kolonizace pacientl v nemocni¢nim prostiedi se pohybuje kolem 8 %
(Zacharioudakis et al., 2015) s narustajici incidenci v nasledné péci (Riggs et al., 2007;
Ziakas et al., 2015). Asymptomaticti nosi¢i mohou byt rizikem pro vnimavé pacienty
z hlediska ptenosu C. difficile jehoz spory se uvolnuji do prostredi (Curry et al., 2013; Eyre
et al., 2013).

1.5 Prevence a kontrola Sireni C. difficile

V ptipad¢ vyskytu CDI na oddé€leni je nutné zavést protiepidemicka opatieni, jejichz
zékladnimi sou¢astmi jsou izolace pacienta (optiméalné na pokoji s individualni toaletou),
pouzivani jednordzovych bariérovych pomicek, hygiena rukou provaddéna mydlem
pod tekouci vodu, uklid provadény nckolikrat denné€ s pouzitim sporocidnich piipravka.
Doprovodnym, ale ne mén¢ dilezitym opatienim je omezeni expozice rizikovych skupin

pacientl k antibiotikiim (Vonberg et al., 2008).

1.6 Evropské a Ceské doporucené postupy ve vztahu k CDI

V roce 2008 byl vydan doporuceny postup pro kontrolu siteni C. difficile (Vonberg
et al., 2008). V roce 2009, nasledoval evropsky doporuceny postup pro 1é€bu a diagnostiku
CDI (Bauer et al., 2009), ktery byl podpoien evropskou spolecnosti pro klinickou
mikrobiologii a infekéni 1ékatstvi (ESCMID). V roce 2014, byl tento dokument aktualizovan
(Debast et al., 2014). V navaznosti na vySe uvedené dokumenty, byly publikovany v letech
2012 a 2014 také ceské narodni doporucené postupy pro diagnostiku a 1écbu kolitidy
vyvolané C. difficile (Benes$ et al., 2012; Benes$ et al., 2014). Za ucelem standardizace
surveillance CDI v Evropé, byl evropskym centrem pro prevenci a kontrolu onemocnéni

(ECDC) v roce 2015 uvolnén surveillance protokol pro CDI (ECDC, 2015). Nejnovéjsim
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zavaznym dokumentem je aktualizované¢ ESCMID doporuceni pro diagnostiku CDI

(Crobach et al., 2016).

1.7 Laboratorni diagnostika

Laboratorni diagnostika CDI je zaloZena na vySetfeni prijmovité stolice pacienta
(vzorek kopiruje tvar kontejneru). Formovanou stolici se nedoporucuje vysetiovat, vyjimku
tvoii pacienti s paralytickym ileem. Pro ileosni pacienty je piipustné provést vysSetfeni
i z rektalniho vytéru. Diskutabilni je spodni vékova hranice pacientii pro vySetfeni CDI,
kdy v ramci evropskych doporuceni pro diagnostiku a 1écbu CDI byla stanovena na tfi roky.
Doporuc¢eni mé v tomto ohledu omezenou vahu, protoze CDI nelze zcela vyloucit i u jedinci

mladsich ti let (Crobach et al., 2016).

Podle posledniho evropského doporuceni pro diagnostiku CDI, je u pacientd
s podezienim na CDI zékladnim vySetfenim prikaz glutamatdehydrogenazy (GDH), toxint
A/B a/nebo ptitomnosti toxigenniho C. difficile ve vzorku neformované stolice (Crobach

etal., 2016).

1.7.1 Stanoveni glutamatdehydrogenazy a toxini A/B

Glutamatdehydrogendza je enzym metabolismu kodovany genem gluD,
produkovanym jak toxigennimi, tak netoxigennimi kmeny C. difficile (Carman et al., 2012).

Metody stanoveni jsou imunoenzymatické (EIA).

Pfitomnost toxinti A/B muze byt detekovana taktéz pomoci EIA nebo neutralizaénim
testem na bunécénych kulturdch. Komeréné dostupné testy se liSi svym uspofadanim,
principem detekce tak svoji sensitivitou, kterd by méla byt vzata v potaz pfi interpretaci
vysledkll klinickému pracovisti a korelovana s klinickym stavem pacienta a dalSimi

laboratornimi nalezy.

Z nasi zkuSenosti miizeme uvést vysledky porovnavaci studie dvou komercnich
metod na stanoveni GDH (glutamat dehydrogendzy) a toxini A/B (Liaison, Diasorin, USA
a Quik Chek Complete Techlab, USA). Jako referen¢ni metoda byla pouzita toxigenni
kultivace a komer¢ni PCR test (C. difficile Elite MGB kit, Nanogen). O 7 % vys$i sensitivita
pro detekci GDH tak 1 toxinii A/B byla zjiSténa u souprav Liaison (Diasorin). Toto zjiSténi
si vysvétlujeme vEtSim vazebnym povrchem na paramagnetickych ¢asticich v porovnani

s membranovym uspotradanim (Kritova et al., 2014a).
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1.7.2 Kultivace C. difficile a testovani citlivosti k 1ékiim volby

Ptitomnost C. difficile mize byt zjiStovano anaerobni kultivaci na selektivnim agaru
(pro potlaceni rlstu pravodni stfevni mikroflory) nebo prikkazem DNA toxigennich

C. difficile pomoci molekuldrnich metod (NAAT-Nucleic Acid Amplification Techniques).

Pted kultivaci vzorku stolice na prikaz C. difficile provadime alkoholovy Sok, ktery
indukuje germinaci spor. Vzorek stolice je smichdn v poméru 1:1 se 70 % metyl alkoholem

a nasledn¢ inkubovan 30-60 minut pii pokojové teplote.

Selektivni pudy pro kultivaci C. difficile obsahuji latky podporujici germinaci spor
(kyselina cholova) a do jist¢é miry potlacujici rast privodni mikroflory (cykloserin

a cefoxitin), (Riley et al., 1987; Bowman RA a Riley, 1988; Brazier, 1995).

Na selektivni ptid¢€ se kolonie C. difficile projevuji charakteristickym rastem (plochy
vzhled s nerovnymi okraji, bez hemolyzy, kolonie riiznych velikosti, (viz obrazek ¢islo
1 — A), s charakteristickym zapachem pfipominajicim konisky trus (tvorba p-kresolu
na pudach s kyselinou p-hydroxyfenyloctovou). Na pidach obsahujici komiskou krev

muzeme pozorovat zluto-zelenou fluorescenci pod UV lampou (Brazier, 1995).

Obrazek 1: Kultivacni nalez C. difficile ze vzorku stolice na selektivnim agaru pro C. difficile (Oxoid) po 48 hod. kultivaci
v anaerobnim boxu (Bentley), foto M. Kriitova.

Suspektni kolonie C. difficile mohou byt uréeny pomoci biochemickych testd,
aglutinace nebo hmotnostni spektrometrie (MALDI-TOF MS — matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry), (Coltella et al., 2013).

Izolaty C. difficile, kultivované z GDH pozitivnich a toxin A/B negativnich vzorki,

by mély byt dale testovany na ptitomnost gentli pro tvorbu toxinl nebo na produkci toxind

15



samotnych pomoci EIA nebo neutraliza¢niho testu na bunécnych kulturach (toxigenni

kultivace) k odliseni toxigennich a netoxigennich kment (Crobach et al., 2016).

Déle mohou byt izolaty C. difficile testovany na citlivost k antimikrobnim latkam.
Jako referencni postup pro stanoveni antimikrobni citlivosti u izolath C. difficile
je doporucena agarova dilu¢ni metoda (CLSI, 2007). Vzhledem k tomu, Ze tato metoda
je pomérné pracnd a ¢asoveé narocna s nutnosti pripravovat testovaci média denné Cerstva
nebyla do rutinniho mikrobiologického provozu adaptovéana. Jako alternativa je pouzivan
epsilometrovy test (Etest), ktery uvoliiuje do kultivaéniho média antimikrobidlni latku
v koncentracnim gradientu. Klinické mezni koncentrace (breakpoints) pro metronidazol
a vankomycin jsou <2 mg/l. Pro fidaxomicin nejsou mezni koncentrace prozatim stanoveny,
protoze dostupna data ukazuji velkou variabilitu minimalnich inhibi¢nich koncentraci mezi

studiemi (EUCAST, 2016).

1.7.3 Molekularni detekce toxigennich C. difficile

Molekularni testy se lisi podle cilového mista v genomu, které detekuji a také podle
principu metody. Nékteré testy jsou cilené pouze na gen pro produkci toxinu B (BDmax,
BD; GenomEra, Abacus Diagnostica; Simplexa, 3M) jiné¢ uptednostiuji detekci genu
pro tvorbu toxinu A (Illumigene, Meridian Bioscience; AmpliVue, Quidel Molecular) a dalsi
voli kombinaci hned né€kolika cilovych mist v genomu toxigennich C. difficile (gen pro
produkci toxinu B, gen pro produkci bindrniho toxinu a delece v pozici 117 genu tcdC;
Xpert, Cepheid). VétSina systémi vyuziva klasickou polymerdzovou reakci v real-time
uspofadani (amplifikace v redlném Case). Pfistroj AmpliVue, Quidel Molecular ji kombinuje
s denaturaci DNA zavislé na helikdzové aktivité. Systém Illumigene (Meridian Bioscience)
funguje na principu izotermalni amplifikace nukleovych kyselin (Loop-Mediated Isothermal

Amplification technology — LAMP), (Paitan et al., 2017).

1.7.4 Laboratorni diagnostické schéma

Jako vyhledavaci (screeningovy) test je doporuceno pouzit citlivou EIA metodu
pro prikaz glutamatdehydrogenazy GDH nebo test zaloZzeny na amplifikaci nukleovych
kyselin (NAAT). V piipadé¢ pozitivity prvniho testu by mélo nésledovat stanoveni

pfitomnosti volnych toxint A/B ve stolici pomoci EIA.

V piipadé pozitivity obou testl je tento nalez hodnocen jako CDI pravdépodobné

pfitomna. V ptipadé, kdy vysledek prvniho testu je pozitivni a druhy test (EIA na prikaz
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toxini) je negativni, je doporuceno vysetieni doplnit tfetim konfirma¢nim testem, kterym
muze byt NAAT, pokud nebyl tento test pouzit jako vyhledavaci, nebo toxigenni kultivace,
kdy z narostl¢ kultury C. difficile prokazujeme bud’ produkci toxini, nebo pfitomnost gent

pro tvorbu toxinti (Crobach et al., 2016).

Sou¢asny stav diagnostiky v CR ukazal priizkum vychazejici z vysledktt webového
dotazniku, na ktery odpovédélo 61 mikrobiologickych laboratoii v obdobi duben
az Cervenec 2014). Zjistili jsme, Ze 8,2 % (n=5) laboratofi nepouzivalo doporucenou citlivou
screeningovou metodu a 21,3 % (n=13) laboratofi nemd k dispozici konfirma¢ni metodu

v piipad¢ vysledku testu GDH pozitivni, toxin A/B negativni (Kratové a Ny¢, 2015).

1.8 Lécba

Volba lécebné strategie u CDI zavisi na tizi onemocnéni a poctu episod CDI, které
pacient prodélal. V soucasné dobé jsou pro 1écbu CDI doporueny tfi antimikrobialni
ptipravky s riznym cilovym mistem ucinku: metronidazol, vankomycin a fidaxomicin
(obrazek 2). Z neantibiotickych postupli je nutné zminit fekalni bakterioterapii, kterou
je tfeba vnimat spiSe jako prevenci dalSich rekurenci, nikoli jako metodu volby pro terapii

akutni infekce.

METRONIDAZOL \

L

VA VA

DNA wwmyﬂ ey
AT BT
MRNA UMM \_‘1\ SONS

\
VANKOMYCIN—/ — FIDAXOMICIN

Obrazek 2: Schématické znazornéni cilovych mist v bakterialni buiice (vegetativni forma C. difficile) pouzivanych
antimikrobidlnich pripravkii v lécbé CDI.

1.8.1 Metronidazol

Metronidazol je podavan jako inaktivni prekurzor 1é¢iva. K jeho aktivaci je zapotiebi
redukce nitroskupiny po prestupu v nezmeénéné forme pies bunénou membranu za vzniku
toxického metabolitu. Nestabilni radikaly metronidazolu piisobi cytotoxicky na DNA, RNA
a proteiny (Goldman, 1982). In vitro rezistence k MTZ byla zjisténa jak u izolatt C. difficile
humanniho, tak i zvifeciho ptivodu (Goudarzi et al., 2013; Norman et al., 2014; Adler etal.,

2015; Orden et al., 2016; Freeman et al., 2015; Spigaglia, 2016). Mechanismus rezistence
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k MTZ nebyl prozatim objasnén. Studie provedené na izolatech ribotypi 027 a 010
(netoxigenni) naznacuji, Ze se jedna o multifaktorialni proces, ktery zahrnuje razné¢ zmény
v metabolickych drahach jako je aktivita nitroreduktdzy, pfijem zeleza a opravné

mechanismy DNA (Moura et al., 2014; Lynch et al., 2013).

1.8.2 Vankomycin

Vankomycin patii mezi glykopeptidova antibiotika, kterd inhibuji syntézu bunécéné
stény a zaroven narusuji permeabilitu bunééné membrany bakterii a syntézu RNA.
Rezistence k vankomycinu je popisovana, ale s nizkou frekvenci (Adler et al., 2015;

Freeman et al., 2015). Mechanismus rezistence u C. difficile neni prozatim objasnén.

1.8.3 Fidaxomicin

Fidaxomicin (FDX) je makrocyklické antibiotikum, které inhibuje syntézu RNA
vazbou na DNA dependentni RNA polymerdzu (Johnson a Wilcox, 2012). Rezistence
k FDX je vzacna, prozatim byl publikovan vyskyt jednoho izoladtu s minimélni inhibi¢ni
koncentraci 16 mg/l (Goldstein et al., 2011). Je nutné, ale podotknout Ze testovani citlivosti
k fidaxomicinu se vzhledem k absenci Etestil na trhu a doporucenych breakpointl rutinné

neprovadi.

1.8.4 Fekalni transplantace

CDI je charakterizovana snizenim mikrobidlni diverzity stfevni mikroflory (Chang
etal., 2008) a transplantace stolice (FMT) jednim z efektivnich zptsobu jak rychle ,,resetovat
kriticky naruSeny mikrobialni ekosystém* (Fuentes et al., 2014), a to obzvlasté u pacienti
s viceCetnymi rekurencemi (van Nood et al., 2013; Cammarota et al., 2015), kde je podle
doporucenych postupit FMT indikovéna jako 1€k (postup) volby (Debast et al., 2014; Bene$
et al., 2014). Pti FMT je stolice od zdravého (vétSinou piibuzenského) darce natfedéna,
mixovana, filtrovana do formy roztoku nebo kapsli. Forma roztoku se aplikuje rektalni nebo
nasoduodendlni sondou. Stolice darce a krev (sérum) darce je testovano na piitomnost

definovanych patogenii (Cammarota et al., 2017; Woodworth et al., 2017).

Ceské pozitivni zkugenosti s podavanim fekalni bakterioterapie na Klinice
infek¢nich chorob Fakultni nemocnice Brno u pacientli s rekurentni formou infekce byly

popsany v prospektivni studii z let 2010-2014 (Polék et al., 2015).
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1.8.5 Lécebné postupy

V nasledujicim textu jsou uvedena terapeuticka schémata vychazejici z poslednich
doporucenych postuptl (Debast et al., 2014; Benes et al., 2014) ktera podle poctu dostupnych
klinickych studii dosahla urovné doporuceni A nebo B (A — siln¢ doporuceno, B — sttedné

doporuceno).

Pii prvni epizodé CDI s nezdvaznym prabéhem onemocnéni je lékem volby
metronidazol, podavany v davce 3x 500 mg, p. 0. (A-I) nebo i. v., kde neni mozné peroralni
podavani (A — II). Alternativné je mozné podat vankomycin v ddvce 4x 125 mg (B-I) nebo

fidaxomicin v davce 2x 200 mg (B-I).

P1i té¢zké formé CDI je lékem volby vankomycin v ddvee 4x 125 mg (A-I)
nebo fidaxomicin v davce 2x 200 mg (B-I). Pokud peroralni podani neni mozné, podava
se metronidazol i. v. v ddvce 3x 500 mg (A-II) v kombinaci s vankomycinem podavanym

4x 500 mg enteralné (B-III).

Pti prvni rekurenci nebo u pacientt s rizikem rekurence CDI je doporuc¢eno podani

fidaxomicinu v davce 2x 200 mg (B-I) nebo vankomycinu v davce 4x 125 mg (B-I).
Doporucena doba 1écby u vSech tii preparatt je 10 dni.

Pti mnohocetnych rekurencich CDI je uveden bud’ medikamentézni zptisob 1é¢by,
tj. fidaxomicin v davce 2x 200 mg po dobu 10 dni (B-I) nebo vankomycin v sestupném
davkovani nebo provedeni fekalni bakterioterapie kombinované s pfedchozi antibiotickou

1écbou (A-I), (Debast et al., 2014; Benes et al, 2014).

1.8.6 Nové a budouci mozZnosti 1é¢by CDI

Nové terapeutické moznosti CDI zamétuji nékolik cilti: antimikrobidlni terapii CDI
(surotomycin, cadazolid, ridinilazol), CDI profylaxi (ribaxamase), aktivni a pasivni
(protektivni) imunizaci proti C. difficile a bioterapii (RBX2660, SER-109 a kolonizaci
netoxigennimi kmeny C. difficile), (Martin a Wilcox, 2016).

1.9 Epidemiologie CDI

C. difficile je vyznamnym nozokomidlnim a v fad¢ zemi i komunitnim patogenem
soucasnosti. Infekce vyvolané C. difficile jsou charakterizovany vysokou mortalitou a jsou

spojeny s nartstajici ekonomickou zatézi pro zdravotnicka zatizeni (Freeman et al., 2010).
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Nartist CDI v souvislosti s vyskytem ribotypu 027 byl zaznamenan v Kanadé a USA od roku
2003 (Warny et al., 2005). V roce 2005 byl vyskyt ribotypu 027 hlasen v Nizozemi a Anglii
(Kuijper et al., 2006; Kuijper et al., 2007).

Ceska republika se z(¢astnila dvou evropskych studii zaméfenych na incidenci CDI.
Prvni evropska studie zahrnujici 106 laboratofi z 34 zemi byla organizovana v roce 2008.
Primérné incidence CDI byla vypocdtena na 4,1 ptipadd na 10 000 oSetiovacich dni
s prevalentnim vyskytem ribotypti 014/020 (16%), 001 (9%) a 078 (8%), (Bauer et al., 2011).
Druha evropska studie byla navrzena jako dvoudenni sbér neformovanych stolic, které byly
vysetfeny v narodni centralni laboratofi (Ustav lékaiské mikrobiologie FN v Motole). Sbér
vzorkll probihal jeden den v zimé (prosinec 2012 nebo leden 2013) a jeden den v 1été
(¢ervenec nebo srpen 2013) a zucastnilo se ji 482 nemocnic z 20 zemi. Primérnd incidence
CDI vzrostla na 7 ptipadi na 10 000 oSetfovacich dni (Davies et al., 2014) s prevalentnim

vyskytem ribotypti 027 (19 %), 001 (11 %) a 014/020 (10 %), (Davies et al., 2016).

Ceska republika vykazovala v prvni evropské studii, které se zlastnily tii Geské
nemocnice, velmi nizkou incidenci CDI (1,1 pfipadd na 10 000 oSetfovacich dni)
s prevalenci ribotypu 017 (n=3 z Sesti zaslanych izolatt), (Bauer et al., 2011). V druhé studii,
ktera zahrnovala data z 10 ¢eskych nemocnic, byl zaznamenan markantni narist incidence
CDI na 4,4 ptipada 10 000 osetfovacich dni v obdobi 2011-2012 a 6,2 piipadt na 10 000
oSetfovacich dni v obdobi 2012-2013 s prevalenci ribotypu 176 (12 z 34 zaslanych izolath),
(Davies et al., 2014).

1.9.1 Molekularni typizace izolatu C. difficile

Metody molekularni typizace jsou dulezitym nastrojem umoZznujicim sledovani
a kontrolu vyskytu C. difficile. Typizani pfistupy jsou zaméfené na analyzu
konzervovanych nebo variabilnich oblasti genomu nebo celého genomu. Metody zaloZené
na porovnani elektroforetického profilu jsou pulzni gelova elektroforéza (PFGE) a restrikéni
nukledzova analyza (REA), kdy pted gelovou separaci dochazi k enzymatickému nastépeni
genomické DNA a ribotypizace vyuZivajici polymerdzovu fetézovou reakci (PCR)
k amplifikaci specifického useku v genomu C. difficile, konkrétn€ prostoru mezi geny 16S
a 23S rDNA, ktery je u jednotlivych kment C. difficile variabilni jak v délce, tak i v poctu
kopii. Serparace naamplifikovanych fragmentli je mozna pomoci agarézové gelové
elektroforézy nebo v kapilarni elektroforéze (Knetsch et al., 2013). Riiznorodost typizacnich

technik ztéZzuje orientaci v oznaceni jednotlivych kmeni. Napiiklad nejvice zkoumany
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ribotyp 027 byva v literatuie oznacovan jako BI/NAP1/027, pti¢emz BI oznacuje REA typ,
NAPI je pulzni typ a 027 je oznaceni ribotyp.

Dalsimi piistupy jsou metody sekvenacni jako je multilocus variable-number tandem
repeats analysis (MLVA) metoda zalozend na rozdilech poctu opakovani v repetitivnich
oblastech genomu, multilocus sequence typing (MLST) porovnavajici varianty
ve vysoce konzervovanych udrzovacich genech a celogenomové sekvenovani (WGS),

(Knetsch et al., 2013).

Vysokokapacitni sekvenovani nové generace je typizaCnim pfistupem, kterym
muzeme porovnavat u jednotlivych kmentl jednonukleotidové varianty (SNVs)

v nerepetitivni ¢asti genomu (Eyre et al., 2013).

1.9.2 Rezistence izolati C. difficile k antimikrobnim latkam

Kumulace mechanismt rezistence je jednim z vyznamnych faktori napoméhajici
rozvoji CDI a §ifeni epidemickych ribotypti (Rupnik et al., 2009). Posledni evropska studie
zamétena na vyskyt antibiotické rezistence u prevalentnich izolati C. difficile zahrnovala
22 zemi (39 laboratofi) a celkem bylo shroméazdéno 953 izolatd, které byly charakterizovany
ribotypizaci a nasledné testovany na citlivost k metronidazolu, vankomycinu, fidaxomicinu,
rifampicinu, moxifloxacinu, klindamycinu, imipenemu, chloramfenikolu a tigecyklinu.
NejcastéjSimi ribotypy ve studii byly 027, 014, 001 a 078. Béhem studie nebyla zjisténa
rezistence k fidaxomicinu a k tigecyklinu. Rezistence k metronidazolu a k vankomycinu
byla zjiSténa ojedinéle (0,11 % a 0,87 % izolati). Nejvyssi procento izolatd bylo rezistentni
ke klindamycinu (49,62 %) a k moxifloxacinu (39,99 %). K rifampicinu bylo rezistentnich
13,4 % izolath, k imipenemu 7,4 % izolati a k chloramfenikolu 3,7 % izolati (Freeman

etal., 2015).

Ceské izolaty byly ve vyse uvedené studii reprezentovany majoritnim zastoupenim
ribotyptt 001 (31,8 %) a 176 (38 %). V souctu zjiSténych rezistenci (2 body) a snizenych
citlivosti (1 bod) jsme u 9 testovanych antimikrobnich latek doséhli skore 4-5, vysledek
shodny se Slovenskem, Mad’arskem, Bulharskem a Italii. Vy$§iho, méné piiznivého skore

(5-6) dosahlo Polsko a LotySsko (Freeman et al., 2015).

Ve studii Kriitova et al., (2015) byla testovana citlivost k deseti antimikrobidlnim
latkam u vybranych dvaceti izolatd C. difficile ribotypu 176 z 10 riiznych nemocnic v CR.

U izolatii byla pfedem vyloucena klondlni ptibuznost pomoci MLVA. U vsech izolat byla
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zjisténa rezistence k erytromycinu (MIC>256 mg/l), ciprofloxacinu a moxifloxacinu
(MIC=>32mg/1). K rifampicinu bylo rezistentnich 13 izolatd (MIC>256mg/1) a klindamycin
rezistentni byly dva izolaty (MIC=16 mg/l). K ostatnim testovanym antimikrobnim latkdm
(metronidazol, vankomycin, imipenem, tetracyklin, tigecyklin) bylo vSech 20 izolatt

C. difficile ribotyp 176 citlivych.

Molekularni mechanismus rezistence k fluorochinolontim a rifampicinu byl potvrzen
pritomnosti aminokyselinové zamény Thr821Ile v GyrA a His502Asn spolecné s Arg505Lys
v RpoB (Kriutova et al., 2015). Vysoké procentudlni zastoupeni vySe uvedenych
aminokyselinovych zamén bylo zjisténo i ve studii Polivkova et al. (2016), kde 57,7 %
izolatd prisluselo k ribotypu 176 (Polivkova et al., 2016).

Dalsi soubor ceskych izolath C. difficile byl testovan ve studii Beran et al. (2014).
Jednalo se o 62 izolatd C. difficile z let 2011-2012 kultivovanych ve vychodoceskych
nemocnicich. Celkem 33 izolatd bylo pozitivnich na pfitomnost genti pro tvorbu toxini B
a binarniho toxinu a soucasné delece v pozici 117 genu tcdC. Ribotypizace nebyla
provedena. Izoladty byly testovany na citlivost ke klindamycinu, metronidazolu,
vankomycinu a amoxicilinu s kyselinou klavulanovou. U 10,34 % izolath byla zjiSténa

rezistence ke klindamycinu (Beran et al., 2014).

V ramci rutinniho testovani antimikrobialni citlivosti k 1€kiim volby jsme na nasem
pracoviSti zaznamenali u tfi externich izolati rezistenci k metronidazolu. Dvakrat se jednalo
0 izolaty ribotypu 176 zaslané ze stejné nemocnice, kdy rezistence (MIC = 4 mg/l) byla
prokdzdna nemocni¢ni servisni mikrobiologickou laboratofi a opakovanou kultivaci
potvrzena 1 na naSem pracovisti. U tfetiho izolatu ribotypu 027 byla rezistence
(MIC = 6mg/l) prokazéna na naSem pracovisti, zatimco v odesilajici laboratofi byl izolat
k metronidazolu opakovang citlivy. U vankomycinu jsme zachytili jeden sporadicky ptipad
(MIC = 6mg/l). Jednalo se externi izolat ribotypu 001. Tento izolat byl v odesilajici
laboratofi k vankomycinu citlivy s pouZzitim diskové difuzni metody, kterd neni metodou

doporucenou.

Vysledky testovani citlivosti k metronidazolu a vankomycinu u dvou izolatl

jsou uvedeny na obrazku €. 3.
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Obrazek 3: Testovani citlivosti C. difficile k A-vankomycinu (MIC=6 mg/l), B — metronidazolu (MIC=6 mg/l). Schaedler
anaerobe agar (Oxoid), Etest s koncentraci antimikrobni latky v rozpéti 0,16-256 mg/l (Liofilchem), 48 hod kultivace
v anaerobnim boxu (Bentley), foto M. Kriitova.

1.9.3 Nehumanni vyskyt C. difficile

cey

U zvitat, je vyskyt C. difficile hlaSen jak u domadcich, divoce Zijicich
tak 1 u hospodarskych zvitat (Moono et al., 2016), kde s narGistem mortality v chovech
a sniZzenim pfirtstku nabyva na ekonomické vyznamnosti. Diverzita zvifecich ribotypl
je vysoka (Janezic et al, 2014) s predominanci ribotypu 078, a to obzvlaste u prasat (Andrés-
Lasheras et al., 2017; Wu et al., 2016; Spigaglia et al., 2015; Knetsch et al., 2014; Usui et al.,
2014).

Pfimo v potravnim fetézci bylo C. difficile izolovano ze vzorkl syrové zeleniny
(Eckert et al., 2013; Rodriguez-Palacios et al., 2014; Yamoudy et al., 2015), jate¢nich kraliki
(Drigo et al., 2015), hamburgerech (Esfandiari et al., 2014) a mase urcené¢ho k prodeji
(de Boer et al., 2011; Rodriguez et al., 2014).

Dvé nové publikované studie zamétené na vyskyt C. difficile v prostiedi, zachytily
C. difficile v 14,4 % vzorkli odebranych z louzi a 36,7 % ptdnich vzorkl, kde osmnact
z tiiceti Ctyt identifikovanych ribotypti pattilo mezi ribotypy s vyskytem jak u lidi, tak i/nebo
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zvitat (Janezic et al., 2016) a také ve vzorcich travy v 59 % s predominanci ribotypu 014/020

(39%), (Moono et al., 2017).

Pilotni data o ¢eskych nehumannich izolatech C. difficile pochazeji ze studie Goldova
et al., (2012), kdy bylo C. difficile kultivovano z rektalnich vytéri selat. Prevalentnim
(jedinym ribotypem) identifikovanym v této studii byl WEBRIBO typ AI-12 (Goldova et al.,
2012), ktery byl identifikovan jako ribotyp 150 ve studii Janezic et al. (2014).

2. Cile prace

Hlavni naplni predkladané prace byla molekularni analyza klinicky vyznamnych
izolath C. difficile kultivovanych ze stolic pacientli s podezienim na CDI z riznych
nemocni¢nich zafizeni s cilem prohloubeni znalosti o0 moznych zdrojich a zakonitostech

$iteni epidemickych kmenti C. difficile v Ceské republice.

Zvysujici se incidence a zavaznost CDI na tizemi CR podle mezinirodnich
zkuSenosti a dil¢ich lokalnich dat souvisi pravé s vyskytem epidemickych kment. Zvoleny
pfistup s vyuzZitim v Evrop&€ pouZivanych molekuldrné typizacnich metod umoziuje
zmapovat aktualni epidemiologickou situaci a zasadit ziskana data do evropského kontextu

surveillance CDI.

3. Pouzita metodika

Jako zakladni typizacni metoda byla zvolena Polymerase Chain Reaction (PCR)
ribotypizace, typizacni metoda doporucena evropskym centrem pro kontrolu infekénich
onemocnéni (ECDC), doplnéna o detekci fragmentli geni pro produkei toxinl (A, B,
binarni) pro ziskdni toxigenniho profilu kmene. Jako subtypiza¢ni metoda byla pouzita
multilocus variable-number tandem repeats analysis (MLVA) k urCeni vzajemné genetické
piibuznosti u izolath prevalujiciho ribotypu. Fylogeneticka analyza zastupct jednotlivych

ribotypizacnich profili byla provedena pomoci multilocus sequence typing (MLST).

3.1 DNA extrakce

DNA byla izolovana pomoci chelexovych castic (Chelex® 100 Resin, Bio-Rad)
ze 48 hodin starych izolati C. difficile narostlych na selektivnim médiu (Brazier’s

Clostridium difficile Selective agar PB5191A, Oxoid).
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3.2 PCRrribotypizace

PCR ribotypizace je metoda zalozena na rozdilech v délce a poctu kopii prostoru
mezi geny pro 16S a 23S kodujicich rRNA. Metoda byla vyvinuta Narodni referenéni
laboratoii pro Anaeroby v Cardiffu (Stubbs et al., 1999) a pro pouziti automatické
fragmentacni analyzy byla modifikovana fluorescencnim znacenim jednoho z primert
(Indra et al., 2008). PCR ribotypizace byla provedena podle Standardniho opera¢niho
postupu dostupného po ptihlaSeni na strankach: http://www.ecdisnet.eu/. Fragmentacni
analyza probéhla na pfistroji 3130 Genetic Analyzer (Applied Biosystems) s pouzitim
polymeru POP7 a velikostniho standardu LIZ1200 (Applied Biosystems). Hrubd data
(*fsa soubory) byla zpracovana softwarem GeneMapper v4.0 (Applied Biosystems)
s pouzitim defaultni mikrosatelitové analyzy s ofiznutim profili od 200 do 650bp.
Elektroforetické profily byly porovnany s profily dostupnymi ve WEBRIBO databazi
(https://webribo.ages.at/), (Indra et al., 2008). Zastupci jednotlivych profili byly opétovné
analyzovani podle nového konsensualniho protokolu (Fawley et al., 2015), ktery pouziva
odlisny par primerd (Bidet et al.,, 1999). Tyto elektroforetické profily byly nasledné
porovnany s elektroforetickymi profily Leeds-Leiden databaze, které byly pouZzity v ramci
valida¢ni studie (n=70), (Fawley et al., 2015).

Schématické znazornéni PCR ribotypizace je zobrazeno na obrazku 4.

(A) : 200 - 650 bp :
BB 65 RNAgen | SRoblast | 235rRNAgen [N
=
Fluorescenéné znadeny Reverse primer
forward primer
(B)
(—
(— _
Qe
_

(| (S
(<)

W VZOREK (FAM)
STANDARD (LIZ)

Obrazek 4: Schématické znazornéni PCR ribotypizace. A. V prvnim kroku dochazi k amplifikaci ISR oblasti pomoci jednoho
[fluorescencné znaceného paru primeri. B, C) amplifikované fragmenty DNA jsou separovany kapilarni elektroforézou
a velikost jednotlivych fragmentii je urcena v porovnani s velikostnim standardem znacenym odlisnou fluorescencni
barvou.
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V letech 2013 a 2014 jsme se zucastnili celoevropského externiho hodnoceni kvality
(EHK) v ribotypizaci v ramci projektu European Clostridium difficile infection surveillance
network (ECDIS-net). Kazdd EHK sada obsahovala 10 slepych lyofilizovanych izolata
C. difficile. V obou kolech jsme dosahli 100 % shody v ribotypizaci téchto vzorkt. Tohoto

vysledku dosahlo v prvnim kole 9 z 20 a v druhém kole 12 z 19 zGcastnénych laboratofi.

3.3 MLVA

MLVA metoda je zalozena na amplifikaci a sekvenaci usekti v genomu C. difficile,
ktery obsahuje repetitivni sekvence (VNTR-variable number tandem-repeats). NejbéZnéji
pouzivané MLVA schéma zahrnuje 7 VNTR lokusti (A6Cd, B7Cd, C6Cd, E7Cd, F3Cd,
G8Cd, H9Cd), (van den Berg et al., 2007) se zménou reverzniho primeru pro lokus G8Cd
(Goorhuis et al., 2009). V né€kolika projektech jsme pouzili dalsi VNTR lokus a to CDR60
(Marsh et al., 2006).

Amplifikované tseky byly sekvenovany konven¢nim Sangerovo sekvenovanim
a pocet repetic byl poc¢itan manualné€ po zanalyzovani hrubych dat pomoci Sequence analysis
softwaru (Applied Biosystems). Soucet rozdili v poctu repetic v analyzovanych tsecich
(STRD — Sum of tandem-repeats differences) udava miru ptibuznosti izolath C. difficile.
Pokud je STRD<2, jedna se o klonalni komplex, STRD>2 a <10 je hodnoceno jako
geneticky pfibuzny izolat (van den Berg et al., 2007).

Ke grafickému vyjadieni vzajemné ptibuznosti izolatt C. difficile slouzi dendrogram
(Minimum spanning tree) sestrojeny pomoci softwaru Bionumerics v5.0 (Applied Maths).

Ptiklad tandemové repetice je uveden na obrazku €. 5.
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Obrzek 5: Priklad tandemové repetice (Lokus G8Cd, repetitivnl motiv TAAAAGAG).
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3.4 Pritomnost gent pro tvorbu toxini a delece v tcdC

K detekci pfitomnosti genli pro tvorbu toxinli byla pouzita multiplexovéa reakce
zahrnujici primery pro detekci tcdA (toxin A), tcdB (toxin B), cdtA a cdtB (binarni toxin),
(Persson et al., 2008, 2009). Primery navrzené pro amplifikaci tcd4 jsou umisténé
nad repetitivni oblasti, kterd je u nekterych kment deletovana. Kmeny s ¢astecnou deleci
v tedA (ribotyp 017) tedy vykazuji také pozitivni PCR amplifikaci (Persson et al., 2008,
2009). Vizualizace PCR produktii byla provedena na 2 % agardézovém gelu barveném

pomoci GelRed (Biotium), obrazek 6.

- 2000 bp
-1500 bp

-1000 bp

tcdA -

tcdB -

cdtB -
cdtB -

Obrazek 6: Elektroforetickd separace PCR produktii (multiplex PCR reakce — detekce genii pro tvorbu toxinii A, B, bindrni).
2 % agaroza, 80 V, 50 min., barveno GelRed (Biotinum), velikostni standard LowRanger 100bp (Norgen Biotek).
Delece v tcdC (toxin gene expression negative regulator) byly detekovany Sangerovo
sekvenovanim fragmentu genu amplifikovaném primery C1 a C2 (Spigaglia et al., 2002).
Vysledné sekvence byly porovnany s referencni sekvenci Clostridioides difficile 630,

NC _009089.1 dostupné v NCBI databazi (https://www.ncbi.nlm.nih.gov).

3.5 MLST

Pro fylogenetickou analyzu MLST bylo Sangerovo sekvenovanim osekvenovano
sedm udrzovacich (house-keeping) gent (adk — adenylate kinase, atpA — ATP synthase
subunit A, dxr — 1-deoxy-D-xylulose 5-phosphate reductoisomerase, gly4 — serine hydro-

xymethyl transferase, recA — recombinase A, sodA — superoxid dismutase, #pi — triosepho-
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sphate isomerase), (Griffiths et al., 2010). Jednotlivé alely genti byly uréeny porovnanim
naSich sekvenci se sekvencemi dostupnymi \% MLST databazi
(http://pubmlst.org/cdifficile/), (Jolley et al., 2010). Kombinaci alel byl zjistén sekvenacni
typ izolatu C. difficile. Dendrogram (Maximum likelihood tree) byl generovan pomoci
softwaru Mega5 (http://www.megasoftware.net/), kdy byly vzajemné¢ porovnany spojené

sekvence vSech sedmi genti (Tamura et al., 2011).

Schématické znazornéni MLST je zobrazeno na obrazku 7.

yist
P atpA

IyA
g adk

dxr recA

sodA

I
|
|
|
|
I
|

Obrazek 7: Schématické znazornéni MLST. Sedm udrzovacich genii rozmisténych v genomu C. difficile je osekvenovano
a spojené sekvence jsou vzdajemné porovndany.
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PCR ribotypizace a detekce genil pro produkci toxinil byly provedeny u vsech izolata
C. difficile. Detekce delece v tcdC genu, MLVA a MLST byly provedeny u vybranych
izolata C. difficile.

4. Souhrnné vysledky k anotovanym cilim projektu

4.1 Molekularni typizace Ceskych izolatu

4.1.1 PCR ribotypizace

Bé&hem feseni projektu jsme pomoci PCR ribotypizace vySetfili celkem 2201 ¢eskych
izolati z 32 nemocnic a shromazdili tak jedinec¢nou sbirku klinickych izolatd C. difficile

(geografické rozlozeni je zobrazeno na obrazku 8).

Obrazek 8: Geografické rozlozeni 32 nemocnic, které v letech 2013-2015 zaslaly alespoii 10 izolati C. difficile. Cislice
uvniti- koldcového grafu udava pocet izoldtii C. difficile zaslanych k typizaci. Barevna Skdla zobrazuje proporci nejéastdji
zachycenych ribotypizacnich profilii ve studii. (Kriitovd et al., 2016b)

PCR ribotypizaci bylo identifikovano 53 rGznych ribotypizacnich profilt, kdy byly
zachyceny alesponi dva izolaty reprezentujici jeden profil. Z téchto 53 ribotypizacnich
profill, 29 profilt (1841 izolatd, 83,7 %) bylo shodnych s profily referen¢nich kmenti (Leeds
— Leiden sbirky) a 24 profila (n=247, 11,2 %) bylo ur€eno pouze pomoci voln¢ dostupné
WEBRIBO databaze. PCR ribotypy a WEBRIBO typy zachycené v Ceské republice v letech
2013 jsou uvedeny v tabulce 1. U zbyvajicich 113 izolath (5,1 %) byl ziskan unikatni

ribotypizacni profil.
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Ribotypy if:;’uirc‘: Potetizolitd Potet | | WEBRIBO (;f:;’u’:::i’  Potet Potet
toxind (%) nemocnic typ toxind izolata (%) | nemocnic

176 A, B, Bin 588 (26,7) 30 596 netoxigenni | 55 (2,5) 8
001 A, B 456 (20,7) 30 002like A, B 45 (2,1) 16
014 A B 176 (8,0) 26 015like A B 25(1,1) 8
012 A, B 127 (5,8) 14 449 A, B 21 (1,0) 14
017 A B 85(3,9) 18 Al-61 netoxigenni 14 (0,6) 5
020 A, B 68 (3,1) 21 498 A, B 9(0,4) 4
010 netoxigenni 35(1,6) 13 Al-75 A B 8(0,4) 6
078 A, B, Bin 34 (1,6) 15 Al-21 A B 7(0,3) 6
005 A B 30(1,4) 14 220 A, B 7(0,3) 3
029 A B 27 (1,2) 13 446 A B 6 (0,3) 4
070 A B 26 (1,2) 14 Al-9-1 A B 6 (0,3) 6
023 A, B, Bin 26 (1,2) 14 Al-12 A B 6(0,3) 4
081 A B 23 (1,0) 11 Al-82/1 A B 5(0,2) 4
039 netoxigenni 21 (1,0) 6 203/209 A, B 5(0,2) 3
011 A B 20 (0,9) 11 500 A B 4(0,2) 3
003 A B 15(0,7) 6 236 A B 3(0,1) 3
018 A B 15 (0,7) 8 404 A B 3(0,1) 3
087 A B 10(0,5) 8 434 A B 3(0,1) 1
046 A B 10 (0,5) 4 555 A B 3(0,1) 3
126 A, B, Bin 9(0,5) 6 Al-60 A, B 3(0,1) 3
009 netoxigenni 8(0,4) 5 413 A, B, Bin 3(0,1) 2
031 netoxigenni 7(0,3) 4 212 A B 2(0,1) 2
054 A B 5(0,2) 4 416 A B 2(0,1) 2
027 A, B, Bin 5(0,2) 4 438 A, B, Bin 2(0,1) 1
076 A B 4(0,2) 3

051 netoxigenni 4(0,2) 2

026 A, B 3(0,2) 3

043 A B 2(0,1) 1

053 A B 2(0,1) 1

Tabulka 1: Prehled C. difficile ribotypii a WEBRIBO typii zachycenych v letech 2013-2015(Nyc et al., 2016a).
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Nejéast&ji zachycenymi ribotypy v CR byly 001 (n=456) a 176 (n=588) nasledovany
ribotypy 014 (n=176), 012 (n=127), 017 (n=85) a 020 (n=68). Ostatni elektroforetické
profily (ribotypy nebo WEBRIBO typy) neptesadhly 3 % hranici vyskytu. Geografické
rozlozeni 32 nemocnic a pocet izolatl, které zaslaly k typizaci spoleéné s vyskytem
nejcastéjSich ribotypizacnich profill jsou zndzornény na obrazku 8 (Kritova et al., 2016b).
Graficky piehled nejcastéji se vyskytujicich toxigennich ribotypt v jednotlivych letech

feSeni projektu je zobrazen v grafu 1.
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Graf 1: Distribuce nejcastéji zachycenych toxigennich ribotypizacnich profilii v jednotlivych letech feseni projektu.
(*449 je WEBRIBO typ, ostatni jsou ribotypy). (Ny¢ et al., 2016a)

Rozdily v distribuci nejCastéji zachycenych ribotypizacnich profild v zévislosti
na véku pacientli jsou zobrazeny na grafech obrazku 9 (Kritova et al., 2016b). Zatimco
ve skupin¢ pacientli do dvou let byla pfitomnost prevalentnich ribotypt 001 a 176 vzacna
(1,2 % RT 001), ve skupiné pacienti 3-18 let dochazi k nértstu podilu ribotypu 001
na 11,7 % (10,7 %, 1 %). Ve skupin¢ pacienti 19-64 let prevalence ribotypi 001 a 176
stoupla na 35,5 % (14,7 %, 20,8 %) a ve skupiné pacientii ve véku 65 let dosahla jiz 56,4 %
(24,5 %, 31,9 %).
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Nejcastéjsi netoxigennim ribotypizacnim profilem byly WEBRIBO typ 596 (n =55,
31,1 %) a ribotyp 010 (n = 35, 19,8 %). WEBRIBO typ 596 byl identifikovan u izolatl
kultivovanych ze vzorka stolic v§ech vékovych skupin pacientd, ale vétSina z nich (39/55)

pochazela od pacientii do dvou let véku.

0 -2 roky 3-18let

m 176 (0.0 %) w176 (1.0 %)
m 001 (1.2 %) m 001 (10.7 %)
w014 (6.1 %) m 014 (9.7 %)
m012 (1.2 %) m012 (1.9 %)
m017 (0.0 %) w017 (1.0 %)
020 (6.1 %) m 020 (5.8 %)
W 596 (47.6 %) W 596 (3.9 %)
m002-like (1.2 %) m002-like (1.0 %)
H 010 (3.7 %) m010 (6.8 %)
H078 (0.0 %) w078 (1.9 %)
=005 (0.0 %) m 005 (4.9 %)

m Ostatni (32.9 %)

m Ostatni (51.5 %)

19 - 64 let 65 a vice let

m176(20.8 %) m176(31.9%)
m 001 (14,7 %) 001 (24.5 %)
w014 (10.0 %) m014(7.3%)
m012 (8.6 %) m012(5.3%)
m017 (2.9 %) mO017 (4.6 %)
™ 020 (4.1 %) w020 (2.4 %)
W 596 (0.6 %) W 596 (0.6 %)
m002-like (2.8 %) m002-like (1.9 %)
m010 (2.0 %) m010(1.0%)
W 078 (3.5 %) W 078 (0.9 %)
=005 (2.8 %) m 005 (0.7 %)

m Ostatni (27.1 %)

m Ostatni (18.8 %)

Obrizek 9: Distribuce nejcastéji zachycenych ribotypizacnich profili ve studii v zavislosti na véku pacientii. Cislice uvniti
kolacového grafu udava pocet izolati C. difficile pro danou vékovou skupinu. Barevna Skadla reprezentuje nejcastéji
zachycené ribotypizacni profily. Ribotyp 010 a WEBRIBO typ 596 patii mezi netoxigenni kmeny C. difficile. (Kriitova et
al., 2016b)

V navaznosti na ptipravovany ECDC surveillan¢ni protokol pro CDI (ECDC, 2015),
ktery v tzv. rozsifené verzi surveillance zahrnuje i ribotypizaci izolati C. difficile, jsme
na zacatku roku 2015 oslovili spolupracujici mikrobiologicka pracovisté o zaslani dvaceti
po sobé jdoucich izolatd C. difficile ziskanych od pacientii s CDI a celkem 21 nemocnic
splnilo toto kritérium. Porovnanim prvnich deseti a druhych deseti po sob¢ jdoucich izolati

byly v n€kterych nemocnicich zjistény vyrazné odchylky v distribuci epidemickych
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ribotypil, coz poukazuje na nutnost dlouhodobé&jsi typizace izolati pro ucely surveillance

CDIL

Distribuci nejcastéji identifikovanych ribotypli pfi analyze prvnich deseti (1-10)

a druhych deseti (11-20) izolath C. difficile a v ramci jednotlivych nemocnic v roce 2015

4 5 F2) 8

Graf 2: Distribuce nejcasteji zachycenych ribotypii v 21 nemocnicich p¥i analyze deseti a dvaceti po sobé jdoucich izolati
C. difficile. Kazda nemocnice je reprezentovana jednim cislem a dvéma sloupci. Prvni sloupec zahrnuje analyzu prvnich
deseti (1-10) po sobé jdoucich izolatii C. difficile a druhy sloupec zahrnuje analyzu dalsich deseti (11-20) po sobé jdoucich
izolatii C. difficile. Barevna Skala reprezentuje nejcastéji zachycené toxigenni ribotypizacni profily (Kriitova et al.,
Vv recenznim rizeni).

je znazornéno na grafu 2.
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Celkem 53 izolati odliSnych ribotypizaénich profili bylo opétovné analyzovano
v souladu s novym konsensudlnim protokolem pro PCR ribotypizaci (Fawley et al., 2015),
ve kterém je pouzit odlisny par primerd (Bidet et al., 1999). U ctytech izolatd C. difficile
byla pozorovana zména v ziskaném ribotypizacnim profilu, konkrétné¢ byl navic
v elektroforeogramu piitomny band (fragment) o velikosti 326 bp. Jednalo se o izolaty
uréené puvodné jako ribotyp 002, WEBRIBO typy 203, AI-60, AI-75. Tato zména
se projevila ve WEBRIBO databdzi zménou oznaceni z ribotypu 002 na WEBRIBO typ 002
- podobny a z WEBRIBO typu 203 na WEBRIBO typ 209 zatimco oznaceni pro AI-60,

AI-75 zustalo nezménéno.

Ribotypizacni elektroforetické profily 53 zastupct ceskych C. difficile izolath
spolecné s udaji o frekvenci vyskytu, pfitomnosti ¢i absenci genti pro tvorbu toxinti a delece
v tcdC jsou soucasti publikace Kratova et al., 2016b, dopliikova data. Dendrogram
zahrnujici 53  elektroforetickych profild ziskanych pfi pouziti konsensualniho

ribotypizacniho protokolu (Fawley et al., 2015) je zobrazen na obrazku 10.
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Obrazek 10: Dendrogram zahrnujici 53 riiznych ribotypizacnich profilii zkonstruovany metodou UPGMA — Unweighted

Pair Group Method with Arithmetic mean (Bionumerics v5.0). (Kritova et al., 2016b)
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4.1.2 Pritomnost genii pro tvorbu toxint

Multiplexova PCR reakce na ptitomnost genti pro tvorbu toxinta (A, B, binarni) byla
provedena vzdy paraleln¢é s PCR ribotypizaci. V pribéhu testovani jsme nezachytili zménu
genetické vybavy ve smyslu pfitomnosti ¢i absence gent pro tvorbu toxinil v ramci ur¢eného

ribotypu.

Z celkem 2201 izolatd C. difficile bylo 2024 (92 %) izolath toxigennich (neslo geny
pro produkci toxini A, B) a z téchto izolatl, bylo 677 pozitivnich i pro pfitomnost genii
pro tvorbu bindrniho toxinu. Zbyvajicich 177 (8 %) izolatd bylo netoxigennich (nebyl u nich

detekovan ani jeden z genil pro tvorbu toxintl).

Toxigenni potencidl izolath C. difficile vzhledem k ribotypiza¢nimu profilu byl
u izolatl patficich do vyse uvedenych 53 rGznych ribotypizacnich profili nésledujici:
u 46 profilt jsme prokazali pfitomnost genll pro produkci toxinli A, B (fcdA4, tcdB) a u sedmi
téchto profild byla potvrzena navic pfitomnost gendl pro tvorbu bindrniho toxinu (cdtA,

cdtB). Sedm profili patfilo k netoxigennim izolatim C. difficile (tabulka 1).

V zévislosti na véku pacientl byl nejvyssi pomér netoxigennich a toxigennich izolat
C. difficile (64:18) nalezen u skupiny pacientli mladSich dvou let. Ve vyssich vékovych
skupinach se pomér netoxigennich a toxigennich izolath snizoval na 27:76 u pacientl

ve véku 3-18 let, 33: 476 pro vékové skupiny 19-64 let, a 53: 1454 pro pacienty star$i 65 let.

4.1.3 Delece v genu tcdC

V pribé¢hu roku 2013 jsme vysetiili 29 izolatd C. difficile, kultivovanych ze vzorkl
stolic, které byly analyzovany pomoci komeréniho testu C. difficile Epi assay na pftistroji
Xpert (Cepheid) s vysledkem pravdépodobné detekce ribotypu 027 na zdklad¢é soucasné

pozitivity genu pro tvorbu bindrniho toxinu (cdtB) a delece v genu tcdC v pozici 117.

Vsech 29 izolatd C. difficile bylo urc¢eno PCR ribotypizaci jako ribotyp 176.
Sekvenovani fragmentu tcdC potvrdilo piitomnost vySe uvedené delece v tcdC. Jako
kontrolni vzorek jsme osekvenovali jeSté dalSich 120 izolath C. difficile ribotypu 176
se stejnym vysledkem. Vzhledem ke shod¢ ve vSech tiech cilovych mistech (¢cdB, cdtB,
A117 v tcdC) nelze pomoci vySe uvedeného testu odlisit C. difficile ribotyp 027 a ribotyp
176 (Krttova et al., 2014Db).

Sekvenovani fragmentu v genu ¢cdC bylo také provedeno u 27 izolati C. difficile

ze studie Drabek a kol. (2015), kde 14 izolatt (ribotyp 176) potvrdilo pfitomnost obou vyse
35



zminénych deleci (18bp a 1bp), jeden izolat (ribotyp 078) meél 39 bp dlouhou deleci
a zbylych 12 izolatu (ribotypy 001, 002, 005, 012, 014, 017, 020, 015, 049 a WEBRIBO typ
434) nevykazovalo deleci v sekvenovaném fragmentu genu tcdC v porovnani s referencni

sekvenci.

Déle byla delece v genu tcdC vySetiena v ramci charakterizace Ceské sbirky izolata
C. difficile u vybranych 53 izolath pattici k riznym ribotypiza¢nim profilim. Delece byla
zjisténa u izolati ribotypt 027 a 176 (1bp a 18bp); ribotypt 078, 126 a WEBRIBO typu 413
(39bp); ribotypu 023 a WEBRIBO typu 438 (54bp), (Kritova et al., 2016b).

4.1.4 Multilocus variable-number tandem repeats analysis

MLVA, ptibuzenska analyza izolatl v ramci shodného ribotypu, byla pouzita
v n€kolika projektech. V publikaci autort Krtutova et al., (2014c) jsme pouzili publikované
schéma sedmi VNTR useki k analyze ¢eského izolatu C. difficile ribotyp 027 od pacientky
dlouhodobé zijici v Némecku a sedmi némeckych izolatd C. difficile ribotypu 027
ze stejné nemocnice, kde byla pacientka v minulosti hospitalizovana a z dal$i nemocnice
ve stejném regionu. Mezi ¢eskym a jednim z némeckych izolath se nam podatilo potvrdit
blizkou genetickou piibuznost (STRD=9), coZ ve spojeni s ojedinélosti vyskytu C. difficile
ribotypu 027 v CR v dobé studie potvrzuje hypotézu, Ze se jednalo o importovanou infekci

(Kratova et al., 2014c).

Shodnych sedm VNTR usekli bylo pouzito i u MLVA dvaceti izolath C. difficile
ribotypu 176 z deseti rliznych nemocnic a dvou casovych obdobi (2012 a 2014-2015),
tentokrat ale s opaénym zameérem, a to k vybrani klonalné neptibuznych izolatt C. difficile.
Ptipadné klonalni ptibuznost izolati by ovliviiovala vysledky testované antimikrobidlni

citlivosti (Krttova et al., 2015).

V publikacich Drabek et al. (2015) Polivkova et al. (2016) jsme pouzili MLVA
k subtypizaci izolati C. difficile ribotypu 176 z obdobi unor 2013 — tnor 2014 (Drabek et al.,
2015) a z roku 2013 (Polivkova et al., 2016). V prvnim projektu bylo pouZzito schéma péti
VNTR lokust: A6Cd, B7Cd, C6Cd, G8Cd, CDR60 (van den Berg, 2007; Goorhuis et al.,
2009; March et al., 2006), v druhém projektu bylo pouzito osm VNTR lokusi, konkrétné
kompletni schéma van den Berg et al. (2007) doplnéné o lokus CDR 60 (March et al., 2006).
V obou ptipadech se jednalo o izolaty C. difficile z jednoho odd¢€leni (Interni oddéleni FN
v Motole a Infekéni odd€leni nemocnice Na Bulovce). Na obou pracovistich bylo zjisténo

klonalni Sifeni a zaroven piitomnost n¢kolika MLVA profila C. difficile ribotypu 176
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upozornujici jak na zvySeny potencial tohoto ribotypu k Sifeni v nemocni¢nim prostiedi,
tak na cirkulaci nékolika MLVA profili C. difficile ribotypu 176 v CR (Drabek et al., 2015;
Polivkové et al., 2016).

Vzhledem k narastajici incidenci CDI v CR a vyrazné prevalenci ribotypt 001 a 176
v roce 2014, jsme u izolata C. difficile téchto ribotypti provedli MLVA celkem 5 VNTR
usekt genomu C. difficile (A6Cd, B7Cd, C6Cd, G8Cd a CDR60). Celkem bylo vySetfeno
409 izolath (225 izolath C. difficile ribotypu 176 ze 17 nemocnic a 184 izolata C. difficile
ribotypu 001 ze 14 nemocnic). Celkovy pocet nemocnic ve studii byl 18 (Kritova et al.,
2016a).

Minimum spanning tree (MST) vygenerovany pro oba dva ribotypy je zobrazen

na obrazcich ¢islo 11, 12.

Izolaty C. difficile ribotypu 176 klastrovaly do 27 klonalnich komplext tvoienych
84,5 % izolath a izolaty C. difficile ribotypu 001 klastrovaly do 14 klonalnich komplexii
tvotenych 76,6 % izolatl. Blizkéd geneticka ptibuznost (STRD >2 a <10) byla prokdzana
u 33 izolath C. difficile ribotypu 176 a 32 izolatl C. difficile ribotypu 001, zatimco STRD>10
bylo zjisténo jen u 3 izolati C. difficile ribotypu 176 a 15 izolatt ribotypu 001.

e O MNemocnice
. 4 A 0 o M ==
5 29 9 S5 e =i
3 J L ey o
p 00 99
9 '° 00 o
ok . e ° -
(] o
i
9
b o: O @02 o -
1 . 1
D 0% %000, o, 0 0°
© (v::-.@ Y @.- -0
T D 1
2 o 20 9% - .
o ] cca |°, [+ ] ° 3
cer Q; 0,9 o 0]
ul\o A ° . .o [ ]
cco : 0 "
s )
&
o .° LI ’o:‘
Q. ,o cce ooz o G 0
° 0. . (- 15)
'°ao°x I
0 (254
coo @RS o
Go 0.0 -9
. E iy

Obrazek 11: Dendrogram (Minimum spanning tree) izolatu C. difficile ribotypu 001 kultivovanych v roce 2014 ve 14
nemocnicich z 18 zarazenych ve studii. Kazda nemocnice je reprezentovina odlisnou barvou. Cisla uvniti kruhu uddavaji
pocet izolati C. difficile ribotyp 001 se shodnym poctem tandemovych repetic v péti sekvenovanych isecich. Cisla
na spojnicich udavaji pocet nalezenych rozdilii v souctu tandemovych repetic (STRD). (Kriitova et al., 2016a).
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Obrazek 12: Dendrogram (Minimum spanning tree) izolatu C. difficile ribotypu 176 kultivovanych v roce 2014
v 17 nemocnicich z 18 zarazenych ve studii. Kazdd nemocnice je reprezentovina odlisnou barvou. Cisla uvniti kruhu
udavaji pocet izolatii C. difficile ribotyp 001 se shodnym poctem tandemovych repetic v péti sekvenovanych tisecich. Cisla
na spojnicich udavaji pocet nalezenych rozdilii v souctu tandemovych repetic (STRD), (Kriitova et al., 2016a).

Déle byla MLVA (van den Berg et al., 2007 schéma) pouzita pfi mikrobiologicko-
epidemiologické studii pétindsobné zvySen¢ho vyskytu CDI na chirurgickém oddéleni
Fakultni nemocnice u svaté¢ Anny v Brn€ v roce 2014. Studie zahrnovala jedenact ptipadi
CDI vyvolanych shodnym ribotypem 001. MLVA téchto jedenacti izolath odhalila vyskyt
dvou neptibuznych MLVA profilt (pet a Sest izolatl). Klonalni Sifeni MLVA profilu A
zahrnovalo 1 pfipad CDI s mési¢nim odstupem od posledniho vyskytu CDI na odd¢leni,
kdy bylo oddéleni na n€kolik dni zavieno a byla provedena kompletni sanitace (Ny¢€ et al.,

2016b).

4.1.5 Multilocus sequence typing

MLST bylo provedeno u 53 zastupct jednotlivych ribotypizacnich profili (ribotypi
a WEBRIBO typll). Porovnadnim sekvenci sedmi udrZzovacich gent bylo identifikovdno
40 rtznych sekvencnich typl (ST). Sekvenacni typy shodné pro vice ribotypizacnich profili

jsou uvedeny v tabulce €. 2.

Zjisténych 40 sekvenancnich typi se v ramci dendrogramu roztfadilo do 5 riznych
kladii (clades). Nejvice heterogenni byl klad 1, ktery zahrnoval izolaty 44 rGznych

ribotypizacnich profild, 37 z nich bylo toxigennich 7 netoxigennich. Klad 2 zahrnoval
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izolaty C. difficile ribotypt1 027 a 176, klad 3 pak izolaty C. difficile ribotyp 023 a WEBRIBO
typ 438 a klad 5 izolaty C. difficile ribotypu 078, 126 a WEBRIBO typ 413, izolaty
ribotypizacnich profili, u kterych byly detekovany geny pro tvorbu toxinit A, B a binarni.
V kladu 4 byly C. difficile ribotyp 017 a WEBRIBO typ 498 nesouci geny pro tvorbu toxinl
A 1B (Krtutova et al., 2016b), obrazek 13.

449 -5T2

020-5T110
—— C(Clade 1 212-5T2
014-5T2
——— Clade 2 076512
—— C(lade 3 404-5T13
—— C(Clade 4 Ak61-5T27
039-5T26
— Clade5 003-5T12
- 010-5T15
—— 081-5T9
L 087-5T46
AFO-1 - 5T45
- 054-5T43
005-5T6
416-5T6
046-5T35
220-ST35
015-5T44
AF21-5T44
029-5T16
434-5T91
070-5T55
— 002-5T8
203/209- 5T8
AF75-ST8
031-5T29
011-5T325
AK12-5T92
043 -5T103
555-5T286
018-5T17
— - 236-5T33
596-5T48
—— AF82/1-5T53
500-5T42
009-ST3
001-5T3
051-5T101
AHG0-ST21
026-ST7
053 -5T63
g 012-5T54
446-5T58
176-ST1
— 027-5T1
023-ST5
| 438-5T5
[—— 498-ST170
e 017-5137
| 126-ST11
078-5T11
| 413-5711

Obrazek 13: Nezakorenény Dendrogram (Maximum likelihood tree) zahrnujici 53 izolatii riiznych ribotypizacnich profilii

zkonstruovany porovndnim spojenych sekvenci 7 udrzovacich genii. Délka jednotlivych vétvi odpovida poctu variant
v sekvenovanych genech. (Kriitova et al., 2016b)
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Sekvenaéni typ Ribotyp / WEBRIBO typ Klad (Clade)

1 027,176 2
2 014,076, 212, 449 1
3 001, 009 1
5 023, 438 3
6 005, 416 1
8 002 - podobny, 203/209, Al-75 1
11 078, 126, 413 5
35 046, 220 1
44 015 - podobny, Al-21 1

Tabulka 2: Souhrn sekvenacnich typii shodnych pro vice ribotypizacnich profilii. WEBRIBO typy jsou uvedeny kurzivou.

4.2 Molekularni typizace slovenskych izolata C. difficile

V ramci pilotni mési¢ni surveillanéni studie CDI, ktera prob¢hla v zaii 2012 v deseti
univerzitnich nemocnicich na Slovensku, jsme otypovali 20 izolatd C. difficile z nichz
17 bylo urceno jako C. difficile ribotyp 001 (85 % izolati). U téchto izolati byla provedena
MLVA, kterd odhalila dva klonalni komplexy a blizkou genetickou piibuznost mezi
C. difficile izolaty z Sesti riznych nemocnic. Zbyvajici tfi izolaty byly urCeny jako C. difficile
ribotypy 017, 078 and WEBRIBO typ 449.

Molekularni analyza genil a mutaci asociovanych s rezistenci k antibiotikiim ukazala,
ze 85 % izolatl C. difficile neslo Thr82lle v GyrA, aminokyselinovou zdménu asociovanou
s rezistenci k fluorochinolontim a 90 % C. difficile izolati bylo pozitivnich pro pfitomnost
erm(B), genu asociované¢ho s rezistenci k MLSp skupiné¢ antibiotik. Tyto vysledky
upozoriiuji na zévaznou epidemiologickou situaci C. difficile infekci na Slovensku,
a na vyznamny potencial C. difficile ribotypu 001 ke klondlnimu Sifeni a akumulaci

mechanismu rezistence k nékolika antibiotikim. (Nyc¢ et al., 2015b).

4.3 Molekularni typizace finskych izolata C. difficile

Ve spolupraci s National Institute for Health and Welfare, Finland, Helsinki jsme
provedli detailni analyzu 28 finskych izolata C. difficile, které byly vybrany z finské narodni
sbirky pro svoji genetickou podobnost s celosvétove rozsitenym ribotypem 027. Izolaty
C. difficile byly vybrany na zdklad¢ piitomnosti genti pro produkci binarniho toxinu a 18bp
delece v regula¢nim genu tcdC). Izolaty byly typovany pomoci PCR ribotypizace (kapilarni
elektroforéza), MLVA, MLST a sekvenovani fragmentu genu tcdC.
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Mezi vySetfovanymi 28 izolaty C. difficile jsme identifikovali 12 rGznych
ribotypizacnich profili a 11 sekvenacnich typii. Analyza variabilnich oblasti genomu
(MLVA) potvrdila regiondlni klonélni Sifeni u izolath C. difficile tfech ribotypi a také
u izolath C. difficile ribotypu 027, které byly zafazeny jako kontrolni kmeny. Navic
22 izolath C. difficile osmi raznych ribotypt neslo deleci v pozici 117 genu fcdC, ktera
je cilovym mistem nékterych komercnich systému pro odliSeni C. difficile ribotypu 027
od ostatnich ribotypti (Pfijato k publikaci v Journal of Microbiology, Immunology
and Infection dne 14. 3. 2017).

4.4 Molekularni typizace iranskych izolati C. difficile

Ve spolupraci s Research Institute for Gastroenterology and Liver Diseases, Shahid
Beheshti a University of Medical Sciences, Tehran, Iran jsme otypovali 23 vzorki DNA
extrahované izolath C. difficile kultivovanych ze stolic hospitalizovanych pacientii s CDI

a také ze stérit z nemocnicniho prostredi véetné zdravotnickych pomticek a piistroja.

C. difficile ribotyp 126 byl nejcastéj$im ribotypem zachycenym ve studii (21,7 %).
Dalsi identifikované ribotypy byly: 001, 003, 014, 017, 029, 039, 081, 103 a 150. C. difficile
ribotypy 001, 126 a 150 byly identifikovany u izolatd C. difficile kultivovanych
jak ze vzorki stolic pacientd, tak i ze stérl z prostiedi (pacientské 1izko) a zdravotnickych

pomiicek (kolonoskop, endoskop), (v recenznim fizeni).

Navzdory odli$né geografické poloze této studie, nalezené C. difficile ribotypy patii
k huméannim C. difficile ribotyptim vyskytujicich se v Evropé (Bauer et al., 2011). A navic,
stejné spektrum C. difficile ribotypti a WEBRIBO typt (kromé WRT AI-29) bylo nalezeno

také v mezindrodni sbirce zvitecich izolath C. difficile (Janezic et al., 2014).

4.5 Ceska typizacni data v evropském kontextu

Pribézné vysledky byly prezentovany jak v CR, tak i na Evropském kongresu
klinick¢é mikrobiologie a infekénich onemocnéni (ECCMID) v Barceloné¢ formou
publikovaného ptispévku R476 ,,Emergence of Clostridium difficile 027 - like PCR ribotype
176 in the Czech Republic (2012-2013)”, v Kodani formou posteru EV0870 ,,Emergence
of Clostridium difficile PCR ribotypes 001 and 176 in the Czech Republic” a v Amsterdamu
formou tisténych posterdt P0315 ,,Practical experiences with capillary electrophoresis

ribotyping applied on Czech Clostridium difficile isolates collected over 3 years
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(2013-2015), P1088 Update on the molecular epidemiology of Clostridium difficile
infections in the Czech Republic* a P1089 ,,Different distribution of Clostridium difficile

PCR ribotypes in acute care and long term care wards of Czech hospitals”.

Vsechna vySe zminénd abstrakta a postery jsou dostupné bez registrace

na https://www.escmid.org/escmid_publications/escmid_elibrary/.

Molekularné typizaéni data izolatd C. difficile ziskand v pribéhu projektu jsou
soucasti deseti zahrani¢nich impaktovanych publikaci a dalsi dvé publikace jsou

v recenznim fizeni (pfiloha 1-12).

5. Souhrnna diskuze k jednotlivym publikacim

PCR ribotypizace je v Evropé dobfe zavedenou a doporucenou metodou typizace
klinickych 1izolath C. difficile pro tcely surveillnace (ECDC, 2015). Pro sjednoceni
variability v pouzivanych postupech a designech primerd byl neddvno publikovan
konsensualni protokol pro PCR ribotypizaci (Fawley et al., 2015). Tento protokol byl
pro porovnani pouzit i u 53 zastupct riznych ribotypt (Kriitova et al., 2016b). Pozorovana
zmeéna v ribotypizanim profilu (extra band 326 bp u Ctyfech izolatl) bude pravdépodobné
souviset s jejich vzajemnou genetickou piibuznosti (tfi mély stejny sekvenaéni typ) a také
pravdépodobné se vztahem k lokdlnimu vyskytu (kontrolni izolat C. difficile ribotypu 002
z Leeds — Leiden sbirky tuto zménu nevykazoval), (Krutova et al., 2016b). Konsensualni
protokol s primery navrzenymi Bidet et al. (1999) byl od 2016 adoptovan na ULM v Motole
pro ribotypizaci izolatt C. difficile.

C. difficile ribotypy 176 a 001 patiily mezi nejcastéji zachycené ribotypy (26,7 %
a 20,7 %) v nasem souboru izolatd. C. difficile ribotyp 176 byl na tizemi CR prvné
identifikovan v poloviné roku 2009 (Ny¢ et al., 2011), kratce po ukonceni prvni evropské
studie zaméfené na incidenci C. difficile v roce 2008 (Bauer et al., 2011). V druh¢
celoevropskeé prevalen¢ni studii CDI (Davies et al., 2014; Davies et al. 2016), byl C. difficile
ribotyp 176 identifikovan mezi izolaty C. difficile z Ceské republiky (12/34 izolati),
Madarska (1/66 izolati), Némecka (5/626 izolati), Polska (5/87 izolati) a Rumunska
(1/65 izolatlr), (osobni komunikace prof. Wilcox, Leeds, UK). V Mad’arsku byl vyskyt
C. difficile ribotypu 176 zachycen také v roce 2014 v Budapest'ském regionu (T6th et al.,
2016). Z Polska je epidemicky vyznamny vyskyt C. difficile ribotypu 176 soucasné
s vyskytem C. difficile ribotypu 027 hlasen jiz od roku 2008 (Obuch-Woszczatynski et al.,
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2014; Pituch et al., 2015). V roce 2015 byl vyskyt C. difficile ribotypu 176 zachycen v jedné
chorvatské nemocnici (n=18/19 izolatid), (Rupnik et al., 2016). P&t izolatd C. difficile
ribotypu 176 (Ctyfi z roku 2008 a jeden z roku 2009) bylo identifikovano pfi piibuzenské
analyze 28 finskych izolatd C. difficile k ribotypu 027 (pfijato k publikaci v JMII,
14.3.2017).

Vzhledem ke sdileni nékolika molekularnich charakteristik je usuzovéana geneticka
pribuznost mezi C. difficile ribotypy 176 a 027 (Valiente et al., 2012; Knetsch et al., 2012;
Kritova et al., 2014b; Kritova et al., 2016b). Izolaty C. difficile ribotypu 176 byly dokonce
pouzity k fylogeneticko-geografickému mapovani rozsifeni C. difficile ribotypu 027
(He et al., 2013), kery je celosvétoveé rozsifen a jeho vyskyt je asociovan s nemocni¢nim
Sifenim a zavaznym pribéhem onemocnéni (Kuijper et al., 2006; He et al., 2013; Rao et al.,

2015).

Ribotypy 027 a 176 nesou ve svém genomu geny pro tvorbu binarniho toxinu (cdtA4
a cdtB), deleci v regula¢nim genu tcdC (18pb v pozici 330-347 a 1bp v pozici 117), oba patii
ke stejnému sekvenacnimu typu (ST1, Clade 2) a ve svém elektroforetickém profilu se lisi
absenci jednoho bandu (fragmentu), (obrazek 14), (Valiente et al, 2012; Knetsch et al., 2012;
Kritova et al., 2014b; Kritova et al., 2016b). Zminéna delece v pozici 117 genu tcdC
je pouzivana jak v komerc¢nich (Carroll et al., 2013; Kritova et al., 2014b; Mentula et al.,
2015; McMillen et al., 2016), tak v in-house molekularnich metodach (Wolff et al., 2009,
de Boer et al., 2010) jako marker pro odliSeni C. difficile ribotypu 027 od ostatnich ribotyp.

Vzhledem k raritnimu vyskytu C. difficile ribotypu 027, kdy v roce 2013
byl zachycen prvni pfipad importované infekce (Kriutova et al., 2014c) s dalSimi Ctyfmi
v nasledujicich dvou letech a oproti tomu vyraznému vyskytu C. difficile ribotypu 176,
kdy v letech 2013-2015 tvoftil 26,7 % izolath (n=588) zaslanych k ribotypizaci (Kratova

et al., 2016b), je nutné dodat k vysledku téchto molekularnich testh patiicny komentar.

Navic, pritomnost shodné delece v #cdC genu soucasné s piitomnosti genti pro tvorbu
binarniho toxinu nebyly prokdzany pouze u C. difficile ribotypu 176 (Kritova et al., 2014b),
ale 1 u dalSich izolati rliznych ribotypt (Kok et al., 2011; Mentula et al., 2015), coZ potvrzuje
nutnost provedeni PCR ribotypizace ke spolehlivému urceni, zda se jedna o C. difficile

ribotyp 027.
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1027

= 176

Obrazek 14: Rozdil v elektroforetickych profilech C. difficile ribotypu 027 a 176 (Kriitova et al., 2014b)

C. difficile ribotyp 001 obsadil v obou evropskych studiich druhou pticku ve vyskytu
toxigennich ribotypti. Desetiprocentni vyskyt za C. difficile ribotypy 014/020 (16 %) v roce
2008 (Bauer et al., 2011) a jedenactiprocentni vyskyt za C. difficile ribotypem 027 (19 %)
v letech 2012-2013. Vyskyt tohoto ribotypu je v porovnani jednotlivych evropskych zemi
Castéjs$i v zapadni a vychodni Evropé, kde zarovei prevaluje C. difficile ribotyp 027 (Davies

etal., 2016).

U prevalentnich ribotypti C. difficile (001 a 176) v CR byly zjistény rozdily v jejich
distribuci zévislosti na véku pacientii. Zatimco vyskyt C. difficile ribotypu 001 byl u ¢eskych
pacientll pozorovan jiz ve skupiné déti do dvou let (1,2 %) a ve skupin¢é 3-18 let dosahl
10,7 %, vyskyt C. difficile ribotypu 176 byl v téchto vékovych skupinach vzacny
(0 % a 1 %). Nase pozorovani ve vztahu k vyskytu C. difficile ribotypu 001 u déti jsou
ve shodé¢ s némeckou studii zahrnujici 1067 izolath C. difficile, kde ribotyp 001 u déti tvoril
9,6 % i1zolatl (von Miiller et al., 2015) a s nizozemskou studii, kde u déti tvotil 10,5 % izolati
z analyzovanych 3 671 izolati C. difficile (van Dorp et al., 2017). Ackoliv nemiizeme
povazovat C. difficile ribotyp 176 za ribotyp 027, jeho raritni vyskyt u ¢eskych pediatrickych
izolatd je opét ve shod¢ s vyse uvedenymi studiemi (von Miiller et al., 2015; van Dorp et al.,

2017).

C. difficile ribotyp 001, na rozdil od ribotypu 176, nese ve své genetické vybave
pouze geny pro produkci toxinid A, B. Jednim spole¢nym epidemiologickym znakem

pro oba tyto ribotypy (001 a 176) muze byt popsana rezistence hned k n¢€kolika
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antimikrobnim pfipravkiim a s tim spojenda kumulace mechanismii rezistence. U obou
ribotypl byla popsédna rezistence k moxifloxacinu (Spigaglia et al., 2011; Freeman et al.,
2015, Kratova et al., 2015; Lachowicz et al., 2015) a s ni spojend pfitomnost zamény
aminokyseliny Thr82Ile v GyrA (Dridi et al., 2002; Spigaglia et al., 2011; Kriitova et al.,
2015).

24

v némecké, polské a slovenské studii (Arvand et al., 2009; Obuch-Woszczatynski et al.,
2014, Ny¢ et al., 2015b). U €eskych pacientt s infekci vyvolanou C. difficile ribotypem 176
byly klinické udaje o zavaznosti pribéhu CDI analyzovany ve dvou studiich (Drabek et al.,
onemocnéni 11/7 a 13/3 tak i mortality 5/2 a 16/8 u pacient s infekci vyvolanou C. difficile
ribotypem 176 v porovnani s pacienty s infekci vyvolanou jinym ribotypem (Drabek et al.,

2015; Polivkova et al., 2016).

Riiznoroda klinickd manifestace CDI zahrnujici mirny 1 zavazny pribéh a rekurenci
onemocnéni, byla popsana u 11 pacientli infikovanych dvéma rliznymi kmeny C. difficile

ribotyp 001 (Ny¢€ et al., 2016b).

S vyskytem C. difficile ribotyp 001 a 176 na nasem Uzemi pravdépodobné souvisi
také zvysena incidence CDI v CR (6,2 ptipadti na 10 000 o3etfovacich dni v roce 2013
a 6,1 pfipadd na 10 000 oSetfovacich dni vroce 2014, kdy byla zpracovdna data
z 10 a 18 nemocnic), (Davies et al., 2014; Krutova et al., 2016a).

MLVA je pouZivanou subtypiza¢ni metodou u izolati C. difficile shodného ribotypu
jak humanniho (van den Berg, 2007; Goorhuis et al. 2009; Eckert et al., 2011; van Dorp
et al., 2017) tak i nehumanniho pavodu (Baker et al., 2010; Schneeberg et al., 2012;
Schneeberg et al., 2013a,b; Usui et al., 2014; Rodriguez et al., 2015; Wu et al., 2016).

RozliSovaci schopnost MLV A pro detekci pienosu C. difficile, pti pouziti schématu
zahrnujici 7 VNTR lokust (van den Berg et al., 2007), je srovnatelnd s WGS 1 s rozdilem
v odli$né ¢asti genomu, kterd je analyzovana (Eyre et al., 2013). RozliSovaci schopnost
MLVA se zvySuje s poctem pouzitych tsekl aZ na srovnatelnou uroven s ribotypizaci
(Manzoor et al., 2011). Tim se ale navysuje i cena typizace a obtiznost interpretace (Knetsch

etal., 2013).
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MLVA byla jako subtypizacni metoda poprvé pouzita u ¢eskych a polskych izolath
C. difficile ribotypu 176 v publikaci Ny¢ et al. (Ny¢ at al., 2011), které byly vzijemné
porovnany s evropskymi izolaty C. difficile ribotyp 027. Blizkd genetickd ptibuznost byla
potvrzena mezi tfemi ¢eskymi a dvéma polskymi izolaty C. difficile ribotypu 176 (Ny¢ at al.,
2011).

U ceskych izolatd C. difficile ribotypu 176 z let 2013-2014 vysledky MLVA
prokézaly klonélni Sifeni v rdmci nemocni¢niho zafizeni (Drabek et al., 2015; Polivkova
et al., 2016; Kriatova et al., 2016a), tak 1 mezi jednotlivymi nemocnicemi (Kritova et al.,
2016a), coz ukazuje na nutnost zavést striktni protiepidemicka opatieni pii vyskytu tohoto

ribotypu.

Ackoliv C. difficile ribotyp 001 patii k roz§ifenym ribotypiim v Evrop¢, subtypizace
pomoci MLVA byla pouzita v omezeném poctu studii. U ceskych izolatd C. difficile
ribotypu 001 z roku 2014 bylo potvrzeno klonalni §ifeni v sedmi z osmnacti nemocnic v CR
(Kritova et al.,, 2016a). Dale byla tato metoda pouzita k epidemiologickému Sifeni
zvySeného vyskytu CDI na oddéleni (Ny¢ et al., 2016b). U slovenskych izolata C. difficile
z roku 2013, byla odhalena blizké geneticka pfibuznost mezi izolaty C. difficile ribotypu 001
v Sesti nemocnicich (Ny¢ et al., 2015b). U britskych izolatd C. difficile ribotypu 001 z let
2010-2011 byla provedena MLV A zahrnujici 12 riznych VNTR usekii (Hardy et al., 2012).
Z duvodu potvrzeni klonality izolath C. difficile spojené s antimikrobidlni rezistenci byla
MLVA pouzita u britskych a Spanélskych izolat C. difficile ribotypu 001 (Baines et al.,
2008; Marin et al., 2015).

MLST urcila 40 sekvenacnich typ u 53 rlznych ribotypizacnich profilt (Kritova
et al., 2016b). Ackoliv byl vzdy sekvenovan jen jeden izolat C. difficile od kazdého
ribotypizacniho profilu, u 24 dvojic (ST a RT) byla nalezena shoda v porovnani s vysledky
MLST a PCR ribotypizace izolata C. difficile z Leeds — Leiden sbirky (Knetsch et al., 2012).
Nekteré izolaty C. difficile s riznym elektroforetickym profilem patfily do stejného kladu
a zaroven u nich byla detekovana shodna delece v tcdC genu a pfitomnost shodnych genti

pro tvorbu toxintli, coz naznacuje jejich genetickou piibuznost.
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6. Souhrn

Clostridium difficile je vyznamnym nozokomidlnim patogenem soucasnosti
v souvislosti s roz§ifenim epidemickych kmenti. Molekularni typizace klinickych izolatt
je nedilnou soucasti kontroly vyskytu a Sifeni C. difficile v nemocni¢nim prostredi

a v komunité.

Soubor 2201 klinickych izolati C. difficile z 32 nemocni¢nich zafizeni z obdobi
2013-2015 byl charakterizovan pomoci PCR ribotypizace doplnéné o prikaz geni
pro tvorbu toxintl. Identifikovali jsme 166 riiznych ribotypiza¢nich profilti a u 53 profila
byly zachyceny alesponi dva izolaty reprezentujici jeden profil. Nejéastéji zachycenymi
ribotypy byly 176 (n=588, 26,7 %) a 001 (n=456, 20,7 %), nasledovany ribotypy 014
(n=176, 8 %), 012 (n=127 5,8 %), 017 (n=85, 3,9 %) a 020 (n=68, 3,1 %). Celkem
2024 (92 %) 1zolath bylo toxigennich (neslo geny pro produkei toxint A, B) a z té€chto navic
677 neslo geny pro tvorbu bindrniho toxinu. Zbyvajicich 177 (8 %) izolatd bylo

netoxigennich.

Subtypizace izolata C. difficile pomoci MLV A (multilocus variable number tandem
repeats analysis) porovnavajici pocet repetitivnich tisekli byla provedena u izolati ribotypu
176 (n=225, 17 nemocnic) a u izolat ribotypu 001 (n=184, 14 nemocnic) kultivovanych
v roce 2014. Klonalni pfibuznost izolatl v ramci ribotypu byla zjiSténa u 76,6 % izolatd
ribotypu 001, které tvotily 14 klonalnich komplext a u 84,5 % izolati ribotypu 176, které
tvofily 27 klonalnich komplexi. Dale byla MLVA pouzita v lokéalnich retrospektivnich
epidemiologickych Setfenich na tfech oddélenich (78 izolatd ribotypu 176 zroku 2013
a 11 izolatd ribotypu 001 z roku 2014) s podobnymi zjisténimi. Klonélni pfibuznost izolatt
C. difficile v ramci ribotypu 001 nebo 176, pozorovana v jednotlivych nemocni¢nich
zafizenich tak i mezi nimi, potvrzuje vyssi potencidl téchto ribotypi k Sifeni v nemocni¢nim

prostredi.

Fylogeneticky vztah zastupcl riiznych ribotypizacnich profili byl zkouméan pomoci
MLST (multilocus sequence typing). Vybranych 53 izolatdh C. difficile patiilo
k 40 sekvenacnim typiim. Ribotypy se shodnym sekvenacnim typem vykazuji i podobny
ribotypizacéni profil a maji i shodnou vybavu gentli pro produkeci toxintl, coz naznacuje jejich

fylogenetickou ptibuznost.

Vyrazné zastoupeni pouze dvou ribotypit (001 a 176) zjisténé v reprezentativnim
poctu zucastnénych zdravotnickych zafizeni lze povaZzovat za epidemiologicky zasadni
skute¢nost. Ziskana data mohou slouzit v dal$ich letech jako podklad pro dalsi sledovani

a posouzeni dynamiky $ifeni a zastoupeni jednotlivych ribotypti C. difficile v CR.
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7. Summary

Currently, Clostridium difficile is a leading nosocomial pathogen due to the spread
of epidemic strains. Molecular typing of clinical isolates is an important part of C. difficile

occurrence and spread control in hospitals as well as in the community.

A total of 2201 clinical C. difficile isolates from 32 hospitals cultured between
2013-2015 were characterized by PCR ribotyping and toxin gene multiplex PCR. A total
of 166 different ribotyping profiles were identified, of which 53 ribotyping profiles were
represented by at least two isolates for each profile. The most frequently found ribotypes
were 176 (n=588, 26.7%) and 001 (n=456, 20.7%) followed by 014 (n=176, 8%), 012
(n=127, 5.8%), 017 (n=85, 3.9%) and 020 (n=68, 3.1%). Out of 2201 isolates, 2024 (92%)
isolates were toxigenic and carried genes for toxin A and B, and of these, 677 (33.5%) also

carried genes for binary toxin. The remaining 177 (8%) isolates were non-toxigenic.

Subtyping of C. difficile isolates using a multilocus variable-number tandem repeats
analysis (MLVA), that compared the sum of tandem repeats differences, was performed
in C. difficile isolates of ribotype 176 (n=225, 17 hospitals) and in C. difficile isolates
of ribotype 001 (n=184, 14 hospitals) cultured in 2014. The clonal relatedness in C. difficile
isolates belonging to the same ribotype was found in 76.6% of ribotype 001 isolates forming
14 clonal complexes and in 84.5% of ribotype 176 isolates forming 27 clonal complexes.
MLVA was also used in three retrospective local department epidemiologic investigations
(78 isolates of ribotype 176 from 2013 and 11 isolates of ribotype 001 from 2014) with
similar results. That clonal relatedness of C. difficile isolates of ribotypes 001 or 176
was observed within and between hospitals confirms a higher potential of these ribotypes

to spread in a hospital environment.

The phylogenetic relationship of selected isolates belonging to different profiles
was investigated using multilocus sequence typing (MLST). The selected 53 C. difficile
isolates revealed 40 different sequence types. Ribotypes with the same sequence type also
had a similar ribotyping profile and carried the same toxin genes, which suggest

a phylogenetic relatedness.

The significant representation of the two ribotypes revealed in a representative
number of hospitals, could be regarded as an epidemiologically important situation. The data
obtained can be used for further the monitoring and assessment of the dynamics

of distribution and representation of individual C. difficile ribotypes in the country.
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7. Zavér

Molekularni typizace izolath C. difficile je nepostradatelnym nastrojem pro studium
epidemiologie infekci vyvolanych timto patogenem. V predkladané praci byly pouzity tfi

rizné metody cilené na riznd mista v genomu C. difficile.

Vysledky projektu potvrzuji, ze PCR ribotypizace s detekci na kapilarni
elektroforéze je metodou s velkou diskrimina¢ni schopnosti, vhodnou pro typizaci velkého
mnozstvi izolath C. difficile. Shromazdénim ribotypizacnich dat z vice nez 2 tisic izolatl
C. difficile za ttileté obdobi jsme ziskali cenné informace o kmenech C. difficile cirkulujicich

na uzemi CR.

Velky pocet analyzovanych izolati dava ziskanym datim vysokou validitu. Vyrazné
zastoupeni dvou ribotyptl je 1 v ramci Evropy neobvyklé a ziejmé svéd¢éi o rezervach
v kontrole téchto infekci. Piislusné zjisténi by mélo byt chapano jako zésadni pro zkvalitnéni
prevence Sifeni ptivodct infekei spojenych s nemocnicni péci. Diversita ribotypt C. difficile
v konkrétnim zafizeni mize slouzit jako pomocny indikator kvality nemocni¢ni péce.
Ziskana robustni data mohou slouzit v dalSich letech jako podklad pro dalsi sledovéani
a posouzeni dynamiky Sifeni a zastoupeni jednotlivych ribotypi a z téchto informaci

1 odvodit G¢innost piipadnych protiepidemickych opatieni.

MLVA je vhodnou subtypizacni metodou pii podezieni na nozokomialni Sifeni
C. difficile, kterd umozniuje pomérné presné analyzovani konkrétni situace vcetné
retrospektivniho hodnoceni. MiiZe tak byt u¢innym nastrojem efektivni analyzy probéhlych

O ¢C

,outbreakd* a tim 1 prevenci téchto situaci do budoucna.

MLST byla pouzita ke studiu bliz8i ptibuznosti izolath C. difficile v rdémci riiznych
ribotypi. Vysledky poukazuji na niz$i rozliSovaci schopnost metody v porovnanim
s ribotypizaci. Fylogeneticka ptibuznost né€kolika ribotypl pfisluSejici ke shodnému
sekvenacnimu typu musi byt potvrzena celogenomou analyzou vétSiho poctu zastupcti téchto

ribotyptl.

Tiileta spoluprace s rozséhlou siti mikrobiologickych laboratoti v CR nam pomohla
vymezit situace, v jakych je vhodné pfistoupit k zasilani izolath C. difficile k typizaci
do referen¢ni laboratofe nebo provadéni typizace samotné. Na zékladé ziskanych zkusenosti

by charakterizace kmene, a to nejen na molekularni urovni, ale také fenotypové stanovenim
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antimikrobni citlivosti k Iéktim volby, méla byt provadéna pii nahlém zvyseni incidence CDI

na oddé¢leni, pii t€zkém priabéhu onemocnéni nebo selhani specifické terapie onemocnéni.

Prezentované metody ptedstavuji komplexni strategii vySetfeni, které mohou dnesni
specializované laboratoie nabidnout a tim podstatné ptispét k diagnostice a feSeni
jak akutnich, tak i rekurentnich forem CDI. Porozuméni epidemiologii, mezinarodni kontext
a podklady pro efektivni prevenci jsou dalsi aspekty molekuldrnich metod aplikovanych

v diagnostice a typizaci C. difficile a pouzitych v této praci.

Pfistrojové vybaveni a ur¢ité naroky na kvalifikaci a zkuSenost s danou
problematikou mohou byt limitujicimi faktory pro rutinni pouziti uvedenych typiza¢nich
metod. Z téchto diivodi bude prislusna komplexni diagnostika do budoucna centralizovana

v rdmci referencni laboratotfe nebo spolupracujici sité nekolika specializovanych pracovist.
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Priloha 1

Krutova M, Matejkova J, Nyc O. C. difficile ribotype 027 or 176? Folia Microbiol
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V ¢lanku je popséna shoda tii tisekli v genomu C. difficile ribotypu 176 a ribotypu 027. Jedna
se o gen pro produkci toxinu B (#cdB), gen pro produkci bindrniho toxinu (cdtB) a
jednobodovou deleci v genu tcdC (pozice 117). Téchto tti cilovych mist v genomu C. difficile
vyuziva komeréni uzavieny detekéni systém Xpert, (Cepheid, USA), ktery je v CR
nejpouzivanéj$im piistrojem pro detekci DNA toxigennich kmenl C. difficile. Na zékladé
zjisténé shody cilovych useki v genomu C. difficile neni tento systém schopen od sebe rozlisit
C. difficile ribotyp 176 a 027. Vzhledem k tomu muze dochédzet k nespravné interpretaci
vysledk.
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Abstract Clostridium difficile is a major nosocomial patho-
gen of present times. The analysis of 624 C. difficile strains
from 11 hospitals in the Czech Republic in 2013 revealed that
40 % of isolates belonged to ribotype 176. These results
suggest that the incidence of CDI (C. difficile infection) in
the Czech Republic hasincreased probablyinconnection with
C. difficile ribotype 176. The molecular systems Xpert
C. difficile Epi assay (Cepheid Inc., Sunnyvale, CA) diagno-
ses toxigenic strains and supports C. difficile ribotype 027
determination based on three specific target places in the
toxigenic C. difficile genome. Twenty-nine strains cultivated
from stool specimens were evaluated by the Xpert systems as
presumed C. difficile PCR ribotype 027 were confirmed as a
C. difficile ribotype 176 based on ribotyping. A further 120
C. difficile strains of ribotype 176 were examined for the
presence of genes fcdB, cdtB and deletion in position 117 in
the tcdC gene. Our experience shows that due to the corre-
spondence of the target places, C. difficile ribotype 176 may
be interpreted as ribotype 027 by Xpert C. difficile Epi assay
(Cepheid Inc., Sunnyvale, CA). Further molecular analysis as
ribotyping based on capillary electrophoresis is needed to
differentiate between C. difficile ribotypes 027 and 176 for
appropriate epidemiological situation control on local and
national levels.
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Introduction

Clostridium difficile is the most significant causal agent of
hospital-acquired diarrhoea (Baueretal. 2011; Heetal. 2013).
Earlyidentification oftoxigenic strains is necessary for taking
measures against the spread of infection and the correct timing
of'adequate therapy (Rupnik et al. 2009). Methods of nucleic
acid amplification based on real-time PCR show high sensi-
tivity and specificity and decrease the turnaround time
(Belanger et al. 2003; Peterson et al. 2007; Barbut et al.
2009; Stamper et al. 2009; Terhes et al. 2009; Goldenberg
etal.2010;deJongetal. 2012). Fifteen Xpert (Cepheid, USA)
devices are present in the Czech Republic (firm data), and
these molecular systems are the most used for the direct
detection of the toxigenic C. difficile from stool specimens.
Continuous surveillance of CDI (C. difficile Infection) has not
been systematically organized in the Czech Republic yet.
Based on ECDIS-net (The European C. difficile infection
surveillance network) activity to enhance laboratory capacity
for CDI detection and surveillance in Europe, our laboratory
currently provides ribotyping of C. difficile strains from the
cooperating hospitals and collects comprehensive data of its
distribution in the Czech Republic. Ribotyping of 624

C. difficile strains from 11 participating microbiological de-
partments of hospitals in the Czech Republic was performed
in 2013. Forty percent of the C. difficile isolates belonged to
ribotype 176 (Krutova et al. 2013).

Material and methods

Twenty-nine strains cultivated from stool specimens were
evaluated by the Xpert system as presumed C. difficile PCR
ribotype 027 were sent for confirmation from five different
hospitals in the Czech Republic to our central laboratory
during 2013. DNA extraction from verified colonies of
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C. difficile strains by MALDI- TOF (matrix-assisted laser
desorption ionization time-of-flight) mass spectrometry
(Bruker Daltonics, USA) (Coltellaetal. 2013) was performed
using Chelex 100 resin (Valiente et al. 2012). PCR ribotyping
based on capillary electrophoresis was performed in accor-
dance with the Standard Operation Protocol ECDIS-net
(available at restricted website: http://www.ecdisnet.cu/).
PCR fragments were analysed in the ABI Prism 3110
genetic analyser (Applied Biosystems). Separation was
performed in the POP7 polymer (Applied Biosystems). A
size standard 1200 LIZ (Applied Biosystems) was used as
an internal marker for each sample. Data from fragment
analysis was analysed using Gene Mapper software 4.1
(Applied Biosystems). The acquired electrophoreograms
were compared with the Austrian Agency for Health and
Food Webribo database available on the restricted website
http://www.webribo.ages.at/ (Indra et al. 2008). The
multiplex PCR reaction for detecting genes for toxin A, B
and binary toxin production was performed with primers and
under conditions described by Persson etal. (2008). The TcdC
gene was amplified with primers C1 and C2 published by
Spigaglia and Mastrantonio (2002) using the following PCR
protocol: 95 °C for 5 min, 35 cycles of 95 °C for 30 s, 55 °C
for 30 s, 72 °C for 40 s and 72 °C for 10 min. The PCR
products were cleaned with Exo/Sap (Fermentas) and se-
quenced using Sanger’s sequencing with the Big Dye termi-
nator Kitv3.1 (Applied Biosystems). The acquired sequences
were compared with the NCBI reference sequence NC
009089.1 and with the sequence acquired from a C. difficile
PCR ribotype 027 strain.

Results

All 29 strains were evaluated by the Xpert systems as pre-
sumed C. difficile PCR ribotype 027 had one peak less in
the electrophoreogram (size 576 bp). This is the main
difference between C. difficile ribotypes 027 and 176
electrophoreograms (Fig. 1). After uploading the data to
the Webribo database, we got the result “existing
ribotype 176”. In all 29 samples, we obtained positive results
for the presence of genes for the production of toxins (A, B
and binary) by using the multiplex PCR reaction. All 29
strains had a deletion of one base in position 117 in the tcdC
gene using Sanger’s sequencing.

An additional 120 strains of C. difficile that belonged to
PCRribotype 176 taken from 11 microbiological departments
in the Czech Republic were analysed for confirmation of our
results of the above 29 samples. All 120 samples proved
positive for the presence of genes fcdB, cdtB and the deletion
in position 117 in the tcdC gene.

@ Springer

Discussion

The principle of molecular detection in the Xpert C. difficile/
Epi test is based on the determination of three specific target
areas present in the toxigenic C. difficile genome: the tcdB
gene for toxin B production, deletion of one base in position
117 in the regulatory fcdC gene and the cdtB gene for binary
toxin production (Babadyetal. 2010; Zidaricetal. 2011; Viala
et al. 2012; Kok et al. 2011; Pancholi et al. 2012; Shin et al.
2012).

The results show that C. difficile PCR ribotype 176 has all
three specific target sites same and may be incorrectly
interpreted by Xpert C. difficile/Epi as presumed 027/NAP1/
B1. Our findings are limited by a small amount of data,
because the molecular detection of toxigenic strains of
C. difficile in the Czech Republic is used as the second
diagnostic step for confirmation of GDH (glutamate dehydro-
genase)-positive and toxin-negative stool samples or in emer-
gency situation.

To confirm our observations, we analysed an additional
120 strains of C. difficile belonging to C. difficile ribotype 176
from 11 different hospitals in the Czech Republic. All 120
samples gave positive results for the presence of the fcdB and
cdtB genes in the multiplex PCR reaction and also deletion in
position 117 in the fcdC gene using Sanger’'ssequencing.

C. difficile PCR ribotype 176 is a common ribotype in the
Czech Republic according to our results from ribotyping in
2013, where 40 % of 624 strains C. difficile belonged to the
PCR ribotype 176 (Krutova et al. 2013).

Beran et al. (2014), who studied the sensitivity profile of
toxigenic strains C. difficile in the Czech Republic to
clindamycin, metronidazol, vancomycinand amoxicillin with
clavulanic acid, worked with 62 isolates of C. difficile in the
Pardubiceregion (Eastern Bohemia, Czech Republic). Thirty-
three strains were evaluated as a hypertoxigenic according to
the results ofthe Xpertsystem analysis. The higher percentage
of hypertoxigenic strains corresponded to our recently pub-
lished results of molecular typisation of C. difficile strains in
the Czech Republic (Krutova et al. 2013). We believe that the
collection of hypertoxigenic C. difficile strains of Pardubice
was with high probability composing of C. difficile ribotype
176.

The presence of ribotype 176 in the Czech Republic and
Poland was published by Nyc etal. (2011). Eleven Polish and
ten Czech C. difficile strains belonging to ribotype 176 were
compared with 59 European C. difficile strains belonging to
ribotype 027 by using MLVA (multi-locus variable tandem
repeats analysis). A sum of 14 tandem repeat differences in
three of seven loci was found.

On the 23rd ECCMID 2013, in Berlin, Pituch et al. pre-
sented the first results of a Polish surveillance programme of
C. difficile infections (abstract P2495). This data showed the
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Fig. 1 PCRribotyping based on capillary electrophoresis. Electrophoreograms ofa C. difficile PCR ribotype 027 and b C. difficile PCR ribotype 176

high prevalence of PCR ribotype 027 and the coexistence of
ribotype 176 in Poland.

Emergency and epidemiological connections of PCR
ribotype 176 in a Czech faculty hospital were presented by
Krutova et al. on the 23rd ECCMID 2013, in Berlin (abstract
P2502). Twenty-six of the 50 isolates belonged to the
C. difficile ribotype 176, and MLVA of these 26 strains
revealed 3 clonal complexes and 3 genetically related
clusters between them.

Valiente et al. (2012) published in their study the
emergence of PCR ribotypes 176, 198 and 244 from the
hypervirulent C. difficile 027 lineage due to a slight variation
in banding pattern. The authors suggest that C. difficile
ribotype 176 has evolved recently from the 027 lineage and
may be as problematic as the C. difficile ribotype 027 strains.
The high percentage of C. difficile 176 in our collection in
comparison to the representation of other ribotypes confirms
the seriousness of the risk of this ribotype.

C. difficile ribotype 176 was mentioned in the work of Indra
et al. (2010) which described the mechanism of variant devel-
opment in C. difficile 16S-23S rRNA intergenic spacer region.

Intherecent work of He etal. (2013), the global population
structure of C. difficile 027 based on whole-genome sequenc-
ing was studied, and various strains of C. difficile ribotype 176

were included in the study as ribotype 027 (He et al. 2013).

Close genetical relatedness between C. difficile ribotypes
027 and 176 based on the presence of the same gene insertion
was published by Knetsch et al. (2011).

The question is: how important is it to recognize the dif-
ference between C. difficile ribotypes 027 and 176? We are
able to recognize C. difficile ribotypes 027 and 176 by
ribotyping based on capillary electrophoresis according to
different electrophoreograms, and we believe that the ability
to differentiate between 176 and 027 by the ribotyping gives
us an important tool for epidemiological control of the spread
of CDI independently of their genetic relatedness. We suggest
that this is mainly true for the regions where the presence
of C. difficile PCR ribotype 176 or the presence of
simultaneous ribotypes 027 and 176 is known. Interest-
ingly, the presence of C. difficile ribotype 176 was
reported in isolation in the Czech Republic and Poland,
while the presence of C. difficile ribotype 027 was reported
worldwide (Warny et al. 2005; Smith 2005; Kuijper et al.
2006; Bauer et al. 2011; He et al. 2013). For the
understanding of the role and importance of ribotype 176
and comparison with ribotype 027, further investigation is
needed in the clinical manifestation of infection, distribution
and spread.

Our experience confirms and we agree with Kok et al.
(2011) that the identification of C. difficile PCR ribotype
027 by the Xpert system should be confirmed using
molecular methods, mainly for epidemiology purposes. Even
if the Xpert system is not able to differentiate between
C. difficile PCR ribotypes 176 and 027, according to our
results, it is still a very helpful tool for CDI epidemiology
situation control.

@ Springer
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Krutova M, Nyc O, Kuijper EJ, Geigerova L, Matejkova J, Bergerova T, Arvand M. A
case of imported Clostridium difficile PCR-ribotype 027 infection within the Czech

Republic which has a high prevalence of C. difficile ribotype 176. Anaerobe.
2014;30:153-5.

V roce 2013 jsme pii plosné ribotypizaci ¢eskych izolati C. difficile prvné na uzemi CR
identifikovali C. difficile ribotyp 027. Podle anamnézy pacientky se jednalo o importovany
kmen z Némecka. Pomoci MLVA jsme potvrdili bliz§i genetickou ptibuznost mezi ¢eskym

1zolatem a némeckymi izolaty z nemocnice, kde byla pacientka v minulosti hospitalizovana.
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The first case of Clostridium difficile RT027 infection in the Czech Republic (CZ) was identified. The patient
had been hospitalised in Germany prior to moving to CZ. Multiple-Locus Variable number tandem repeat
Analysis revealed a genetic relatedness between the patient's isolate and RT027 isolate collected in the

© 2014 Elsevier Ltd. All rights reserved.

The first case of Clostridium difficile RT027 infection in the Czech
Republic (CZ) was identified. The patient had been hospitalised in
Germany prior to moving to CZ. Multiple-Locus Variable number
tandem repeat Analysis revealed a genetic relatedness between the
patient's isolate and RT027 isolate collected in the German hospital.

C. difficile is an important cause of hospital acquired diarrhoea
worldwide [1]. C. difficile PCR ribotype (RT) 027 is considered as a
hyper virulent type with capacity to rapidly spread within health-
care facilities [2]. The prevalence of C. difficile infection (CDI) by the
epidemic RTO027 strain varies considerably between European
countries. In the Czech Republic reporting of CDI cases is manda-
tory to the Czech reporting system of infectious diseases (EPIDAT).
In 2013 the total number of patients reported with CDI was 5797,
representing an incidence rate of 55.1 per 100,000 inhabitants.

* Corresponding author. Department of Medical Microbiology, 2nd Faculty of
Medicine, Charles University in Prague and Motol University Hospital, V Uvalu 84,
150 06 Prague 5, Czech Republic. Tel.: p420 732 532 499.

E-mail address: marcela krutova@seznam.cz (M. Krutova).

http://dx.doi.org/10.1016/j.anaerobe.2014.09.020
1075-9964/© 2014 Elsevier Ltd. All rights reserved.

In 2012 the Department of Microbiology at the Faculty Hospital
Motol participated in the ECDC supported “European C. difficile
infection surveillance network (ECDIS-net)”. The laboratory has
provided PCR ribotyping of C. difficile isolates for national surveil-
lance purposes. In 2013 a total of 624 C. difficile isolates from 11
different healthcarefacilities in the Czech Republic were sent tothe
central laboratory. Of these C. difficile isolates, 251 (40%) belonged
to RT176. Surprisingly, only one C. difficile isolate (287CZ) corre-
sponded to the epidemic RT027. The index patient (88 years old,
female) wastreated for long term diarrhoea in a hospitalin Pilsenin
the Czech Republic in November 2013. Interestingly, the patient
had lived in Hesse, Germany, for 40 years prior to her actual hos-
pitalisation in Pilsen (CZ). She had a history of several hospital-
isationsin Germany because of chronicintestinal disease and other
co-morbidities. Her last hospital admission in Germany was in
February 2013, where she developed CDI after being treated with
antibiotics for urinary tract infection. Unfortunately, characterisa-
tion of C. difficile was not performed at that time.

The aim of this study was to determine the genetic relationship
between the index patient's isolate and RT027 isolates collected in
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Fig. 1. A cluster analysis by using the categorical distance and UPGMA (unweighted pair group method with arithmetic mean) algorithms (Bionumerics v5.0, Applied Maths).

the German hospital, where the patient had been hospitalised prior
to moving to CZ, in order to evaluate the possible route of trans-
mission of the RT027 strain within Europe.

PCR ribotyping was performed with capillary electrophoresis
according to the Standard Operation Protocol of ECDIS-net (http://
www.ecdisnet.eu/). Electrophoreograms were evaluated by using
the Webribo database as described by Indra et al. (http:/www.
webribo.ages.at) [3].

MLVA of 7VNTR (Variable Number Tandem Repeats) loci was
performed on the index patient's isolate and on 7 RT027 isolates
from Hesse, Germany. Five of the German isolates were collected in
hospital A (383DE, 418DE, 439DE, 440DE, 441DE), where the pa-
tient had been treated prior to moving to the Czech Republic. Two
other GermanRT027isolates (869DE, 870DE) that werecollected in
another hospital (hospital B), from the same district in Hesse, were
also included for comparison.

DNA was extracted from one colony using Chelex 100 resin [4].
Sanger sequencing of 7VNTR loci (A6Cd, B7Cd, C6Cd, E7Cd, F3Cd,
G8Cd, H9Cd) described by van den Berg et al. was performed [5].A
Minimum Spanning Tree was created by Bionumerics v5.0 (Applied
Maths) by using a Manhattan coefficient to calculate the summed
tandem repeat difference (STRD). A cluster analysis using the cat-
egorical distance and UPGMA (unweighted pair group method with

arithmetic mean) algorithms was also applied. MLVA and PCR
ribotyping were performed twice using two separate cultivations of
C. difficile isolates.

The number of repeats for each of the seven loci is shown on
Fig. 1. A sum of 9 tandem repeat differences in 3 loci was found
between the index patient's isolate (287CZ) and the German isolate
(383DE) from hospital A (Fig. 2). One clonal complex between two
German strains (440DE, 418DE) was found. According to the result
of the cluster analysis the degree of genetic relatedness between CZ
287 and 383DE was calculated to be 70% (Fig. 1).

We propose that the RT027 isolate was most probably acquired
in hospital A in Germany, where the patient had received antimi-
crobial therapy and developed CDI prior to travelling to the CZ. In
contrast to CZ, the prevalence of RT027 is high in some regions of
Germany, especially in the region where hospital A is located [6].
Using MLVA, we could not confirm a clonal relatedness of the Czech
RT027 with German RTO027 isolates, though the strains were
genetically related with STDY9. Interestingly, only 2 out of 5
German RT027 isolates (440DE and 418DE) were highly related to
each other with STRD/1 and formed a clonal complex. Closer
genetic relatedness between other German strains (418DE and
439DE; 439DE and 869DE; 383DE and 441DE) was also observed.
These results confirm the ability of RT'027 to spread within

383DE e 418DE KgsDE { @

441DE

B70DE

Fig. 2. A Minimum Spanning Tree by using a Manhattan coefficient (Bionumerics v5.0, Applied Maths).
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hospitals and suggest that different RT027 clones are circulating in
hospital A and between hospitals.

Ribotyping data from 2013 show, that RT176 is the major
epidemic C difficile strain in the Czech Republic [7]. RT176 was
recently reported to be very common in some hospitals in Poland
[8]. It is to be noted that the epidemic RT027 strain was also found
to be common in Poland in the latter study. The presence of
C. difficile RT176 in 2008 in the Czech Republic and Poland was
published by Nyc et al. [9]. The inability to distinguish between
C. difficile ribotypes 176 and 027 due to a high similarity of specific
gene loci was discussed by Krutova et al. [10]. Both ribotypes
possess the genes for binary toxin (cdtA, cdtB) and display a mu-
tation at position 117 and 18 bp deletion at position 330e347 in
tcdC gene.

This case report shows how epidemic C. difficile RT027 could
potentially spread in Europe, even between different countries.
Ribotyping based on capillary electrophoresis is a powerful tool
which allows the discrimination between the closely related RT027
and RT176.It also helps us tobetter understand the epidemiology of
epidemic C. difficile strains.
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Priloha 3

Krutova M, Matejkova J, Tkadlec J, Nyc O. Antibiotic profiling of Clostridium difficile
ribotype 176--A multidrug resistant relative to C. difficile ribotype 027. Anaerobe.
2015;36:88-90.

V c¢lanku jsou popsany vysledky testovani dvaceti izolath C. difficile ribotypu 176 z deseti
riiznych nemocnic v CR k citlivosti k deseti antimikrobnim latkdm. U vsech izolatd byla
zjiSténa ziskand rezistence k erytromycinu, ciprofloxacinu a moxifloxacinu. K rifampicinu bylo
rezistentnich 13 izolath. Molekularni mechanismus rezistence k fluorochinolonim a
rifampicinu byl potvrzen pfitomnosti aminokyselinové zamény Thr82Ile v GyrA a His502Asn
spolecné s ArgS05Lys v RpoB. Zjisténa akumulace mechanismi rezistence u ¢eskych izolatt

C. difficile ribotypu 176 podtrhuje zavaznost vyskytu tohoto ribotypu v CR.
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Antibiotic profiling of twenty Czech Clostridium difficile PCR-ribotype 176 isolates revealed a high level of

resistance to erythromycin, ciprofloxacin and moxifloxacin (n % 20) and to rifampicin (n % 13). Accu-
mulation of resistance mechanisms to multiple antibiotics highlight that PCR-ribotype 176 belong to

problematic epidemic strains.

© 2015 Elsevier Ltd. All rights reserved.

Clostridium difficile is the global leading pathogen of hospital-
acquired diarrhoea. The previous or present use of antibiotics is
the major risk factor for developing of CDI (C. difficile infection) [1].
Antibiotic resistance in European prevalent C. difficile PCR-
ribotypes were recently published by Freeman et al. and the
Czech Republic was referred to as a country with a high cumulative
resistance score (4e5) [2]. PCR-ribotype 176, closely related to 027
[3], is the ribotype that has been contributed significantly to
epidemiological situation of CDI in the Czech Republic [4], and its
occurrence was also reported from Poland [5].

We investigated twenty C. difficile PCR-ribotype 176 isolates
from ten different hospitals distributed around the Czech Republic.
Ten isolates originated from the year 2012 and ten isolates were
cultured in 2014€2015.

MLVA (Multiple-Locus Variable Tandem Repeats analysis) of
seven loci [6] was applied for exclusion of isolate clonal relatedness.
Minimum spanning tree was created by Bionumerics v5.0 (Applied
Maths) (Fig. 1).

* Corresponding author. Department of Medical Microbiology, 2nd Faculty of
Medicine, Charles University in Prague and University Hospital in Motol, V Uvalu
84, 150 06 Prague 5, Czech Republic.

E-mail address: marcela. krutova@seznam.cz (M. Krutova).

http://dx.doi.org/10.1016/j.anaerobe.2015.07.009
1075-9964/© 2015 Elsevier Ltd. All rights reserved.

The minimum inhibitory concentrations (MICs) for ten different
antibiotics were determined by Etest strips (Liofilchem, Italy) on
Wilkins Chalgren agar.

Molecular mechanisms of resistance were investigated by PCR
amplification and Sanger sequencing.

All isolates (n120) revealed a high level of resistance to
erythromycin, ciprofloxacin and moxifloxacin. All isolates (4 20)
were sensitive to metronidazole, vancomycin, imipenem, tetracy-
cline and tigecycline. Differences in susceptibilities between iso-
lates were observed among clindamycin and rifampicin.
Clindamycin resistance (16 mg/L) was only shown by two isolates
(years 2012 and 2014 from the same hospital) and the other eigh-
teenisolates were clindamycin sensitive. A high level of rifampicin
resistance was shown by thirteen isolates (four isolates from 2012
and nine isolates from 2014 to 2015) and seven isolates (2012) were
rifampicin sensitive. MICs are summarized in Table 1.

All ciprofloxacin and moxifloxacin resistant isolates (g 20)
carried amino acid substitution Thr82Ile in the gyrA gene [7e10].
Rifampicin resistantisolates revealed two substitutionsin the rpoB
gene: His502Asn and Arg505Lys [7,11,12] (Fig. 2). Twoisolates were
ermB positive [13], both were clindamycin resistant. The mecha-
nism of erythromycin resistance among ermB negative C. difficile
isolates has not been yet elucidated.
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. C. difficile isolates from 2012

. C. difficile isolates from 2014/2015
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Rifampicin resistant C. difficile isolates

Clindamycin resistant C. difficile isolates

Fig. 1. A Minimum Spanning Tree by using a Manhattan coefficient (Bionumerics v5.0, Applied Maths). Each hospital has a separate colour. (For interpretation of the references to

colour in this figure legend, the reader is referred to the web version of this article.)

The investigation of C. difficile PCR-ribotype 176 isolates from
two time periods showed an unchanging resistance to 2nd and 3rd
generation fluoroquinolones and to erythromycin, whereas resis-
tance to rifampicin was detected in four isolates (40%) from 2012
and nine isolates (90%) from 2014 to 2015.

If we compare our results with recently published data on
twenty-one PCR-ribotype 176 isolates originating from ten Polish
hospitals in 2012, there is some evidence of a difference in vari-
ability in the antibiotic resistance spectrum between Czech and
Polish C. difficile PCR-ribotype 176 isolates. In addition to full
resistance to erythromycin, ciprofloxacin and moxifloxacin, the
Polish isolates also revealed complete resistance to imipenem and
95.2% of isolates were resistant to clindamycin. In contrast to our
result, all Polish isolates were sensitive to rifampicin [14].

The data on Polish PCR-ribotype 027 isolates show a certain

Table 1
MICs of Czech and Polish PCR-ribotype 176 isolates.

degree of similarity in its antibiotic resistance spectrum to that of
Czech and Polish PCR-ribotype 176 isolates. Shared resistance to
fluoroquinolones, in the case of Czech PCR-ribotype 176 isolates is
confirmed by the presence of Thr82Ile in the gyrA gene, illustrates
their genetic link, probably to the FQR2 lineage [15].

In both studies, the Etest was used for antibiotic susceptibility
testing. The differences between MICs for metronidazole and van-
comycin obtained by the Etest and agar incorporation methods was
reported [16] and reduced susceptibility to metronidazole by agar
incorporation was detected among Czech as well as Polish isolates
in Freeman et al. study [2].

Although Czech and Polish C. difficile PCR-ribotype 176 strains
are probably genetically related because they only occur signifi-
cantly in these two neighbouring countries, the cumulating of
resistance to different antibiotics was observed. The accumulation

Antimicrobials Breakpoints mg/L Range of Etest gradient mg/L Czech PCR-ribotype 176 Polish PCR-ribotype 176

isolates (n ¥4 20) isolates (n ¥ 21) [14]

MIC mg/L MIC mg/L

50% 90% 50% 90%
Metronidazole 2 (EUCAST 2014) 0.016e256 0.5 1 0.094 0.5
Vancomycin 2 (EUCAST 2014) 0.016e256 0.5 1 0.75 1
Clindamycin 8 (CLSI 2007) 0.016e256 0.5 2.5 256 256
Erythromycin 8 (CLSI 2007) 0.016e256 256 256 256 256
Moxifloxacin 4 (EUCAST 2014) 0.002e32 32 32 32 32
Rifampicin 0.004 (EUCAST 2014) 0.016e256* 256 256 0.002 0.003
Imipenem 8 (CLSI 2007) 0.002e32 4 4 32 32
Tetracycline 8 (CLSI 2007) 0.016e256 0.016 0.032 0.19 0.38
Tigecycline 0.25 (EUCAST 2014) 0.016€256 0.023 0.023 0.064 0.19
Ciprofloxacin 4 (CLSI 2007) 0.002e32 32 32 32 32

MIC: minimum inhibitory concentration; CLSI: U.S. Clinical and Laboratory Standards Institute; EUCAST: European Committee on Antimicrobial Susceptibility Testing.

%0.002e32 in Polish study.
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Fig. 2. Missense mutations identified in the study. a) gyrA wild-typ e ciprofloxacin and moxifloxacin susceptible C. difficile isolate b) gyrA Thr82Ile e ciprofloxacin and moxifloxacin
resistant C. difficile isolate ¢)rpoB wild-type e rifampicin susceptible C. difficile isolate d)rpoB His502Asn, Arg505Lys e rifampicin resistant C. difficile isolate.

of antibiotic resistance among epidemic strains, such as PCR-
ribotype 176, probably plays a role in the spread within the hos-
pital environment and may be dependent on local or national
antibiotic policy. Based on our results, antibiotic resistance cannot
be related to the PCR-ribotype in general, but can be assessed
within the national or local epidemiological situation, particularly
with respect to the prevailing ribotype in the region or country.

The results of European studies stress the importance of
implementing a CDI surveillance system, particularly in countries
where the monitoring of CDIis not mandatory. Detailed knowledge
about the current CDI epidemiological situation, together with
antibiotic resistance data on prevailing PCR-ribotypes, could move
us one step ahead the in the fight with the global enemy of hos-
pitalised patients.
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Priloha 4

Krutova M, Matejkova J, Kuijper EJ, Drevinek P, Nyc O; Czech Clostridium difficile
study group. Clostridium difficile PCR ribotypes 001 and 176 - the common

denominator of C. difficile infection epidemiology in the Czech Republic, 2014. Euro
Surveill. 2016;21(29).

V ¢lanku jsou uvedeny vysledky studie zmétend na vyskyt infekci vyvolanych C. difficile, ktera
probéhla v 18 ¢eskych nemocnicich v roce 2014. Celkem bylo typovano 774 izolatt, 225 z nich
(29,1 %) ptisluselo k ribotypu 176 a 184 (23,8 %) k ribotypu 001. MLVA piibuzenska analyza
izolath ribotypu 176 odhalila 27 klondlnich komplext tvotfenych 84,5 % izolatl. Izolaty
ribotypu 001 (76,6 %) tvotily 14 klondlnich komplexti. Data ziskand molekularni analyzou

izolatt C. difficile demonstruji alarmujici rozsifeni dvou ribotypti v 18 nemocnicich v CR.
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In 2014, 18 hospitals in the Czech Republic participated
in a survey of the incidence of Clostridium difficile
infections (CDI) in the country. The mean CDI incidence
was 6.1 (standard deviation (SD):7.2) cases per 10,000
patient bed-days and 37.8 cases (SD: 41.4) per 10,000
admissions. The mean CDI testing frequency was 39.5
tests (SD: 25.4) per 10,000 patient bed-days and 255.8
tests (SD: 164.0) per 10,000 admissions. A total of 774
C. difficile isolates were investigated, of which 225
(29%) belonged to PCR ribotype 176, and 184 isolates
(24%) belonged to PCR ribotype 001. Multilocus vari-
able-number tandem repeat analysis (MLVA) revealed
27 clonal complexes formed by 84% (190/225) of PCR
ribotype 176 isolates, and 14 clonal complexes formed
by 77% (141/184) of PCR ribotype 001 isolates. Clonal
clusters of PCR ribotypes 176 and 001 were observed
in 11 and 7 hospitals, respectively. Our data demon-
strate the spread of two C. difficile PCR ribotypes
within 18 hospitals in the Czech Republic, stressing
the importance of standardising CDI testing protocols
and implementing mandatory CDI surveillance in the
country.

Introduction

Clostridium difficile is the most important bacterial
cause of hospital-acquired diarrhoea. Two large stud-
ies have been carried out to map and update data on
C. difficile infection (CDI) in Europe [1,2]. CDI incidence
showed an increasing trend: in the first study in 2008,
the mean incidence in the participating countries was
4.1 cases per 10,000 patient bed-days [1], while in the
second, in 2011-13, it was 7.0 CDI cases per 10, 000
patient bed-days in the countries involved [2].

www.eurosurveillance.org

Results of the 2008 study — a hospital-based survey
involving 34 European countries — showed that the
Czech Republic had a low incidence of CDI (1.1/10,000
patient bed-days), without the presence of C. difficile
PCRribotypes 027 and 176 [1]. Spread of PCR ribotype
027 has been seen worldwide [3] and is known to be
associated with hospital CDI outbreaks [4] and severe
course of disease and increased mortality [5].

Ribotype 176 is closely related to 027 [6,7] and can be
misidentified by commercial tests targeting a single-
base-pair deletion at nucleotide 117 in the C. diffici-
letcdC gene [8]. In 2009, shortly afterward the 2008
study, the occurrence of ribotype 176 was reported
in certain areas of the country (Eastern Bohemia and
Moravia) [9]. This ribotype has persisted in the Czech
Republic [8] and was also reported in Poland in 2008—
13, which borders the country[10,11].

Results from the second study — involving 20 European
countries — revealed an increasing CDI incidence rate
in the Czech Republic (4.4 cases in 2011-12/10,000
patient bed-days and 6.2 cases/10,000 patient bed-
days in 2012-13) [2].

This observation prompted us to determine the CDI
incidence in 2014 in a number of hospitals distrib-
uted across the Czech Republic (n = 18) and to gain an
insight into the prevailing C. difficile ribotypes.

Methods

A CDI case was defined as a hospitalised patient (more
thantwo years-old) with both diarrhoea and labora-
tory confirmation of CDI by a positive testresult for the
presence of GDH and toxin A/B and/or the detection
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Figure 1

Location of hospitals participating in survey of incidence
of Clostridiumdifficileinfection, CzechRepublic, 2014 (n
=18)

German g
y Slovakia

of a toxin-producing C. difficile strain using toxigenic
culture or nucleic acid amplification test (NAAT) in the
stool sample.

Testing for CDI was requested by the attending phy-
sician based on clinical symptoms indicating CDI
(primarily diarrhoea). Hospital-associated and com-
munity-associated CDI cases were included in the
analysis.

During 2014, hospital microbiology departments of the
18 selected hospitals were asked to send C. difficile
isolates cultured from stool samples from hospitalised
CDl patients to the Department of Medical Microbiology
of the University Hospital Motol in Prague.

Mean CDI incidence and CDI testing frequency for all
participating hospitals was calculated using the total
number of admissions, total number of patient bed-
days, number of non-duplicated glutamate dehydroge-
nase (GDH) and toxin A/B positive tests performed in
2014, using information obtained from the participat-
ing hospitals. The hospitals also provided information
about their CDI laboratory diagnostic algorithms.

C. difficile isolates were further characterised using
PCR ribotyping, detection of the presence of genes
for toxin production (tcdA (A), tcdB (B), cdtA and cdtB
(binary)) by a multiplex PCR [12] and multilocus varia-
ble-number tandem repeat analysis (MLVA).

PCR ribotyping based on capillary electrophoresis
was performed according to the method described
by Stubbs et al. [13]. The results were compared with
data in WEBRIBO, a web-based database containing a
broad spectrum of uploaded capillary electrophoresis-
ribotyping profiles [14], and profiles from an interna-
tional capillary electrophoresis-ribotyping validation
study [15]. The diversity of ribotypes for each hospital

was calculated using the Shannon index [16], for which
a higher value is an indicator of greater diversity.

For MLVA, five regions with short tandem repeats
were sequenced: A6Cd, B7Cd, C6Cd, G8Cd [17] and
CDR®60 [18], with a change of reverse primer for G8Cd,
as described elsewhere [19]. The number of tan-
dem repeats was counted manually after software
processing (Sequencing Analysis Software, Applied
Biosystems). The sum of tandem repeat differences
(STRD) in five loci determines the genetic relatedness
of isolates. Minimum spanning trees were created
using Bionumerics v5.1 (Applied Maths). A clonal com-
plex was defined as an STRD< 2, a genetically related
cluster as an STRD=3 to<10 [17].

Results

Participating hospitals

A total of 18 hospitals, covering the country’s major
regions, voluntarily participated in the survey: seven
tertiary care institutions, 10 secondary care facilities
and one specialised centre. The size of hospital is indi-
cated by the number of beds in 2014 (Table 1). These
18 hospitals represented about 30% of hospital-bed
capacity in the Czech Republic in 2013 [20] (2014 data
unavailable). Their location is shown in Figure 1.

Incidence of C. difficile infection and testing
frequency

The incidence of CDI in 2014 varied from 1.5 to 34.7
(median: 3.9) cases per 10,000 patient bed-days
(mean: 6.1 cases (standard deviation (SD): 7.2)/10,000
patient bed-days), and from 11.8 to 201.2 (median:
26.5) cases per 10,000 admissions (mean: 37.8 cases
(SD: 41.4)/10,000 admissions).

The frequency of testing for CDI in the hospital labora-
tories varied from 6.0 to 116.3 tests (median: 28.9) per
10,000 patient bed-days (mean: 39.5 (SD: 25.4) tests
per 10,000 patient bed-days), and from 36.4 to 673.5
tests (median: 216.7) per 10,000 admissions (mean:
255.8 tests (SD: 164.0)/10,000 admissions) (Table 1).

C. difficile infection testing algorithms

Four different CDI testing algorithms were used during
the study period (Table 1). All hospitals in the study
used the detection of GDH and toxins A/B as the first
(screening) part of their testing algorithm: 14 used
lateral flow immunoassay (LFIA), three used a chemi-
luminescentimmunoassay (CLIA) and one a chromato-
graphic immunoassay (CIA).

A total of 16 hospitals performed anaerobic culture of
GDH-positive and toxin-positive or toxin-negative sam-
ples, but only two of these tested toxin production or
detected the presence of genes for toxin production
of isolated C. difficile strains (one by LFIA and one by
toxin gene multiplex PCR). The remaining two hospi-
tals, which did not routinely perform anaerobic culture,
used PCR detection of the presence of C. difficile toxin
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Figure 2

Distribution of the six most prevalent PCR ribot gfaes of Clostridium difficile in 18 hospitals participating in survey of

incidence of C. difficile infection, Czech Repu

2007

150

100 |

Number of isolates

genes in GDH-positive and toxin A/B-negative stool
samples.

Of the 18 hospitals, 10 used a commercial PCR test,
eight for rapid diagnosis if requested by the physician.
In total, 774 C. difficile isolates were available for fur-
ther analysis in our study: 378 were from male patients
(49%) and 396 from female patients (51%). The mean
age was 68 years (SD: 20); the median was 72 years
(range: 2—-101). Of the 774 patients, 537 (69%) were
aged 65 years or older.

PCR ribotypes of C. difficile isolates

Of the 774 C. difficile isolates, 737 (95%) belonged to
33 different ribotypes, and 37 (5%) were defined as
new ribotypes, as their electrophoretic profiles dif-
fered from each other and did not match any in the
WEBRIBO database.

The most frequent PCR ribotype, 176, was found in
225 isolates (29%) in 17 hospitals. The second most
frequent, PCR ribotype 001, was identified in 184 iso-
lates (24%) in 14 hospitals. Other frequently found PCR
ribotypes were: 014 (n =70 (9%); 16 hospitals), 012 (n

=41 (5%); 12 hospitals), 020 (n =31 (4%); 14 hospitals),
017 (n = 30 (4%); 10 hospitals). The distribution of the
six most prevalent PCR ribotypes (581 isolates, 75%)
within the participating hospitals is shown in Figure 2.
Other less frequent ribotypes found were as follows,
with the number of isolates per ribotype shown in
parentheses: 002 (n=20), 005 (n=14), 081 (n=11),029
(n=10), 015 (n=10), 070 (n =9), 023 (n=8),078 (n=7),
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ic, 2014 (n= 774)

Ribotype

Other

mm 017
mm 020

012
mm 014

001

= -

003 (n = 6), 503 (n = 5), 449 (n = 5), 046 (n = 5), 018 (n
=5), 087 (n = 5), 049 (n = 5), 126 (n = 4), Al-75 (n = 4),
Al-9—1 (n = 4), 054 (n = 4), 446 (n = 3), Al-82/1 (n = 3),
053 (n = 2), 027 (n = 2), Al-60 (n = 2), 043 (n = 1), 236 (n
=1)and Al-12 (n = 1).

The Shannonindex, used to determine the diversity of
the ribotypes, varied from 0.54 to 2.56. The Shannon
index of all the C. difficile ribotypes in the study was
2.58, indicating a highly diverse set of C. difficile
isolates.

Further characterisation of C. difficile isolates
Genes for production of three C. difficile toxins (A, B
and binary) were detected in 246 (32%) of the isolates
belonging to the following PCR ribotypes: 176 (n = 225
(29%)), 023 (n =8 (1%)), 078 (n =7 (0.9%)), 126 (n =4
(0.5%)) and 027 (n = 2 (0.3%)). For the other 528 iso-
lates (68%), only genes for production of toxins A and
B were detected.

MLVA of five variable-number tandem repeat loci was
performed for the 225 isolates of ribotype 176 and 184
isolates of ribotype 001, and two minimum spanning
trees were generated.

In total, 27 clonal complexes comprising 190 isolates
(84%) were found in the minimum spanning tree of PCR
ribotype 176 isolates (Table 2). Foreach clonal complex,
the number of isolates/number of hospitals in which
they were found are shown in parentheses: CC1(52/10);
CC2(19/4); CC3(19/1); CC4 (11/3); CC5(10/3); CC6 (11/1);
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Figure 3

Minimum spanning tree of Clostridium difficile PCR ribotype 176 isolates from 17 of 18 hospitals participating in survey of incidence of C. difficile infection, Czech Republic, 2014
(n=225)
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Each hospital is represented by a different colour (see key). The numbers in the circles represent the number of C. difficile PCR ribotype 176 isolates. If the number is greater than one, it represents the
number of isolates with a sum of tandem repeat differences (STRD) = 0 (i.e. 100% identical in five variable-number tandem repeat loci). The numbers on the lines represent the STRD between isolates.
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Figure 4

Minimum spanning tree of Clostridium difficile PCR ribotype 001 isolates from 14 of 18 hospitals participating in survey of incidence of C. difficile infection, Czech Republic, 2014
(n=184)
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Each hospital is represented by a different colour (see key). The numbers in the circles represent the number of C. difficile PCR ribotype 001 isolates. If the number is greater than one, it represents the
number of isolates with a sum of tandem repeat differences (STRD) = 0 (i.e. 100% identical in five variable-number tandem repeat loci). The numbers on the lines represent the STRD between isolates.
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Table 1

Characteristics of hospitals participating in survey of the incidence of Clostridium difficile infection, Czech Republic, 2014

(n=18)

CDI incidence

- Testin Testing frequency Number of .
Hospital MUTEEr @) (E20 CIIDI t‘?srf'”g CDI cases frequencygper perg 10,(()100 ! isolates ~ Ribotype
beds P per 10,000 10,000 bed-days admissions (n=774) diversity
admissions
bed-days
A 913 T LFIA, ANAE 2.7 23.1 29.1 251.3 63 1.60
LFIA, TC,
B 1,001 S NAAT 8.9 53.0 52.5 312.1 49 2.1
LFIA, ANAE,
C 1,913 T NAAT 7.5 459 66.3 403.7 59 2.45
D 1,063 T LFIA, NAAT 1.5 11.8 18.3 139.7 28 2.26
LFIA, ANAE,
E 550 S NAAT 3.4 21.9 6.0 36.4 50 2.22
LFIA, ANAE,
F 1,368 T NAAT 3.5 31.4 55.6 494.2 28 2.31
G 305 SC LFIA, NAAT 6.2 45.6 711 519.4 15 1.96
H 342 S CLIA, ANAE 6.8 39.3 27.7 159.2 28 0.54
| 531 S LFIA, ANAE 5.6 29.8 25.8 137.2 39 0.78
J 950 S LFIA, ANAE 4.1 22.2 28.7 154.6 45 1.90
CLIA, ANAE,
K 247 S NAAT 34.7 201.2 116.3 673.5 17 1.43
CLIA, TC,
L 2,189 T NAAT 2.6 15.7 18.3 111.0 167 2.56
1,184 T LFIA, ANAE 2.5 14.9 17.8 106.6 29 1.47
LFIA, ANAE,
938 S NAAT 6.2 39.2 454 287.7 36 1.15
LFIA, ANAE,
0] 1,689 T NAAT 2.2 14.7 28.7 194.8 38 2.27
P 455 S CIA, ANAE 2.6 16.5 20.9 134.4 17 2.15
Q 664 S LFIA, ANAE 3.6 22.3 40.6 250.2 14 1.97
R 962 S LFIA, ANAE 55 31.2 42.0 238.6 52 0.87
Mean (SD) - - - 6.1(7.2)| 37.8(41.4) 39.5 (25.4) 255.8 (164.0) - -
3.9
. 26.5 28.9 216.7
Median (range)|  — - - (31457‘) (11.8-2012) | (6.0-116.3) (36.4-673.5) - -

ANAE: anaerobic culture on selective media; CDI: Clostridium difficile infection; CIA: chromatographic immunoassay (two separate tests for
GDH and toxins A/B); CLIA: chemiluminescent immunoassay (two separate tests for GDH and toxins A/B); GDH: glutamate dehydrogenase;
LFIA: lateral flow immunoassay (simultaneous tests to detect GDH and toxins A/B; NAAT: nucleic acid amplification test; S: secondary care
hospital; SC: specialised centre; SD: standard deviation; T: tertiary care hospital; TC: anaerobic culture on selective media followed by LFIA

(Hospital B) or NAAT (Hospital L).
a2 Calculated using the Shannon index [16].

CC7 (7/2); CC8(7/3); CC9(5/2); CC10(4/1); CC11(4/2);
CC12 (4/3); CC13 (4/1); CC14, 16 and 17 (3/1); CC15 and
18(3/2); CC19, 20, 23 and 27 (2/1); CC21, 22, 24, 25 and
26 (2/2) (Figure 3).

MLVA showed an STRD=3to<10in 33 isolates and an
STRD>10 in three isolates (Figure 3).

The minimum spanning tree of ribotype 001 isolates
revealed 14 clonal complexes of 141 isolates (76.6%)
(Table 3). The clonal complexes, with the number of
isolates/number of hospitals in which they were found
shown in parentheses, were as follows: CC1 (67/7);

CC2 (21/3); CC3 (11/1); CC4 (7/4); CC5, 6 (6/1); CCT7 (5/1);
CC8(5/5); CC9(3/2); CC10, 11,12 and 13(2/1); CC14 (2/2).
MLVA showed an STRD=3to<10in 32 isolates, and an
STRD> 10 in 15 isolates, including isolates from CC11
and CC13 (Figure 4).

Discussion

In 2008, three Czech tertiary care hospitals partici-
patedinthe European C. difficile infection study (ECDIS)
[1]. In 2012-13, 10 Czech hospitals (nine tertiary care,
three of which had participated in the 2008 study, and
one secondary care) took part in the European, multi-
centre, prospective, biannual, point-prevalence study
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Table 2

MLVA characteristics of Clostridium difficile PCRribotype 176isolates (n=225) from 17 of 18 hospitals participating in

survey of incidence of C. difficile infection, Czech Republic, 2014

Clonal complex number/

Number of ribotype

Number of

Presence of 100%

Presence of 100%

. Total number . - - number of ribotype 176 identical® ribotype identical® ribotype
EERE of isolates r'bics’ggtiys cltaglli(gr?qtelz;(gs isolates 176 isolates 176 isolates between
P in the clonal complex within a hospital hospitals
A 63 7 6 16/3; 17/3 Yes No
1/1; 2/3; 5/4; 9/1; .
B 49 16 13 22/1: 23/2: 26/1 Yes Yes (Hospitals L, 1)
C 59 4 1 1/1 No No
D 28 8 7 1/7 Yes Yes (Hospital L)
E 50 17 16 115; 711 Yes Yes (Hospital Q)
F 28 1 1/3; 8/2; 18/ No Yes (Hospital K)
G 15 3 1/1; 21/1; 24/1 No Yes (Hospital L)
H 28 0 0 - - -
1/5; 2/11; 5/4; 10/4; .
| 39 32 28 15/2: 19/2 Yes Yes (Hospitals L, O, B)
45 2 1 22/1 No No
K 17 9 5 4/1;12/2; 18/2 Yes Yes (Hospitals F, N)
1/13; 2/1; 3/19; 5/2; 8/3; .
L 167 50 46 9/4: 21/1: 25/1: 24/1- 26/1 Yes Yes (Hospitals B, D, G, 1)
M 29 14 13 6/11; 20/2 Yes No
N 36 26 23 419 116; 812 1215 134 Yes Yes (Hospital K)
0 38 13 12 1/5; 2/4; 4/1; 27/2 Yes Yes (Hospital 1)
P 17 3 2 1/1; 15/1 No No
Q 14 1/1;14/3 Yes Yes (Hospital E)
R 52 5 4 11/3; 12/1 No No
Total 774 225 190 - 11 hospitals 11 hospitals

MLVA: multilocus variable-number tandem repeat analysis.
2Sum of tandem repeat differences (STRD) = 0.

of CDl in hospitalised patients with diarrhoea (EUCLID)
[2]. Our current study, which involved 18 hospitals dis-
tributed across the Czech Republic (including seven
tertiary, 10 secondary and one specialised healthcare
facility) reflects better the CDI epidemiological situa-
tion in the country. Of these 18 hospitals, eight (seven
tertiary care and one secondary care) also participated
in EUCLID.

Inthe Czech Republic, itis mandatory to report cases
of CDI to EPI-DAT, the Czech reporting system for infec-
tious diseases, but CDI is reported as ‘other bacte-
rial intestinal infections’. Colonisation by C. difficile
is notmandatorily reportable. Anincreasingincidence
of other bacterial intestinal infections was observed,
from 26.4 per 100,000 habitants in 2005 to 64.3 per
100,000 habitants in 2014 [21]. As it is impossible to
determine which of these infections are CDlIs, however,
CDl incidence data among hospitalised patients can
only be derived from our study and the European stud-
ies mentioned above.

The results of our study showed a mean incidence of

CDI per hospital of 6.1 cases per 10,000 patient bed-
days and 37.8 cases per 10,000 admissions. Compared
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with incidence data for the Czech Republic in the 2008
European study [1], the incidence of CDI in the country
has dramatically increased. Our findings are similar to
those of EUCLID, which reported an incidence rate of
6.2 CDI cases per 10,000 patient bed-days in 2012—-13
for the Czech Republic [2].

Our study also showed that the mean reported testing
frequency was 39.5 tests per 10,000 patient bed-days,
which is 1.7 times less than the mean testing frequency
reported in EUCLID (65.8 tests per 10,000 patient bed-
days) and almost three times less than the mean test-
ing frequency reported for the United Kingdom (139
tests per 10,000 patient bed days) [2]. This indicates
that CDI in the Czech Republic is most likely under-
diagnosed and highlights the need for improvement
of clinical awareness and laboratory algorithms (by
adding a confirmatory test for GDH positive and toxin
A/B-negative stool samples from patients with clinical
symptoms of CDI).

It should be noted that considerable variation in CDI
incidence was seen between the 18 participating hos-
pitals. The highest incidence seen in Hospital K is
probably due to the fact that this hospital also had
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Table 3

MLVA characteristics of Clostridium difficile PCR ribotype 001 isolates (n=184) from 14 of 18 hospitals participatingin
survey of incidence of C. difficile infection, Czech Republic, 2014

Number of
ribotype 001
isolates

Number of ribotype
001 isolates in
clonal complexes

Total number
of isolates

Hospital

clonal complex

63 38 32

Clonal complex
number/
number of ribotype
001 isolates in the

Presence of 100%
identical® ribotype 001
isolates
within a hospital

Presence of 100%
identical® ribotype
001 isolates
between hospitals

Yes (Hospitals C, E,

A 1/19; 6/6; 7/5; 11/2 Yes H, R)

B 49 2 0 - No No

c 59 21 13 111; 2/1; 8/1 Yes ves (H‘,{/f,pg‘;"s AE,
D 28 1 4/1 No No

E 50 3 1/1; 4/1; 8/1 No AC

F 28 0 0 - - -

G 15 3 2 1/1; 8/1 No Yes (Hospital R)
H 28 24 21 1/4; 3/11; 4/4; 8/1; 9/1 Yes Yes (Hospital A)

| 39 0 0 - — —

J 45 24 21 2/19; 8/1; 14/1 Yes No

K 17 0 0 - — —

L 167 9 4 2/1;13/2; 141 Yes No

M 29 8 5 1/3; 12/2 Yes Yes (Hospitals C, R)
N 36 1 0 - - -

0 38 3 2 10/2 No No

P 17 0 0 - - -

Q 14 1 1 4/1 No No

R 52 41 36 1/28: 5/6: 9/2 Yes Yes (H‘(’fp,i}f;'s A C,
Total 774 184 141 - 7 hospitals 7 hospitals

MLVA: multiocus variable-number tandem repeat analysis.
2Sum of tandem repeat differences (STRD) = 0.

the highest testing frequency, as there were suffi-
cient local financial sources for extensive CDI testing.
The high incidence in this hospital had a considerable
impact on the SD of the mean incidence for all 18 hospi-
tals. Despite the high incidence, the number of isolates
submitted during the study was small. The sending of
strains was voluntary and this hospital was unable to
send a representative number of isolates.

All 18 participating hospitals used GDH testing, as a
recommended screening step [22]. A total of 14 used
a lateral flow immunoassay for a single GDH and toxin
A/B test as the first step of their testing algorithm;
the other four used these tests separately. The use of
two separate tests is more economical because testing
can be stopped when samples are GDH negative, as a
GDH-negative result has a high predictive value for the
absence of CDI[23].

Ofthe 18 hospitals, eight did not confirm toxin produc-
tion in GDH-positive and toxin A/B-negative stool sam-
ples, although they performed anaerobic culture; thus
their testing algorithm were suboptimal. Diagnostic
uncertainty of diarrhoeal patients with a positive GDH

test and negative toxin A/B tests because of a lack of
a confirmatory test may have also contributed to the
spread of CDI in the Czech Repubilic.

It is clear that CDI diagnostic testing in the Czech
Republic is very variable. A web-questionnaire, com-
pleted by 61 laboratories in 2014 showed that 21% (n
= 13) used only GDH and toxin A/B test, and 8% (n = 5)
used toxin A/B test as a screening test[24].

Ribotyping of C. difficile isolates in our study revealed
the presence of PCR ribotype 176 in 29% and PCR
ribotype 001 in 24% of isolates. The frequent occur-
rence of PCR ribotype 176 simultaneously with PCR
ribotype 027 was reported in Poland in 2008-13
[10,11]. In 2013, the first sporadic case of an imported
infection caused by PCR ribotype 027 was found in the
Czech Republic [25]. In the study presented here, we
diagnosed two new CDI cases due to PCR ribotype 027
infection: one was a man in his 30s, the other a man in
his 70s.

Whereas PCRribotype 176 has been only reported from
two countries (Czech Republic and Poland) [10,11,25],

www.eurosurveillance.org

92


http://www.eurosurveillance.org/

which neighbour each other, PCR ribotype 001 has
been problematic for a long time in many European
countries [1,2,26]. It has dominated, as in Slovakia in
2012 [27], or has occurred together with PCR ribotype
027, as reported from Germany (Hesse region) in
2011-13 [28], the north-east of England in July 2009 to
December 2010 [29] and Scotland in November 2007 to
December 2009 [30]. It has also occurred together with
other PCR ribotypes, such as 014/020 and 126/078, in
a single-day study in Spain [31].

MLVA of the two predominant ribotypes identi-
fied in our study revealed close genetic relatedness
between isolates of each ribotype. The occurrence of
100%-identical (STRD = 0) PCR ribotype 176 isolates
in 11 hospitals and PCR ribotype 001 isolates in seven
hospitals, suggests clonal clusters within and between
healthcare facilities, probably due to ineffective hospi-
tal infection control measures and transfer of patients
between healthcare facilities who were in fact CDI
cases but had not been diagnosed. This is supported
by the observation of clonal complexes in tertiary and
secondary hospitals in the same region. The question
remains as to which specific molecular characteristics
of PCRribotypes 176 and 001 allow them to spread rap-
idly within healthcare facilities in contrast to the other
less frequent PCR ribotypes identified in the study.

Antibiotic susceptibility testing of C. difficile isolates
was not performed in this study but multiresistance
of PCR ribotype 176 isolates [32,33], as well as PCR
ribotype 001 isolates, has been reported [26,34]. The
results ofarecently published European study on anti-
biotic resistance among prevalent C. difficile ribotypes
showed the Czech Republic as a country with a high
cumulative resistance score (4-5), calculated based on
susceptibility to nine antimicrobials tested [26].

An important limitation of our study is the lack of clini-
cal patient data. The Czech national reference centre
for healthcare-associated infections is currently organ-
ising the implementation of CDI surveillance based on
the recent CDI surveillance protocol from the European
Centre for Disease Prevention and Control [35]. The
first national CDI incidence data, including clinical data
on CDI patients and data on antibiotic susceptibility to
metronidazole, vancomycin and moxifloxacin of C. dif-
ficile isolates, should be available in 2016 (CDI surveil-
lance started in April 2016 in the Czech Republic).

Conclusion

The results of our study showed an unfavourable CDI
epidemiological situation in the Czech Republic in 2014
caused by the occurrence of epidemic PCR ribotypes
176 and 001. The absence of national surveillance at
that time, the low frequency of testing and variabil-
ity in testing algorithms probably contributed to the
spread of these PCR ribotypes.

A Czech standardised CDI testing protocol and the
implementation of CDI surveillance in a large number

www.eurosurveillance.org

of hospitals is urgently needed for monitoring, man-
agementandreduction oftheseinfectionsinthe Czech
Repubilic.
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Priloha 5

Krutova M, Nyc O, Matejkova J, Allerberger F, Wilcox MH, Kuijper EJ. Molecular
characterisation of Czech Clostridium difficile isolates collected in 2013-2015. Int J Med
Microbiol. 2016;306(7):479-485.

V ¢lanku jsou popsany vysledky typizace 2201 ceskych izolatd C. difficile pomoci PCR-
ribotypizace a multiplexové PCR reakce na prikaz genti pro produkci toxint (A, B, binarni).
Vybrané izolaty rtiznych ribotypizaénich profili byly nasledné typovany pomoci multilokusové

sekvenacni analyzy.
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Clostridium difficile is a leading nosocomial pathogen and molecular typing is a crucial part of monitoring
its occurrence and spread. Over a three-year period (2013-2015), clinical C. difficile isolates from 32 Czech
hospitals were collected for molecular characterisation. Of 2201 C. difficile isolates, 177 (8%) were non-
toxigenic, 2024 (92%) were toxigenic (tcdA and tcdB) and of these, 677 (33.5%) carried genes for binary
toxin production (cdtA, cdtB). Capillary-electrophoresis (CE) ribotyping of the 2201 isolates yielded 166
different CE-ribotyping profiles, of which 53 were represented by at least two isolates for each profile. Of

Keywords:

Clostridium difficile

Capillary electrophoresis ribotyping
Molecular typing

these, 29 CE-ribotyping patterns were common to the Leeds-Leiden C. difficile reference strain library and
the WEBRIBO database (83.7% isolates), and 24 patterns were recognized only by the WEBRIBO database
Toxin genes (11.2% isolates). Isolates belonging to these 53 CE-ribotyping profiles comprised 94.9% of all isolates. The
MLST ten most frequent CE-ribotyping profiles were 176 (n =588, 26.7%), 001 (n=456, 20.7%), 014 (n=176,
tedC 8%), 012 (n=127, 5.8%), 017 (n =85, 3.9%), 020 (n =68, 3.1%), 596 (n =55, 2.5%), 002-like (n =45, 2.1%), 010
(n =35, 1.6%) and 078 (n = 34, 1.6%). Multi-locus sequence typing (MLST) of seven housekeeping genes
performed in one isolate of each of 53 different CE-ribotyping profiles revealed 40 different sequence
types (STs). We conclude that molecular characterisation of Czech C. difficile isolates revealed a high
diversity of CE-ribotyping profiles; the prevailing RTs were 001 (20.7%) and 176 (027-like, 26.7%).

© 2016 Elsevier GmbH. All rights reserved.

1. Introduction

Clostridium difficile is a major causative agent of hospital-
acquired diarrhoea. Molecular typing of clinically significant C.
difficile isolates is a crucial tool for surveillance and spread con-
trol of C. difficile infections (CDI). The typing approaches are
focused on conserved parts, repetitive regions or entire genomes
(Knetsch et al., 2013). They include PCR-ribotyping (Bidet et al.,
1999; Stubbs et al., 1999; Indra et al., 2008; Fawley et al., 2015),
multi-locus sequence typing (MLST) (Griffiths et al., 2010), tox-
inotyping (Rupnik, 2010), multi-locus variable tandem-repeats
analysis (MLVA) (van den Berg et al., 2007) and whole-genome
sequencing (Eyre et al., 2013).

* Corresponding author at: Department of Medical Microbiology, 2nd Faculty of
Medicine, Charles University in Prague and University Hospital in Motol, V Uvalu
84,150 06 Prague 5, Czech Republic.

E-mail address: marcela.krutova@seznam.cz (M. Krutova).

http:/ / dx.doi.org/10.1016/.ijmm.2016.07.003
1438-4221/© 2016 Elsevier GmbH. All rights reserved.

The Czech Republic participated in the European Clostridium dif-
ficile infection surveillance Network (ECDIS-net), a European Centre
for Disease Prevention and Control (ECDC) supported project that
started in 2011 and focused on building laboratory capacity for pan-
European Clostridium difficile infection (CDI) surveillance. In
relation to this project, the department of Medical Microbiology
of Motol University Hospital introduced CE-ribotyping, and 2201
Czech C. difficile isolates were sent from 32 hospitals for molecular
typing over a three-year period (2013-2015).

The aim of this study was to use molecular methods to char-
acterise C. difficile isolates circulating in the Czech Republic from
2013 to 2015.

2. Material and methods
2.1. C. difficile strain collection

Microbiology laboratories in 32 Czech healthcare facilities (7
tertiary care hospitals, 24 secondary care hospitals and 1 special-
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ized care hospital), covering 39% of the hospital beds in the Czech
Republic, were invited to cooperate voluntarily in this three-year
project (2013-2015). Information about the participating hospitals,
CDI testing algorithm used, and the number of submitted isolates
is shown in the Supplementary material: Characterisation of hos-
pitals in the study. C. difficile isolates were cultured from stool
samples taken from hospitalised patients of all ages suspected of
CD], including community-acquired and hospital-acquired CDI. The
number of isolates sent for molecular characterisation from each
hospital was not strictly determined. A total of 2201 C. difficile
isolates was received or cultured at the department of Medical
Microbiology of Motol University Hospital and characterised by
molecular methods.

2.2. Molecular characterisation of C. difficile strain collection

2.2.1. Ribotyping (ECDIS-net protocol)

Amplification of 16S-23S intergenic spacer regions was per-
formed using the ECDIS-net protocol, using primers described by
Stubbs et al. (Stubbs et al., 1999). Capillary electrophoresis was per-
formed using an ABI 3130 Genetic Analyser (Applied Biosystems),
a 36 cm array length, default fragment analysis, POP7 polymer and
LIZ1200 (Applied Biosystems) as a size standard. The ribotypes
were determined using the freely available WEBRIBO database
(https:/ /webribo.ages.at/) (Indra et al., 2008) after Gene Mapper®
v4.0 (Applied Biosystems) software processing. Subsequently, the
CE-ribotyping profiles obtained were also compared with the
Leeds-Leiden C. difficile reference strain set of CE-ribotyping pro-
files (n = 70) generated using Gene Mapper® v4.0 software (Applied
Biosystems) from *fsa files used at the first stage of the CE-
ribotyping validation study (Fawley et al., 2015).

2.2.2. Presence of genes for toxin production

The presence of genes (tcdA, tcdB, cdtA and cdtB) for toxin pro-
duction (A, B and binary) was investigated in all isolates (n = 2201)
by a multiplex PCR (Persson et al.,, 2008, 2009), including a
Leeds-Leiden reference strain (RT 027) as a positive control. The
tcdA-negative strains (due to their 3 -end deletion) could not be
identified because the location of the primers is upstream from the
repetitiveregion. Thesestrainsrevealed positivetcdA fragmentPCR
amplification (Persson et al., 2008, 2009).

2.3. Molecular characterisation of 53 selected CE-ribotyping
profile C. difficile isolates

2.3.1. Ribotyping (new consensus protocol)

Selected isolates of 53 CE-ribotyping profiles were reinvesti-
gated according to therecently published consensus CE-ribotyping
protocol (Fawley et al., 2015), which applies primers described by
Bidet et al. (Bidet et al., 1999). We carried out a cluster analysis
of these CE-ribotyping profiles using the Unweighted Pair Group
Method, with Arithmetic Mean (UPGMA) distance analysis based
onthepresenceof CE-ribotypingpeaksof defined molecularweight
(Bionumericsv7.1-Applied Maths; the UPGMA figureisin the Sup-
plementary material).

2.3.2. MLST

The MLST was performed by amplification and sequencing of
seven housekeeping genes: adkl, atpAl, dxr3, glyAl, recA2, sodA5
and tpi2 (Griffiths et al.,, 2010). The sequences obtained were
uploaded to the MLST database (http://pubmlst.org/cdifficile) to
determine the appropriate alleles of the genes. The sequence
type was determined by the combination of identified alleles. A
maximum-likelihood tree was generated from the alignment of
concatenated DNA sequences of seven housekeeping loci using

the MEGAD software available at http:/ /www.megasoftware.net/
(Tamura et al., 2011).

2.3.3. Presence of deletions in the tcdC gene

The tcdC gene was amplified with primers C1 and C2 (Spigaglia
and Mastrantonio, 2002) and sequenced in a reverse direction.
The sequences obtained were compared with the NCBI reference
sequence Peptoclostridium difficile 630, NC 009089.1.

3. Results

A total of 2201C. difficile isolates was collected from 32 hospitals
from 2013 to 2015. The geographical distribution of participating
hospitalsand thenumber of C. difficile isolates available for molecu-
lar characterizationis shownin Fig. 1. The mean age of patients was
65.7 years (range 30 days - 97 years). Of 2201 isolates, 82 (3.7%),
103 (4.7%), 509 (23.1%) and 1507 (68.5%) were from patients aged
<2, 3-18, 19-64 and =65 years, respectively.

3.1. Ribotyping and the presence of toxin genes

Of 2201C. difficile isolates, CE-ribotyping revealed 53 profiles in
2088 isolates (94.9%) when at least two isolates per profile were
identified. Of the 53 CE-ribotyping profiles, 29 were recognized
both by the Leeds-Leiden reference set and the WEBRIBO database
and comprised 1841 (83.7%) of all isolates (n = 2201). The remaining
24 CE-ribotyping profiles (247, 11.2%, of all isolates) were only iden-
tified by the WEBRIBO database and were designated as WEBRIBO
types (WRTs). The remaining 113 (5.1%) isolates yielded unique sin-
gle profiles. An overview of the RTs and WRTs identified is shown
in Table 1. The highest diversity was found among 1507 isolates
derived from patients of age »65 years, from whom 28 RTs, 24
WRTs and 58 single profiles were identified. In the 19-64 years
age group, 509 isolates yielded 27 RTs, 17 WRTs and 38 single pro-
files; in the 3-18 years group, 103 isolates showed 24 RTs, 9 WRTs
and 12 single profiles, and in the two years and younger group 11
RTs, 4 WRTs and 5 single profiles were found for 82 isolates.

Of 2201C. difficile isolates, 2024 (92%) were toxigenic (tcdA and
tcdB) and of these, 677 (33.5%) isolates carried genes for binary
toxin production (cdtA, cdtB) and the remaining 177 (8%) isolates
were non-toxigenic. The highest ratio of non-toxigenic to toxigenic
isolates (64:18) was found for the group of patients two years old
and younger. By comparison, the non-toxigenic to toxigenic isolate
ratio was 27:76 for patients of age 3-18 years, 33:476 for those of
age 19-64 years, and 53: 1454 for those 65 years.

The most frequently identified toxigenic CE-ribotyping profiles
were RTs 176 (n=588, 29.1%), 001 (n=456, 22.5%), 014 (n=176,
8.7%),012 (n=127, 6.3%), 017 (n=85, 4.2%), 020 (n=68, 3.4%), 078
(n=34, 1.7%), 005 (n=30, 1.5%) and WRT 002-like (n=45, 2.2%).
The distribution of predominant RTs 001 and 176 differs distinctly
within age groups of patients. Whereas in the group of patients two
years old and younger was the presence of these RTs rare (1.2% of
RT 001 only), in group of patients 3-18 years was 11.7% (10.7%, 1%),
in group of patients 19-64 years was 35.5% (14.7%, 20.8%) and in
the group of patients 5 years was 56.4% (24.5%, 31.9%).

The most frequent non-toxigenic CE-profiles were WRT 596
(n=>55,31.1%) and RT 010 (n=35, 19.8%). WRT 596 was identified
in isolates derived from all patient age groups, but the majority
(39/55) were detected in isolates from paediatric patients agedk 2
years. The presence of the 11 most common CE-ribotyping pro-
files in individual hospitals is shown in Fig. 1, and its distribution
according to patient age in Fig.2.

Of the 53 CE-ribotyping profiles, one isolate from each profile
was reinvestigated by the new consensus CE-ribotyping protocol
(Fawley et al., 2015). Of these, four CE-ribotyping profiles showed
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Fig. 1. Distribution of participating hospitals in the study. Pie charts show the most common CE-ribotyping profiles identified per hospital. The numbers in the centre
represent number of C. difficile isolates sent for molecular characterisation.
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achange in their CE-ribotyping profile due to an additional ampli-
fication of the 326 bp fragment. WRT 203 changed to WRT 209
and RT 002 to WRT 002-like, whereas WRT AI-60 and WRT AI-75
retained the same designation in the WEBRIBO database. The addi-
tional amplification of a 326 bp fragment, observed in RT 002, was

Age3-18

Age 65+

Fig. 2. Distribution of commonest CE-ribotyping profiles depending on the age of patients.
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481

not noticed in the Leeds-Leiden reference RT 002 strain, suggesting

that only a local Czech RT 002 variant showed this difference.
The UPGMA analysis of CE-ribotyping profiles and the CE-

ribotyping profiles together with their band sizes are shown in
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Table 1
Distribution of toxigenic and non-toxigenic ribotypes (bold) and WEBRIBO types of Czech C. difficile isolates as identified by Leeds-Leiden database and WEBRIBO database
in a Czech C. difficile collection.

CE-ribotyping profile Presence of toxin genes® ST (clade) Number of Isolates (%) Number of hospitals Number of isolates in age groups (%)

<2 >2- <18 >18- < 64 =65
176 A, B, Bin 1°(2) 588 (26.7) 30 0 1(0.1) 106 (4.8) 481 (21.9)
001 AB 3b(1) 456 (20.7) 30 1(0.1) 11 (0.5) 75 (3.4) 369 (16.8)
014 AB 2b(1) 176 (8.0) 26 5(0.2) 10 (0.5) 51 (2.3) 110 (5.0)
012 AB 54P(1) 127 (5.8) 14 1(0.1) 2(0.1) 44 (2.0) 80 (3.6)
017 AB 37°(4) 85 (3.9) 18 0 1(0.1) 15 (0.7) 69 (3.1)
020 AB 110 (1) 68 (3.1) 21 5(0.2) 6 (0.3) 21 (1.0) 36 (1.6)
596 non-toxigenic 48 (1) 55 (2.5) 8 39 (1.8) 4 (0.2) 3(0.1) 9(0.4)
002-like AB 8 (1) 45 (2.1) 16 1(0.1) 1(0.1) 14 (0.6) 29 (1.3)
010 non-toxigenic 15°(1) 35 (1.6) 13 3(0.1) 7 (0.3) 10 (0.5) 15 (0.7)
078 A, B, Bin 115(5) 34 (1.6) 15 0 2(0.1) 18 (0.8) 14 (0.7)
005 AB 6° (1) 30 (1.4) 14 0 5(0.2) 14 (0.7) 11 (0.5)
029 A, B 16° (1) 27 (1.2) 13 0 4(0.2) 7 (0.3) 16 (0.7)
070 AB 55° (1) 26 (1.2) 14 1(0.1) 3(0.1) 5(0.2) 17 (0.8)
023 A, B, Bin 5 (3) 26 (1.2) 14 0 4 (0.2) 7 (0.3) 15 (0.7)
015-like A'B 44 (1) 25 (1.1) 8 0 2(0.1) 7 (0.3) 16 (0.7)
081 A'B 9° (1) 23 (1.0) 11 0 1(0.1) 3(0.1) 19 (0.9)
449 A,B 2 (1) 21 (1.0) 14 1(0.1) 1(0.1) 8 (0.4) 11 (0.5)
039 non-toxigenic 26 (1) 21 (1.0) 6 8 (0.4) 5(0.2) 2(0.1) 6 (0.3)
011 A'B 325 (1) 20 (0.9) 11 0 1(0.1) 8 (0.4) 11 (0.5)
003 A'B 12° (1) 15 (0.7) 6 0 1(0.1) 4 (0.2) 10 (0.5)
018 A'B 17° (1) 15 (0.7) 8 0 5(0.2) 3(0.1) 7 (0.3)
Al-61 non-toxigenic 27 (1) 14 (0.6) 5 8 (0.4) 2(0.1) 2(0.1) 2(0.1)
087 A'B 46° (1) 10 (0.5) 8 0 1(0.1) 4 (0.2) 5(0.2)
046 AB 35 (1) 10 (0.5) 4 1(0.1) 1(0.1) 6 (0.3) 2(0.1)
126 A, B, Bin 11° (5) 9 (4.5) 6 0 1(0.1) 3 (0.1) 5(0.2)
498 A'B 170 (4) 9 (0.4) 4 0 0 2(0.1) 7 (0.3)
AI-75 A'B 8 (1) 8 (0.4) 6 0 0 4 (0.2) 4(0.2)
009 non-toxigenic 3 (1) 8 (0.4) 5 1(0.1) 1(0.1) 2(0.1) 4(0.2)
031 non-toxigenic 29° (1) 7 (0.3) 4 1(0.1) 1(0.1) 2(0.1) 3 (0.1)
AI-21 A,B 44 (1) 7 (0.3) 6 0 1(0.1) 4(0.2) 2(0.1)
220 A'B 35 (1) 7 (0.3) 3 0 1(0.1) 2(0.1) 4(0.2)
446 A'B 58 (1) 6 (0.3) 4 0 1(0.1) 1(0.2) 4(0.2)
AI-9-1 (013) A,B 45 (1) 6 (0.3) 6 0 0 1(0.1) 5(0.2)
AI-12 (150) A,B 92 (1) 6 (0.3) 4 0 0 1(0.1) 5(0.2)
054 A,B 43° (1) 5(0.2) 4 0 0 2(0.1) 3(0.1)
027 A, B, Bin 1t (2) 5(0.2) 4 0 0 1(0.1) 4(0.2)
AI-82/1 (103) A'B 53 (1) 5(0.2) 4 0 0 1(0.1) 4(0.2)
203/209 A'B 8 (1) 5(0.2) 3 0 1(0.1) 1(0.1) 3(0.1)
076 A'B 20 (1) 4 (0.2) 3 0 0 0 4(0.2)
051 non-toxigenic 101 (1) 4(0.2) 2 0 2(0.1) 1(0.1) 1(0.1)
500 A'B 42 (1) 4 (0.2) 3 0 0 1(0.1) 3(0.1)
026 A'B 7° (1) 3 (0.1) 3 1(0.1) 1(0.1) 1(0.1) 0
236 A,B 33 (1) 3(0.1) 3 0 0 2 (0.1) 1(0.1)
404 A,B 13 (1) 3(0.1) 3 0 0 0 3(0.1)
434 A'B 91 (1) 3 (0.1) 1 0 0 0 3(0.1)
555 A, B 286 (1) 3 (0.1) 3 0 0 0 3(0.1)
AI-60 (097) A'B 21 (1) 3 (0.1) 3 0 0 1(0.1) 2(0.1)
413 A, B, Bin 11 (5) 3 (0.1) 2 0 0 0 3(0.1)
043 A'B 103° (1) 2(0.1) 1 0 0 0 2(0.1)
053 A'B 63° (1) 2(0.1) 1 0 0 1(0.1) 1(0.1)
212 AB 2 (1) 2(0.1) 2 0 0 0 2(0.1)
416 AB 6 (1) 2(0.1) 2 0 0 0 2(0.1)
438 A, B, Bin 5(3) 2(0.1) 1 0 0 0 2(0.1)

(ST: sequence type; tcdA/B: genes for toxin A/B production; cdtA/B: genes for binary toxin production; tcdC: toxin gene expression negative regulator).
MLST and tcdC sequencing were performed in representative isolates of each CE-ribotyping profile (n = 53). Knetsch et al. identified STs-RTs are marked with b.

@ Primers used to amplify tcdA are located upstream of the repetitive region in the 3 -end. The TcdA-negative strains due to 3 -end deletion revealed positive PCR
amplification (Persson et al., 2008, 2009).

the Supplementary material (UPGMA, Supplementary material - Table 2
Molecular data on Czech C. difficile strain collection). Ribotypes and WEBRIBO types (italics) revealing identical sequence type.
ST Ribotype Clade
1 027,176 2
3.2. MLST and the presence of deletions in the tcdC gene 2 014, 076, 212, 449 1
3 001, 009 1
Theapplication of the MLST of seven housekeeping genesiniso- 5 023, 438 3
lates from 53 ribotypes revealed 40 different STs clustering to 5 : 22;)'.:1(1:203/209 Al-75 }
clades (Table 1, Fig. 3). The isolates revealing similar ST but differ- 11 078, 126, 413 5
ent RT or WRT arelisted in Table 2. Clade 1 was heterogeneous and 35 046, 220 1
consisted of 44 CE-ribotyping profiles, 25 RTs and 19 WRTs, 37 tox- 44 015-like, AlI-21 1

igenic (tcdA+, tcdB+) and 7 non-toxigenic. Clade 2 included only
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Fig. 3. Maximum likelihood tree generated using alignment of concatenated DNA
sequences of seven housekeeping loci (ribotype or WEBRIBO type-sequence type).

two RTs, both of ST1: RTs 027 and 176. Clade 3 contained two iso-
lates with anidentical ST5: RT 023 and WRT 438. Clade 4 consisted
of two isolates belonging to RT 017 (ST37) and WRT 498 (ST170).
In Clade 5, three isolates of ST11 (RTs 078 and 126, WRT 413) were
recognized.

RTs 027 and 176 had the one base pair deletion at nucleotide
position 117, and the 18 bp deletion in the tcdC gene. RT 023 and
WRT 438 had the 54 bp deletion in the tcdC gene. RTs 078, 126
and WRT 413 showed the 39 bp deletion in the tcdC gene. The iso-
lates harbouring 54 bp and 39 bp deletions (except for WRT 413)
revealed a nonsense mutation C184T. All isolates belonged to RT
023, 027, 126, 176 and WRTs 413 and 438 were also binary toxin
gene positive.

4. Discussion

During a three-year period (2013-2015) a total of 32 hospitals
voluntarily participated in this project, but only 11 hospitals sent
isolates for molecular characterisation in each year of the study.
Eight percent of C. difficile isolates were non-toxigenic although
they were cultured from patients suspected of CDI. These iso-
lates were sent from hospitals with a suboptimal CDI diagnostic
algorithm, whichmeans theabsence of aconfirmatory testfor GDH-
tested positive only samples (Debast et al., 2014), or they were
cultured in our laboratory, where all cultured C. difficile isolates
are ribotyped and tested for the presence of genes for toxin pro-
duction. In our study, 12 hospitals did not confirm the production
of toxins by C. difficile isolates cultured from GDH-tested positive
only stool samples. Additionally, onelaboratory did not test for the
presence of toxins in stool samples because they use the nucleic
acid amplification technique (NAAT) as the first diagnostic step.

CE-ribotyping of 2201 Czech isolates revealed 166 different CE-
ribotyping profiles. Of these, 113 CE-ribotyping profiles (5.1%) were
represented by only a single isolate, and its clinical and/ or epidemi-

ological significance is unclear. Fifty-three different CE-ribotyping
profiles contained at least two isolates per profile. Of the 53 CE-
ribotyping profiles, 29 profiles comprising 83.7% of all isolates were
recognized identically by two large, frequently used databases. The
spectrum of the most frequently found toxigenic RTs found in our
study is similar to the most frequently found toxigenic RTs in the
European hospital-based survey (Bauer et al., 2011). The exception
is RT 176, with its specifically geographic-epidemiological occur-
rence in the Czech Republic (Krutova et al.,, 2014b) and Poland
(Pituch et al., 2015). RT 176 belongs to the RT 027 “family” (Valiente
etal., 2012). Data on CDI patients infected by RT 176 outcomes have
recently been published in two single-centre studies, including 30
and 111 patients, respectively. The results showed a higher rate of
severe CDI (11/7 and 13/3) and mortality (5/2 and 16/8) in patients
infected by RT 176 compared with patients infected by non-176
ribotypes (Drabek et al., 2015; Polivkova et al., 2016). While RT 027
is distributed worldwide (He et al., 2013), its occurrence is rare
to date in the Czech Republic (Krutova et al., 2014b). We identi- fied
only five isolates in four different hospitals over three years;
however, hospitals from border areas with Germany and Poland
(Fig. 1) did not participate in this study, and both countries have
high prevalence rates of RT 027 (Arvand et al.,, 2014; Pituch et al.,
2015). The second most common CE-ribotyping profile was RT 001
(n = 456). In contrast with RT 176, RT 001 is frequently found in
many European countries (Bauer et al.,, 2011; Wiuff et al., 2011;
Arvand et al., 2014; Taori et al., 2014; Nyc et al., 2015; Freeman
et al., 2015). In our study, the simultaneous presence of ribotypes
001 and 176 was detected in 28 of the 32 hospitals.

Of 53 CE-ribotyping profiles, 24 were recognized only by the
WEBRIBO database and these isolates comprised 11.2% (n = 247) of
our collection. The occurrence of several WRTs identified in our
study (209, 220, 404, 416, 438, 500, 555, AI-12, AI-20, AI-21, Al-
75, AI-9-1) has been reported as human clinical isolates (Novak
et al,, 2015; Indra et al., 2015; Fang et al., 2014; Rafila et al., 2014;
Hell et al., 2011; Indra et al., 2008) or as animal isolates WRTSs 203,
209, 413, 446, 596, Al-12, AI-60, AI-8/1, AI-9-1 (Janezic et al., 2014;
Schneeberg et al., 2013; Indra et al., 2009; Goldova et al., 2012;
Indra et al., 2008). Four of these WRTs (AI-82/1, AI-9-1, AI-60, Al-
12) have recently been identified in the UK Ribotyping Reference
Laboratory (Leeds, UK) as RTs 103, 013, 097 and 150 respectively
(Janezic et al., 2014).

WRTs AI-82/1, AI-9-1 and AI-60 showed the same ST as was
published by Dingle et al. in RTS 103, 013 and 097 (Dingle et al.,
2011). WRTs 015 and 002 were assigned as WRTs 015-like and 002-
like due to slight changes in their CE-ribotyping profiles; however,
the ST of WRT 002-like (ST8) was identical to that of RT 002 in the
studies of Knetsch etal. and Dingleetal. (Knetschetal., 2012; Dingle
et al., 2011). The ST of WRT 015-like (5T44) corresponds with the
findings of Dingle et al., who identified two STs in RT 015 isolates:
ST44-tcdC wild type and ST10, similarly to Knetsch et al. (Knetsch
et al., 2012), with the presence of 18 bp deletion in the tcdC gene
(Dingle et al., 2011).

The distribution of isolates depending on the age of the patients
revealed the highest ratio of non-toxigenic to toxigenic ribotypes
(64:18) and low presence and absence of two predominant toxi-
genic RTs 001 (1.2%) and 176 (0%) in patients two years old and
younger. In other age groups (3-18 years, 19-64 years and- 65
years), the non-toxigenic and toxigenic isolates ratio decreases
(27:76, 33:476 and 53: 1454), while the occurrence of RTs 001 and
176 increases (11.7%, 35.5%, to 56.4%), respectively. The predomi-
nant occurrence of RTs 001 and 027 in older population was also
found in the study of authors von Miiller et al., where RT 027 was
not presentand RT 001 was present in 9.6% in the group of patients
0-17 years and these ratios increased to 30.7 % for RT 027 and 38.6 %
for RT 001 in the oldest group of patients (>85 years), (von Miiller
et al.,, 2015).
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The application of the new CE-ribotyping protocol (Fawley
et al., 2015) changed the CE-ribotyping profile in 7.5% of profiles
(n=4) with a subsequent change of identification by the WEBRIBO
database in two profiles. The WEBRIBO database provides a broad
spectrum of available CE-ribotyping profiles, but the raw data
are obtained by different protocols (primer design, polymer type)
and some of the CE-ribotyping profiles are designated only by a
WEBRIBO number or by a combination of letter and number. This
stresses the importance of the use of a standardized protocol and
also the standardisation of an appropriate dataset of reference C.
difficile strains uploaded to the WEBRIBO database.

TheMLST of sevenhousekeeping genes of 53 ribotypesrevealed
40 different STs clustering to 5 clades. Although the MLST was per-
formed only in one isolate of each identified CE-ribotyping profile,
we found the correlation with STs identified in ribotypes repre-
sented in the Leeds-Leiden C. difficile reference strain collection
published by Knetsch etal. (Table 1, marked with b) (Knetsch etal.,
2012). The most heterogeneous was MLST clade 1, which included
44 CE-ribotyping profiles of 53 CE-ribotyping profiles. MLST clade
1 heterogeneity was also observed in the study by Stabler et al.,
who found that this clade contained 106 STs of the 141 studied
STs (Stabler et al., 2012). Knetsch et al. typed 35 STs out of 56 as
belonging to clade 1 (Knetsch et al., 2012), whereas Griffiths etal.
concluded that 31 STs out of 40 belonged to clade 1 (Griffiths etal.,
2010). Similarly, Dingle et al. found 60 STs out of 69 belonging to
clade 1 (Dingle et al., 2011).

Severalisolates belonging to a different RT or WTR revealed the
same ST (clade) and the specific deletion in tcdC gene that sug-
gests their phylogeneticrelationship. RTs 027 and 176 revealed ST1
(clade 2), as was published by Knetsch et al. (Knetsch et al., 2012),
as well as the presence of one base pair deletion at nucleotide posi-
tion 117, which is a target site for commercial molecular systems
(Krutova et al., 2014a; Mentula et al., 2015), and 18bp deletions in
the tcdC gene. RT 023 and WRT 438 revealed ST5 (clade 3) and had
54bp deletions in the tcdC gene. RTs 078, 126 and WRT 413 showed
ST11 and 39bp deletions in the tcdC gene. Isolates harbouring 54bp
and 39bp deletions (except WRT413) as previously described above
revealed anonsense mutation C184T (Spigaglia and Mastrantonio,
2002; Curry et al.,, 2007). All these isolates (RT 023, 027, 126, 176
and WRTs 413 and 438) revealed the presence of binary toxin genes,
another important C. difficile virulence factor (Gerding et al., 2014).

The Czech Republic is a country with increasing CDI inci-
dence (1.1 cases per 10,000 patient bed-days in 2008-4.4 cases

in 2011-2012 and 6.2 cases per 10,000 patient bed-days in
2012-2013) (Bauer et al., 2011; Davies et al., 2014) and relatively
high rates of antibiotic resistant C. difficile strains (Freeman et al.,
2015). Implementation of CDI surveillance based on the recently
released CDI surveillance protocol Control (ECDC, 2015) in the
Czech Republicwouldfill the gap in Czech CDI epidemiology with
national CDIlincidencedata,includingclinical caseinformationand
C. difficile isolate antibiotic susceptibility results.

5. Conclusion

The molecular characterisation of 2201 Czech clinical C. diffi-
cile isolates revealed 53 different CE-ribotyping profiles and 40
multi-locus sequence types. Of 2201C. difficile isolates, 2024 were
toxigenic (tcdA and tcdB), and of these, 677 isolates carried genes
for binary toxin production (cdtA, cdtB). The results of molecular
characterisation showed a high diversity of C. difficile strains circu-
lating in the Czech Republic with prevailing representation of RTs
001 and 176 (027-like).

CE-ribotyping applied on a Czech C. difficile isolate collection
demonstrates its high discrimination capability and the results
highlight the need to use a standardised protocol as well as a

standardised CE-ribotyping profile library to gain inter-laboratory
comparable data on clinically and/or epidemiologically significant
C. difficile isolates.
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Priloha 6

Krutova M, Nyc O, Matejkova J, Kuijper E, Jalava J, Mentula S. The recognition and
characterisation of Finnish Clostridium difficile isolates resembling PCR-ribotype 027.

Ptijato k publikaci v Journal of Microbiology, Immunology and Infection dne 14.3.

2017.

Ve spolupraci s National Institute for Health and Welfare, Finland, Helsinki jsme provedli
detailni analyzu 28 finskych izolath C. difficile, které byly vybrany z finské narodni sbirky pro
svoji genetickou podobnost s epidemickym ribotypem 027 (pfitomnost gend pro bindrni toxin
a 18bp delece v regulacnim genu tcdC). Mezi 28 izolaty jsme identifikovali 12 rGznych
ribotypizacénich profilti a 11 sekvenacnich typl. Analyza variabilnich oblasti genomu potvrdila
regionalni klonalni Sifeni u izolat tfech ribotypl a také u izolath ribotypu 027, které byly
zafazeny jako kontrolni kmeny. Navic 22 izolatl osmi riiznych ribotypt neslo deleci v pozici
117 genu tcdC, ktera je cilovym mistem nékterych komer¢nich systémi pro odliSeni ribotypu

027 od ostatnich ribotypti.
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Abstract
Purpose: To characterise and compare twenty-eight Finnish C. difficile RT027-like isolates, selected based on the
presence of 18bp deletion in the fcdC gene and toxin gene profile (A, B, binary), with eleven RT027 isolates from

different Finnish geographical areas and time periods.

Methods: Twenty-eight C. difficile RT027-like isolates and 11 RT(027 comparative strains were characterised by
capillary-electrophoresis (CE) ribotyping, multi-locus variable tandem-repeats analysis (MLVA), multi-locus
sequence typing (MLST), and sequencing of ftcdC and gyrA gene fragments. Susceptibility to moxifloxacin was
determined by E-test.

Results: Of 28 RT027-like isolates, seven RTs (016, 034, 075, 080, 153, 176 and 328), three WEBRIBO types
(411,475, AI-78) and three new profiles (F1-F3) were identified. MLV A revealed six clonal complexes (RTs 016,
027, 176 and F3). MLST showed eleven sequence types (1, 41, 47, 67, 95, 191,192, 223, 229, 264 and new ST).
Twenty-two isolates (RTs 016, 080, 176, 328, F1, F2, F3 and WRTAI-78) carried A117 in the tcdC gene. Isolates
of RTs 016, 027 and 176 were moxifloxacin resistant and harboured Thr82Ile in the GyrA.

Conclusion: Our results show a high diversity within 28 Finnish RT027-like C. difficile isolates, with twelve CE-
ribotyping profiles and eleven STs. MLVA revealed the regional spread of RTs 016, 027, 176 and F3. The presence
of A117 in the #cdC gene in eight non-027 RTs highlights the importance of careful interpretation of the results
from molecular systems targeting this site in the genome of C. difficile and the need of strain typing for

epidemiological purposes.
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Introduction

Clostridium difficile is the leading pathogen of hospital acquired diarrhoea and PCR-ribotype 027/NAP1/B1 is the
most notorious “hypervirulent” ribotype.' Its route of global spread was traced by phylogeographic analysis of
whole genome sequencing data indicating that two distinct epidemic lineages of C. difficile RT027 (FQR1 and
FQR2) emerged in North America and separately acquired fluoroquinolone resistance and a conjugative

transposon. The FQR2 lineage spread to the UK, continental Europe and Australia.

CE-ribotyping is currently the recommended standard for characterization of C. difficile isolates.’ Based on slight
variations in ribotyping banding patterns, three RTs (176, 198 and 244) have been determined as closely related
to RT027. # Interestingly, RT176 is associated with outbreaks in the Czech Republic® and Poland®, whereas RT244
emerged in Australia.” Recently, other RT027-like ribotypes (016, 036) have been reported that belong to the same
multi-locus sequence type (ST1) as RT027.8

Finland is a country with a high CDI testing frequency (124.3 tests in 2011 - 2012 and 223.3 tests per 10,000
patient bed-days in 2012 - 2013) and corresponding high CDI incidence (14.9 cases in 2011 - 2012 and 28.7 cases
per 10,000 patient bed-days in 2012 - 2013).° In Finland, a national free of charge ribotyping service has been
available for clinical microbiology laboratories since 2008. This service is mainly for C. difficile strains from
patients with severe course of C. difficile infection (CDI) and for supporting the management of local CDI
outbreaks. During 2008 - 2015, a total of 1771 isolates, representing 4.1% of notified CDI cases (0.2 - 5.9% range
by year) were sent to the Finnish national reference laboratory for molecular characterisation. Of 1771 typed C.
difficile isolates representing 146 different RTs by gel-based ribotyping'?, 662 (37%) tested positive for binary
toxin genes belonged to 28 different RTs. Of these 662 isolates, 344 were RT027 (harboured 18bp deletion), 253
had 39/54bp deletion, 37 had no deletion, and 28 isolates showed similar molecular characteristics to RT027
(contained genes for toxins A, B and binary toxin and had an 18bp deletion in the tcdC gene).

The aim of the study was to characterise and compare twenty-eight Finnish RT027-like C. difficile isolates with

eleven RT027 isolates from different Finnish geographical areas and time periods.

Material and Methods

Strain collection

Twenty-eight tcdA (toxin A), tcdB (toxin B) and cdtA, cdtB (binary toxin) positive C. difficile isolates also
containing 18bp deletion in the tcdC gene were identified at the Finnish national reference laboratory. Eleven
Finnish C. difficile RT027 isolates from different Finnish geographical areas and time periods were included as
comparative strains. CE-ribotyping, confirmation of toxin gene profiles, MLVA, MLST and susceptibility testing
were performed at the Department of Medical Microbiology, Motol University Hospital, Czech Republic.

Capillary electrophoresis-ribotyping

DNA was extracted using Chelex-100 resin (Bio-Rad). Amplification of the 16S-23S intergenic spacer regions
was performed according to the consensus CE-ribotyping protocol® with Bidet primers.'! Fragment analysis was

carried out using ABI 3130 with default settings for POP7 and 36¢cm capillary length. LIZ 1200 was used as a size
standard. The electrophoretic profiles were compared with the ECDC-Leeds-Leiden C. difficile reference dataset
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in the Leiden University Medical Centre, the Netherlands. The raw data obtained (*fsa files) were also uploaded
to the freely available WEBRIBO database (https://webribo.ages.at/)!2to compare with profiles present in the

database.
The presence of toxin genes and #cdC gene fragment sequencing

The presence of genes (tcdA, tcdB, cdtA, cdtB) for toxin production (A, B and binary) was investigated by
multiplex PCR"? with visualization of amplified products by agarose-gel electrophoresis. The tcdC gene fragment
was amplified and sequenced with primers C1 and C2'4, and obtained sequences were compared with NCBI

reference sequence NC_009089.1.
Multi-locus variable tandem-repeats analysis

MLVA was performed by sequencing of seven regions with short tandem repeats (A6Cd, B7Cd, C6Cd, E7Cd,
F3Cd, G8Cd, H9Cd)'> with a change of reverse primer for G8Cd loci, as described elsewhere.'® Minimum
spanning tree was created using Bionumerics v5.1 (Applied Maths) by using a Manhattan coefficient to calculate

the summed tandem repeat difference (STRD). A clonal complex was defined as an STRD <2. 13
Multi-locus sequence typing

MLST was performed in 22 non-clonal related isolates (based on results of MLVA) by amplification and
sequencing of seven housekeeping genes (adk, atpA, dxr, glyA, recA, sodA and tpi) previously described.!” The
sequence type (ST) was determined as a combination of alleles identified by comparing obtained sequences with

sequences available in the C. difficile MLST database available at: http://pubmlst.org/cdifficile/.!”
Testing of susceptibility to moxifloxacin

Susceptibility to moxifloxacin was determined by E-test strips (Liofilchem, Italy) with gradient antibiotic range
from 0.016-32 mg/L on Wilkins Chalgren agar. A breakpoint 4 mg/L for moxifloxacin'® was applied. The fragment
of the gyr4 gene was amplified and sequenced with primers gyrA1 and gyrA2' and obtained sequences were
compared with NCBI reference sequence NC_009089.1.

Results
The summary of results of molecular characterisation of 39 Finnish C. difficile isolates (28 RT027-like and 11
RT027 is shown in Table 1.

Capillary electrophoresis-ribotyping

Twelve different CE-ribotyping profiles in twenty-eight RT027-like isolates were observed. Four of these, RTs
016 (n=3), 075 (n=3), 080 (n=1), 176 (n=5), were identically identified by the WEBRIBO database and by the
Leeds-Leiden reference C. difficile strain dataset. In contrast, one CE-ribotyping profile was recognized by the
WEBRIBO database as a WRT475, and by the Leeds-Leiden database as RT034. Two CE-ribotyping profile were
only recognized by the Leeds-Leiden database as RT153 and 328. Two CE-ribotyping profiles were only identified
by the WEBRIBO database as WRTs AI-78 and 411. The remaining three CE-ribotyping profiles did not match
any type in both databases and were designated as F1 (n=1), F2 (n=1), and F3 (n=9). CE-ribotyping profiles and
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fragment sizes of new CE-ribotyping profiles are shown in Figure 1. Geographical distribution of isolates with

specific CE-ribotyping profiles are depicted in Figure 2.
The presence of toxin genes and tcdC sequencing

All 39 isolates (twenty-eight RT027-like isolates and eleven RT027 controls) contained tcdA, tcdB and cdtA, cdtB
genes for production of toxins A, B and binary, respectively. Sequencing of the fcdC gene fragment confirmed the
presence of 18bp deletion (at position 330-347) in all 39 C. difficile isolates. The presence of the single base
deletion at position 117 in the fcdC gene was observed in 33 isolates (RTs 016, 176, 027, 080, 328, WRTAI-78
and F1, F2, F3). In contrast, RTs 034, 075, 153 and WRT411 carried substitution A>G at position 117 in the tcdC

gene.
Multi-locus variable tandem-repeats analysis (MLVA)

MLVA revealed six clonal complexes in RTs 016, 027, 176 and F3 (Figure 3). No clonal complexes were found
between isolates from different RTs. CC1 included nine isolates of F3 profile (three hospitals, the same region
and the same year of culture (2015)). Nine control isolates belonging to RT027 formed three clonal complexes
(CC2, CC4 and CC6). CC2 included four isolates from three hospitals collected in the time period 2008-2011.
CC4 included three isolates from two hospitals cultured in 2013 and CC6 included two RT027 isolates from two
hospitals collected in the time period 2011 and 2012. CC3 included two RT016 isolates from the same hospital
and different year of culture (2011, 2012). CCS included 3 isolates of RT 176 from two hospitals and the same year
of culture (2008).

Genetic relatedness (defined as STRD<10), between isolates belonging to the same RT where observed between
isolates of RT027 in CC2 (n=4) and CC4 (n=3) STRD=6, between isolates of RT176 (isolate no. 2688 and three
isolates in CC5, STRD=3) and between isolates of RT016 (isolate no. 2296 and two isolates in CC3, STRD=6).

Multi-locus sequence typing (MLST)

MLST of seven housekeeping genes, performed in 22 non-clonal related C. difficile isolates belonging tothirteen
different CE-ribotyping profiles, revealed eleven different sequence types (STs), of which, ten clustered to clade
2 and one (ST191) to clade 1. RTs 016 (n=2), 027 (n=5) and 176 (n=3) belonged to ST1. Other found STs were:
ST41 (F1, F3), ST47 (WRT411), ST67 (RT153), ST95 (RT075), ST191 (WRTAI-78), ST192 (RT080), ST223
(RT034), ST229 (RT328) and ST264 (F2) and new ST (RT075, n=2). The alleles profile of new ST in both RT075
isolates was: adk=1, atpA=5, dxr=11, glyA=17, recA=1, sodA=22 and tpi=2).

Testing of susceptibility to moxifloxacin

Nineteen C. difficile isolates belonging to RTs 016 (n=3), 027 (n=11), 176 (n=5) were moxifloxacin resistant (=32
mg/L) and also carried amino acid substitution Thr82Ile in the GyrA. Other C. difficile isolates (n=20) were
moxifloxacin susceptible (MICs=0.016-1.5 mg/L) and were wild types in the sequenced gyr4 gene fragment.

Of 1771 genotyped Finnish C. difficile isolates, 662 (37.3%) carried binary toxin genes. Of these, 372 (21.0%)
also had an 18bp deletion in the tcdC gene. A majority of the isolates (n=344, 19.4%) were RT(027. The remaining
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28 isolates were considered as RT027-like and represented 1.6% of the Finnish C. difficile collection. These
twenty-eight RT027-like C. difficile isolates belonged to twelve different ribotyping profiles. Among these twelve
CE-ribotyping profiles, one was incorrectly identified (RT034 as WRT475) in the WEBRIBO database, two were
only typed by Leeds-Leiden database (RT328 and 153) two were identified only in WEBRIBO database (WRTs
411 and AI-78) and three CE-ribotyping profiles were completely new (F1-F3), not present in both databases.

Several CE-ribotyping profiles in the study revealed closer fragment peaks similarity to ribotypes present in the
Leeds-Leiden database. The strains F3 has a closest match to RT016, WRT411 to RT375 and WRTAI-78 to
RTO046. The minor differences of the CE-ribotyping profiles with split of peaks suggest genetic relatedness, but
additional differences were also found, such as a different ST (RT016=ST1 and F3=ST41) or different toxin genes
profile (RT046 harbour only tcdA and tcdB) indicating more rearrangements in the C. difficile genomes. RTs 080,
034, 153, 328; WRT AI-78, 411 and new CE-ribotyping profiles F1, F2 are represented by only one isolate in the

collection and their distribution in Finland and Europe remains unclear.

The occurrence of RT176 has been reported from Czech Republic where it belongs to the prevailing ribotypes®
and from Poland where it persists with RT027.% 2! The clinical relevance of RT176 has been studied in both

21,22, 23 Interestingly, four out of five Finnish RT176 isolates in this study were sent for molecular typing

countries.
because of a severe course of CDI. Three RT027-like isolates in the study belonged to RT016. The increased

occurrence of RT016 was identified in North East England in 2009-2010.*

Twenty-two (78.6%) C. difficile RT027-like isolates (RTs 016, 176, 080, 328, WRTAI-78 and F1, F2, F3) had
A117 in the tcdC gene. The A117 is used as a target site for differentiating RT027 from other ribotypes, and the
presence of A117 in the tcdC gene in non-RT027 isolates leads to the incorrect RT027 identification by molecular
methods.?>2%27 This highlights the need of molecular characterisation of C. difficile isolates by ribotyping for CDI
surveillance purposes. Interestingly, the Leeds-Leiden reference strain RT080 included for confirmation of MLST
result also revealed substitution A>G at position 117 in the tcdC gene, which differs from Finnish RT080 C.
difficile isolate.

As was recently published by Eyre et al., RT244 isolates (n=25) also harboured A117 but in the absence of other
deletion in the fcdC gene’. Because the presence of 18bp deletion was one of inclusion criteria for isolates in this

study, we might not have recognized isolates with only A117 in the fcdC gene in the Finnish straincollection.

MLVA revealed six clonal complexes in RTs 016, 027, 176 and F3. Isolates revealing STRD<10 but belonging to
different RTs were not considered as genetically related because the MLVA is suitable as subtyping molecular
method in isolates belonging to the same RT.!> 2 MLVA was firstly used for subtyping of C. difficile RT176
isolates in the study Nyc et al. ?° where genetically as well as clonal relatedness in ten Czech (n=10) and in eleven
Polish isolates was confirmed. Clonal spread of RT176 was also found in two Czech single center studies in 20132
23 and in eleven Czech hospitals from eighteen hospitals involved in the study in 2014.2°In C. difficile RT027

isolates, the MLV A was applied in several studies to determine the genetic relatedness ofisolates.*2%3

MLST of seven housekeeping genes revealed eleven different STs. Three RTs (016, 027 and 176) had an identical
ST1 as reported earlier.® Likewise, RT075 was reported as ST95 and clade 2.% Surprisingly, two other RT075
isolates in our study revealed new ST, with nearest match with STs 47, 61, and 95. Both isolates derived from the

same hospital but were identified in the different years (2008 and 2010). ST41 and clade 2, identified in one isolate

5

109



179
180
181
182
183

184
185

186
187
188
189
190
191
192

193

194

195

196
197

198
199
200
201

202
203
204

205
206

207
208
209

210
211

with new CE-ribotyping profile F1, has also been reported in RTs 156, 208% and in RTs 106, 194, 321 together
with presence of similar deletions (18bp and A117) in the tcdC gene.®® ST67 identified in isolate with new CE-
ribotyping profile F4 has been reported in RT019% % and also with wild type genotype at position 117 in the tcdC
gene.*® Additionally, we performed MLST in the ECDC-Leeds-Leiden reference strain RT080 and the same ST192
was observed in both the Leeds-Leiden and Finnish RT080 C. difficile isolates.

Only isolates of RTs 027, 016 and 176 were moxifloxacin resistant and carried amino acid substitution Thr82Ile

in the GyrA, which has been associated with fluoroquinolone resistance.'® 3637

In conclusion, the molecular characterisation of twenty-eight C. difficile 027-like isolates revealed seven known
ribotypes, three WEBRIBO types, three new CE-ribotyping profiles and eleven different sequence types. MLVA
revealed outbreaks and regional spread of RTs 016, 027, 176 and F3. Twenty-two non-RT027 C. difficile isolates
of eight ribotypes showed the presence of A117 in the tcdC gene, a target site for detection of RT027 by commercial
molecular methods that could result in an incorrect identification. These results highlight the importance of careful
interpretation of the results from commercial systems targeting this site in the genome of C. difficile and the need

of strain typing for epidemiological purposes.
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232
232
232
>32
>32
232
232
>32
0.016
1

15
0.016
0.016
1.5
>32
>32
232
232
>32
0.016
1.5

1

1

1.5

1

1

1.5
15

1
0.016
0.016
15

1

MLVA
A6Cd
50
50
51
41
41
42
29
29
47
30
42
19
47
47
31
28
29
29
18
33
29
29
29
29
29
47
32
32
32
33
31
32
33
32
32
29
21
33
32

B7Cd

ceCd
40
39
35
37
38
39
33
33
39
40
38
25
39
39
22
40
19
30
36
31
37
37
34
37
36
43
27
27
27
27
27
27
27
27
27
29
27
11
21

E7Cd

0O 00 00 0O 00O 00 0O 00 0O

=
o

NN

F3Cd

oV LTy L1 LTy L1 LTI LT LT LTy O LTy Yoy LT L L Lt L L i Ll i il L1 1

G8Cd
13
14
14
14
14
14
14
14
15
14
14
15
15
15
15
24
13
9
10
8
12
12
12
12
14
15
13
13
13
13
13
13
13
13
13
14
16
13
12

HoCd

N NN NNNNMNONMNNMNNNMNMNNNNMNNNNNMNNNNNNNNNODNNODNNONNNODMNNONMNNDNOMNNNNNODNNNODN

MLST
ST/clade
1/2
1/2
1/2
1/2
1/2
1/2
1/2
223/2
New ST
New ST
95/2
192/2
67/2
1/2

41/2
264/2
47/2
191/1

Table 1: Molecular characteristic of Finnish C. difficile isolates in the study. WT - wild type, ST - sequence type, MOX - moxifloxacin, MLVA - Multi-Locus Variable Tandem-Repeats analysis, MLST-
Multi-Locus Sequence Typing, WRT — WEBRIBO type.
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304 Figure 1: new CE-ribotyping profiles identified in the study. Band sizes in base pairs are following: F1—
305 232,322,324, 383, 444, 482, 541, 545; F2 - 232, 284, 324, 444, 536, 543, 545; F3 — 262, 323, 362,
306 422,441,443, 446, 543.
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312

313 Figure 3: Minimum spanning tree of Finnish C. difficile isolates in the study. Each CE-ribotyping profile
314  isrepresented by different colour. The numbers in the circles represent DNA number of isolate. If the
315 more than one number is present in one circle, it represents isolates with STRD=0 (i.e. 100% identical
316 in seven variable-number tandem repeat loci). The numbers on the lines representSTRD between
317  isolates. CC - clonal complex, STRD - sum of tandem repeat differences, WRT — WEBRIBO type.
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Priloha 7

Nyc O, Krutova M, Kriz J, Matejkova J, Bebrova E, Hysperska V, Kuijper EJ.
Clostridium difficile ribotype 078 cultured from post-surgical non-healing wound in a

patient carrying ribotype 014 in the intestinal tract. Folia Microbiol (Praha).
2015;60(6):541-4.

V clanku je popséana kazuistika pacienta hospitalizovaného na oddéleni Spinalni jednotky FN
v Motole. Tento pacient byl pfijat s mnohocetnymi dekubity, které byly chirurgicky feSeny
plastikou. Z jedné dlouhodobé se nehojici pooperacni rany bylo vykultivovano C. difficile.
Tento kmen pfisluSel k ribotypu 078. Po nasazeni adekvatni terapie, doSlo ke zklidnéni a
zhojeni rany. K uré¢eni mozného zdroje infekce byla vySetiena i stolice pacienta. Vykultivovany
kmen byl urc¢en jako ribotyp 014. Pacient byl tedy pravdépodobné kolonizovan odlisSnym
ribotypem. Tato kazuistika upozorniuje na uplatnéni C. difficile v etiologii infekce klize a

ptilehlych struktur a na nebezpeci environmentalni kontaminace rany.
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Abstract Extra-intestinal infections caused by Clostridium
difficile are rare. The risk of extra-intestinal infections associ-
ated with C. difficile may be particularly relevant in environ-
ments contaminated with C. difficile spores. This paper de-
scribes the case of a non-diarrheic patient colonized with
C. difficile ribotype 014 in the intestinal tract who developed
a post-surgical wound infection by C. difficile ribotype 078.
The infection responded to metronidazole administered first
intravenously and then orally. This case indicates that
C. difficile may not only be related to diarrheic diseases, but
also to infections of non-healing wounds, especially in situa-
tions when C. difficile is the only isolated pathogen.

Case report

This 26-year-old paraplegic patient suffered a fracture of the
T12 witha complete spinal cord lesion (Neurological Level of
Injury T10, Impairment Scale A) after a car accident in 2010.
After several months of rehabilitation at the Spinal Cord Unit

> Marcela Krutova
marcela.krutova@seznam.cz

Department of Medical Microbiology, 2nd Faculty of Medicine,
Charles University and University Hospital Motol, V Uvalu 84, 150
06 Prague 5, Czech Republic
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Medicine, Charles University and University Hospital Motol,
Prague, Czech Republic

Spinal Cord Unit, 2nd Faculty of Medicine, Charles University and
University Hospital Motol, Prague, Czech Republic

Department of Medical Microbiology, Leiden University Medical
Centre, Leiden, Netherlands

(SCU), he was released to home care, where decubitus ulcers
developed. He was then readmitted to the SCU at the end of
2012 as the multiple progressing decubitus ulcers required
surgical intervention.

The pressure sores (sacral, trochanteric bilateral, and left
ischiadic) have already beenrevised several times and cultures
revealed MRSA, Proteus mirabilis, Pseudomonas
aeruginosa, Escherichia coli, Enterococcus faecalis, and
Alcaligenes faecalis. Anaerobic cultures were negative for
strictanaerobic pathogens. The first phase of the surgical treat-
ment consisted of plastic surgery in the ischiadic and sacral
regions that was carried out on day 14 of hospitalization under
prolonged antibiotic coverage by vancomycin and piperacil-
lin/tazobactam. After 12 days, the antibiotics were changed to
cotrimoxazole.

On day 37 of hospitalization, before the second phase of
surgical intervention, Klebsiella pneumoniae (ESBL positive)
were cultured from urine and P. aeruginosa were cultured
from the right trochanter decubitus (decubitus d). As a result
of these bacteriological findings, therapy was changed again
to piperacillin/tazobactam. Four days later, piperacillin/
tazobactam was changed to imipenem/cilastatin because
ESBL-positive E. coli was isolated from the drain (decubitus
b). On day 43 of hospitalization, decubitus ulcers in the tro-
chanteric region were surgically treated with the administra-
tion of vancomycin and imipenem/cilastatin.

On day 54 of hospitalization, post-surgical wound dehis-

cence appeared in the area of the right trochanter.
P. aeruginosa resistant to imipenem/cilastatin was cultured,
and a combination of cefoperazone/sulbactam and amikacin
was administered. Due to persistent non-purulent dehiscence
of the wound, samples for additional bacteriological assess-
ments were collected again on day 69 of hospitalization.

Gram staining of fluid from the drain showed gram-positive
rods sporadically with leukocytes. A wound smear and the fluid
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from the drain were cultured on a MacConkey agar (Oxoid) at
37 °C under aerobic conditions, chocolate agar (Oxoid) at
37 °C under aerobic conditions with 5 % CO», and blood agar
(Oxoid) incubated at 37 °C, both under aerobic and anaerobic
conditions. The aerobic cultures were negative. Massive growth
of colonies was observed on the anaerobically cultured blood
agar after 48 h of culture. The suspected colony was confirmed
as Clostridium difficile using MALDI-TOF (matrix-assisted la-
ser desorption-ionization time-of-flight) mass spectrometry
(Bruker, Daltonics, USA). Susceptibility to vancomycin and
metronidazole was assessed using the E-test (BioMérieux)
and revealed MIC values of metronidazole 1 mg/L and vanco-
mycin 0.25 mg/L, respectively. Antibiotic therapy was changed
to metronidazole 500 mg three times daily at 8-h intervals (the
first 6 days intravenously and then orally for the next 8 days).
Ten days later, local findings in the trochanteric region showed
improvement and a surgical revision of the trochanteric area

was performed. The antibiotic coverage was supplemented by
piperacillin/tazobactam and vancomycin. After negative bacte-
riological findings, vancomycin was discontinued after 16 days
and piperacillin/tazobactam after 20 days of the therapy
(Fig. 1).

Based on the positive culture of the wound, the patient’s
stool sample was cultured for the presence of C. difficile on
day 72 of the hospitalization. The stool was solid and the
patient had no symptoms of diarrhoea. The stool contained
C. difficile. Subsequent typing of the cultured strains was per-
formed using molecular biological methods.

Three different C. difficile colonies growing from the
wound, and three different colonies growing from the stools
were investigated further by PCR-ribotyping. PCR-ribotyping
was performed according to the standard operating procedure
using capillaryelectrophoresis issued by ECDIS-net (Europe-
an Clostridium difficile infection surveillance network)

e ™
£ MICROBIOLOGICAL FINDINGS AND TREATMENT
\ j 2" day
|
Decubitus a-d: polymicrobial findings: MRSA, Proteus mirabilis, Pseudomonas aeruginosa, Escherichia coli, Enterococcus faecalis, and Alcaligenes
Jfaecalis.
14" day

Decubitus ulcers a, b — plastic surgery

26" day
Change to cotrimoxazol

37" day

Urine: Klebsiella pneumoniae (ESBL positive)
Change to piperacillin/tazobactam

41 day

Drain decubitus b: ESBL-positive E. coli

54" day

Antibiotic coverage: vancomycin and piperacillin/tazobactam

Decubitus d: Pseudomonas aeruginosa, decubitus a-c: normal microflora

Decubitus d: Pseudomonas aeruginosa resistant to imipenem/cilastatin

Change to: cefoperazone/sulbactam and amikacin

71 day

Decubitus d: Clostridium difficile

™y 81% day

Decubitus d: surgical revision

Change to imipenem/cilastatin
43" day
\ / Decubitus ulcers ¢, d — surgical intervention
! J i ‘ Antibiotic coverage: imipenem/cilastatin was supplemented by vancomycin
{
( [ Change to: metronidazole (the first six days intravenously and then orally for the next eight days)

Antibiotic coverage: piperacillin/tazobactam (20 days) and vancomycin (16 days)

Fig. 1 Localization of decubitus ulcers (a—d) and timeline of microbiological findings and antibiotic treatment
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available on the http://www.ecdisnet.eu website (access
restricted). The profiles that were obtained were compared to
the Austrian Agency for Health and Food Safety Webribo
database available on the http://www.webribo.ages.at/
website (access restricted) (Indra et al. 2008).

C. difficile strains cultured from the wound (smear and
drain) were assigned to PCR-ribotype 078, while the
C. difficile strain cultured from the patient’s stool was assigned
to PCR-ribotype 014.

The presence of genes for encoding the toxins fcdA4 (toxin
A), tcdB (toxin B), and cdtA/cdtB (binary toxin genes) was
determined using the multiplex PCR described by Persson
et al. (2008). The positivity of genes encoding the toxins A
and B and the binary toxin was confirmed for the C. difficile
PCR-ribotype 078. Positive evidence of the genes for
encoding toxins A and B was found for the C. difficile PCR-
ribotype 014.

Discussion

Extra-intestinal infections caused by C. difficile are rare. In a
recent review encompassing 59 patients with extra-intestinal
C. difficile infection (CDI) (Bedimo and Weinsten 2003),
three major forms of clinical manifestation were described:
bacteraemia with or without focal infection (Bedimo and
Weinsten 2003; Feldman et al. 1995; Libby and Bearman
2009; Lee et al. 2010; Gerard et al. 1989; Hemminger et al.
2011; Choi et al. 2013), intra-abdominal infection, and extra-
abdominal abscesses (Bedimo and Weinsten 2003), such as a
splenic abscess (Stieglbauer et al. 1995; Studemeister et al.
1987; Saginur et al. 1983) and a brain abscess (Gravisse
etal. 2003). C. difficile has also been associated with reactive
arthritis (Loffler et al. 2004; Birnbaum et al. 2008; Prati et al.
2010), osteomyelitis (Al-Najjar et al. 2013; Pron et al. 1995;
Riley and Karthigasu 1982), and prosthetic shoulder and knee
jointinfection (Pronetal. 1995; Ranganath and Midturi 2013;
McCarthy and Stingemore 1999). Necrotizing fasciitis
(Bhargava et al. 2000; Duburcq et al. 2013) and post-
traumatic wound infections with C. difficile have been report-
ed in two case reports (Deptula etal. 2009; Urban et al. 2010).
The review of Mattila et al. (2013) included 31 patients, of
whom 13 had wound infections (Mattila et al. 2013). Similar
to our observations, decubitus ulcers infected with C. difficile
were found in four of the 13 wound infections (Mattila et al.
2013).

The source of extra-intestinal C. difficile infections is most
likely the environment. Risk of environmental contamination
with C. difficile spores ata spinal cord unit in a medical centre
in Cleveland, USA, was recently described by Dumford et al.
(2011). Of the 22 patients involved in the survey, 50 % were
asymptomatic carriers ofthetoxigenic C. difficile. Interesting-
ly, 12 skin isolates from six asymptomatic carriers, andnine

environmental isolates from fiveasymptomatic carriershadan
identical PCR-ribotype to the C. difficile strains cultured from
the stool samples (Dumford et al. 2011).

We cultured C. difficile from both the patient’s
wound and stool, but the isolates belonged to different
PCR-ribotypes. Despite the fact that we investigated
several colonies of C. difficile, we cannot exclude the
coexistence of various PCR-ribotypes. Interestingly, no
case of CDI caused by PCR-ribotype 078 was registered
at the Spinal Cord Unit before or during the hospitali-
zation of the patient. Before the index patient was hos-
pitalized at Spinal Cord Unit, we identified two cases of
CDI: one case of CDI due to PCR-ribotype 176 oc-
curred 1 month previous to the index patient’s admis-
sion and the second case due to PCR-ribotype 002 was
diagnosed 1 day before admission of the index patient.
No other cases of CDI were identified while the index
patient was hospitalized. Although the source of the
wound infection could not be determined, it remains
possible that the patient harboured two different PCR-
ribotypes in the intestinal tract, of which only PCR-
ribotype 014 was cultured (van den Berg et al. 2005).
C. difficile PCR-ribotype 078 is considered as a more
virulent type, as described by Goorhuis et al. (2008).
C. difficile PCR-ribotype 078 has been reported fre-
quently as a community-derived PCR-ribotype with ge-
netic relationship to C. difficile strains of swine origin
(Bakker et al. 2010).

We isolated C. difficile as the only pathogen, but the
prolonged broad spectrum antibiotic therapy probably contrib-
uted to the suppression of other microflora. Mattila et al. (2013)
described 13 wound infections with culture positivity of
C. difficile. In 12 cases, C. difficile was isolated together with
other microbes (Mattila et al. 2013), indicating that C. difficile is
rarely found as a solitary pathogen of wound infections.

The standards for treating soft tissue infection caused by
C. difficile have not been determined (Kikkawa et al. 2008).
The clinical outcome for our patient after the administration of
intravenous, then oral metronidazole was positive, similarly to
a case report of surgical site infection described by Kikkawa
etal. (2008) where only oral metronidazole was administered
(Kikkawa et al. 2008). In contrast to our observation, Urban
etal. (2010) found empirical treatmentby metronidazole com-
bined with cefazolin to be ineffective, and this therapy
changed to imipenem/cilastatin on the basis of antibiotic sus-
ceptibility (Urban et al. 2010).

In conclusion, a patient admitted to the Spinal Cord Unit
developed post-surgical wound infection by the toxigenic
C. difficile PCR-ribotype 078. The infection responded to
the administration of intravenous, then oral metronidazole.
The risk of extra-intestinal infections associated with
C. difficile may be particularly relevant in environments con-
taminated with the spores of C. difficile.
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V ¢lanku jsou uvedeny vysledky pilotni mési¢ni surveillan¢ni studie infekei vyvolanych

C. difficile na Slovensku. V ramci této pilotni studie bylo testovano 194 stolic od
hospitalizovanych pacientli s podezienim na klostridiovou kolitidu z 10 univerzitnich nemocnic
na Slovensku. Z 20 izolati C. difficile 17 ptisluselo k ribotypu 001. Téchto 17 izolath jsme
podrobili bliZsi pfibuzenské analyze pomoci MLVA, kterd odhalila dva klonalni komplexy a
blizkou genetickou pifibuznost mezi izolaty z Sesti riznych nemocnic. Molekularni analyza
genil a mutaci asociovanych s rezistenci k antibiotikiim ukazala, Ze 85 % izolatd neslo Thr821Ile
v GyrA zdménu asociovanou s rezistenci k fluorochinolontim a 90 % izolatd bylo pozitivnich
pro ermB gen associovany s rezistenci k MLSp skupin€ antibiotik. Tyto vysledky upozornuji na
zavaznou epidemiologickou situaci infekci vyvolanych C. difficile na Slovensku, a na
vyznamny potencial ribotypu 001 ke klondlnimu Sifeni a akumulaci rezistence k nékolika

antibiotikum.
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Abstract

Purpose The purpose of this study was to determine the inci-
dence of Clostridium difficile infections (CDI) and to charac-
terise the isolates in 14 departments of ten academic hospitals
in Slovakia.

Methods During a one-month study (September 2012) all un-
formed stool samples were investigated using a rapid test to
detect the presence of GDH and toxins A/B. Positive samples
were cultured anaerobically and C. difficile isolates were
characterised by ribotyping, multiple-locus variable-number
tandem repeats analysis, and gyrd, rpoB and ermB
investigation.

Results A total of 194 unformed stool samples were investi-
gated and 38 (19.6 %) had a positive rapid test. Of 38 samples,
27 revealed a positive result for GDH and free toxins A/B in
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the stool, and 11 samples only for the presence of GDH. The
mean CDI incidence in 2012 was 5.2 cases per 10,000 patient
bed-days. Twenty C. difficile isolates were available for mo-
lecular analysis; seventeen belonged to PCR-ribotype 001
(85 %) whereas the remaining three isolates were identified
as PCR-ribotypes 017, 078 and 449. MLVA of the PCR-
ribotype 001 isolates identified two clonal complexes and a
close genetic relatedness between isolates from six different
hospitals. Molecularanalysis ofantibiotic-resistance determi-
nants revealed the presence of ermB gene encoding resistance
to the MLSg group of antibiotics in 90 % of isolates, and
Thr82Ile amino acid substitution in the gyr4 gene associated
with resistance to fluoroquinolones in 85 % of isolates.
Conclusions We conclude that C. difficile PCR-ribotype 001
is the predominant PCR-ribotype in Slovakia with a strong
potential for clonal spread and development of multidrug
resistance.

Introduction

Infections caused by Clostridium difficile are a worldwide
problem with increasing incidence, considerable mortality
and a significant economic burden [1]. A European study
performed in 2008 showed Slovakia as a country with a low
incidence of CDI (1.4 per 10,000 patient bed-days) [2], but a
recently published survey performed in2012 and 2013 report-
ed an incidence rate of 5.3 per 10,000 patient bed-days in the
period 2011-2012, and 1.2 per 10,000 patient bed-days in the
period 2012—-2013 [3].

Slovakia has been referred as a country with a high cumu-
lative resistance score (4-5) in a recently published Pan-
European longitudinal survey of antibiotic resistance.
Twenty-five Slovak isolates were investigated and 72 % of
epidemic PCR-ribotypes belonged to PCR-ribotype 001 [4].
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InSlovakia,national guidelines for diagnosisand treatment

of C. difficile infections are available (http://www.

infektologia.sk), but there is no mandatory reporting of CDI.

The aim of this study was to determine the incidence of

CDlin 14 departments of ten large hospitals and to investigate

thedistribution of PCR-ribotypes with further molecularanal-
ysis of isolates.

Material and methods
Study design

The study was carried out in September 2012. Fourteen de-
partments (12 departments of internal medicine, one gastroen-
terology and one department of infectious diseases) in ten
academic hospitals distributed equally across Slovakia partic-
ipated (Fig. 1). The stool samples from all adult patients who
presented or developed diarrhoea at admission or during the
hospitalisationweretested forthe presence oftoxin-producing
C. difficileusing GDH (glutamate dehydrogenase) and toxins
A/B (C. diff. Quik Chek Complete®, Alere, USA) as part of
routine bacteriological testing at the relevant hospital micro-
biology department, or at the outsourcing laboratory. GDH
positive samples were cultured anaerobically, after an alcohol
shock treatment, on selective agar (Oxoid) to isolate
C. difficile. C. difficile isolates were sent to the Department
of Medical Microbiology of Faculty Hospital Motol in
Prague, Czech Republic for further molecular testing.

The clinical data were collected retrospectively, using a
specific web-based questionnaire developed for the purposes
of this survey, from patients whose stool samples tested pos-
itive by a rapid test. Data on risk factors preceding the infec-
tion (age, comorbidity, previous hospitalisation and use of
antibiotics), clinical symptoms (stool count, fever, whiteblood

Fig. 1 Distribution of
participatinghospitalsinthestudy

Czech Republic

Austria
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cell count and the presence of pseudomembranes),
hospitalisation at ICU and treatment of CDI were recorded.

CDI was divided into health care-associated (HA-CDI)
(patients who developed diarrhoea after 48 hours (>48 h) of
hospitalisation) or community-associated (CA-CDI) (patients
who developed diarrhoea<48 h or who were admitted with
diarrhoea and had no previous hospitalisation in their medical
records in the preceding 3 months) [2, 5, 6]. Patients with
previous hospitalisation in the preceding 3 months were eval-
uated as an indeterminate group because the records about
hospitalisation over the previous 4 weeks were not the part
of the questionnaire.

The severity of CDI was defined according to ECDC def-
inition [7, 8], and patient records on stool counts, fever, white
blood cell count and the presence of pseudomembranes were
collected.

The mean incidence of CDI was calculated using the
ECDC definitions of CDI [7, 8] and the collected data on
number of performed tests, number oftoxin A/B positive tests,
number of admitted patients and number of patient bed-days
in ten hospitals from January to December in2012.

Molecular characterisation of isolates

PCR-Ribotyping was performed accordingthe SOP (Standard
Operating Protocol) of ECDIS-net (the European C. difficile
Infection Surveillance Network) (http://www.ecdisnet.cu/)
with primers described by Stubbs et al. [9], and fragment
analysis using capillary electrophoresis. The Webribo
database (http://www.webribo.ages.at) was used for
evaluation of acquired electrophoreograms [10].

MLVA (multiple-locus variable-number tandem repeats
analysis) of seven previously published VNTR (variable-
number tandem repeats) loci (A6Cd, B7Cd, C6Cd, E7Cd,
F3Cd, G8Cd, H9Cd) was applied to isolates belonging to

. C. difficile isolates available for typing

. C. difficile infections clinical data only |
S

Poland

Slovakia

Hungary

=
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the predominant PCR-ribotype in order to determine the mu-
tual genetic relatedness [11, 12]. The number of repeats was
calculated manually after Sanger’s sequencing of each locus.
The summed tandem repeat differences (STRD) between iso-
lates was determined by Bionumerics v5.0 (Applied Maths)
using a Manhattan coefficient.

The antibiotic-resistance determinants were investigat-
ed by the presence of the ermB gene as a marker of resis-
tance to the MLSg (macrolide/lincosamide/streptogramin
B) group of antibiotics using primers published by
Spigaglia et al. [13]. Quinolone resistance was determined
using the method described by Dridi et al. using amplifi-
cation and sequencing of gyrd and gyrB genes [14]. The
resistance to rifamycin and its derivatives was investigat-
ed by determining point mutations in the rpoB gene re-
gion, as published by Curry et al. [15].

Results
Microbiological data

During the one-month period of the study, 194 unformed stool
samples were investigated for the presence of GDH and toxins
A/B. A total of 27 samples (13.9 %) tested positive for both
GDH and toxins A/B, and 20 C. difficile were cultured from
these samples. Eleven stool samples (5.7 %) were GDH pos-
itive only and all 11 samples subsequently tested positive by
an anaerobic culture for the presence of C. difficile. Of 31
positive cultures, 20 C. difficile isolates (14 samples were
GDH and toxin A/B positive, six samples were GDH positive
only) were available for molecular characterisation. Of these
20 C. difficile isolates, 17 belonged to PCR- ribotype 001
(85 %). Three remaining isolates were PCR-ribotypes: 017,
078 and 449 (Fig. 2).

Fig. 2 Summary of C. difficile
GDH, toxins A/B, anaerobic
culture and ribotyping results

Culture positive

Ribotyping

MLVA was performed on all 17 C. difficile isolates
belonging to PCR-ribotype 001. The minimum span-
ning tree (Fig. 3) revealed two clonal complexes de-
fined as STDR< 1. The first clonal complex consisted
of two isolates (SK11, SK7) from hospital B. Interest-
ingly, three isolates (SK12, SK1, SK4,) from hospital
A, one isolate (SK17) from hospital D and one isolate
(SK14) from hospital C formed the second clonal com-
plex. A cluster with eight genetically related isolates
(defined as STDR< 10) was found (SK2, SKS5, SKo,
SK9, SK10, SK18, SK19, SK21); isolates were derived
from hospitals A-F.

The presence of the ermB gene was found in 18 isolates
(90 %) belonging to PCR-ribotype 001 (n= 17) and PCR-
ribotype 078 (n=1).

The sequence analysis of the gyrd fragment (protein
position 47-149) revealed that the amino-acid substitution
Thr82Ile was present in 17 isolates (85 %). The majority of
these isolates belonged to the PCR-ribotype 001 (n=16/17)
and one isolate was PCR-ribotype 017.

The missense mutation Ser416Ala in the gyrB fragment
(protein position 376-478) was identified in one C. difficile
isolate belonging to PCR-ribotype 078.

Two missense mutations in two isolates (10 %) were ob-
served in rpoB sequence (protein position 481-611);
Arg505Lys was found in PCR-ribotype 001 (n =1/17) and
PCR-ribotype 017 (n = 1) isolate. This latter isolate also
contained amino-acid substitution His502Asn.

Clinical data of 27 patients with a positive GDH and toxin
A/B test

Twenty-seven CDI cases were laboratory confirmed by a pos-
itive test for both GDH and toxins. The group comprised 15
male and 12 female patients with an average age of 62 years

194
Stool samples

38
GD | positive

27 11

11
Culture positive

6
Ribotyping

20

14

PCR-ribotype 001

}_
!

PCR-ribotype 078
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Fig. 3 A minimum spanning tree
(Bionumerics v5.0) C. difficile
PCR ribotype 001, *GDH
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(the youngest being 23 years and the oldest 88 years). Clinical
data were collected from 22 cases of CDI.

HA-CDI was diagnosed in 68.2 % of cases, CA-CDI in
13.6 % and 18.2 % of cases were considered as indeterminate.
Two patients (9.1 %) had recurrent CDI and 13 patients
(59.1 %) were hospitalised in the previous three months. Fif-
teen patients (68.2 %) had received antibiotic treatment in the
previous month and three patients (13.7 %) in the three
months before an actual hospitalisation. The spectrum of used
antibiotics in the monotherapy or in the combination was as
follows: 13.7 % aminopenicillin, 9.1 % second-generation
cephalosporines, 27.3 % third-generation cephalosporines,
13.7 % carbapenems, 4.6 % colistin, 45.5 % second-genera-
tion fluoroquinolones, 13.7 % lincosamides, 4.6 %
macrolides. Of the 22 patients, 13.6 % died. No death was
directly related to C. difficile infection, but CDI had contrib-
uted to all.

CDI was considered as mild in 59.1 % and severe in
40.9 %. An antibiotic treatment was initiated in all 22 cases
of CDI: 86.5 % of patients were treated by metronidazole, 9 %
by metronidazole in combination with vancomycin and 4.5 %
with fidaxomicin.

Clinical data of 11 patients with GDH positive and toxin
A/B negative test

Ofthe 11 patients, four patients were male, seven were female
and the average age was 71.6 years (the youngest being
21 years and the oldest 90 years). Clinical data were available
for ten cases. All patients had symptoms of diarrhoea
suspected for CDI and eight patients (80 %) developed diar-
rhoea more than 48 hours after admission. Five patients
(50 %) had symptoms indicating a severe course of CDI (fever
or leucocytosis). One patient (10 %) had a previous episode of
CDI in their medical record. Two patients (20 %) were
hospitalised at ICU, six patients (60 %) had comorbidities,
eight patients (80 %) were hospitalised in the previous three
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months, and six patients (60 %) had received antimicrobial
treatment in the previous month and two patients (20 %) in
the previous 3 months before CDI was diagnosed. The spec-
trum of used antibiotics as monotherapy or in combination
with other antibiotics was: 10 % aminopenicillin, 10 %
aminopenicillin/beta-lactamase inhibitors, 10 % second-gen-
eration cephalosporines, 20 % third-generation
cephalosporines, 50 % second-generation fluoroquinolone,
10 % glycopeptides, 10 % rifamycin.

Of the ten patients included, five patients (50 %) were con-
sidered as CDI as physicians initiated a specific anti-CDI treat-
ment. Three patients (30 %) were treated by metronidazole, two
patients (20 %) were treated by vancomycin in combination
with metronidazole. Other causes of diarrhoea were excluded
by routine bacteriological testing. The remaining five patients
(50 %) were considered as patients who carried C. difficile
strain and these patients received symptomatic anti-diarrhoeal
therapy. One patient (10 %) died, unrelated to CDI.

A summary of epidemiological characteristics of patients
with available clinical data is shown in Table 1.

The mean incidence of CDI

The mean incidence was calculated as 5.2 CDI cases per
10,000 patient bed-days (varying from 2.2 to 11.3) and
40 CDI cases per 10,000 admissions (varying from 14.7
to 82.4) in 2012.

Discussion

The first data on incidence of CDI in Slovakia were obtained
in 2008 and showed a CDI incidence of 1.4 per 10,000 patient
bed-days. However, of the three participating hospitals only
two provided incidence data [2]. Recently published data from
the EUCLID study revealed a high difference in the six par-
ticipating hospitals between reported CDI incidence rates and
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Table 1 Epidemiological

characteristics of patients with Characteristic

GDH, toxin A/B positive (n=22)  GDH positive only (n=10)

available clinical data
Male

Age 65 years

HA-CDI

CA-CDI

Indeterminate
Recurrent CDI

Severe CDI

Death - CDI contributed

Previous hospitalisation (3 months)

Previous antibiotic use (1 month)
Previous antibiotic use (3 months)

Aminopenicillin

Aminopenicillin/beta-lactamase inhibitors
Second-generation cephalosporines

Third-generation cephalosporines
Carbapenems
Colistin

Second-generation fluoroquinolones

Lincosamides
Macrolides
Glycopeptides
Rifamycin

13 (59.1 %) 4 (40 %)
12 (54.5 %) 9 (90 %)
15 (68.2 %) 8 (80 %)
3 (13.6 %) 2(20 %)
4(18.2 %) B
29.1%) 1 (10 %)
9 (40.9 %) 5 (50 %)
3(13.6 %) B
13 (59.1 %) 8 (80 %)
15 (68.2 %) 6 (60 %)
3(13.7%) 220 %)
3(13.7%) 1 (10 %)
B 1 (10 %)
2(9.1 %) 1. (10 %)
6(27.3 %) 2(20 %)
3(13.7 %) _
1 (4.6 %) _
10 (45.5 %) 5 (50 %)
3(13.7 %) _
1 (4.6 %) ~
B 1 (10 %)
1 (10 %)

GDH glutamate dehydrogenase

rates measured during the survey. The reported rate in the
period 2011-2012 was 5.3 CDI cases, whereas the measured
rate was 9.6 CDI cases per 10,000 patients bed-days. In the
period 2012—2013, the reported rate was only 1.2 and the
measured rate was 24.1 CDI per 10,000 patient bed-days
[3]. The mean incidence calculated in the current study (5.2
CDlI cases per 10,000 patient bed-days) corresponds with EU-
CLID study data (2011-2012 period) [3].

Ribotyping of C. difficile isolates in our study revealed a
high percentage of PCR-ribotype 001 (85 %). This PCR-
ribotype was identified as the second most frequent PCR-
ribotype (37 isolates from a total of 389) in a European
multicentre survey performed in 2008 [2]. In the same year,
a study including 84 German hospitals revealed that out of
670 C. difficile isolates, 312 (47 %) belonged to PCR-
ribotype 001 [16]. A Scottish survey performed in the period
November 2007 to December 2009, showed that PCR-
ribotype 001 accounted for 22 % of 1,623 isolates [17]. Re-
cently published work from the Croatian University Hospital
also shows a high prevalence of PCR-ribotype 001 (27.8 %)
and its association with multidrug resistance during the period
January 2010 to December 2011 [18].

C. difficile ribotypes 001, 106 and 027 were the most prev-
alent in the North East of England [19]. Spanish data from a
survey among 118 laboratories covering 75.4 % of the

Spanish population revealed that from a total of 807 speci-
mens PCR-ribotype 001 accounted for 18.2 % of isolates
[20]. Data from a survey performed in the Czech Republic
in 2013 showed the presence of PCR-ribotype 001 among
24 C. difficile isolates, 3.9 % of 624 investigated isolates
[21]. The latest published data from Hesse, Germany showed
that PCR-ribotype 001 was the most prevalent type (31.8 %)
after analysing 214 toxigenic C. difficile isolates in the period
20112013 [22].

The data from all these studies show that PCR-ribotype 001
is a long-term problematic epidemic strain in some European
countries.

The association of the PCR-ribotype 001, as well as PCR-
ribotypes 017 and 027, with the lethal course of CDI in Hesse,
Germany was reported by Arvand et al., where case fatality
rate was 19 % of severe cases of CDI [23]. A European study
revealed CDI contributed to death in 7 % [2] of cases. In our
study, three CDI patients died, of whom two were infected by
PCR-ribotype 001.

Three other different PCR-ribotypes were found in our sur-
vey, identified as 017, 078 and 449. PCR-ribotypes 017 and
078 belonged to the most frequent PCR-ribotypes in the Bauer
etal. study, when PCR-ribotype 078 was represented in 8 % of
cases (the third after PCR-ribotype 001) and PCR-ribotype
017 in 4 % [2]. PCR-ribotype 078 is referred to as a

@ Springer
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hypervirulent strain [24] and genetic relatedness between
C. difficile PCR-ribotype 078 isolates of human and swine
origin was determined by MLVA and tetracyclineresistance
[25] and next generation sequencing [26]. Recently published
studies showed a high prevalence of C. difficile PCR-ribotype
078 in swine [27-29] and piglets [30]. C. difficile PCR-
ribotype 078 was identified as the most common (19.0 %)
PCR-ribotype causing community-acquired CDI[31].

Two clonal complexes and the closer genetic relatedness
between other C. difficile isolates PCR-ribotype 001 from dif-
ferent hospitals, suggest nosocomial spread and circulation of
several clones between participating hospitals in Slovakia.
Two patients from hospital A and two patients from hospital
B, whose C. difficile isolates (SK1, 12 — hospital A and SK 7,
11 — hospital B) formed two clonal complexes, were
hospitalised in the same department with an overlapping date
ofhospitalisation, which suggests that there is a possibility of
spreading a particular C. difficile strain between patients. All
isolates from the second clonal complex came from three dif-
ferent hospitals, where hospitals A and C are localised in the
same city and hospital D is geographically close, and transfers
of patients between these hospitals may occur.

Two groups of patients were studied and only the group of
27 patients with positive tests for both GDH and toxins A/B
were considered as CDI. The second group was madeup of 11
patients with only a positive GDH test and probably represent
C. difficile carriers, though five patients were treated for pre-
sumed CDI by their physicians. A second more sensitive test
for toxin detection in stools would have resulted in a better
discrimination between CDI patients and carriers since the
reported sensitivity of C. diff Quik Chek Complete® (Alere,
USA) varies between 59.6 % and 74.4 % [32, 33]. However,
five isolates from GDH positive stool samples belonged to the
PCR-ribotype 001 and were included in MLV A analysis. Sur-
prisingly, two isolates (SK1, SK17) were part of the second
clonal complex. Thisobservation confirms that patients witha
GDH positive, toxin negative stool sample could contribute to
the transmission of C. difficile to other patients [34, 35].

Unfortunately, in vitro antibiotic sensitivity testing was not
performed in this study and antibiotic resistance was examined
only on a molecular level. The ermB gene positivity in our
study was 90 %. The frequency of C. difficile ermB carriers
performed on 316 European C. difficile isolates was 28 %
[36], 69 % in 133 Irish C. difficile isolates [37] and 85 % in
33 of 39 clindamycin-resistant toxin A negative and toxin B
positive isolates from Europe, the USA and Japan [38]. The
Polish survey that included 79 isolates observed 39 with high
resistance to clindamycin and erythromycin and the carrying of
ermB in 37 of these isolates [39]; in the German study, the ermB
gene was detected in 34 of 83 MLSg resistant isolates [40].

The amino acid substitutions Thr82Ile in the gyr4 gene and
Ser416Ala in gyrB identified in this study were previously
described by Spigaglia etal. [41]. Thr82Ile in gyrA4 was found

@ Springer

in C. difficile clinical isolates resistant to moxifloxacin, cipro-
floxacin, gatifloxacin, levofloxacin [41] and also to ofloxacin
[42], whereas the amino acid substitution Ser416Ala in the
gyrB gene was observed in two moxifloxacin susceptible iso-
lates belonging to toxinotype V [41].

Two missense mutations (Arg505Lys and His502Asn) in
rpoBwerepreviouslydescribed in C. difficileisolates resistant
to rifampicin [15, 36, 43].

Conclusion

The results of a one-month survey to CDI revealed that

C. difficile PCR-ribotype 001 was the predominant PCR-
ribotype in Slovakia. Two clonal complexes determined by
MLVA demonstrated the capacity of C. difficile PCR-
ribotype 001 to spread between various hospitals. The pres-
ence of the Thr82Ile mutation in the gyr4 gene in 85 % of the
isolates and ermB in 90 % of the isolates suggests multidrug
resistance of C. difficile strains circulating in Slovakia. This
strengthens the need for continuous CDI surveillance, includ-
ing ribotyping and antibiotic susceptible testing.
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Priloha 9

Nyc O, Tejkalova R, Kriz Z, Ruzicka F, Kubicek L, Matejkova J, Kuijper E, Krutova
M. Two Clusters of Fluoroquinolone and Clindamycin-Resistant Clostridium difficile
PCR Ribotype 001 Strain Recognized by Capillary Electrophoresis Ribotyping and
Multilocus Variable Tandem Repeat Analysis. Microb Drug Resist. 2016 Nov 18.

V ¢lanku jsou popsany vysledky mikrobiologicko-epidemiologické studie pétindsobné
zvySeného vyskytu CDI na chirurgickém oddéleni Fakultni nemocnice u svaté Anny v Brné v
roce 2014. Studie zahrnovala jedenact piipadii CDI vyvolanych shodnym ribotypem 001.
MLVA téchto jedenacti izolatd odhalila vyskyt dvou neptibuznych MLVA profil (pét a Sest
izolatlh). Klonalni Sifeni MLV A profilu A zahrnovalo i ptipad CDI s m&si¢nim odstupem od
posledniho vyskytu CDI na oddé€leni, kdy bylo oddéleni na né€kolik dni zavieno a byla

provedena kompletni sanitace.
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Two Clusters of Fluoroquinolone and Clindamycin-Resistant
Clostridium difficile PCR Ribotype 001 Strain Recognized
by Capillary Electrophoresis Ribotyping
and Multilocus Variable Tandem Repeat Analysis

Otakar Nyc,' Renata Tejkalova,? Zdenek Kriz,? Filip Ruzicka,? Lubos Kubicek,?
Jana Matejkova,' Ed Kuijper,* and Marcela Krutova'?®

Aim: To perform a retrospective analysis of the high occurrence of Clostridium difficile infection in the surgical
department of a Czech tertiary care hospital and to identify weaknesses in C. difficile infection (CDI) prevention
and control policies. Methods: Clinical and epidemiological data on eleven CDI cases were collected. C.
difficile isolates were characterized by capillary electrophoresis ribotyping, multilocus variable tandem repeat
analysis ( MLVA), gyr4 gene fragment sequencing, and erm(B) fragment PCR amplification. Antibiotic sus-
ceptibility to metronidazole, vancomycin, ciprofloxacin, moxifloxacin, and clindamycin was tested. Findings:
Eleven CDI cases were caused by C. difficile PCR ribotype 001 strains. These strains revealed two different
MLVA profiles with 11 tandem repeat differences. All isolates were susceptible to metronidazole and van-
comycin and resistant to ciprofloxacin (MIC 132 mg/L), moxifloxacin (MIC }32 mg/L), and clindamycin (MIC
1256 mg/L). All isolates revealed amino acid substitution Thr82lle, in the GyrA and were erm(B) negative.
Conclusion: Two fluoroquinolone and clindamycin-resistant C. difficile PCR ribotype 001 strain clusters oc-
curred at one of the surgical departments of a tertiary care hospital. Ineffective decontamination with suboptimal
concentration and time of exposure of sporicidal disinfectants may have resulted in C. difficile transmission.

Keywords: Clostridium difficile, PCR-ribotype 001, capillary electrophoresis ribotyping, MLVA, antimicrobial

drug resistance, Thr82Ile

Introduction

lostridium difficile has become the leading causa-
ive agent of hospital-acquired diarrhea due to the spread
of epidemic strains.! Toxin production, spore form- ing,
and antimicrobial resistance are its most important
virulence and spread factors. Toxin production is associated
with C. difficile infection development? and spore formation
plays a key role in C. difficile hospital transmission.> C.
difficile spore transmission takes place through the hands of
healthcare workers contaminated after carrying an infected
patient or after touching a contaminated environment.*
C. difficile infection (CDI) incidence and CDI testing fre-
quency vary widely in European countries (0.7-28.7 cases per
10,000 patientbeddays;4.6-223.3 testsper 10,000 bed days).’

Underdiagnosed CDI cases due to suboptimal CDI laboratory
algorithms and/or a low CDI testing frequency have un-
doubtedly contributed to the increasing CDI incidence trend.

Molecular typing allows differentiation of individual C.
difficile isolates from each other. PCR ribotyping is the re-
commended typing method for CDI surveillance.® Appli-
cation of capillary electrophoresis for detection of amplified
16S and 23S intergenic region fragments provides better
discrimination power than gel-based ribotyping and, more-
over, allows laboratory data exchange.”

Some C. difficile genotypes, such as PCR ribotype 027, ap-
peartobemoreepidemically successful, withalargenumberof
reported national outbreaks® and tracking of worldwide clonal
spread by whole-genome sequencing.!® Whereas PCR ribotype
027 has spread worldwide, other PCR ribotypes have been

'Department of Medical Microbiology, 2nd Faculty of Medicine, Charles University in Prague and Motol University Hospital, Praha,

Czech Republic.
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restricted to specific geographic areas; for example, PCR
ribotype 244 in Australia!! and PCR ribotype 176 in Poland'?
and the neighboring Czech Republic.!* An outbreak associa-
tion of other C. difficile types not from the PCR ribotype 027
family was reported, e.g., toxin A-negative PCR ribotype
017'!5 and PCR ribotype 106.'°

To detect the clonal spread of C. difficile belonging to the
same ribotype requires the use of another subtyping tech-
nique, such as multilocus variable tandem repeat analysis
(MLVA)'7:!® or whole-genome sequencing.!®*® A concor-
dance of 95% in potential outbreak investigation was found
between MLV A and whole-genome sequencing.?!

In 2014, a fivefold higher CDI incidence at the surgical de-
partment was observed in comparison with the overall CDI in-
cidence in the hospital. In response, we performed retrospective
analysis to identify potential CDI outbreak risks and weaknesses
in departmental CDI prevention and control policies.

Methods

Infection prevention control measures before
and during increased CDI incidence

Appropriate hand hygiene and use of protective cloth-
ing. When contact with a CDI case occurred, healthcare
workers, patients, and visitors washed their hands using soap
and water, and after drying their hands, they used alcohol-
based hand cleanser to avoid transmission of other nosoco-
mial pathogens. The department staff used disposable gloves
for every contact with patients and they also had to wear the
disposable coat provided at every entrance to the department.

Environmental cleaning. Over the duration of the multiple
CDI occurrences, admission of new patients was suspended
and daily deep cleaning with sporicidal disinfectants (Per-
steril and Oxiper) was ordered. After the last patient was
discharged, the surgical ward was closed and a complete
environmental decontamination was performed.

When CDI occurred, cleaning was performed three times
daily for frequently touched surfaces and twice daily for
other surfaces (floor), and two sporicidal disinfectants
(Persteril and Oxiper) were used alternately. Persteril, based
on hydrogen peroxide in combination with peracetic acid,
was used at the manufacturer’s recommended concentration
of 5,000 ppm and 30-minute exposure. Oxiper, based on
hydrogen peroxide in combination with quarternary am-
monium, was used at the manufacturer’s recommended
concentration of 2,500 ppm and 30-minute exposure.

Microbiological methods

Hospital CDI testing algorithm. Diarrheal stools are tested
only at the physician’s request. As a first diagnostic step, a
dual lateral flow immunoenzymatic assay (Quik Chek
complete, Alere) was used, which detects the presence of
glutamate dehydrogenase and toxin A/B simultaneously in
the stool sample. Stool samples that tested positive for GDH
and toxin A/B or GDH only were cultured for the presence
of C. difficile on a selective agar medium (Oxoid; C. difficile
Selective Brazier’s Medium, PB5191A) after an alcohol
shock treatment. Selected C. difficile isolates were sent to
the Department of Medical Microbiology of Motol Uni-
versity Hospital for molecular typing.

NYC ET AL.

Ribotyping, toxin gene multiplex PCR, MLVA. Capillary
electrophoresis ribotyping was performed according to the
standard operation protocol (www.ecdisnet.eu) using primers
published by Stubbs et al.?? The Leeds-Leiden C. difficile
reference strain collection was used to determine the ribotype.

The presence of genes for toxin (A, B, binary) production
was investigated by multiplex PCR.?

MLVA was performed by amplification and sequencing of
seven previously published loci (A6Cd, B7Cd, C6Cd, E7Cd,
F3Cd, G8Cd, and H9Cd)!” with change of reverse primer for
locus G8Cd.?* The sum of tandem repeat difference (STRD)
was counted manually after sequence software processing
(Sequencing Analysis Software, Applied Biosystems).

Antibiotic susceptibility testing and molecular resistance
mechanism investigation. Susceptibility to metronidazole,
vancomycin, ciprofloxacin, moxifloxacin, and clindamycin
was determined by E-test (Liofilchem) on Wilkins-Chalgren
agar. Clinical breakpoints of 8 mg/L for clindamycin, 4 mg/L
for ciprofloxacin, 4 mg/L for moxifloxacin, and 2 mg/L for
metronidazole and vancomycin®® were assessed. The molec-
ular mechanism of resistance to fluoroquinolones was inves-
tigated by amplification and sequencing of the gyr4 gene?’ and
to clindamycin by amplification of the erm(B) gene fragment.?

Results
CDI case history

Four CDI cases occurred from January 2014 to the end of
February 2014 (patients 1-4) and six CDI cases occurred
from November 2014 to the end of December 2014 (patients
6—11) in the surgical department (17 beds) of the tertiary
care hospital (900 beds). Between these two multiple CDI
case occurrences, one CDI case, ostensibly unrelated, was
observed (patient 5, March 2014). All eleven CDI cases
were considered as healthcare-associated infections. Ten
patients (Fig. 1, patients 2—11) developed symptoms of CDI
more than 48 hours after admission and one patient (Fig. 1,
patient 1) showed the onset of CDI at the time of admission,
but she had been transferred from another healthcare facil-
ity. Detailed CDI timelines are depicted in Fig. 1.

Three patients had a recurrent episode of CDI (patients
1-3). CDI incidence in the surgical ward was 13.7 cases per
10,000 patient bed days or 94.9 cases per 10,000 admissions.
The overall hospital CDI incidence was 2.7 cases per 10,000
patient bed days or 23.1 cases per 10,000 admissions.

Of 11 patients, 9 were males and 2 females. Average age
was 70.7 years. All patients had used antibiotic therapy in
previous months. The spectrum of antibiotics in combina-
tion or monotherapy was as follows: lincosamides (n = 5),
cephalosporins (1 generation n = 3 and 2nd and 3rd gen-
eration n = 1), 2nd generation of fluoroquinolones (n = 3),
piperacillin/tazobactam (n = 3), oral penicillins (n = 2),
aminopenicillins (n = 1), and carbapenems (n = 1). CDI-
specific antimicrobial therapy was initiated in all 11 CDI
cases. Metronidazole was used together with vancomycin in
all 11 cases, and, in one patient, in combination with fi-
daxomicin (fulminant CDI, leucocytosis 40.1 - 10%L). All
three recurrences were treated with fidaxomicin. Char-
acteristics of patients are summarized in the Table 1. The
timeline of individual CDI cases is shown in Fig. 1.
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PCR RIBOTYPE 001 CLONAL SPREAD

w

o 2412.-13.1

Presence of CDI case at the department - Higher risk of patient to patient C. difficile transmission / Higher risk of C. difficile transmission from environment

- Presence of clinical symptoms indicating CDI (primarily diarrhoea) / Laboratory confirmation of CDI - High risk of C. difficile transmission

Mo presence of diarrhoea

FIG. 1. Each line represents the timeline of hospitalization of the patient. The presence and no presence of diarrhea are
marked in black and gray color. Dark gray color indicates the higher risk for Clostridium difficile transmission for other
patients due to the presence of CDI at the department. CDI, C. difficile infection.

Microbiological data

A total of 11 C. difficile isolates were sent for molecular
typing. CE ribotyping revealed the same electrophoretic
profile belonging to PCR ribotype 001.

Subtyping by MLVA divided the isolates into two groups.
The first MLVA profile A (5 isolates) was A6Cd = 41,
B7Cd =18, C6Cd =33, E7Cd =4, F3Cd = 6, G8Cd = 6, and
H9Cd =1 and the second MLV A profile B (6 isolates) was
A6Cd=35, B7Cd=21, C6Cd=35, E7Cd=4, F3Cd=6,
G8Cd=6, and H9Cd=1. The sum of the tandem repeat
differences between these two MLVA profiles was 11.

MLVA profiles corresponded with multiple CDI occur-
rence timelines. The causative C. difficile strain of one soli-
tary CDI case (Fig. 1, patient 5, CDI case in March 2014) had
the identical MLV A profile to the C. difficile strain A cluster.

All isolates were susceptible to metronidazole (ranged
from 1.5 to 2mg/L) and vancomycin (ranged 0.5—1 mg/L)
and resistant to ciprofloxacin (MIC 132 mg/L), moxi-
floxacin (MIC 132 mg/L), and clindamycin (MIC 1256 mg/
L). All isolates (n = 11) revealed amino acid substitution,
Thr82Ile, in the GyrA and they were erm(B) negative.

Discussion

In the period January to December 2014, a fivefold higher
CDI incidence was observed at the surgical ward (13.7 cases
per 10,000 patient bed days or 94.9 cases per 10,000 ad-
missions) compared with the hospital CDI incidence (2.7
cases per 10,000 patient bed days or 23.1 cases per 10,000
admissions).

The hospital CDI incidence showed the constant rates
(2.8 cases per 10,000 patient bed days or 20.6 cases per
10,000 admissions in 2013 and 2.8 cases per 10,000 patient
bed days or 23.9 cases per 10,000 admissions in 2015) lower
than was reported for the Czech Republic (6.2 CDI cases/
10,000 patient bed days or 35.1 CDI cases per 10,000 ad-
missions in 2012-13).* CDI incidence at the surgical ward,
in comparison with the hospital CDI figures, revealed higher
changing rates (11.5 CDI cases/10,000 patient bed days in
2012-2013 or 80.0 CDI cases per 10,000 admissions and 4.9
CDI cases/10,000 patient bed days or 34.0 CDI cases per
10,000 admissions in 2015).

The causative C. difficile strains were typed as PCR ri-
botype 001. This ribotype is one of the successful epidemic
ribotypes in Europe®® with a reported association with the
lethal course of CDI.*°

In the Czech Republic, PCR ribotype 001 (20.7%) and
PCR ribotype 176 (26.7%) belong to the prevailing RTs in
the C. difficile strain collection (n = 2,201).%! During the

period 2013-2015, a total of 97 C. difficile isolates (2, 71,

and 24, respectively) were sent for molecular typing from

St. Anne’s University Hospital. Of these, 54 isolates
(55.7%) belonged to PCR ribotype 001 and nine isolates
(9.3%) to PCR ribotype 176, which reflects the current un-
favorable epidemiological situation in the Czech Republic.!

Subtyping by MLV A divided the isolates into two groups.

Eleven STRDs were found between these two MLVA pro-

files, which is very close to the MLV A threshold for ge-

netically related strains (32 to £10 STRD),'” raising the
question of the possibility of their genetic relatedness.
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Table 1. Characterization of Patients Infected by Two Different PCR Ribotype 001 Clostridium difficile Strains

Recurrent
First CDI episode CDI episode
Number/ Antibiotic usage in WBC CDI WBC CDI
sex/age Underlying disease previous month 10°/L  CRP treatment 10°/L  CRP treatment
Cluster of C. difficile PCR  1/F/65 Implantation of femoropopliteal 2nd generation of fluoroquinolones, 6.1 NA V, MTZ 6.8 73 FDX
ribotype 001 strain A prass giperacillin/tazobactam
2/M/74 Implantation of pedal bypass 3rd generation of cephalosporins 12.2 124V, MTZ 14.7 93 FDX
3/M/68 Peripheral angioplasty of lower 2nd generation of fluoroquinolones, 13.6 79 V, MTZ 15.9 196 FDX
limb aminopenicillins, lincosamides
4/M/68 Above-knee amputation 2nd generation of cephalosporins, 14.0 9% V,MTZ
piperacillin/tazobactam,
vancomycin
S/F/78 Peripheral angiography Lincosamides 12 131  V,MTZ
Cluster of C. difficile PCR ~ 6/M/69 Above-knee amputation Lincosamides, 2nd generation of 40.1 216 V,MTZ, FDX
ribotype 001 strain B fluoroquinolones, piperacillin/
tazobactam
7/M/84 Femoral prosthesis infection Penicillins, carbapenems, 1st NA NA V,MTZ
generation of cephalosporins
8/M/77 Implantation of femoropopliteal Penicillins, lincosamides 11.6 80 V, MTZ
bypass
9/M/70  Implantation of femoropopliteal Ist generation of cephalosporins 13.6 130 V, MTIZ
bypass
10/M/59  Implantation of femoropopliteal Lincosamides 13.6 112 V, MTZ
bypass
11/M/66  Angioplasty of lower limb, Ist generation of cephalosporins 13.8 133 V, MTZ

finger amputation

CDI, C. difficile infection.
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In the Czech Republic, no recommendations for send-
ing C. difficile isolates for molecular characterization are
available. The Ontario Ministry of Health has established
the threshold number of cases when CDI preventive mea-
sures are triggered: for wards of <20 beds, if two HA-CDI
cases occur in 1 ward within a 7-day period or four cases of
HA-CDI within a 4-week period, and for wards of £20 beds,
if three cases of HA-CDI occur in 1 ward within a 7-day
period or five cases of HA-CDI within a 4-week period.*?
Adopting these thresholds for triggering CDI preventive
measures and for sending C. difficile isolates for molecular
characterization to a reference laboratory could markedly
improve CDI management and control.
Several factors contributed simultaneously to CDI devel-
opment in patients in the study. Patients hospitalized in the
surgical ward belonged to an older age group (>65 years), had

chronic underlying disease, and used repeated prolonged
antimicrobial therapy with majority representation of cepha-
losporins, clindamycin, and quinolones. These antimicrobial
drugs belong to the group of high-risk CDI-associated anti-
biotics.*® The restricted use of these specific groups of anti-

biotics (cephalosporins, clindamycin, and quinolones) to
minimize patient susceptibility was one of the key factors that
led to decreasing CDI hospital incidence in several studies.*?

All C. difficile isolates in this study revealed resistance to
ciprofloxacin, moxifloxacin, and clindamycin. Resistance of
C. difficile PCR ribotype 001 to clindamycin and moxi-
floxacin was reported in European C. difficile isolates.’*3°
All isolates in the study revealed the amino acid substitution
Thr82Ile, in the GyrA, which is associated with resistance
to fluoroquinolones?’ and was also reported in C. difficile
PCR ribotype 001 moxifloxacin-resistant isolates.>> All
isolates resistant to clindamycin were erm(B) negative. The
erm(B) negativity in high-level clindamycin-resistant iso-
lates is a well-known phenomenon*?’ and the molecular
mechanism of resistance remains unexplained.

In both clusters of CDI, hydrogen peroxide in combina-
tion with peracetic acid at a concentration of 5,000 ppm or
hydrogen peroxide in combination with quarternary am-
monium at a concentration of 2,500 ppm with 30-minute
exposure was used for daily cleaning as well as for terminal
decontamination of the ward. These concentrations and time
of exposure were probably not sufficient since Perez et al
reported that the concentration of hydrogen peroxide re-
quired for inactivation of all C. difficile spores in 10 minutes
was above 7,000 ppm.3® The inclusion of chlorine products
in the disinfectant scheme would be beneficial 34

Implementation of Czech national guidance for infection
prevention and control practices and participation in the CDI
surveillance organized by the ECDC are the two most im-
portant steps for improving management and control of CDI
in the Czech Republic.

Conclusion

Two C. difficile PCR ribotype 001 fluoroquinolones and
clindamycin-resistant strain clusters were identified at a
surgical department of a tertiary care hospital. Ineffective
decontamination with suboptimal concentration and time of
exposure of sporicidal disinfectants may have resulted in C.
difficile spore transmission. The findings of our study stress
the need for the implementation of Czech national guidance

for CDI prevention and control to standardize environmental
decontamination procedures as well as to define the CDI
occurrence threshold as to when to send C. difficile isolates
for molecular typing.
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Priloha 10

Drabek J, Nyc O, Krutova M, Stovicek J, Matejkova J, Keil R. Clinical features and
characteristics of Clostridium difficile PCR-ribotype 176 infection: results from a 1-year
university hospital internal ward study. Ann Clin Microbiol Antimicrob. 2015;14:55.

V ¢lanku jsou popsany vysledky ro¢ni studie vyskytu onemocnéni vyvolanych C. difficile na
Internim oddéleni ve FN Motole. Prace je zamétena na korelaci zavaznosti klinického pribéhu
onemocnéni s molekularni charakteristikou izolat. U pacientt s infekci C. difficile ribotypem
infekce. Epidemiologicky vyznamné je 1 zjiSténi dvou klonalnich komplext, které zahrnovaly
10 ze 14 izolati PCR-ribotypu 176. Dana skute¢nost svéd¢i pro Sifeni toho ribotypu v ramci

oddéleni.
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Abstract

Background: Clostridium difficileinfection (CDIl)isamajor cause of antibiotic-associated diarrhoea. Givenanincreas-
ing CDI incidence and global spread of epidemic ribotypes, a 1-year study was performed to analyse the molecular
characteristics of C. difficile isolates and associated clinical outcomes from patients diagnosed with CDI in the Internal
Medicine department at University Hospital Motol, Prague from February 2013 to February 2014.

Results: A total of 85 unformed stool samples were analysed and CDI was laboratory confirmed in 30 patients (6.8
CDl cases per 10,000 patient bed days and 50.6 CDI cases per 10,000 admissions). The CDI recurrence rate within

3 months of treatment discontinuation was 13.3% (4/30). Mortality within 3 months after first CDI episode was 26.7%
(8/30), with CDI the cause of death in two cases. 51.9% of C. difficile isolates belonged to PCR-ribotype 176. MLVA of
ribotype 176 isolates revealed two clonal complexes formed by 10/14 isolates. ATLAS scores and Horn’s index were

higher in patients with ribotype 176 infections than with non-ribotype 176 infections.
Conclusion: This study highlights the clinical relevance of C. difficile PCR-ribotype 176 and its capacity to spread

within a healthcare facility.

Keywords: Clostridium difficile, PCR-ribotype 176, Horn’s index, ATLAS score, Ribotyping, MLVA

Findings

Background

Clostridium difficile infection (CDI) is a major cause of
antibiotic-associated diarrhoea and a significant burden
to healthcare services worldwide [1]. Results of a pan-
European epidemiological study in 2008 indicated that
the Czech Republic has a relatively low CDI incidence
(1.1 per 10,000 patient bed-days and 7.0 per 10,000 hos-
pital admissions) [2], although a recent epidemiological
study suggested a CDI incidence rate of 4.4 and 6.2 cases
per 10,000 patient bed-days in 2011-12 and 2012—13,
respectively [3].
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University in Prague and Motol University Hospital, 150 06, V Uvalu 84,
Praha 5, Prague, CzechRepublic
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In 2013, the high prevalence of PCR-ribotype 176
(n = 251; 40 %) was revealed by ribotyping of 624 C. diffi-
cile isolates from 11 Czech healthcare facilities [4] C. dif-
ficile ribotype 176 is thought to share many similarities
to ribotype 027 [5-7] and it has been suggested that this
type may be misdiagnosed as a ribotype 027 infection [8].
The long-term epidemic occurrence of C. difficile PCR-
ribotype 176 was also reported in Poland [9, 10].

In response to the reported unfavourable global CDI
epidemiological situation, including in Czech Republic,
a l-year study was initiated to monitor the incidence of
CDI, clinical features and outcomes and to investigate
the molecular characteristics of C. difficile isolates in
patients with CDI hospitalised in the Internal Medicine
department of University Hospital Motol, Prague, Czech
Republic, from February 2013 to February 2014.

© 2015 Drabek et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Microbiological testing

Stool samples of 85 patients aged =18 years with three
or more unformed stools per day were investigated at
the Department of Medical Microbiology. CDI was
laboratory diagnosed using the C. difficile Quik Chek
Completeggcest (Alere) and C. difficile Alere and simul-
taneous toxin A/B positivity was detected in 24 sam-
ples (80 %). In six samples that were only GDH-positive
but where patients had relevant clinical symptoms, the
presence of toxigenic C. difficile was confirmed using
PCR (GeneXpert ,@bepheid). Positive stool samples

(GDH and toxin positive; GDH positive, toxin negative
and PCR positive) were cultured anaerobically, after an
alcohol shock treatment, on selective media (Oxoid);
anaerobic culture was positive for C. difficile in 27/30
samples (90 %). Antibiotic susceptibility of C. difficile
isolates to metronidazole and vancomycin was deter-
mined by E-test (BioMérieux) and minimum inhibi-

tory concentrations for all C. difficile isolates ranged
from 0.03—2 mg/L for metronidazole and 0.015—1 mg/L
for vancomycin (Table 1). No isolates were found to be
resistant to either metronidazole or vancomycin.

C. difficile isolates molecular characterisation
PCR-ribotyping was performed according to the Stand-
ard Operating Protocol of ECDIS-net (http://www.
ecdisnet.eu) using capillary electrophoresis after PCR
amplification with primers previously described by
Stubbs et al. [11]. Electrophoreograms were confirmed
using the Webribo database [12]. PCR-ribotypes were
identified for all 27 C. difficile isolates and 14 (51.9 %)
belonged to ribotype 176. Other identified ribotypes
were 012 (n = 2; 7.4 %), 014 (n = 2; 7.4 %), 001, 002, 005,
017, 020, 049, 078, 434 and 015 (all n = 1; 3.7 %).

The presence of toxin genes was determined by multi-
plex PCR with specific primers for tcdA (toxin A), tcdB
(toxin B), cdtA and cdtB (binary toxin) [13]. All C. dif-
ficile isolates revealed presence of genes for production
of toxins A/B, while genes for production of binary toxin
(cdtA/cdtB), which has been associated with increased
attachment to epithelial cells, increased virulence and
higher recurrence rates [14—16] were only found in iso-
lates of ribotypes 176 and 078 (15/27; 55.6 %). Summary
of microbiological and molecular characteristics of C.
difficile isolates is shown in Table 1.

The tcdC gene was amplified with primers C1 and C2 [17]
and the obtained sequence was compared to NCBI refer-
ence sequence NC_009089.1. Two deletions (position 117,
which introduces a frame-shift mutation leading to protein
truncation [17], and 330-347) in the tcdC gene were found
in all 14 ribotype 176 isolates. One isolate, ribotype 078,
revealed 39-bp deletion from nucleotides 341-379 in the

Page 2 of 6

tcdC gene. No deletion in other 12 isolates was found. The
precise function of the tcdC gene is not yet clear [18].

Genetic relatedness among C. difficile ribotype 176
isolates was achieved using multi-locus-variable tandem
repeats-analysis (MLVA). The number of tandem repeats
were determined by Sanger sequencing in five previously
published variable tandem repeat (VNTR) loci (A6Cd,
B7Cd, C6Cd, G8Cd) [19, 20] and CDR60 [21]. A Mini-
mum Spanning Tree (MST) was created by Bionumerics
v5.0 (Applied Maths) using a Manhattan coefficient to
calculate the summed tandem repeat difference (STRD).
A cluster analysis using the categorical distance and
unweighted pair group method with arithmetic mean
algorithms was also applied. The number of tandem
repeats for each locus is summarised in Fig. 1. MST iden-
tified two clonal complexes when STRD <1 (Fig. 2). The
first clonal complex was formed from eight isolates (55,
269, 351, 263, 273, 279, 294 and 308). The second clonal
complex consisted of two isolates (336 and 322). Between
clonal complexes one and two, STDR = 6 were found.
Isolate 248 revealed STDR = 9 to isolate 294 (CC1), iso-
late 259 showed STDR = 5 to isolate 336 (CC2), isolate
316 showed STDR = 6 and isolate 303 STDR = 9 to iso-
late 322 (CC2).

The time intervals of hospitalisation of patients infected
by C. difficile ribotype 176 did not overlap except for two
patients. This finding suggests that the probable source of
infection may have come from the hospital environment
and, given the high incidence of this ribotype previously
reported in the Czech Republic [4], it is possible that
ribotype 176 is endemic in the country and this type has

Fig. 1 A Categorical MLVA of C. difficile ribotype 176 isolates (Bionu-
merics v5.0, Applied Maths)
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248

Fig. 2 A Minimum Spanning Tree of C. difficile ribotype 176 isolates (Bionumerics v5.0, Applied Maths). The numbers in the circles represent C. difficile
PCR-ribotype 176 isolate number. The numbers in the lines represent the sum of tandem repeat differences between isolates

259

316

303

been introduced into the hospital environment on several
occasions.

Clinical and epidemiological data analysis

CDI was diagnosed in 30 patients (female n = 13, male
n = 17; mean age 69.0 years). The overall CDI incidence
in the Internal Medicine ward during the study period
was calculated as 6.8 CDI cases per 10,000 patient bed-
days and 50.6 CDI cases per 10,000 admissions which
indicated a higher CDI incidence compared with recently
reported rates [3].

Healthcare-associated CDI (HA-CDI) was diagnosed
in 26 CDI cases (86.7 %) and community-associated CDI
(CA-CDI) was diagnosed in four CDI cases (13.3 %).
Severe CDIwas diagnosed in 17 (56.7 %) patients accord-
ing to the Horn’sindex [22,23] and 18 (60 %) according to
the ATLAS score [24]. Antibiotic treatment prior to CDI
diagnosis was noted for 83.3 % (25/30) of patients. The
most commonly used antibiotics were aminopenicillins
with beta-lactamase inhibitors (n = 12), fluoroquinolo-
nes (n = 12), broad-spectrum cephalosporins (n = 11),
carbapenems (n = 4), piperacillin—tazobactam (n = 3)

and aminoglycosides (n = 3). Administered CDI treat-
ments, according to valid guidelines at the time of the

study [25], were metronidazole (n = 10; 33.3 %), vanco-
mycin (n = 3; 10.0 %), combined metronidazole and van-
comycin (n = 13;43.3 %), and metronidazole with other
therapies (n = 1; 3.3 %). Three patients did not receive

treatment for CDI. CDI recurrence within 3 months of
treatment discontinuation was observed in 13.3 % (4/30)
of patients and two received faecal transplant for recur-
rent disease. Mortality within 3 months after first CDI
episode was 26.7 % (8/30); CDI was the cause of death in
two cases 6.7 % (2/30) (Table 2).

To assess the association between C. difficile ribotype
and disease severity, the clinical outcomes of patients
with ribotype 176 infections were compared to those with
other ribotype infections (Table 3). Analysis of ATLAS
scores and the Hom’s index found that 11/14 (78.6 %)
patients with ribotype 176 infections had an ATLAS
score of 69 or a Horn’s index score of 3 or 4 compared
with 6/13 (46.2 %) and 7/13 (53.9 %) of patients with non-
ribotype 176 infections. Furthermore, the mortality rate
appeared to be higher in patients with ribotype 176 infec-
tions compared with non-ribotype 176 infections (35.7
versus 15.4 %). No significant ribotype-associated dif-
ferences were noted in recurrence rates, ICU admission
rates or prior antibiotic use (Table 3).

Clostridium difficile ribotype 027 strains are often
thought to be associated with CDI outbreaks of increased
disease severity [1, 5], but the clinical severity associated
with ribotype 176 infections has not yet been studied in
detail with exception of clinical data on ten patients, of
whom 50 % had severe form of CDI, reported by Obuch-
Woszczatynski et al. [9]. Our finding of a trend towards
increased Horn’s index and ATLAS scores in patients with
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Table 1 Microbiological and molecular characteristics of C. difficile isolates

CDI case Isolate GDH Toxin Anaerobic PCR-ribotype Toxin gene presence Vancomycin Metronidazole
no. no. A/B culture (A/B/bin)*? MIC (mg/L) MIC (mg/L)
1 n/a + + - n/a n/a n/a n/a
2 259 + + + 176 A/B/bin 0.25 0.25
3 263 + + + 176 A/B/bin 0.25 0.25
4 269 + + + 176 A/B/bin 05 05
5 205 + + - n/a n/a n/a n/a
6 273 + + + 176 A/B/bin 0.6 0.25
7 298 T - + 049 A/B 1 0.5
8 280 + + - n/a n/a n/a n/a
9 279 + + + 176 A/B/bin 1 0.25
10 294 + n n 176 A/B/bin 0.12 1

1 303 + + + 176 A/B/bin 0.25 05
12 277 + - + 001 A/B 05 05
13 304 + n n 014 AB 0.25 05
14 44 + - + 002 A/B 0.25 05
15 307 + + + 017 A/B 0.25 0.25
16 308 + + + 176 A/B/bin 0.25 0.25
17 316 + + + 176 A/B/bin 05 0.25
18 320 + - + 012 AB 05 0.5
19 319 + + + 012 A/B 05 0.12
20 322 + + + 176 A/B/bin 05 2

21 365 + - + 176 A/B/bin 05 2

22 323 + + + 020 A/B 0.5 05
23 325 + + + 015 A/B 0.5 0.25
24 331 + + + 078 A/B/bin 05 0.25
25 336 + + + 176 A/B/bin 05 1

26 351 + + + 176 A/B/bin 0.25 1

27 365 + - n 014 AB 0.5 05
28 391 + + + 005 A/B 0.25 05
29 388 + + + 434 A/B 0.25 0.12
30 248 + + + 176 A/B/bin 0.12 05

GDH glutamate dehydrogenase, MIC minimum inhibitory concentration

2Toxin A/toxin B/binary toxin

b primers used to amplify tcdA are located upstream of the repetitive regioninthe 3'-end. The TcdA-negative strains due to 3'-end deletion revealed positive PCR

amplification [13]

ribotype 176 infections compared with non-ribotype 176
infections provides some evidence to support the clinical
importance of this ribotype. However, the small sample
size of patients in this study indicates a need for further
studies, incorporating a larger number of patients, to

better understand the relative virulence of ribotype 176.
The high incidence of epidemic C. difficile PCR-ribotype
176 in our study emphasises the importance of imple-
menting continuous surveillance programmes for CDI at
national and European level, including PCR ribotyping.
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Table 2 Study population and patient demographics
(n=30)

Patient characteristic N (%)
Male 17 (56.7)
Age = 65 years 22(73.3)
HA-CDI 26 (86.7)
CA-CDI 4(13.3)
Recurrent CDI 4(13.3)
Severe CDI—Horn’s index 17 (56.7)
Severe CDI—Atlas score 18 (60)
Mortality within 3 months 8(26.7)
CDI cause of death 2(6.7)
Previous hospitalisation 13(59.1)
Previous antibiotic use 25(83.3)
Aminopenicillin/beta-lactamase inhibitors 12 (40)
Cephalosporines 11(36.7)
Fluoroquinolones 12 (40)
Carbapenems 4(13.3)
Piperacilin/tazobactam 3(10)
Aminoglycosides 3(10)

Table 3 Comparison of clinical outcomes in patients
grouped by isolated C. difficile PCR-ribotype

Clinical outcome Ribotype 176 Other

(n=14) ribotypes
(h=13)
N % N %
Horn’s index
1 1 7.7
2 3 214 6 46.1
3 9 643 5 38.5
4 2 143 1 7.7
Atlas score
1-2 2 15.4
3-5 3 214 4 30.8
6-7 9 643 5 385
8-9 2 143 2 15.4
Recurrent CDI within 3 months 2 143 2 15.4
of first episode (Yes)
CDl in 8 weeks prior to admission (Yes) 1 71 1 7.7
Admitted to ICU (Yes) 3 214 3 231
Antibiotic treatment within 1 month 12 85.7 10 76.9
prior to admission (Yes)
Maortality within 3 months of first 5 357 2 154

CDl episode (Yes)
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Priloha 11

Polivkova S, Krutova M, Petrlova K, Benes J, Nyc O. Clostridium difficile ribotype 176
- A predictor for high mortality and risk of nosocomial spread? Anaerobe. 2016;40:35-
40.

V ¢lanku jsou uvedeny vysledky ro¢ni studie (2013) vyskytu C. difficile na Infek¢ni oddéleni
nemocnice Na Bulovce. Dominantnim ribotypem ve studii byl ribotyp 176 (57.7%). MLVA
odhalila 11 klonalnich komplexti. U pacientti s infekci vyvolanou ribotypem 176 bylo zjiSténo
vice piipadi tézkého pribchu infekce, rekurenci a mortality v porovnani s pacienty s infekci

vyvolanou jinymi ribotypy C. difficile.
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abstract

Purpose: The objective of this survey was to determine the incidence of Clostridium difficile infections
(CDD at the Department of Infectious Diseases, Bulovka Hospital, and to evaluate clinical and epidemi-
ological data on CDI patients together with a detailed molecular characterisation of C. difficile isolates.
The patient outcomes were correlated to causative C. difficile PCR-ribotype.
Methods: The twelve-month study (2013) comprised patients two years of age and older with CDI. CDI
severity was estimated using ESCMID criteria and ATLAS scoring. C. difficile isolates were further char-
acterized using ribotyping, Multiple-Locus Variable Tandem-Repeats analysis (MLVA) and investigation
of antibiotic-resistance determinants (gyrA, gyrB, rpoB, ermB).
Results: A total of 619 diarrhoeal stools were investigated. Seventy-two stool samples were GDH and
toxin A/B positive, and 39 samples were GDH positive only and subsequently toxigenic C. difficile was
cultured. In total, 111 C. difficile isolates were characterized, of which 64 (57.7%) belonged to PCR-ribotype
176. MLVA analysis of PCR-ribotype 176 isolates revealed 11 clonal complexes. Seventy-two isolates
(64.9%) showed amino acid substitution Thr82Ile in the Gyrd, and sixty-two isolates (55.9%) showed
amino acid substitutions Arg505Lys together with His502Asn, or Asp492Glu together with Arg505Lys in
the RpoB. Twelve isolates (10.8%) were ermB positive.
Severe CDI according to the ESCMID criteria was recorded in forty-two patients (37.8%), and sixteen
patients (14.4%) had ATLAS score 2: 6. Twenty-nine patients (26.1%) had recurrent CDI and twenty-four
patients (21.6%) died during the study period.
Conclusions: A higher rate of severe CDI, recurrences and mortality in association with PCR-ribotype 176
infections were observed. The high incidence of PCR-ribotype 176 in the study, and the presence of clonal
relatedness between PCR-ribotype 176 isolates, indicate its higher capacity to spread in a hospital setting,
which in turn highlights the need to implement strict epidemic measures when PCR-ribotype 176 occurs.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

and Czech CDI incidence data, together with C. difficile isolate
characterisation, are available from time-limited European studies

Clostridium difficile is the major pathogen of hospital-acquired
diarrhoea. The increasing incidence of C. difficile infections (CDI)
represents a significant economic burden for health-care facilities
and a high risk for hospitalised patients [1]. Inthe Czech Republic, a
national CDI surveillance system has not yet been implemented

* Corresponding author. Department of Medical Microbiology, Charles University,
2nd Faculty of Medicine and Motol University Hospital, V Uvalu 84, Prague 5, 150
06, Czech Republic.

E-mail address: marcela. krutova@seznam.cz (M. Krutova).

http://dx.doi.org/10.1016/j.anaerobe.2016.05.002
1075-9964/© 2016 Elsevier Ltd. All rights reserved.

[2e4]. CDI incidence is increasing in many European countries
including the Czech Republic, where CDI incidence in 2008 was 1.1
per 10,000 patient bed-days [2] and in 20122013 increased to 6.2
cases per 10,000 patient bed-days [3]. The rising CDI incidence in
the Czech Republic is undoubtedly contributed to by the epidemi-
ologically significant occurrence of C. difficile PCR-ribotype 176 [5],
which is closely related to PCR-ribotype 027 [6] e the most
monitored C. difficile strain due to its hospital outbreaks and the
higher mortality and morbidity of the disease worldwide [7].
In order to study CDI incidence, the risk factors preceding
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infection, CDI clinical features and outcomes, together with the
detailed molecular characterisation of C. difficile isolates, we per-
formed a twelve-month study at the Department of Infectious
Diseases, Bulovka Hospital, Prague, Czech Republic. The patient
outcomes were correlated to causative C. difficile PCR-ribotypes.

2. Material and methods

A year-long study was carried out in 2013 (from January to
December) at the Department of Infectious Diseases, Bulovka
Hospital in Prague, Czech Republic. This hospital is a secondary
health-care facility with 1100 beds and 264,989 patient bed-days,
and 44,600 patients were admitted in 2013. The Department of
Infectious Diseases at the hospital has 168 beds, and 5159 patients
were admitted in 2013.

Our study included patients two years of age and older who
were admitted with or who developed diarrhoea during hospital-
ization at the Department of Infectious Diseases.

Diarrhoeal stool samples were tested at the hospital's Depart-
ment of Microbiology for the presence of glutamate dehydrogenase
(GDH) and free toxins A/B using combined lateral flow assay (C.diff
Quik Chek Complete®, Alere), according to the manufacturer's in-
structions. All GDH positive samples were cultured anaerobically
on selective media for C. difficile (Oxoid) after an alcohol shock.
Toxin production of C. difficile isolates, cultured from GDH-positive
and toxin-negative samples, was detected using the same lateral
flow assay, when a bacterial culture solution was investigated as a
stool sample.

DNA from C. difficile isolates was extracted by Qiagen isolation
kit using the automated QIAcube (Qiagen) purification system, and
sent to the Department of Medical Microbiology at Motol Univer-
sity Hospital, Prague for further molecular analysis.

PCR-ribotyping was performedin accordance withthe European
C. difficile Surveillance network (ECDIS-net) Standard Operation
Protocol with primers previously described by Stubbs et al. [8], and
by capillary electrophoresisfragment analysis using POP 7 polymer
and LIZ 1200 (Applied Biosystems) as a size standard. Electropho-
retic profiles were uploaded to the Webribo database [9], for the
determination of the specific ribotype.

The presence of genes for toxin production: tcdA (A), tcdB (B),
cdtA and cdtB (binary) was investigated by a multiplex PCR [10].

The molecular mechanism of antibiotic resistance to fluo-
roquinolones was investigated by sequencing of the quinolone
resistance-determining region (QRDR) in the gyrA and the gyrB
genes [11], and to rifampicin by sequencing of the rpoB gene region
[12]. Obtained sequences were compared with a NCBI reference
sequence (Peptoclostridium difficile 630, complete genome
NC_009089.1) after software processing (Sequencing Analysis
Software v5.4, Applied Biosystems). The molecular mechanism of
resistance to the macrolide/lincosamide/streptogramin B (MLSg)
group of antibiotics was examined by amplification of the ermB
gene fragment [13] and PCR products were visualized by agarose
gel electrophoresis.

MLVA of eight previously published variable number tandem-
repeats (VNTR) loci was applied to PCR-ribotype 176 isolates. A
total of 8 VNTR loci were amplified and sequenced, specifically
A6Cd, B7Cd, C6Cd, E7Cd, F3Cd, G8Cd, H9Cd [14] and CDR 60 [15],
with change of reverse primer for locus G8Cd [16]. The number of
tandem repeats was counted manually after software processing
(Sequencing Analysis Software v5.4, Applied Biosystems). A Mini-
mum Spanning Tree (MST) was created by Bionumerics v5.0 using
the Manhattan coefficient. The total sum of tandem repeat differ-
ences (STRD) in eight VNTR loci determines the genetic relatedness
of isolates. A clonal complex (CC) was defined as STRD s 2 and a
genetically related cluster was defined as STRD s 10 [14].

CDI incidence was calculated on the departmental level using
data on the number of admitted patients, the number of patient
bed-days and the number of toxin A/B-positive tests, together with
the number of GDH positive, toxin A/B negative, toxigenic C. difficile
positive results in 2013 [17]. A CDI case was defined as a patient
with diarrhoea and positive laboratory confirmation of CDI by
positivity of GHD and toxin A/B test, or positivity of GDH and
detection of toxigenic C. difficile by toxigenic culture. Recurrence
was defined as a CDI episode in the period of 2e8 weeks after the
previous episode [18].

CDI severity was estimated using a bedside ATLAS score [19] and
ESCMID criteria [20].

CDI were divided into health-care associate infections (HA-CDI),
and community-associated (CA-CDI) [7]. An unknown association
of CDI (UA-CDI) was defined as patients who had onset of symp-
toms within 48 h after admission and were also discharged from
the health-care facility in the period of 4 weeks to 3 months before
the onset of symptoms [21].

3. Results
31 CDI testing

A total of 619 diarrhoeal stool samples were investigated by a
rapid test. Positivity for both GDH and the toxin A/B test was
revealed in 72 samples, and 41 samples were GDH positive only. C.
difficile was cultured from all 113 stool samples. C. difficile isolates
cultured from only GDH positive stool samples were tested for
toxin production, 39 isolates were toxin-producing and two isolates
were non-toxigenic. A total of 111 CDI were laboratory confirmed.

32. C. difficile isolate molecular characterisation

A total of 111 toxigenic C. difficile isolates were ribotyped and
eighteen different ribotypes were identified. Five electrophoretic
profiles did not match any in the database and they were identified
as new ribotypes. The most common ribotype in our study was PCR
ribotype 176, which formed 57.7% (n'64) of isolates. Other PCR-
ribotypes found were: 001 (n %8; 7.2%), 002 (n %7; 6.3%), 003,
012, 017,023 (n ¥4 3; 2.7%), 014, 015, 020, 049 (n ¥4 2; 1.8%) and 018,
029, 070, 078, 087, 449, AT-9-1 (n % 1; 0.9%) (Table 1).

The presence of binary toxin was revealed in 69isolates (62.2%):
PCR-ribotype 176 (n 64), 023 (n 3), 078 (n 1) and nkw
ribotype (n % 1) (Table 1).

A total of 111 isolates were investigated for point mutations in
the gyrA and rpoB gene fragments, and for the presence of the ermB
gene fragment. The gyrB gene region was sequenced among 39
isolates without point mutation in the sequenced fragment of the
gyrA gene.

The amino acid substitution Thr82Ile in the GyrA was found in
72 isolates (64.9%): PCR-ribotypes 176 (n 64% 001 (n 3), néw
ribotype (n % 2) and 012, 017,049 (n % 1). No amino acid sub-
stitutions were found in the GyrB (Table 1).

The three different amino acid substitutions were identified in
62 isolates (55.9%) in the RpoB. His502Asn together with Arg505Lys
were found in 57 isolates (51.4%): PCR-ribotypes 176 (n 53); 049
(n ), 012 m W, 017 (n '), new ribotype (n %1), and
Asp492Glu together with Arg505Lys in 5 isolates: PCR-ribotype 176
(n % 4.5%) (Table 1).

The presence of the ermB internal fragment was observed in 12
isolates (10.8%): PCR-ribotypes 012 (n % 3), 001 (n % 2), 017 (n ¥ 2),
176 (n ¥ 2) and 002, 014, 015 (n ¥ 1) (Table 1).

MLVA identified a total of 11 clonal complexes (CC1 % 28 iso-
lates, CC2 and CC3 % 4 isolates, CC4 and CC5 % 3 isolates and CC6-
CC11 % 2 isolates). The number of 10 STRDs was only exceeded
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Table 1

Molecular characteristics of C. difficile isolates.
Ribotyping (N; %) Binary toxin genes (cdtB and cdtA) GyrA Thr82Ile RpoB Arg505Lys and His502Asn RpoB Arg505Lys and Asp492Glu ermB
176 (64; 57.7%) yes (64) 64 (57.7%) 53 (47.8%) 5 (4.5%) 2 (1.8%)
001 (8; 7.2%) 3(2.7%) 2 (1.8%)
002 (7; 6.3%) 1 (0.9%)
003 (3; 2.7%)
012 (3; 2.7%) 1 (0.9%) 1 (0.9%) 3 (2.7%)
017 (35 2.7%) 1(0.9%) 1(0.9%) 2 (1.8%)
023 (35 2.7%) yes (3)
014 (25 1.8%) 1 (0.9%)
015 (25 1.8%) 1 (0.9%)
020 (2; 1.8%)
049 (2 1.8%) 1 (0.9%) 1(0.9%)

018 (1; 0.9%)

029 (1; 0.9%)

070 (1; 0.9%)

078 (1; 0.9%) yes (1)

087 (15 0.9%)

449 (15 0.9%)

AI-9-1 (1; 0.9%)

New (55 4.5%) yes (1) 2 (1.8%) 1 (0.9%)

111 72 (64.9%) 62 (55.9%) 12 (10.8%)

Single locus variant
Double locus variant
———————— Triple locus variant
Quadruple locus variant

Fig. 1. A Minimum Spanning Tree of C. difficile PCR-ribotype 176isolates. The numbers in the circle represent isolate number. The numbers in the lines represent the sum of tandem
repeat differences between isolates. Type of dashed line represents the number of loci where tandem repeats differences were found.
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between CC9-CC3 (STRD V4 17) and isolates 244 and 72 (STRD 4 11)
(Fig. 1).

33 (Clinical data analysis

CDI was diagnosed in 111 patients based on the test results and
the presence of clinical symptoms. The average age was 71 years
(ranging from 2 to 96 years), the median was 76 years; 57% of pa-
tients were females.

CDI incidence at the Department of Infectious diseases, Bulovka
Hospital in 2013 was 31.7 cases per 10,000 patient bed-days and
215 cases per 10,000 admissions. CDI testing frequency was 174.4
tests per 10,000 patient bed-days and 1199 tests per 10,000
admissions.

Patient demographic data are shown in Table 2.

HA-CDI was diagnosed in 63 cases (56.8%), CA-CDI in 17 cases
(15.3%) and 28 cases (25.2%) were of unknown association. Eighty
patients (72.1%) had been hospitalised in the previous three
months and 29 of them were hospitalised in the long-term care
facility.

Previous antibiotic treatment was administered in 101 patients
(91%). The spectrum of most frequently used antibiotics in mono-
therapy or in combination was as follows: aminopenicillins with
beta lactamase inhibitors (36.9%), fluoroquinolones (29.7%), ceph-
alosporins (26.1%) and lincosamides (8.1%). Proton pump inhibitors
were used in 44.1% of patients. Seventy-two patients (64.8%) had
Charlson comorbidity index 52: Immobile were 60 patients
(54.1%): full immobile in 34 cases (30.6%) and partial immobile in
26 cases (23.4%).

Using ESCMID criteria, CDI was considered as mild in 69 patients
(62.2%) and severe in 42 patients (37.8%). Using the bedside score
system, 42 patients (37.8%) had an ATLAS score of 0e2, 53 patients
(47.7%) had an ATLAS score of 3e5, and 16 patients (14.4%) had an
ATLAS scor&:6.

Recurrent CDI was recorded in 29 patients (26.1%). Mortality
rate in the study period was 21.6% (n V4 24). Thirty-day mortality
was 14.2% (n % 16), when in 9 cases CDI was the primary cause of

Table 2
Epidemiological and clinical characteristics of patients in the study (n ¥ 111).

death and in 7 cases CDI contributed.

CDI-specific antibiotics were administered to 103 patients.
Monotherapy with oral antibiotic was used in 51 patients (metro-
nidazole n'44, fidaxomicin n% and vancomycin n%3). The
combination therapy oral metronidazole and vancomycin was used
in 50 patients. Two patients did not respond to the treatment and
metronidazole with vancomycin was switched to fidaxomicin with
a good clinical response.

To evaluate the association between C. difficile ribotypes and
patient clinical outcomes, data on patients infected by PCR-ribotype
176 were compared with data on patients infected by non-PCR-
ribotype 176 in the study (Table 2).

Higher rates of patients with severe CDI were observed in the
group of patients with PCR-ribotype 1761infections compared to the
non-PCR-ribotype 176 patient group: 26.1%e11.7% according to
ESCMID criteria and 11.7%e2.7% of patients with ATLAS scoge 6;
recurrent CDI (18.9%e7.2%) and deaths (14.4%, 7.2%) showed a
similar trend.

4. Discussion

A total of 111 CDI cases were laboratory confirmed. Thirty-nine
stool samples (35%) were toxin A/B negative and the presence of
toxigenic C. difficile had to be confirmed by toxigenic culture.
Observed lower rapid test toxin A/B sensitivity (65%), also reported
by Eastwood et al. (59.6%) [22], emphasizes the need to use an
additional test in the CDI diagnostics algorithm [20].

We identified eighteen different ribotypes in the set of 111 C.
difficile isolates. PCR ribotype 176 was the predominant ribotype
(57.7%). The emergence of PCR-ribotype 176 in the Czech Republic
and Poland was reported in 2009 [23]. Whilst PCR-ribotype 176
occurs together with PCR-ribotype 027 in Poland [24], the occur-
rence of CDI caused by PCR-ribotype 027 in the Czech Republic is
rare [5]. The spectrum of other PCR-ribotypes identified in the
study corresponds with the spectrum of most frequent PCR-
ribotypes from the European survey performed in 2008 [2].

In vitro antibiotic susceptibility of C. difficile isolates was not

Total 176 Non-176

N % N % N %
Man: woman ratio 49:62 e 27:37 e 22:25 e
Average age; median 71; 76 e 77; 80 e 65; 73 e
HA-CDI 63 56.8 49 44.2 14 12.6
CA- CDI 17 15.3 0 e 17 15.3
Unknown CDI 31 27.9 15 13.5 16 14.4
Hospitalization in previous 3 months 80 72.1 57 51.4 23 20.7
Previous stay in a long-term care facility 29 26.1 20 18 9 8.1
Previous antibiotic use (2 months) 101 91.0 60 54.1 41 36.9
Fluoroquinolones 33 29.7 24 21.6 9 8.1
Aminopenicillins 41 36.9 22 19.8 19 17.1
Cephalosporins 29 26.1 17 15.3 12 10.8
Lincosamides 9 8.1 6 5.4 3 2.7
Proton pump inhibitors use 49 44.1 30 27 19 17.1
Charlson comorb. index average; median 6.2; 7 e 7.3 7 e 4.8, 5 e
Immobility (full) 34 30.6 23 20.7 11 9.9
Immobility (partial) 26 23.4 20 18.0 6 5.4
Severe CDI 42 37.8 29 26.1 13 11.3
ATLAS score 0-2 42 37.8 19 17.1 23 20.7
ATLAS score 3-5 53 47.7 32 28.8 21 18.9
ATLAS score 2: 6 16 14.4 13 11.7 3 2.7
Leukocytes > 15A109 26 23.4 19 17.1 7 6.3
Serum CRP > 100 mg/L 39 35.1 25 22.5 14 12.6
Gut perforation, toxic megacolon 2 1.8 2 1.8 0 e
Recurrence 29 26.1 21 18.9 8 7.2
Mortality 24 21.6 16 14.4 8 7.2
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tested in this study, but multidrug resistance in PCR-ribotype 176
isolates was recently reported [4,25,26].

The amino acid substitution Thr82Ile in the Gyr A corresponds to
codon 83 in E. coli and has been described several times in isolates
resistant to moxifloxacin [27,28], to moxifloxacin and ciprofloxacin
[26,29], as well as to other quinolones: gatifloxacin, levofloxacin
[30] and mofloxacin [31]. This amino acid substitution was identi-
fied in 64.9% of isolates in our study, of which 57.7% were PCR-
ribotype 176 isolates (all in the study). Fluoroquinolones were
identified as the second most commonly used antibiotic before a
CDI episode and interestingly it was used 2.7 times more often in
the group of patients infected by C. difficile PCR-ribotype 176. The
uniform presence of Thr82Ile in PCR-ribotype 176 isolates illus-
trates the genetic link of PCR-ribotype 176 to the FQR2 lineage of
PCR-ribotype 027 [32] and suggests a possible advantage for its
spread within healthcare facilities, which is supported by the
presence of 100% identical PCR-ribotype 176 isolates detected by
MLVA in our study.

The high number of clonal clusters (n/4l1) suggests that PCR-
ribotype 176 was introduced several times by patient transfer
from another health care facility. The close genetic relatedness
between PCR-ribotype 176 isolates, together with high prevalence
of PCR-ribotype 176in the Czech Republic [5], shows that this type
is a long-term persisting ribotype in ahospital environment.

The three amino acid substitutions in RpoB identified in this
study were previously observed in C. difficile strains resistant to
rifampin and its derivatives [26,27,33,34]. The carrying of these
detected amino acid substitutions were observed mainly in PCR-
ribotype 176 isolates (58/64). Interestingly, the occurrence of
these particular amino acid substitutions corresponds with clonal
complexes identified by MLVA (CCR% Asp492Glu b Arg505Lys;
isolates in CC5, CC8 and isolate 126 were wild types).

The CDI incidence during the 12-month study period (31.7 cases
per 10,000 bed days and 215 cases per 10,000 admissions), and the
testing frequency (174 tests per 10,000 bed days and 1199 tests per
10,000 admissions), were fivefold higher than recently published
European reported rates in 2012€2013 [3]. The reason for the high
CDI incidence associated with more frequent testing at the
departmental level is the transferring of patients with diarrhoea for
isolation purposes or with a complicated chronic and recurrent
course of CDI to our department, as a specialised centre, from other
hospital departments and other hospitals.

Recurrence rate in our study (26.1%) was higher than the Eu-
ropean mean recurrence rate (18%) [2], and recurrence rates
observed in studies performed in the Eastern Europe (11.3%, 16.4%
and 11.8%) [35,36,37]. The higher recurrence rate could be affected
by above mentioned transferring of CDI patients.

The mortality rate in our study (21.6%) is similar to the mean
European mortality rate (22%) [2] and higher than the 19.7% rate
given in the study by Balihar et al. [36]. Thirty-day mortality (14.2%)
was lower than that observed by Kurti et al. (21.9%) [35].

There is some evidence supporting the genetic link between
PCR-ribotypes 176 and 027 [6,32], which has been associated with
CDI outbreaks [7] and increased disease severity [38], but there
are relatively few data on the clinical relevance of PCR-ribotype
176 [24]. We observed a higher rate of severe CDI, recurrences
and mortality rate in association with PCR-ribotype 176 infections
compared with data on patients infected by other ribotypes
(26.1%, 18.9%, 14.4% to 11.3%, 7.2%, 7.2%, respectively), which pro-
vides some evidence of the clinical relevance PCR-ribotype 176 as
previously suggested [24]. The group of patients infected by PCR-
ribotype 176 was accounted for by the higher age group of pa-
tients as was also observed in patients with PCR-ribotype 027
infection [38].

5. Conclusions

A higher rate of severe CDI, recurrences and mortality rate in
association with PCR-ribotype 176 infections was observed. The
presence of amino acid substitution Thr82Ilein the GyrA, associated
with resistance to fluoroquinolones in all PCR-ribotype 176isolates
in the study stresses the need for the introduction of antibiotic
stewardship focused on reduction and monitoring of fluo-
roquinolone administration.

The high incidence of PCR-ribotype 176 in the study, and the
presence of clonal relatedness between PCR-ribotype 176 isolates,
indicate its higher capacity to spread in a hospital setting, which in
turn highlights the need to implement Czech national guidelines
for infection prevention and control, and to intensify CDI surveil-
lance on a local and national level.
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Priloha 12

Azimirad M; Krutova M; Nyc O; Hasani Z; Afrisham L; Alebouyeh M; Zali MR.
Molecular typing of Clostridium difficile isolates cultured from patient stool samples
and gastroenterological medical devices in a single Iranian hospital. V recenznim fizeni

Anaerobe, po prvni revizi.

Ve spolupréaci s Research Institute for Gastroenterology and Liver Diseases, Shahid Beheshti a
University of Medical Sciences, Tehran, Iran jsme otypovali 23 vzorkti DNA extrahované z
izolati C. difficile kultivovanych ze stolic hospitalizovanych pacienti s CDI a také ze stéri

z nemocni¢niho prostfedi v€etné zdravotnickych pomicek a ptistroj.

C. difficile ribotyp 126 byl nej€astéjSim ribotypem identifikovanym ve studii (21,7 %). Dalsi
nalezené ribotypy byly: 001, 003, 014, 017, 029, 039, 081, 103 a 150. C. difficile ribotypy 001,
126 a 150 byly identifikovany u izolati C. difficile kultivovanych jak ze vzorku stolic pacientt,
tak i ze stérii z prostiedi (pacientské lizko) a zdravotnickych pomtcek (kolonoskop, endoskop),

coz naznacuje moznou cestu prenosu.
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Abstract

Purpose: This study aimed to characterize Clostridium difficile isolates cultured from stool
samples of patients with C. difficile infection (CDI) and swabs from a medical environment in

a gastroenterology centre in Tehran, Iran.

Methods: A total of 158 samples (105 stool samples from hospitalized patients and 53 swabs
from medical devices and the environment) were collected from January 2011 to August 2011
and investigated for the presence of C. difficile by direct anaerobic culture on a selective
media for C. difficile. C. difficile isolates were further characterized by capillary
electrophoresis (CE) ribotyping and toxin gene multiplex PCR.
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Results: Of 158 samples, C. difficile was cultured in 19 of 105 stool samples (18%) and in 4
of 53 swabs (7.5%). C. difficile PCR ribotype (RT) 126 was the most common RT in the
study (21.7%). Further RTs were: 001, 003, 014, 017, 029, 039, 081, 103 and 150. C. difficile
RTs 001, 126 and 150 were identified in isolates cultured from stool samples of patients and
swabs of medical equipment. In conclusion, the predominance of RT 126 was found in

Tehran gastroenterology centre. RTs 126, 001, 150 were cultured from both the stool samples
and swabs of medical devices and the hospital environment which suggest a possible route of

transmission.

Keywords: Clostridium difficile, capillary electrophoresis ribotyping, PCR ribotype 126,
PCR ribotype 150, Iran.

Running Title: Prevalence of C. difficile PCR ribotype 126 in Tehran gastroenterology
centre.

Introduction

Clostridium difficile, recently reclassified as Clostridioides difficile [1], is a leading world-
wide spread nosocomial pathogen [2, 3]. The molecular typing of clinical significant strains is
an important part of C. difficile infection surveillance. The spectrum of typing methods is
wide and, therefore, to compare the data from different studies is difficult. Currently, the most
commonly used method for typing of C. difficile isolates is polymerase chain reaction (PCR)
ribotyping, a method based on the variability of intergenic spacer region (ISR) between /65
and 23S rRNA genes [4].

Several studies aimed to map the prevalence of CDI in Middle East were recently published.
In Kuwait, the prevalence of CDI was 9.7% in 2003, 7.8% in 2004 and 7.2% in 2005 with the
most frequently found RTs 002, 001, 126 and 140 [5]. In contrast, in a study focused on
community associated CDI in Kuwait, the prevalence of CDI was 0.62% and the occurrence
of RTs 139, 014, 056, 070, 097 and 179 was found [6]. In Lebanon, in a single center study,
C. difficile was detected in 65.2% of stool samples with a prevalence of toxinotype 0-like [7].
In Israel, the multicenter study, including six general hospitals and ten long-term care
facilities, showed a high prevalence of RT027 (31.8%) with a reduced susceptibility to
metronidazole [8]. In Qatar, a study of 1,532 patients from two hospitals performed between
2011-2012, showed a CDI prevalence of 7.9% and RT258 was the most frequently found
ribotype between 36 RTs identified [9]. In Saudi Arabia, the annual CDI incidence was 2.4
and 1.7 per 10,000 patient days in 2007 and 2008, respectively [10]. A study performed in a
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Turkish university hospital gave a CDI incidence of 0.26 per 1,000 hospitalization-days and
the prevalence of RT 002 between October 2004 and February 2005 [11].

In the Iranian study performed in 2015, C. difficile was detected in 8.75% of pediatric stool
samples, both diarrheal and non-diarrheal, with the prevalence of ribotyping profiles R27 and
R1 [12]. The high prevalence of RT027 (11.52%) was also revealed in Iranian pediatric
patients aged five years and younger [13]. The predominance of RT078/toxinotype V (21%)
was reported in an Iranian single center study performed between October 2010 and March
2011 [14]. The occurrence of toxigenic C. difficile strains (A(+)B(+), 64 (85.3%), A(+)B(-),5
(6.7%) and A(-)B(+),6 (8%) was found in a Tehran specialized health care center from
November 2010 to October 2011 [15] and a 6.1% CDI prevalence was reported in a Tehran
tertiary care hospital from December 2002 to February 2006 [16]. In Iran, the occurrence of
C. difficile from a non-hospital setting was reported in farm animals [17, 18], raw meat [17,

19, 20], hamburgers [21], and ready-to-eat salads [22].

We performed a single center study to investigate the occurrence of C. difficile in hospitalized
patients with suspected CDI in a hospital environment. C. difficile isolates were further

characterized by molecular methods recommended for CDI surveillance.
Materials and Methods

The study was carried out in the Research Institute for Gastroenterology and Liver Diseases,
in Tehran, Iran, from January 2011 to August 2011. This institute is a specialized health care

facility with 44 beds, and 1938 admissions per year.

A total of 105 diarrheal stool samples of hospitalized patients with suspected C. difficile
infection (CDI), 53 swabs of medical devices (colonoscope, forceps of the endosonographic
imaging system, forceps of the ERCP device and patients’ bed) and gastroenterology unit
environment (washing sink for the imaging device) were investigated by direct anaerobic
culture on a selective C. difficile medium (Mast, United Kingdom) supplemented with 7%
horse blood and selective components at 37 °C. Swab sampling of the imaging devices was
performed by wet cotton swab (sterile physiological salt solution) after routinely used surface

treatment by 2% glutaraldehyde and 10-minute sterilization.
DNA extraction and PCR

The crude DNA from the several C. difficile colonies was extracted by InstaGene matrix

extraction kit (Bio-Rad, USA). Capillary electrophoresis (CE) ribotyping was performed
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according to the consensus ribotyping protocol [23] in the Department of Medical
Microbiology, Motol University hospital, Prague, Czech Republic. The obtained CE-
ribotyping profiles were compared with the profiles used in a CE-ribotyping validation study
[23]. The *fsa files were also uploaded to the WEBRIBO database [24]. Multiplex toxin gene
PCR was performed with primers described by Persson et al. [25].

Results

A total of 158 samples were investigated (105 stools and 53 swabs) and 23 C. difficile isolates
were cultured (14.5%). Nineteen C. difficile isolates (19/105, 18.1%) were derived from stool
samples of symptomatic patients, (9 male, 10 female) and four C. difficile isolates (4/53,
7.5%) were cultured from swabs of medical devices and the environment in the
gastroenterology unit (colonoscope (1/15), forceps of the endosonographic imaging system

(1/3), forceps of the ERCP device (1/1) and patient bed (1/17)).

Out of the 23 C. difficile isolates, seven following ribotypes were identified: 001 (n=2), 003
(n=1), 014 (n=1), 017 (n=1), 029 (n=1), 039 (n=1), 081 (n=1) and 126 (n=5). Three CE-
profiles were recognized by WEBRIBO as WEBRIBO types: Al-12 (n=2), AI-29 (n=1) and
AlI-82/1 (n=1). Three CE-profiles were not identified and three DNA samples were not
repeatedly amplified by the primers used for this assay.

Of 23 C. difficile isolates, 22 isolates were toxigenic (fcdA, tcdB) and five of them were also
positive for the presence of binary toxin genes (all isolates of RT126). The remaining single

isolate was non-toxigenic.
A summary of the results is shown in Table 1.
Discussion

In Iran, several studies that focused on C. difficile infection in human, animals and food were
performed [12-22], however, the incoherence or the absence of molecular typing methods do

not allow us to compare C. difficile molecular patterns with previously published data.

PCR ribotyping was applied in several Iranian studies. Two studies focused on pediatric
patients identified the C. difficile ribotyping patterns classified as R27 (14.28%), R1
(10.71%), R12 (7.14%), R13 (7.14%) and R18 (7.14%) in the first study [12], and as RT027
(11.52 %), R1 (9.61 %) and R13 (7.68 %) in the second study [13]. Twelve different
ribotyping patterns (IR1-10, 078, 014), with a prevalence of RT078, were recognized in
Isfahan University of Medical Sciences Teaching Hospital [14].
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Among animal isolates, twenty-one RTs were identified and IR12, IR33 and IR37 were more
frequently found (14.2% of each profile) in the study of Esfandiari et al. [17]. Eight
ribotyping profiles (IR11-18) were identified in the study focused on occurrence of C. difficile
in beef and mutton meat samples [20]. In contrast, 53.9% prevalence of RT078 was found in
raw beef, cow, sheep, goat, camel and buffalo meat [19]. Four different ribotyping profiles

(IR21, IR 22, IR 23 and IR24) were identified in hamburgers [21].

Despite the distinct geographic location of this study, the spectrum of ribotyping profiles
identified (001, 003, 014, 017, 029, 081, 126) belong to the human RTs occurring in Europe
[25]. And moreover, from this study, the same spectra of RTs and WEBRIBO profiles

(except WRT AI-29) were also found in the international animal strain collection [26].

The most prevalent RT identified in our study was RT 126 (20.8%). Its clinical significance
was reported in three CDI cases [27] and its zoonotic potential in human CDI was recently
suggested based on the subtyping of human and animal isolates [28]. This is also supported by
the occurrence of RT126 reported in pigs, piglets, raw pork and calves [29-33].

Three CE-profiles were recognized by WEBRIBO database as WEBRIBO types: Al-12
(n=2), AI-29 (n=1) and AI-82/1 (n=1). Two of them, AI-12 and AI-82/1 were recently
identified as RTs 150 and 103, respectively in the UK ribotyping reference laboratory, Leeds
[27].

Conclusion

The predominance of RT 126 was found in a Tehran gastroenterology centre. RTs 126, 001,
150 were cultured from both stool samples and swabs from medical devices and the hospital
environment, which suggest a possible route of transmission. These results indicate the need

for a larger multicenter study to confirm our findings.
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Table 1: Molecular characteristic of C. difficile isolates in the study.

ID code Source tcdA tcdB cdtA cdtB Ribotype/WEBRIBO type
32-2 Colonoscope + + - - 150/A1-12
114-2 Stool sample + + - - 150/A1-12
184-2 Stool sample + + - - 001
75-2 ERCP + + - - 001
54-2 Endoscope + + + + 126
20-2 stool sample + + + + 126
141-2 stool sample + + + + 126
85-2 stool sample + + + + 126
65-2 stool sample + + + + 126
105-2 stool sample + + - - unknown
90-2 stool sample + + - e
83-2 stool sample + + - e
60-2- stool sample + + - - unknown
45-2 stool sample - - - - 039
100-2 stool sample + + - - 081
127-2 stool sample + + - - 103/A1-82/1
40-2 Bed + + - - AI-29
142-2 stool sample + + - - 003
30-2 stool sample + + - - unknown
130-2 stool sample + + - S
134-2 stool sample + + - - 029
110-2 stool sample + + - - 017
89-2 stool sample + + - - 014

ERCP - endoscopic retrograde cholangiopancreatogram, *Primers used to amplify fcd4 are located
upstream of the repetitive region in the 3 -end. The TcdA-negative strains due to 3'-end deletion

revealed positive PCR amplification [25].
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