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1. SOUHRN

1.1 Cesky souhrn

Enterohemoragické Escherichia coli (EHEC) jsou celosvétovymi plvodci
prijmu a tzv. diarrhea-pozitivniho (D+) hemolyticko-uremického syndromu (HUS). D+
HUS se vyviji jako systémova komplikace prijmu vyvoland Shiga toxinem (Stx)
pfedevs§im u déti do 5 let a je nejcastéjsi pfi¢inou akutniho selhani ledvin v détském
véku. Cilem této prace bylo uréit vyznam EHEC jako ptivodct HUS a prijmi v Ceské
republice, zavést rychlé a spolehlivé metody pro jejich detekci a molekularni
subtypizaci, urcit virulencni profily izolath a jejich vztah ke klinickému pribéhu
onemocnéni (tj. nekomplikovany prijem vs. HUS) a ziskat informaci o epidemiologii
EHEC infekci. V letech 1998-2012 byly EHEC izolovany ze stolic 70 % pediatrickych
pacientt s HUS. Izolaty patiily k sérotypim [fliC typim H antigenu]
O157:H7/NM[fliCy7] (kde 50 %  byly sorbitol-fermentujici  kmeny),
O026:H1I/NM[fliCu11], OSS:NM[fliCy7], OI111:NM[fliCug], O145:H28[fliCpps],
O172:NM[fliCips] a 2 kmeny byly netypovatelné. EHEC 026 tvofily 41 % vSech
izolatli. Vice nez tietina z nich patfila k novému, vysoce virulentnimu klonu, ktery se
objevil v 90. letech v Némecku a je v soucasné dob¢ castym ptivodcem HUS v Evropé.
Kmeny EHEC od pacientt s HUS patiily k 5 stx genotyptim; 76 % kment obsahovalo
Stxa, gen, bud’ samotny (71 %) nebo v kombinaci s stxa. (5 %), coZ ukazuje, ze stxy,
genotyp infikujiciho kmene je rizikovym faktorem pro progresi prijmu do HUS. Z non-
stx faktorti virulence byl u vétSiny kment prokazan EHEC-hlyA koédujici EHEC
hemolyzin a u vSech kmenli gen eae kodujici adhesin intimin. Geny koédujici dalsi
toxiny EHEC (cdt-V, espP) a adhesiny byly sérotyp-specifické. VétSina ze 49 kmeni
EHEC izolovanych od pacientti s prijmem bez HUS a jejich rodinnych kontaktl pattila
ke stejnym sérotypim jako kmeny z HUS, tj. OI5S7:H7/NM[fliCu],
O26:HI11/NM[fliCy1;] a O11LNM[fliCys]. Vzécné se vyskytly  sérotypy
O118:NM[fliCyas] a O104:H4[fliCya], z nichz posledni je importovany hybridni kmen
enteroagregativné hemoragické E. coli (EAHEC) izolovany v souvislosti s némeckou
epidemii v roce 2011. Na rozdil od kmenti z HUS, 71 % EHEC od pacientl s prijmem
obsahovalo stx;, gen (samotny nebo v kombinaci s stx;, a/nebo stx,.); pritomnost stxj,
tedy indikuje schopnost kmene vyvolat nekomplikovany prijem bez progrese do HUS.

EHEC infekce se vyskytovaly béhem celého roku, s vrcholem v kvétnu az fijnu a



nejvice ve Stiedoceském a Kralovéhradeckém kraji. Ve 3 ptipadech doslo k pienosu
infekce v rodinach a v 1 ptipad¢ k pfenosu EHEC O157:H7 z ovce na pacienta. Doba
vylu¢ovani EHEC u pacientli a asymptomatickych kontakta se pohybovala v rozmezi od
9 do 68 dnii (median 22 dnit). Vysledky této prace ukazuji, ze EHEC jsou vyznamnymi
ptvodci HUS a prijmi v Ceské republice a Ze typ stx genu je dileZitym indikatorem
klinického priibéhu onemocnéni, konkrétné progrese nekomplikovaného prijmu do
HUS. Vzhledem k absenci specifické terapie a prevence (ockovani) EHEC infekci je
proto v soucasné dob¢ nejucinngjsi prevenci potencialné letadlntho HUS rychléd detekce
EHEC ve stolici pacienta, urceni rizika progrese do HUS pomoci subtypizace stx genu a
v pfipadé potieby okamzité zahdjeni vhodné podplrné terapie, ktera snizuje riziko
rozvoje akutniho renalniho selhani. Protoze jak pacienti, tak bezptiznakovi nosici, kteii
dlouhodob¢ vylucuji EHEC, jsou zavaznymi potenciondlnimi zdroji infekce pro své
okoli, skrining EHEC v rodinach pacientli a disledné sledovani vyluc¢ovani EHEC po
prodélané infekci jsou nezbytnym zékladem pro zavedeni pfislusnych preventivnich

opatfeni zabranujicich Sifeni EHEC infekce.

Kli¢ova slova: : Enterohemoragickd FEscherichia coli (EHEC), Shiga toxin (Stx),
sérotyp, genotyp, virulen¢ni profil, hemolyticko-uremicky syndrom (HUS), prijem,
epidemiologie, prevence infekci EHEC, Ceska republika.



1.2 Summary

Enterohemorrhagic Eschericha coli (EHEC) cause diarrthea and diarrhea-
associated (D+) hemolytic-uremic syndrome (HUS) worldwide. D+ HUS develops as
Shiga toxin (Stx)-mediated systemic complication of diarrhea mostly in children under
5 years and is the most common cause of acute renal failure in childhood. The aim of
this study was to determine the role of EHEC in etiology of HUS and diarrhea in the
Czech Republic, to develop rapid and reliable methods for EHEC detection and
molecular subtyping, to analyze virulence gene profiles of the EHEC isolates and their
correlation with the clinical outcome of the infection (i.e. uncomplicated diarrhea vs.
HUS) and to gain insight into the epidemiology of EHEC infections. During 1998-2012
EHEC were isolated from stool samples of 70 % of pediatric patients with HUS. The
isolates belonged to serotypes [fliC types] O157:H7/NM[fliCy7] (50 % were sorbitol-
fermenting strains), O26:HI1/NM[fliCy;], OS5S5:NM[fliCy7], OI111:NM[fliCys],
O145:H28[fliCyas], O172:NM[fliCy,s], and Orough:NM[f7iCyyps]. EHEC O26 accounted
for 41 % of all isolates. More than one third of them belonged to a new, highly virulent
clone that emerged in Germany in the 1990s and has spread since then as a frequent
cause of HUS in Europe. EHEC isolates from HUS patients belonged to 5 stx
genotypes; 76 % of them contained stx», gene, either alone (71 %) or together with stxs.
(5 %), demonstrating that the stx», genotype in the infecting strain is a predictor for the
risk of progression of EHEC infection to HUS. Most strains also harbored EHEC-hlyA4
encoding EHEC hemolysin and all strains possessed eae encoding the adhesin intimin.
Genes encoding other EHEC toxins (cdt-V, espP) and adhesins were serotype-specific.
The majority of EHEC strains isolated from patients with uncomplicated diarrhea and
their  family = members  belonged to serotypes  O157:H7/NM|[fliCy7],
026:H11/NM[fliCy;1] a O111:NM[fliCys], which were also associated with HUS.
Moreover, rare serotypes such as O118:NM[fliCyps] and O104:H4[fliCy4] were found;
the latter strain was imported from Germany and shown to be the hybrid of an EHEC
and enteroaggregative E. coli (EAHEC), which caused the 2011 outbreak in Germany.
In contrast to isolates from HUS patients, 71% of EHEC isolated from patients with
diarrhea harbored stx;, gene (either alone or together with stx;, and/or stxyc)
demonstrating that the presence of stxj, in the infecting strain indicates its potential to
cause uncomplicated diarrhea without progression to HUS. EHEC infections occurred

throughout the year, peaked between May and October, and were the most common in
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the Central Bohemian and Kralovéhradecky regions. Transmission of EHEC O157:H7
infection was detected within 3 families, and from a sheep to a patient. Duration of
EHEC fecal shedding in patients and their asymptomatic contacts ranged from 9 to 68
days (median, 22 days). Taken together, our data demonstrate that EHEC are important
causes of HUS and diarrhea in the Czech Republic and the stx subtype of the infecting
strain is a predictor for the clinical outcome of the infection, specifically for the
progression of uncomplicated diarrhea to HUS. Because there is no specific therapy and
prevention (vaccination) for EHEC infections, a rapid detection of EHEC in patients’
stools, prompt subtyping of stx genes, and administration of a suitable supportive
therapy in patients at risk of HUS development are at present the most effective
measures to reduce the risk of acute renal failure and thus potentially lethal HUS during
EHEC infection. Moreover, because long-term EHEC shedders (both patients and
asymptomatic individuals) are important potential sources of the infection, a consistent
screening for EHEC shedding in patients as well as in their asymptomatic family
members are necessary to implement effective measures to prevent the spread of EHEC

infections.

Keywords: Enterohemorrhagic Eschericha coli (EHEC), Shiga toxin (Stx), serotype,
genotype, virulence profile, hemolytic-uremic syndrome (HUS), diarrhea,

epidemiology, prevention of EHEC infections, Czech Republic.
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2. UVOD A LITERARNI PREHLED

Enterohemoragické Escherichia coli (EHEC) jsou definovany jako skupina
Shiga toxin (Stx)-produkujicich E. coli patogennich pro ¢lovéka [Levine M, et al., 1987;
Nataro JP a Kaper JB, 1998]. EHEC jsou rozsifeny celosvétové a maji nckolik
spolecnych charakteristik: 1) vyvoldvaji prijmova onemocnéni rtizné zavaznosti, ktera
mohou byt komplikovdna potencidlné letalnim hemolyticko-uremickym syndromem
(HUS), ktery je disledkem systémové toxémie; 2) produkuji jeden ¢i vice typu Stx,
ktery je hlavnim faktorem virulence téchto patogenti; 3) zpravidla obsahuji ostriivek
patogenity nazyvany LEE (locus for enterocyte effacement), ktery koduje schopnost
adherovat ke stfevni sliznici typickym zpisobem oznaovanym jako ,attaching and
effacing lesions®™; 4) obsahuji plasmidy rtizné velikosti, které koduji fadu non-Stx
faktorti virulence; 5) patii k urCitému spektru sérotyptli, z nichz pét nejcastéjSich (tzv.
»top five®) jsou celosvétovymi pivodci HUS; 6) zvifata, predevSim dobytek, ktery
vylu¢uje EHEC asymptomaticky, jsou jejich hlavnimi pfirozenymi rezervoary [Nataro
JP a Kaper JB, 1998; Karmali MA, 2004; Karch H, et al., 2005; Karmali MA, et al.,
2010]. Infekce vyvolané EHEC ptedstavuji zdvazny zdravotnicky problém nejen z
hlediska jejich schopnosti vyvolat HUS, ktery je nejcastéjsi piicinou akutniho selhani
ledvin u déti [Scheiring J, et al., 2008] a je potencidln¢ smrtelny, ale i pro schopnost
pusobit rozsédhlé¢ epidemie [Rangel JM, et al., 2005; Frank C, et al., 2011]. DalSim
divodem zdravotnické zavaznosti EHEC infekci je skutecnost, ze i po 30 letech od
jejich objeveni jako piivodct lidskych onemocnéni [Riley LW, et al., 1983, Karmali
MA, et al., 1983] stale chybi specificka terapie a prevence (o¢kovani). Protoze Stx typ
infikujiciho kmene mé zasadni vyznam pro progresi lokélni sttevni EHEC infekce
(priymu) do systémové toxémie (HUS), nejucinnéjsi prevenci HUS je v soucasné dobé
rychla detekce EHEC ve stolici pacienta s prtijmem [Tarr PI, et al., 1990], urCeni rizika
progrese do HUS na zakladé¢ rychlé subtypizace stx genu [Friedrich AW, et al., 2002;
Bielaszewska M, et al., 2006] a v pozitivnim piipadé okamzité zahajeni vhodné terapie
(,,volume expansion®), kterd snizuje riziko rozvoje HUS nebo alesponl mitiguje renalni

poskozeni [Ake JA, et al., 2005].
2.1. Onemocnéni vyvolana EHEC

EHEC wvyvolavaji Siroké spektrum lidskych onemocnéni  zahrnujici

nekomplikovany vodnaty prdjem, prijem s piimési krve, hemoragickou kolitidu a
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klasicky (tj.diarrhea-associated, D+) HUS [Ambrozova H, Marejkova M, 2012; Karch
H, et al., 2005, Nataro JP, Kaper JB, 1998; Karmali MA, et al., 2004; Croxen MA, et
al., 2013]. D+ HUS je klinicky charakterizovan mikroangiopatickou hemolytickou
anemii (hematokrit < 30 % s ndlezem schistocytll v krevnim nétéru), trombocytopenii
(poget krevnich desti¢ek <150.000/mm®) a akutnim rendlnim selhanim (hladina
sérového kreatininu vyssi nez je horni limit normalniho rozmezi pro dany vék) [Tarr PI,
et al., 2005]. HUS se vyviji jako systémova komplikace prijma vyvolanych EHEC
piedev§im u déti do 5 let véku. Jeho patofyziologickym podkladem je tromboticka
mikroangiopatie, ktera postihuje predev§im kapilary ledvinnych glomerult, tlustého
stteva a mozku a je disledkem poskozeni mikrovaskularniho endotelu tcinkem Stx
[Bielaszewska M, Karch H, 2005a; Tarr PI, et al., 2005; Zoja C, et al., 2010; Karmali
MA, et al., 2010]. Smrtnost HUS se uvadi mezi 3-5 % a castou pfi¢inou umrti byvaji
neurologické komplikace [Gerber A, et al., 2002; Sheiring J, et al., 2008]. Az 30 %
pacientl, ktefi se uzdravi z akutniho onemocnéni, ma trvalé nasledky ve formé
hypertenze, proteinurie, zuzZeni stfeva, neurologickych postizeni, piipadné az
chronického selhani ledvin, vedouciho k nutnosti celozivotni dialyzy ¢i transplantace.
K vzacnéjSim pozdnim nasledkiim se fadi diabetes mellitus a Zlu¢ové kameny [Bldhova
K, et al., 2002; Garg AX, et al., 2003; Rosales A, et al., 2012]. Onemocnéni vyvolana
EHEC zacinaji 3—7 dnt (median 3 dny) po infekci jako vodnaty prijem doprovazeny

kfeCovitymi bolestmi bficha, ktery u vétSiny (az 90 %) piipadl pfechazi béhem 1-3 dnil

v krvavy prijem.
HUS
{1015 %)
3 2 4 ©o 1 2 3 4 5 6 7
| | |
R m\
felce Prigem Ushup prisgrmas Sposvbanni
He e -
ML oymE Eromssm e
S {8500 %)
90 %)

Obrazek 1. Typicky klinicky priibéh infekce EHEC O157:H7 u déti do 10 let véku
[Podle Tarr PI, et al., 2005 (modifikovano)]
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Zvysenou teplotu ¢i horeCku udéva asi polovina pacientd. Leukocyty ve stolicich jsou
pritomny u ~50 % vySetfenych osob, ale jen vyjimecné dosahuji vysokych hodnot.

HUS se vyviji 5-13 dnii (median 7 dnli) po zacatku prijmu, pfi¢emz riziko rozvoje
HUS u pacientii pod 10 let v€ku je 10-15 % [Karch H, et al., 2005; Tarr PI, et al.,
2005; Werber D, et al., 2007]. Typicky klinicky pribéh infekce vyvolané EHEC

O157:H7 je zndzornén na obrazku 1 (na str. 13).

2.2. Sérotypy EHEC a jejich klinicky vyznam

V soucasné dob¢ je znamo vice nez 400 sérotypt Stx-produkujicich E. coli, z nichz vice
nez 100 bylo popsano ve spojeni s lidskym onemocnénim [Karmali MA, 2004; Brandt
SM, et al., 2011; Dallman T, et al., 2013]. Nejvyznamné&j$im a celosvétove rozsifenym
EHEC sérotypem je O157:H7/NM (klasické sorbitol-nefermentujici (NSF) kmeny),
ktery je nejCastéjSim plivodcem sporadickych onemocnéni, predevsim HUS [Karch H,
et al., 2005; Tarr PI, et al., 2005; Gerber A, et al., 2002; Banatvala N, et al., 2001;
Espi¢” E, et al., 2008; Lynn RM, et al., 2005; Marejkova M, et al., 2013] a vyvolal fadu
rozsahlych epidemii [Rangel JM, et al., 2005]. Krom¢ toho byla od pacientd s prijmem
¢i HUS izolovana celd tfada dalSich, tzv. non-O157:H7 EHEC sérotyptli, z nichz
nejcastéjSi jsou, ve spojeni se sporadickymi piipady ¢i epidemickymi vyskyty,
026:H11/NM, O103:H2/NM, O111:H8/NM, O145:H28/NM a sorbitol-fermentujici
(SF) O157:NM [Gerber A, et al., 2002; Beutin L, et al., 2004; Karch H, et al., 2005;
Karmali MA, et al., 1985; EFSA 2013; Marejkova M, et al., 2013; Marejkova M, et al.,
2009; Mellmann A, et al., 2008; Ethelberg S, et al., 2009; Gould LH, et al., 2013;
Brooks JT, et al., 2005; Orth D, et al., 2009; Eklund M, et al., 2006; Karch M, et al.
1990; Tozzi E, et al., 2003; Képpeli U, et al., 2011; Taylor EV, et al., 2013; Luna-
Gierke RE, et al., 2014]. DalSimi virulentnimi EHEC sérotypy, z nichz nékteré se
vyskytuji prevazné v urCitych geografickych oblastech, jsou O91:H21, O113:H21,
O118:H16,a O121:H19 [Paton AW, et al., 1999; Werber D, et al., 2007; Tarr CL, et al.,
2002; Maidhof H, et al, 2002].

V souvislosti se sporadickymi ptipady HUS byla popséana i fada dalSich, méné
Castych sérotyptt EHEC, z evropskych zemi naptiklad v Némecku [Mellmann A, et al.,
2008], Francii [Espie” E, et al. 2008], §V}'Icarsku [Képpeli U, et al., 2011; Stritt A, et al.,
2013], Déansku [Ethelberg S, et al., 2004], Belgii [Buvens G, et al., 2013], Italii [Tozzi
E, et al., 2003] a v Ceské republice [Marejkova M, et al., 2013]; ale také v USA [Brooks
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JT, et al., 2005; Gould LH, et al., 2013], jizni Americe [Rivas M, et al., 2006], Australii
[Elliott EJ, et al., 2001] a Japonsku [Konno T, et al., 2013].

2.3. Faktory virulence EHEC a patogeneze HUS
2.3.1. Toxiny

Hlavnimi faktory virulence EHEC jsou Shiga toxiny, téz oznacované
synonymem verotoxiny (VT) [Karmali MA, et al., 1985; Scheutz F, et al., 2012]. stx
(vtx) geny jsou kodovany v genomech bakteriofagu, které jsou integrovany do EHEC
chromozomu [Makino KK, et al., 1999; Yokoyama K, et al., 2000]. Existuji 2 hlavni
typy Stx, a to Stxla (téméf shodny s Stx Shigella dysenteriae 1) a Stx2a. Stxla a Stx2a
sdileji 57% a 60% identitu v sekvenci nukleotidu jejich A a B podjednotek [Jackson
MP, et al., 1987] a lisi se antigenné [Scotland SM, et al., 1985]. V ramci hlavnich typt
se rozliSuje fada subtypil. V ramci Stx1a jsou to subtypy Stx1c a Stx1d, zatimco skupina
Stx2a je mnohem heterogennéjsi se subtypy Stx2b, Stx2c, Stx2d, Stx2e, Stx2f a Stx2g
[Scheutz F, et al., 2012]. Jednotlivé subtypy se lisi sekvenci nukleotidu, receptorovou
specifitou a schopnosti aktivace elastazou ptitomnou ve hlenu stfevni sliznice, ktera
zvySuje toxicitu [Scheutz F, et al., 2012; Melton-Celsa AR, et al., 2002; Bielaszewska
M, et al., 2006; Bauwens A, et al., 2013]. U kmenti vyvolavajicich lidska onemocnéni
se nejcastéji vyskytuji Stxla, Stxlc, Stx2a, Stx2b, Stx2c, a Stx2d [Friedrich AW, et al.,
2002; Bielaszewska M, et al., 2006; Friedrich AW, et al., 2003; Marejkova M, et al.,
2013; Scheutz F, et al., 2012; Zhang WL, et al., 2014; Karch H, et al., 2005]. Pouze
nekteré Stx typy a subtypy, konkrétné Stx2a, Stx2c a Stx2d, jsou dle epidemiologickych
studii signifikantné spojeny se schopnosti kment, které je produkuji, vyvolat HUS
[Friedrich AW, et al.,, 2002; Gerber A, et al., 2002; Persson S, et al., 2007,
Bielaszewska M, et al., 2006; Ethelber S, et al., 2004; Képpeli U, et al., 2011; Brooks
JT, et al., 2005]. Oproti tomu kmeny EHEC produkujici Stxla, Stxlc, Stx2b, Stx2e,
Stx2f a Stx2g jsou vétsinou izolovany od pacientli s nekomplikovanym priijmem, tj. bez
progrese do HUS [Friedrich AW, et al., 2002; Friedrich AW, et al., 2003; Beutin L, et
al., 2004; Sonntag AK, et al., 2005a; Sonntag AK, et al., 2005b; Prager R, et al., 2009;
Prager R, et al, 2011), ztoho posledni tfi subtypy velmi vzacné. I kdyz
patofyziologicky podklad signifikantniho spojeni Stx2a se schopnosti EHEC vyvolat
HUS neni zatim zcela jasny, in vitro studie prokazaly, ze Stx2a vykazuje

mnohonasobné¢ vyS$i cytotoxicitu vi¢i mikrovaskularnimu endotelu lidskych
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ledvinnych glomerulii a mozku, jez jsou hlavnimi cilovymi organy v pritbéhu HUS, nez

Stx1a [Louise CB, Obrigh TG, 1995; Bauwens A, et al., 2011].

Po strukturni strance jsou Shiga toxiny ABs toxiny slozené z jedné enzymaticky
aktivni podjednotky A (32 kDa), kterd ma RNA N-glykozidazovou aktivitu a inhibuje
proteosyntézu, a péti podjednotek B (kazda 7,7 kDa), které se specificky vdzou na
glykosfingolipidové receptory cilovych bunck [Fraser et al., 2004; Zoja C, et al., 2010;
Bauwens A, et al., 2013]. Krystalicky model Stx2a holotoxinu je zndzornén na obrazku
2. Hlavnim bunécnym receptorem pro Stxla a Stx2a je globotriaosylceramide (Gb3),
zatimco Stx2e se prednostné vaze k globotetraosyceramidu (Gb4) [Bauwens A, et al.,

2013].

Obrazek 2. Struktura Stx2a holotoxinu

Krystalicky model Stx2a holotoxinu s vyznacenou podjednotkou A (Cervené) a
pentamerem podjednotek B (zelena, tyrkysova, okrova, modra, Zlutd). Podjednotka A
se sklada ze dvou fetézcl, z nichz fetézec A1 (28 kDa) ma N-glykosidazovou aktivitu a
vazbou na ribozomy inaktivuje proteosyntézu, a fetézec A2 (4 kDa) spojuje A1
podjednotku s pentamerem B podjednotek. Pismeno “A* v A1 podjednotce oznacuje
enzymaticky aktivni misto a Cisla v podjednotce B mista specificky reagujici s Gb3
receptorem. [Dle Fraser et al., 2004 (modifikovano)].

Podle soucasnych poznatkli o patogeneze HUS jsou Shiga toxiny, produkované
EHEC kolonizujicimi tlusté stfevo, absorbovany do krevniho ob¢hu a transportovany,
pravdépodobné pomoci polymorfonuklearnich leukocyt [Brigotti M, et al., 2008], do
mikrovaskulatury cilovych organt, tj. ptedev§im ledvin, tlusté¢ho stfeva a mozku. Zde,

po vazbé na receptor endotelovych bunck (Gb3) plsobi poskozeni endotelu kombinaci
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procestt  zahrnujicich inhibici proteosyntézy, apoptdézu, nekrézu a aktivaci
protrombotickych mechanizmti [Ambrozova H, Marejkova M, 2012; Bielaszewska M,
Karch H, 2005a; Karch H, et al., 2005; Bauwens A, et al., 2013; Zoja C, et al., 2010].
K poskozeni ledvin pfispiva téz aktivace komplementu vyvoland Stx2a [Orth D,
Wiirzner R, 2010]. Organové trombotické mikroangiopatické zmény vyvolané Shiga
toxiny jsou podkladem klinickych projevii HUS a hemoragické kolitidy [Karmali MA,
2004; Karch H, et al., 2005].

Kromé¢ Shiga toxinu produkuji EHEC i fadu dalSich toxinti, které mohou hrat
roli v patogenezi onemocnéni, predev§im HUS. Tyto zahrnuji EHEC hemolyzin, serin
protedzu EspP, cytoletalni distendujici toxin (CDT) a cytotoxin subtilazu [Bielaszewska
M, Karch H, 2005a]. EHEC hemolyzin je cytolyzin [Schmidt H, et al., 1995] se
schopnosti pisobit ve vysSich davkach lyzu mikrovaskularnich endotelovych bunck
[Aldick T, et al., 2007] a v sublytickych davkach jejich apoptdzu, stejné jako apoptozu
sttevnich epitelovych bun¢k [Bielaszewska M, et al., 2013b]. EspP je protein ze skupiny
autotransporteri SPATEs (serine protease autotransporters of Enterobacteriaceae),
s potencialem S§tepit koagulacni faktor V ptitomny v plazmé [Brunder W, et al., 1997].
Bylo popséano nékolik subtypt (EspP a, B, v, 0 a €), z nichZ subtyp EspP a je pfitomen u
EHEC O157:H7 a nejcastéji se vyskytujicich non-O157 EHEC sérotypti ptsobicich
zédvaznd lidskd onemocnéni vcetné HUS [Brockmeyer J, et al., 2007; Weiss A,
Brockmeyer J, 2012]. CDT je tfislozkovy protein, ktery mé jako jediny znamy
bakterialni toxin schopnost poSkozovat bakterialni DNA [Jinadasa et al., 2011].
Disledkem poskozeni DNA je zastava bunécného cyklu v G2 fazi, kterd rezultuje
v inhibici proliferace a nakonec v bunécnou smrt [Bielaszewska et al., 2005b; Jinadasa
et al., 2011]. Pro tyto vlastnosti je CTD klasifikovan jako genotoxin a cyklomodulin
[Jinadasa RN, et al., 2011]. V soucasné¢ dob¢ je znamych pét typi CDT u E.coli
riznych patogennich skupin [Jinadasa et al., 2011], z nichz dva (CDT-IIl a CDT-V)
byly identifikovany u EHEC [Janka A, et al., 2003; Bielaszewska M, et al., 2004;
Friedrich AW, et al., 2006]. CDT-V zptisobuje poskozeni lidskych mikrovaskularnich
endotelovych bunék in vitro [Bielaszewska M, et al., 2005b; Friedrich AW, et al.,
2006], coz naznacuje jeho moznou roli k patogenezi HUS. Cytotoxin subtilaza je ABs
toxin, ktery byl poprvé popsan u EHEC O113:H21 [Paton AW, et al., 2004] a pozd¢ji
identifikovan téz u fady dalSich, pfedev§im LEE-negativnich, EHEC. Po

intraperitonealnim podani mySim ptlisobi subtildza rozsahlé¢ mikrovaskularni trombozy a
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nekrdzy v ledvinach a mozku, které se podobaji histopatologickym naleztim u pacientt
s HUS [Paton AW, et al., 2004]. Tato pozorovani podporuji mozné piispéni subtilazy

k mikrovaskuldrnim zménam pi1 HUS.

2.3.2 Adheziny a ostatni potencialni faktory virulence

Stievni kolonizace, kterd je prvnim krokem v patogenezi onemocnéni
vyvolanych EHEC, je umoznéna fadou fimbrialnich a nefimbridlnich adhezinli [Torres
AG, et al., 2005]. Nejlépe prostudovanym adhezinem je intimin, kédovany eae genem,
ktery je lokalizovan v ostrivku patogenity LEE a je hlavni slozkou LEE-kédovaného
komplexu, ktery je zodpovédny za tvorbu ‘“attaching and effacing* 1ézi na sliznici
tlustého stfeva [Schmidt MA, 2010]. Existuje vice nez 20 typi a subtypil eae, které byly
identifikovany u kmenti enteropatogennich E. coli (EPEC) a vyskytuji se téz u vétSiny
nejcastéji se vyskytujicich séroskupin EHEC [Karch H, et al., 2005; Schmidt MA, 2010;
Zhang WL, et al., 2002]. Dalsi adheziny EHEC jsou Efal (EHEC factor for adherence)
[Janka A, et al., 2002], Saa (Stx-producing E. coli autoagglutinating adhesin) [Paton
AW, et al., 2001], LPF (long polar fimbriae) [Torres AG, et al., 2005], Tha (iron-
regulated gene A homologue adhesin) [Tarr PI, et al., 2000], ToxB [Tatsuno I, et al.,
2001] a Sfp fimbriae (novy typ fimbrii poprvé identifikovan u SF EHEC O157:NM)
[Brunder W, et al., 2001].

K dal$im potencidlnim faktorim, které mohou pftispivat k virulence EHEC, patii
sekre¢ni systém typu II [Schmidt H, et al., 1997], fer cluster [Yin X, et al., 2009;
Bielaszewska M, et al.,, 2011b], uredza [Steyert SR a Kaper JB, 2012], siderofor
yersiniabactin [Karch H, et al., 1999], a virulenéni markery kédovany na ostrovu
patogenity OI (O island)-122 (sen, pagC a nleB, nleE a efal/lif4) [Wickham ME, et al.,
2006].

2.4. Epidemiologie EHEC infekci

Nejdilezitéjsim rezervoarem EHEC je hovézi dobytek [Alexa P, et al., 2011;
Ambrozova H, Marejkova M. 2012; Cizek A, et al., 2008; Karch H, et al., 2005; Cizek
A, et al., 1999; Jenkins C, et al., 2003; Hancock DD, et al., 1994; Karmali MA, et al.,
2010]. Dale byly EHEC izolovany od ovci, koz, koni, krys, ptakt a fady dalSich zvitat
[Ambrozova H, Marejkova M, 2012; Karch H, et al., 2005; Cizek A, et al., 1999;
Heuvelink AE, et al., 1999; Kudva IT, et al., 1996; Trevena WB, et al., 1996; Mora A,
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et al., 2012; Wallace JS, et al., 1997; Karmali MA, et al., 2010]. Klasickym zptisobem
pfenosu EHEC na clovéka je konzumace kontaminovanych a tepelné nedostatecné
opracovanych potravin zivocisného ptivodu, jako jsou nepropecené hamburgery nebo
nepasterizované mléko ¢i vyrobky z néj [Karch H, et al., 2005; Rangel JM, et al., 2005;
SkocCkova A, et al., 2013a].

Stale castéji se vyskytuji lidskd onemocnéni i po poziti potravin rostlinného
puvodu zejména kontaminové syrové zeleniny [Ambrozova H, Marejkova M, 2012;
Buchholz U, et al., 2011; Karch H, et al., 2005; Rangel JM, et al., 2005; Wendel AM, et
al., 2009, Taylor EV, et al., 2013; Skockova A, et al., 2013b].

Do této skupiny patii 1 epidemie v roce 2011 v Némecku, ktera se Sifila po poziti
EHEC z hlediska klinického pribéhu a poctu umrti [Buchholz U, et al., 2011; Karch H,
et al., 2012]. Pivodcem této epidemie byl vzacny sérotyp E.coli O104:H4, ktera je
hybridem EHEC (produkce Stx2a) a enteroagregativni E. coli [Bielaszewska M, et al.,
2011]. Tato epidemie postihla ptes 4000 osob v 16 zemich Evropy, v USA a Kanad¢,
z nichz vice nez 900 onemocné¢lo HUS a 54 zemielo [Karch H, et al., 2012; Centers for
Disease Control and Prevention (CDC), 2013]. Jejimi typickymi rysy byla vysoka
frekvence progrese do HUS (~22 %), casty vyskyt neurologickych komplikaci a
vyraznd prevaha Zen (pfedevsim mladSiho a stfedniho véku) [Frank C, et al., 2011;

Centers for Disease Control and Prevention (CDC) 2013; Karch H, et al., 2012].

Tato epidemie jasné¢ ukazala klinicky vyznam tzv. non-O157:H7 EHEC
sérotypt. Kromé& potravin, i kontaminovana pitna voda a koupani ve vodnich zdrojich
kontaminovanych zvifecim trusem vedly ke vzniku epidemii a sporadickych infekci
[Feldman KA, et al., 2002; Holme R, et al., 2003, Karch H, et al., 2005; Rangel JM, et
al., 2005]. Vzhledem k nizké infekéni ddvce EHEC (<50 baktérii) [Tilden J Jr, et al.,
1996] je dilezitym zplisobem Sifeni téz fekalné-oralni pfenos ze zviiete na ¢lovéka a z
¢loveéka na Cloveka [Ambrozova H, Marejkova M, 2012; Karch H, et al., 2005; Rangel
IM, et al., 2005], vCetné¢ potencialniho rizika pienosu infekce fekalné-ordlni cestou od
asymptomatickych osob [Mody RK, a Griffin PM, 2013]. Hlavni zptsoby pienosu

infekce EHEC na ¢lovéka jsou graficky znazornény na obrazku 3 (str.20).
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Obrazek 3. Hlavni zplsoby prenosu EHEC infekce na ¢lovéka

[Obrazek kompilovan z literarnich udajd)

2.5. Onemocnéni vyvolana EHEC v Ceské republice

V Ceské republice existuje dlouhodoba tradice prikazu infekei vyvolanych
EHEC. Jiz v r. 1988, t.j. pouhych 5 let po prvni literarni zpravé o E. coli O157:H7
v USA [Riley LW, et al., 1983], byla v Ceské republice identifikovana prvni mensi
epidemie E. coli O157:H7 v Ceské Lipé. Tato epidemie zahrnovala 5 piipada HUS u
déti od 4 do 20 mésict, vcetné jednoho umrti [Bielaszewska M, Janda J, 1989; Lhotova
H, et al., 1990]. Dalsi hromadny vyskyt HUS, 4 ptipady onemocnéni u déti od 10
mésich do 3 let, byl zaznamenan v 16t& r. 1995 v okresech Teplice a Usti nad Labem.
Jako zpiisob pienosu infekce bylo identifikovano piti nepasterizované¢ho mléka od kozy,

ktera vylucovala v trusu EHEC O157:H7 [Bielaszewska M, et al., 1997].

Ceska republika je také zemi, kde byly (krom& Némecka), poprvé izolovany SF
EHEC O157:NM, a to jako ptivodci sporadickych ptipadit HUS [Bielaszewska M, et al.,
1998] a rodinné epidemie s piipady HUS a prijymu, kde byl stejny kmen izolovan od
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kravy a jednalo se tak o ve svété prvni popsany dikaz, ze dobytek mulze byt
rezervoarem kmenli SF EHEC O157:NM a tedy zdrojem humannich onemocnéni
[Biclaszewska M, et al., 2000]. Uspéchem &eské mikrobiologie v oblasti diagnostiky
EHEC byl 1 zachyt némeckého epidemického kmene E. coli O104:H4 v Narodni
referenéni laboratofi (NRL) pro E. coli a shigely SZU v kvétnu 2011. Americka
turistka, kterd jej ziskala pii pobytu v Severnim Némecku v dobé epidemie, byla
s krvavym priiyjmem hospitalizovana v prazské nemocnici [Marejkova M, et al., 2012].
Vysledky nedavné studie prevalence EHEC u dobytka v Ceské republice potvrdily
dilezitost monitorovani téchto agens v souladu s prioritami European Food Safety
Authority (EFSA) a European Centre for Disease Prevention and Control (ECDC). Ve
vybrané populaci zdravého dobytka byla zjisténa vysoka incidence EHEC, které pattily
k 5 séroskupinam (0157, 026, 0103, 0128, O153) [Alexa P, et al., 2011], z nichZ prvni
tf1 patii mezi nejcastéjsi vyvolavatele HUS [Karch H, et al., 2005].

21



3. CILE DIZERTACNI PRACE

Cilem dizertacni prace bylo zjistit fenotypové a genotypové charakteristiky
EHEC izolovanych od pacienti s prijmem a HUS v Ceské republice a nalézt jejich

vztah k zavaZnosti onemocnéni. Z preventivniho aspektu bylo dileZité zavést

rychlou a zarovei spolehlivou laboratorni diagnostiku EHEC ve stolicich pacient,
véetné izolace etiologického agens a podrobné typizace Stx-kédujicich genu (szx).
Protoze typ Stx produkovany infikujicim kmenem je Kkritickym faktorem pro
progresi infekce do HUS, co nejrychlejsi sdéleni vysledku umoziiuje oSetfujicimu
lékari zvoleni spravné terapie a miiZe tak zabranit rozvoji HUS nebo alespon

zmirnit jeho Kklinicky pribéh. DalSim ziamérem z hlediska prevence bylo

dohledavani asymtomatickych nosici EHEC v rodinach pacienti, ktefi jsou
potecialnimi zdroji Sifeni infekce, dale identifikace moZnych zdroju a vehikul

infekce. Dilci cile byly definovany takto:

. zavést citlivé metody zadchytu kmentt EHEC ve stolicich pacientt s prijmem a HUS a

zkvalitnit tak laboratorni diagnostiku tdchto patogent v Ceské republice;

. zavést metody detekce a subtypizace stx gent (PCR, restriction fragment length

polymorphism - RFLP);

. zavést molekularni sérotypizaci EHEC, tj. identifikaci jejich somatickych a

flagelarnich antigenti pomoci PCR a RFLP;

. zZjistit sérotypy, stx genotypy a dalsi faktory virulence, diagnosticky dilezité fenotypy
a citlivost k antibiotikiim u kment EHEC izolovanych od pacientii s prijmem a HUS
cerstvé, t.j. v obdobi od roku 2006 a v predchozich letech (od roku 1965), u kmenti
EHEC, které¢ byly uchovavany v laboratorni sbirce NRL pro E. coli a shigely;

. ve spolupraci s orgdny Ochrany vetejného zdravi (krajskymi a dal$imi epidemiology)
provadeét skrining EHEC u rodinnych kontaktd pacientii a pokusit se odhalit mozné

zdroje infekce EHEC;

. fylogenetickou analyzou kmentt EHEC od pacientii s HUS zatadit ziskana data do

evropského kontextu;

. zmapovat geografickou a sezénni distribuci EHEC v Ceské republice.
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4. Material a metody

4.1. Definice onemocnéni, pacienti, vzorky humanniho a
nonhumanniho piivodu a bakterialni kmeny

HUS byl definovan jako pfipad mikroangiopatické hemolytické anemie
(hematokrit < 30 % s ndlezem schistocytll v krevnim nétéru), trombocytopenie (pocet
krevnich desti¢ek <150.000/mm’) a akutniho renalniho selhani (hladina sérového
kreatininu vyS$$i nez je horni limit normalniho rozmezi pro dany vék).

Prijem byl definovan jako tfi nebo vice fidkych stolic za den a krvavy prijem jako
prujem s viditelnou piimési krve ve stolici.

V souvislosti s onemocnénim HUS byly analyzovéany v letech 1998 az 2012 na
pritomnost infekce EHEC vzorky stolic od 56 pediatrickych pacientll. Jednalo se o
sporadické pifipady onemocnéni; pacienti byli ve véku 10-85 mésicti (median 27,5
mésictl), pochazeli z riiznych regionii Ceské republiky a 61 % z nich byli chlapci.

Ctyficet dva kmenti EHEC pochazelo od pacientii s prijmem nebo krvavym
prijmem bez progrese do HUS. Tyto byly zaslany do NRL pro E. coli a shigely jako
izolaty E. coli urcené séroskupiny k priikazu Stx. Jeden dalsi kmen byl izolovan v NRL
ze vzorku stolice pacientky, ktera byla infikovana némeckym epidemickym kmenem
E. coli O104:H4. Pacienti s prijmovym onemocnénim byli ve véku 0-62 let (median 2
roky) a 18 z nich bylo hospitalizovéano. V souvislosti s epidemiologickym Setfenim bylo
k prikazu EHEC zaslano do NRL 68 vzorki humanniho a nonhuménniho ptivodu
vcetné 33 vzorkll stolic od rodinnych kontakti, dale vzorky feces od zvitat, vzorek

vody, a izolaty E. coli z pisku na détském hfisti a z vody.

4.2 Metody
4.2.1 Detekce kmenu EHEC ve vzorcich

Vzorky stolic od pacientti s HUS, rodinnych kontaktli a zvitat byly pomnozeny
v Hajna bujonu (Conda, Spanélsko) s novobiocinem (Oxoid, Velk4 Britdnie) po dobu
5-7 hodin (37 °C, tfepani 150-180 rpm). Nasledné byla provedena imunomagneticka
separace (IMS) pomoci Dynabeads EPEC/VTEC 0157, 026, O111, O145 a 0103
(Dynal, Norsko) dle pokynt vyrobce. Pomnozené vzorky zpracovany IMS, a paraleln¢ i
pomnozené vzorky nepodrobené IMS, byly kultivovany (37 °C pies noc) na pevnych
selektivnich a diagnostickych médiich usnadnujicich zachyt EHEC, t.j. na sorbitol

MacConkey agaru (SMAC) (Oxoid), cefixim-teluritovém SMAC agaru (CT-SMAC)
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(Oxoid), enterohemolyzinovém (EHLY) agaru (Oxoid), a téz na klasickém krevnim
agaru (Columbia, Oxoid). Narostla kultura zkazdé plotny byla stazena do 1 ml
fyziologického roztoku. 100 ul suspenze bylo nafedéno v poméru 1:10 sterilni
destilovanou vodou, zahiivano 10 minut pfi 100 °C a poté zcentrifugovano (12000 rpm,
10 minut). Supernatant (surova bakterialni DNA) byl templatem pro PCR detekci stx
genl (stx), s pouzitim primertt KS7/KS8, stx,, s pouzitim primertt LP43/LP44, stxyy),
genu eae koédujiciho adhezin intimin a gent 7fbo1s7, O26wzy, wbdl (O111), ihpl (0145)
a eae (0103), kédujicich somatické (O) antigeny nejcastéji se vyskytujici u EHEC
vyvolavajicich lidskd onemocnéni (0157, 026, O111, 0145 a O103).

Ze vzorku, které byly stx-pozitivni v PCR skriningu, byly kmeny izolovany na
zéklade: A) typickych fenotypli nejcastéjSich séroskupin EHEC (NSF O157 rostou
v sorbitol-negativnich koloniich na SMAC a CT-SMAC; 026, O111, O145 a 0103
produkuji EHEC hemolyzin, ktery vyvolava neuplnou hemolyzu na EHLY agaru)
v kombinaci se sklickovou aglutinaci kolonii k pritkkazu O antigenu detekovaného PCR
skriningem; B) v piipadé piitomnosti neobvyklych séroskupin EHEC (tj. kdyz vzorek
byl negativni na O157, 026, O111, O145 a O103 antigeny) pomoci PCR skriningu stx
gend u n€kolika kolonii narostlych na vySe uvedenych médiich, izolaci stx-pozitivniho
kmene a naslednou sklickovou aglutinaci.

Pti podezieni na importovanou nadkazu némeckym epidemickym kmenem (viz
kapitola 5.3 a ptiloha 10.3) byl pomnoZeny vzorek stolice inokulovan kromé klasickych
pevnych médii usnadiiujicich zdchyt EHEC (SMAC, CT-SMAC, EHLY) i na selektivni
pudu Brilliance ESBL Agar (Oxoid).

Vzorek vody o objemu 5 litri byl prefiltrovan membranovym filtrem (velikost

pora 0.45 um) a filtr byl déle zpracovan stejnym zplisobem jako stolice.

4.2.2 Sérotypizace kmeni EHEC

U vSech stx-pozitivnich kment byl provadén fenotypovy prikaz O antigenu a
bi¢ikového (H) antigenu aglutinaci s komerénimi antiséry (Denka Seiken, Japonsko;
Sifin, Némecko; SSI, Dansko; Robert Koch Institute, Némecko) dle navodu vyrobce.
Ptitomnost O antigenti detekovanych konvenc¢ni sérotypizaci (026, O55, O111, O118,
0145, 0157, 0172 a O104) byla ovéfena PCR detekci geni O26wzy, wbgN (055),
wbdl (O111), O118wzx, ihpl (0145), rfbois7, wzxo172, fboioa. fliC geny kodujici hlavni
podjednotku H antigenu byly subtypovany metodou RFLP (restriction fragment length
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polymorphism) pomoci restrikéni endonukledzy Hhal (New England Biolabs, USA)
podle diive popsanych postupii [Machado J, et al., 2000].

4.2.3 Fenotypizace kmeni EHEC

Izolaty byly potvrzeny jako E. coli biochemicky setem API 20E (bioMérieux,
Francie) a pomoci MALDI-TOF analyzy (Microflex LT, Bruker Daltonics, Némecko).
Pohyblivost byla zjistovana zkumavkovou metodou s pouzitim 0,5% agaru a sledovéna
po dobu 10 dnti. Schopnost kment okyselovat sorbitol byla testovana na médiu SMAC
a rezistence k teluritu na CT-SMAC. Fermentace sorbitolu bylo ovéfeno pomoci API
20E testu, ktery byl téZ pouzit k prikazu fermentace ramndzy, produkce lyzin
dekarboxylazy a ureazy. Produkce B-D-glukuroniddzy byla detekovana pomoci
COLltestu (Erba Lachema, Ceska republika). Produkce EHEC hemolyzinu byla
testovana na EHLY agaru a schopnost hemolyzy na Columbia krevnim agaru, po
inkubaci pfes noc. Produkce Stx1la a Stx2a byla detekovéana reverzni pasivni aglutinaci s
latexovymi ¢asticemi senzibilizovanymi anti-Stx1a nebo anti-Stx2a protilatkou pomoci
kitu VTEC-RPLA Seiken (Denka Seiken, Japonsko). Biologicka aktivita Stx byla

ovétena testem cytotoxicity na bunééné kulture Vero [Karmali MA, et al., 1985].

4.2.4 Citlivost k antibiotikiim

Citlivost kment EHEC ke 12 antibiotikim (ampicilinu, cefotaximu, ceftazidimu,
gentamicinu, trimethoprim/ sulfamethoxazolu, ciprofloxacinu, amikacinu, meropenemu,
piperacilin/tazobactamu, tigecyclinu, chloramfenikolu a nitrofurantoinu) byla zjistovana
pomoci diskové difuzni metody (disky Oxoid) s pouzitim standardnich postupt

[EUCAST, 2013].

4.2.5 Genotypizace kmeni EHEC

PCR reakce byly provadény na piistroji MyCycler Thermal Cycler (Bio-Rad,
USA) pouzitim reagencii PPP Master mix a PCR Ultra H,O od firmy Top-Bio (Ceska
republika). Primery jsme ziskali od spole¢nosti Generi Biotech (Ceska republika).
Vsechny kmeny byly testovany na pfitomnost gend stx;,, stx2, a jejich subtypii pomoci
PCR nebo PCR-RFLP [Scheutz et al., 2012; Friedrich et al., 2002]. Subtypy stxz, a
Stxpe/stxpg byly rozliSeny pomoci RFLP PCR produktu amplifikovaného primery
GK3/GK4 s pouzitim restrikéni endonukleazy Haelll (New England Biolabs) [Friedrich
AW, et al., 2002].
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Metodou PCR byly u kmend zjistovany geny kodujici dalsi toxiny (cdt-V,
EHEC-hlyA, o-hlyA), serin protedzu EspP (espP), adheziny (eae, efal, IpfAos,
IpfAorsiorial, IpfAoisioriss, tha, sfpA), sekrecni systém typu II (etpD), rezistenci
k teluritu (terE), produkci uredzy (ureD), piijem zeleza (irp2, fyuA) a geny na ostravku
patogenity OI-122 (sen, pagC, nleB, nleE). Geny eae a espP byly subtypovany pomoci
publikovanych postupti [Zhang et al., 2002; Blanco et al., 2004; Brockmeyer et al.,
2007]. U epidemického kmene E. coli O104:H4 byl testovan gen aggA (kédujici
agregativni typ adherence) a terD.

Piehled pouzitych primeri a PCR podminky, vcetné literarnich zdroja, pro
detekci antigent a faktorti virulence kmentit EHEC jsou uvedeny v Tabulce 1. Reakce
probihaly jako duplex PCR (detekovany gen + interni kontrola 16S rDNA) v objemu
25 ul. Reakéni smés obsahovala 12,5 ul PPP Master mix, 0,5 pl kazdého primeru o
koncentraci 30 pmol, 1 pl bakteridlni DNA kmene purifikované pomoci InstaGene
Matrix (Bio-Rad) a PCR Ultra H,O do vysledného objemu 25 pul. V ptipadé, ze templat
pro PCR byla surova bakterialni DNA (ziskana postupem viz kapitola 4.2.2.), ptidavala
se do reak¢ni smési v objemu 2,5 pl. PCR produkty byly detekovany elektroforézou
v 2% agar6zovém gelu (agar6za SERVA, Némecko) a vizualizovany pod UV svétlem

po obarveni PCR ethidium bromidem (Top-Bio).

4.2.6 Pulzni gelova elektoroforéza (PFGE)

Kmeny izolované v epidemiologické souvislosti (rodinné vyskyty, ptenos
infekce ze zvifete na ¢lov€ka) byly podrobeny makrorestrikéni analyze pomoci PFGE.
PFGE bakteridlni DNA §tépen¢ makrorestrikénim enzymem Xbal (Promega, USA) byla
provedena podle protokolu PulseNet [Ribot EM, et al., 2006]. Pulzni profily byly

vyhodnoceny pomoci softwaru BioNumerics (verze 5.1).

4.2.7 Multilokusova sekvenéni analyza (MLST)

MLST byla provedena pomoci sekvencovani vnitinich fragmenta 7
housekeeping genti (adk, fumC, gyrB, icd, mdh, purA a recA) pomoci diive popsané
metody [Mellmann et al., 2008]. Sekvence byly analyzovany a ,,minimum-spanning
tree* byl vytvoren s pouzitim softwaru SeqSphere (verze 0.9 beta 1) (Ridom GmbH,
Miinster, Némecko). Alely jednotlivych gent a sekvenc¢ni typy (ST), tj. specifické
kombinace alel vSech 7 housekeeping genli, byly oznaceny v souladu s webovou

strankou pro MLST (http://mlst.ucc.ie/mlst/dbs/Ecoli).

26



97 aunaps vu alnppayod vymgny

e I I I I e I e
wocwe ez s w|  ous|  gw|  ODSWUVEDMIDWOWYOILSS  H
owenmes| | o] ow| Ty =
e I I R Doy =
R I I I . s =
TI0T "Te 10 4 ZInaydg 08¢ s¢ 00S9 i SLOOD VY SVLVAY LLL TS VOV DI VoY fratae
e B I I s PP e s B
e I I ) I I b et B
T00T “I8 1 ‘MY YoupaLy 95z 0€ 005§ [P g WM% m.hww,w% oy o e
ooz eyt oz|  oc|  ous| o BIDVEIEY I PAB VL VD
s e I T ) I I - A I
cowoamors|  w| s ow| A A
i B B B P P e
(e
Z00Z “T2 12 ‘M V youpaL{ P8¢ 0¢ JoLS uwmﬁmnw“«“”m““ Wu@mﬁw.ww% MWM FD(.U,HU.WWM MMW,W Www MMMM
AdKygns) yixs
(dg) npidd ejo[da)
Uy | Pnpoad 19204 | Suneouny uad £aof1) (L€ -.S) uaAyag JdwLLg
¥Od|  Ajuwwpod ¥Dd

ADd nopojawt HHH NUIUD] DUINIA NI0P ] B NUISHUER 123339p 0ad yoLyznod nisdunad pajyald :1 eynqey,

27



6Z 2unais pu afnppayod pyngny

v s s ow| o st
R R I e anvemTe  wa
9007 ' 10 ‘v L uewdey) LLTT 0€ D0£9 vAgy-o hﬁUWWO&WWUh%ﬁUWWOUN@OFM«MPW%M WWM MHMM
R e I R o TR
o m e wa| o ows| wem e
POOT “Ie 10 ‘W BIsMozseIg | 6Z€ 0¢ 002§ VAP0 gl L ol
P00T 1819 ‘M V YoHpaLLy by 0g Dol S ydfs mm‘w% W\W %%% me %%% M,ww wm.% MHMMM
e I~ R T R e
wwmve| | o] ous| e - N
awovew|  wol w| ows| o Sumsmumoxowy s
o mmn s oe|  ows| e Jerisenenyegn wEs
$00Z “Te 10 D eWOL 48 0€¢ DoSS | IIIOLSIOpYd) 0 FNWWMWMWW WWM www _%WM w”__w__%m“
e I VT rer | R
R I s e D
+00Z 18 12 [ osuefg 808 133 Do86 g /ckava UMW%@WWMW%MP@P%M‘ WW_LN W% MWHMMM
owmeaoms| | w|  ow|  ww|  DOVOonmovsapwrey s

(dqg) npo ejo|day
WY | Pnpoad 19204 | Suresuny uas {aop1D (€ -.S) IuIANIg Jowg

¥Od |  Ajurupod ¥Dd

28



(£ 2unas vu alnnayod pyngo]

800T I 12 N uasiog 008 s 2408 s ot el wuw.w.ww
e I I I Zoiaaey o
000T T 12 Y[ uosuyor 088 0¢ Jo€9 Y M\%w %%WWMWWWWWWM &w?i_. @WW H M.Hm“
e I O I TRITIm Yl o
S00T “Te 12 "MV Ydoupanyg 69¢ 0¢ o8 R v .WW‘W.MWMWWWNWW W.Ww www Www .MHMw“m
R e =
oot wepuns| oot og| | ows i VLVDLOLIDID VDI VOOl weld
e I I I e
L00T “TB 12 ‘[ Jokaunyoorg cE9 53 2089 eddss DNHUNWU%%M@HW %WW Wm,hu% WM% MHMMMMM
L00T T8 19 °[ Jokaunyoorg LSL 53 D0£9 hadsa h(pm.u w%%wu%%ww@@‘%wnqug%% WWM _.N\MMMMMM
R e I I I S e
D I S ST e
wovenmn | w|  om| s DeEmEreeEna =
e B B ErenesewTy =
e I I I EpenmEnre) e
R e I I I Lo

(dg) A ejoiday
3duaIpy | pnpoad 1304 | Suneauuy uad £aop1D) (€ -.S) duIAYaS RETTTTAR |

¥Od | Aquwpod ¥ydd

29




"*lxzs gpraodpo pynpoid AueAoyijijdue AImjepyuawou JUseINos Jp

“32xs gpraodpo pnpoid Aueaoyyrdure Amjepjuswou JUSeNOS AP

“Pexgs ppraodpo pynpoad Lueaoyyidwe Amjepjustwou Juseanos a|p |

“*2s epiaodpo pynpoid Aueaoyyijdure [Z107 “[e 12 ‘4 ZIndyd§] Anjepjuaiou JuSeNOS [P

‘Ljojeloqe| 1seu A Aueaozijewndo

Aganod ajpod oqau Amjesa)n| z 1ezadyd AJAqQ (9Zu21xa IueUly B 9ZUIX3 ‘Suljeauue ‘doeinjeuap ddeyyijduwe npj4o 1990d “aoeimeuap upaegod) Ayurwpod D4 ,

WOTSRMOD|  9Iiz)  0g|  Ous|  VNGISII By Lo oo vwones| tun
S0CERAMT)  we|  0f)  OLs| X0 VOO DLLOVY DLV VDL IO VDD OID| _ 4-xemgi1o
BT10T “I8 10 I BISMIZSERIg 102 0 6§S o/ L g i
BIT10T T8 12 ‘N eysmazse[arg [S€ 0¢ oSS rologh WWM&W%MWWW M@% WWM MMM MHN MHM ”W
- XZM
oo s o owo] o e
ocwosaeea| | o ous| @i | T
s | or] s GHOMI oo ovovo iy et v s ves vaa| beeio b
mceseeal | 0| ous| _anomm| 2O D e o o an
oocwesaeea| o o ous| Gsowan e
e I s npunEn] e
R I I T Tt IR
et 1] o om|  ow] DOSCLIOUENOLMUOEIGW  Tae
(dg) npjAd ejorda)
MUY | Pnpoad 19304 | Suneauny uasd Lao1) (L€ -,S) duaAYdS JIwLg
AOd Ayurupod ¥Hd

30



5. VYSLEDKY

5.1 Vysledky studie ,,Enterohemorrhagic Escherichia coli as Causes of

Hemolytic Uremic Syndrome in the Czech Republic* [viz Priloha 10.1]

V prvni studii, kterd byla publikovéna v roce 2013 v ¢asopisu PLoS ONE, jsou
prezentovany sérotypy, virulenéni profily, diagnosticky vyznamné fenotypy,
antimikrobidlni citlivost, sezénni distribuce a vysledky fylogenetické analyzy kment
EHEC izolovanych od détskych pacientdt s HUS béhem let 1998-2012 v Ceské
republice. Tti pacienti (ve véku 18, 25 a 30 mésicil) zemieli v pribéhu aktutni faze
HUS, vyvolaném ve dvou piipadech EHEC 026, a v jednom piipadé¢ SF EHEC O157.

Kmeny EHEC byly prokdzany ve stolici 39 (70 %) z celkového poctu 56
pacientil. NejCastéjSim sérotypem byl O26:HI11/NM[fliCyi1] (41 % kment), potom
nasledovaly O111:NM[fliCus] (15 %), NSF O157:H7/NM[fliCy7] (13 %) a SF
OI57:NM[fliCy7] (13 %). Dale byly identifikovany sérotypy OS55:NM[fliCyy],
O145:H28[fliCyas], O172:NM[fliCyps], ktery se vyskytuje u HUS velice vzacné, a
Orough:NM[fliCyps] (Orough — O antigen pro spontanni aglutinaci netypovatelny)

(Graf 1). U vSech kment byla pfitomnost uré¢eného O antigenu ovérena pomoci PCR.

026 :H11INM[fliCH11];
16; 41%

Orough:NM[fliCH25];
2;5%
0172:NM[fliCH25];1;
3%
0145:H28 [fliCH28]; 2;

5% NSF 0157:H7INM

[iCHT];5;13%

055:NM[fliCHT]; 2;
5%
0111:NM[fliCHS]; 6;
15% SF 0157:NM[fliCHT];
5:13%

Graf 1: Distribuce kment EHEC izolovanych od pacienti s HUS v Ceské
republice, 1998-2012, podle sérotypti (n = 39)
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Vice nez tfetina kmenii séroskupiny 026, dale 2 kmeny NSF O157, a vSechny
SF 0157, O111, 055, Orough a O172 byly nepohyblivé, proto nebylo mozné dourcit H
antigen konvenc¢ni sérotypizaci. Molekularni typizace H antigenu pomoci fliC-RFLP
analyzy prokézala, Ze nepohyblivé kmeny O157 a 026 obsahovaly fliCys7, resp. fliCyyi,
stejn€ jako 1 pohyblivé kmeny téchto séroskupin. Podobn¢ umoznila fliC-RFLP analyza
spolehlivé urcit H antigen u vSech nepohyblivych kment ostatnich séroskupin. Kmeny
0172 a Orough obsahovaly fIiCyys.
Vsechny kmeny (kromé jednoho SF O157, ktery ztratil stx gen) produkovaly
Stx. V souboru bylo identifikovano pét riznych stx genotypt (Graf 2). Genotyp stxp,
byl pfitomen u vSech kment séroskupin 055, 0145, Orough, vétSiny kmenti SF O157 a
026 a kmene O172. Genotyp stx;, nebo stxyatstxy. byl zjistén u celkem 29 (76 %)
kment, stx;, samotné nebo v kombinaci s stx,, nebo stx. u ostatnich 9 kmenua (24 %)
(Graf 2). Ctyfi z peti NSF O157 obsahovaly stx,. v kombinaci s stx;, nebo stx;, Kmeny
séroskupiny O111 mély nejcastéji genotyp stxj,+stxz,.. Celkoveé tyto vysledky ukazuji,
ze kmeny s produkci Stx2a, samotného nebo spolu s Stx2c¢, vyvolavaji vyznamné castéji
zdvaznou formu onemocnéni, tj. HUS, nez kmeny s produkci Stxla nebo
Stx1a+Stx2a/Stx2c.
30

@ Orough:NM [fliCH25]
25 mO172:NM [fliCH25]
©055:NM [fliCH7]

5 2 @ 0145:H28 [fliCH28]

g i5 DO111:NM [fliCH8] I

v @026:H11/NM [fliCH11]

§ 10 mSFO157:NM [fliCH7] |
®NSF O157:H7/NM [fliCHT] |

2 B - -

stx1a stx2a stx1a +stx2a stx1a+stx2c stx2a+ stx2c

Graf 2: Distribuce kment EHEC jednotlivych sérotypti izolovanych od pacientt s
HUS v Ceské republice, 1998-2012, podle stx genotypt
(n = 38; jeden SF O157:NM kmen ztratil stx gen)
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Z gent kodujicich non-Stx toxiny EHEC byl EHEC-klyA, kodujici EHEC
hemolyzin, pfitomen u kmenl vSech séroskupin s vyjimkou O55. Na rozdil od NSF
0157, kmeny SF O157 neexprimovaly EHEC hemolyzin na EHLY agaru. Gen cdt-V,
kodujici cytoletalni distendujici toxin typu V, byl prokazan u jednoho z péti NSF O157
kmeni a u vSech péti SF O157. Subtypizaci espP genu koédujiciho serin protedzu EspP
byl u kment séroskupin NSF O157, 026 a 0145 zjistén subtyp espPa, kodujici silné
proteolytickou formu EspP, zatimco kmeny O172 a Orough obsahovaly subtyp espPy.
Déle byly sledovany geny kodujici adheziny. VSechny kmeny mély gen eae, jehoz
subtypy byly sérotyp-specifické. U kmenli Orough a vzicné séroskupiny O172 byl
prokazan subtyp eae €. Geny kodujici dalsi adheziny (efal, IpfAos, IpfAoisiorial,
IpfAois70o1154, Tha) byly obvykle spojeny s konkrétnim sérotypem, kmeny O172 a
Orough obsahovaly pouze efal. Vsechny kmeny NSF O157, 026, O145 a vétSina
kmenti O111 obsahovaly terE, jeden z genti ter klastru kodujiciho rezistenci k teluritu,
a rostly tedy dobfe na pidé CT-SMAC.

Vétsina kment byla citlivd k sledovanym antibiotikiim. Pouze u jednoho
antibiotika (ampicilinu) byla ¢astéji pozorovana rezistence, a to u kmenit 026 a O111.

Z grafu sezonni distribuce EHEC pfipadi vyplyva, ze vétSina (74,4 %) kmena byla
izolovana v obdobi kvéten — zafi, ale sezénnost nebyla pozorovdna pro kmeny
jednotlivych sérotypu.

Fylogenetickd analyza EHEC izolati od pacienti s HUS metodou MLST
demonstrovala 9 sekvenc¢nich typt (ST), které korelovaly se sérotypy. Dva z nich, a to
ST660 u kmend O172:NM a Orough:NM (vSechny genotypu stx;,) a ST1595 u 1 NSF
O157:H7 kmene (genotyp stxz,tstxz) se nevyskytuji u kmena tzv. HUSEC (HUS-
associated E. coli) sbirky, kterd obsahuje vSechny sekvenc¢ni typy a sérotypy EHEC
kmeni izolovanych od pacienti s HUS v Némecku [Mellmann et al., 2008]. Tyto dva
ceské kmeny mohou tedy piedstavovat nové fylogenetické typy (fylotypy) kmenil
EHEC schopnych vyvolat HUS.
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5.2 Vysledky studie ,,Enterohemoragické Escherichia coli jako puvodci
prijmu v Ceské republice, 1965-2013 [viz P¥iloha 10.2]

V druhé studii, kterda byla pfijata do tisku v bieznu 2014 v cCasopisu
Epidemiologie, mikrobiologie a imunologie, jsou prezentovany sérotypy, virulenéni
profily, diagnosticky vyznamné fenotypy a antimikrobidlni citlivost 49 kmenti EHEC,
izolovanych od 24 pacientd s prijmem, 19 pacientt s krvavym prtijmem a 6 rodinnych
kontaktti s infekci EHEC, v letech 1965-2013. Jeden kmen EHEC byl izolovan od
epidemiologicky souvisejiciho zvifete. Déle byla zmapovana sezénnost a distribuce

kmeni podle kraji.

Celkem 49 huméannich kmenit EHEC patiilo k 5 sérotyptim (Graf 3).

026:H11/NM
[fliCH11]; 16: 33%

0104:H4 [fliCH4]:
1; 2%
0118:NM
[fliCH25]:1: 2%

O111:NM [fliCHS]. '

3:6%

SF O157:NM
[fliICHT7]:1: 2%

NSF O157:H7/NM
[fliCHT]: 27: 55%

Graf 3: Distribuce kment EHEC izolovanych od pacienti s prajmem, krvavym
prajmem a od rodinnych kontaktti v Ceské republice, 1965-2013, podle sérotypti
(n =49)

Vice nez polovinu (55,1 %) tvofily NSF O157:H7/NM[fliCy7] a téméf jednu
tretinu (32,7 %) 026:H11/NM[fliCy1]; 3 kmeny byly sérotypu O111:NM[fliCys]. Po
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jednom kmenu se vyskytly SF O157:NM[fliCy7] a vzacné sérotypy O118:NM[fliCps] a
O104:H4[fliCypa], znichz posledni je importovany kmen izolovany v souvislosti
s némeckou epidemii v roce 2011 (podrobnosti viz kapitola 5.3 a ptiloha 10.3).

Kmeny SF 0157, O118, 70 % NSF O157, 44 % 026 a vSechny O111 byly
nepohyblivé. fliC-RFLP analyza umoznila dour¢it H antigen nepohyblivych kment ve
vSech séroskupinach.

Vsechny kromé jednoho kmene (NSF O157 od pacienta s prijmem bez krve)
produkovaly Shiga toxin. Izolaty od pacientli s prijmem patiily k sedmi stx genotyptim.
U NSF O157 dominoval stx;,+stx;., vétSina kmenit 026 méla genotyp stx;,, kmen O118
obsahoval stxy,+stx,. (Graf 4). Gen stx;, samotny nebo v kombinaci s stx;, a/nebo stx).
byl identifikovan u 35 kment (71 %). Na rozdil od kmenit EHEC ptisobicich HUS (viz
kapitola 5.1) je tedy pifitomnost stx;, genu (samotného nebo v kombinaci s stx;, a/nebo

stxyc) vyznamné spojena se schopnosti EHEC vyvolat pouze nekomplikovany prijem

bez progrese do HUS.
14 1
0O 0104:H4[fliCHA]
12 @O118:NM[fliCH25] |
0 0111:NM[fliCHT]
10 @ 026:H11INM[fliCH11] ||
BSF0157:NM[fliCH7] | |
8 —
@ NSF 0157:H7INM
[fliCHT]

pocet kmenu
(=]

A HEENEE

stx1a stx2a stx2c stx1a+stx2a stxlat+stx2c stx2a+stx2c stx1a+stx2a+
stx2¢c

Graf 4: Distribuce kmenii EHEC jednotlivych sérotypu izolovanych od pacientu
s prijmem a rodinnych kontakti v Ceské republice, 1965-2013, podle stx
genotypu (n = 49)

Dalsi z toxini EHEC a vyznamny diagnosticky marker, EHEC hemolyzin, byl
prokézéan u vétSiny kment séroskupin NSF O157 a 026 a u vSech kmentt O111. Kmen

O118 jako jediny hemolyzoval na klasickém krevnim agaru. Gen cdt-V, kodujici
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cytoletalni distendujici toxin typu V, se vyskytl jen vzacné¢, u dvou kmenit NSF O157 a
kmene SF OI157. Subtypizaci espP genu byl prokdzan espPa, kodujici silné
proteolytickou formu EspP, u vSech NSF O157, 75 % 026, a kmene O118. Jeden
z patnacti kmeni O26 obsahoval gen etpD, kodujici sekreni systém typu II, a na
zaklad¢ typické kombinace plazmidovych genli (EHEC-AlyA a etpD pozitivni, espP a
katP negativni) tak patfil k novému, vysoce virulentnimu klonu EHEC 026
[Bielaszewska M, et al., 2013a] (podrobnosti viz kapitola 5.4 a piiloha 10.4).

Krom¢ jednoho kmene (O104:H4) byl u vSech EHEC izolati od pacient
s prijmem prokdzan adhezin intimin, sérotyp-specifického subtypu. Kmen EHEC
O118, jehoz vyskyt je popisovan v urcitych geografickych oblastech, mél subtyp
eae . Nas§ soubor kment od pacientl s priijmem obsahoval jediny kmen SF O157, u
kterého byl detekovan gen sfpA kodujici Sfp fimbrie, ktery je typicky pro tyto kmeny.

Kmeny vSech séroskupin s vyjimkou SF O157 byly rezistentni k teluritu a rostly
na CT-SMAC, coz ptedstavuje dillezity diagnosticky marker téchto kmenti usnadiujici
jejich izolaci z primokultur. Ani jeden z kment séroskupiny O26 nefermentoval
ramndzu, coz je rovnéz potencialné dignosticky vyuzitelna vlastnost EHEC O26.

Vétsina kmenti byla citliva ke vSem testovanym antimikrobidlnim agens. Pouze
4 kmeny EHEC 026 byly rezistentni kampicilinu (a jeden znich téz
k chloramfenikolu) a kmen O104:H4 rezistentni k 5 antibiotikim. (Charakteristiky
kmene O104:H4 jsou prezentovany v piiloze 10.3).

Prijmovéa onemocnéni vyvolana EHEC se vyskytovala v priitbéhu celého roku
s nejvySSim zachytem v kvétnu az fijnu. Nejvice piipadi bylo zaznamenano ve
StiedoCeském a Kralovéhradeckém kraji, a dale v kraji Libereckém, Moravskoslezském
a v Praze.

V pribéhu studie se ve trech ptipadech podatilo prokazat rodinny vyskyt infekce
EHEC. EHEC stejného sérotypu, stx genotypu a virulen¢niho profilu, jaky byl izolovan
od pacienta, byl prokazan téz u sourozenct, rodi¢ii nebo prarodi¢ii. Z toho dva rodinné
kontakty mély prijem bez piimési krve a u ostatnich Ctyt se jednalo o bezptiznakové
nosicstvi. V jednom ptipad¢ se podaftilo prokazat pfenos EHEC z domaciho zvifete na
¢lovéka. Kmeny NSF EHEC O157:NM[fliCy7] s produkci Sxla+Stx2a byly izolovany
ze stolice 13mésicniho chlapce s krvavym prijmem a jedné ze 6 ovci, které chovali
rodice ditéte na rodinné farmé v Libereckém kraji. Kmeny izolované od pacienta a ovce
vykazovaly stejné stx genotypy, faktory virulence a fenotypy; jejich epidemiologicka

souvislost byla potvrzena metodou PFGE.
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5.3 Vysledky studie ,,An imported case of bloody diarrhea in the
Czech Republic caused by a hybrid enteroaggregative hemorrhagic
Escherichia coli (EAHEC) O104:H4 strain associated with the large
outbreak in Germany, May 2011¢ [viz Priloha 10.3]

V této studii, ktera byla prezentovana v ¢asopisu Folia Microbiologica v roce 2012, je
popsan ptipad krvavého priijmu vyvolaného hybridem enteroagregativné hemoragické
E. coli (EAHEC) O104:H4, vcetné zjisténych fenotypovych a genotypovych
charakteristik kmene. Jednalo se o importovanou infekci epidemickym kmenem E. coli
0104:H4 v souvislosti s rozsdhlou epidemii HUS a prijmovych onemocnéni, ktera
vypukla v  Némecku vkvétnu 2011 a jako vehikulum byly na zakladé
epidemiologickych studii identifikovany kontaminované klicky piskavice - fecké seno
[Buchholz U, et al., 2011].

Do NRL pro E. coli a shigely byl zaslan vzorek stolice americké turistky, ktera
pfijela ze Severniho Némecka do Ceské republiky jiZ s prijmovym onemocnénim a
kratce nato byla hospitalizovana s krvavym prijmem v prazské nemocnici Na Bulovce.
V anamnéze pacientka uvadéla konzumace salatl z Cerstvé zeleniny pii pobytu v
Némecku.

Vzhledem zanamnézy vyplyvajicimu podezfeni na importovanou ndkazu
némeckym epidemickym kmenem byl pomnoZeny vzorek stolice inokulovan kromé
klasickych pevnych médii usnadnujicich zachyt EHEC (SMAC, CT-SMAC, EHLY) 1
na selektivni pidu ESBL agar (epidemicky kmen byl producentem Sirokospektré [3-
laktamdzy). Na vSech ptidach narostla prakticky homogenni kultura. Pfitomnost telurit-
rezistentnich kolonii E. coli na CT-SMAC a tmavé modrych ESBL pozitivnich kolonii
na ESBL agaru (Obr. 4), v kombinaci s nepfitomnou hemolyzou na EHLY agaru,
svédc¢ici pro absenci produkce EHEC hemolyzinu, signalizovaly suspektni nalez

némeckého epidemického kmene.

Obrazek 4:

Epidemicky kmen ,,EAHEC* O104:H4
na selektivni chromogenni ptudé pro
ESBL-pozitivni kmeny z ¢eledi
Enterobacteriaceae
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U izolovaného kmene byly pomoci nového multiplex PCR protokolu,
vyvinutého pro rychly prikaz plvodce epidemie [Bielaszewska M, et al., 2011a],
detekovany geny rfboioa, fliCus Stxz,, terD a aggA. Stejné jako némecky epidemicky
kmen, Cesky izolat neobsahoval geny stx;,, eae a EHEC-hlyA. Pfitomnost antigenu
0104 a H4 byla potvrzena sklickovou aglutinaci a produkce Stx2a metodou RPLA.
Vsechny zjisténé vlastnosti potvrdily, Ze se jednd o némecky epidemicky kmen, ktery je
kombinaci EHEC (produkuje Stx2a) a enteroagregativni E. coli (obsahuje gen koddujici

agregativni adherenc¢ni fimbrie I).
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5.4 Vysledky studie ,,Enterohemorrhagic Escherichia coli O26:H11/H :
A New Virulent Clone Emerges in Europe“ [viz Priloha 10.4]

V této mezinarodni studii, publikované v Casopise Clinical Infectious Diseases
vroce 2013, byla zjiStovana korelace mezi stx genotypem a zévaznosti onemocnéni
v souboru kmentt EHEC 026 izolovanych od pacientli s prijmem, krvavym prijmem
nebo HUS v sedmi evropskych zemich, véetné Ceské republiky, v letech 1996-2012.
NRL pro E.coli a shigely poskytla pro tuto studii celkem 18 kmeni EHEC 026
izolovanych od pacientli s HUS nebo prijmem a s urenymi stx genotypy a profily
plazmidovych virulen¢nich gent.

Celkem 272 kmenl zafazenych do studie pochazelo z Némecka (n=182),
Rakouska (n=38), Italie (n=24), Ceské republiky (n=18), Belgie (n=7), Velké Britanie
(n=2) a Slovenska (n=1). Kmeny byly charakterizovany genotypovymi a fenotypovymi
metodami, a zafazeny do tii stx genotypi. Genotyp stx,, byl signifikantné Castéji spojen
s rozvojem HUS (3/4 kment z celkového poctu 139), zatimco kmeny genotypu stx,
(celkem 107) byly v 92 % izolovéany od pacientli s nekomplikovanym prijmem. EHEC
onemocnéni.

Témér 50 % kmend genotypu stx;, patiilo na zadkladé typické kombinace
plazmidovych genii (EHEC-hlyA a etpD pozitivni, espP a katP negativni) k novému
klonu EHEC 026, ktery byl poprvé popsan v 90. letech v Némecku [Zhang WL, et al.,
2000]. Vsechny tyto kmeny soucasné vykazovaly sekvencni typ ST29 pomoci metody
MLST, ktery je pro kmeny nového klonu typicky [Bielaszewska M, et al., 2013a].
Dalsich asi 50 % kmenil genotypu stxs, patfilo k sekvencénimu typu ST21 (ktery se
vyskytoval téz u vétSiny EHEC O26 genotypl stxi, a stxj,+stxp,) a vykazovalo rizné
kombinace plazmidovych gent, které se vétSinou liSily od kmenit ST29. Klondlni
analyza metodou PFGE ukazala blizkou piibuznost mezi kmeny nového klonu (4.
ST29) izolovanych v rtiznych zemich a v riiznych ¢asovych obdobich, a demonstrovala
tak, ze novy klon tvofi vysoce konzervovany systém. Tento klon se vyskytl ve vSech
zastnénych zemich (kromé Velké Britanie), véetné Ceské republiky, kde byl zjistén u
7 ze 16, tj. skoro poloviny, stx;, pozitivnich EHEC 026. Sest z téchto sedmi izolatt
pochézelo od pacientii s HUS a pouze jeden od pacienta s prijmem bez piimeési krve,

coz vypovida o vysoké virulenci EHEC 026 nového klonu i na urovni Ceské republiky.
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6. DISKUZE

Nase vysledky ukazaly, ze EHEC se vyskytuji jako ptivodci prijmu, krvavého
prajmu a HUS v Ceské republice. Vedle klasické a nejznaméjsi NSF EHEC O157:H7
jsou zastoupené i kmeny dalSich, non-O157:H7 sérotypti. NejcastéjSim non-O157:H7
sérotypem v Ceské republice, jak ve spojeni s HUS, tak i s nekomplikovanym priijmem,
je O26:H11, podobné jako bylo popsano i jinde ve svété [Beutin L, et al., 2004; Karch
H, et al., 2005; EFSA 2013; Ethelberg S, et al., 2009; Gould LH, et al., 2013; Képpeli
U, et al., 2011; Blanco JE, et al., 2004]. Mezi kmeny izolovanymi od pacient s HUS
séroskupina 026 dominuje a na druhém misté je NSF O157:H7 (Graf 1), stejné jako
bylo pozorovano v n¢kterych letech v Italii [Tozzi E, et al.,2003]. Mezi EHEC
izolovanymi od pacientli s prijmem je situace obracena (Graf 3).

Polovinu vSech EHEC O157 izolatt od pacienti s HUS tvofily SF O157 kmeny.
Tato situace je odliSné od studii z jinych zemi, kde SF EHEC O157 (paklize byly viibec
identifikovany), tvofily maximaln¢ jednu tietinu vSech O157 izolat od pacienti s HUS
[Mellmann A, et al., 2008]. SF EHEC O157 byly také Castéji izolovany od pacientt s
HUS nez z nekomplikovaného prijmového onemocnéni, podobné jako bylo
publikovéno i v Rakousku [Orth D, et al., 2009]. Vysledky zahrani¢nych studii ukazuji,
ze infekce SF EHEC O157 mnohem ¢astéji vedou k rozvoji HUS a maji vyssi riziko
umrti [Rosser T, et al., 2008; Alpers K, et al., 2009] nez je tomu u infekci NSF EHEC
0157 [Rangel JM, et al., 2005]. Umrti ditéte s HUS vyvolanym SF EHEC 0157 jsme
zaznamenali 1 v nasi studii. Dalsi dva détsti pacienti s HUS zemfeli na nasledek infekce
EHEC 026, pticemz jeden z nich [Marejkova M, et al., 2009; Zieg J, et al., 2012] byl
infikovan virulentnim kmenem patiicim k novému klonu EHEC O26 [Zhang WL, et al.,
2000].

Celkem 7 kmenii Stx2a-produkujicich EHEC 026 izolovanych od pacienti
v Ceské republice do roku 2012 (6 kmendi z HUS a 1 z prijmu bez krve), patiilo na
zéklad¢ fylogenetické analyzy (ST29) a typické kombinace plasmidovych gent k
tomuto novému klonu EHEC 026. Evropska studie, zahrnujici 7 stati véetné Ceské
republiky (viz ptiloha 10.4), ukazala, Ze novy klon, ktery byl poprvé identifikovan v 90.
letech v Némecku [Zhang WL, et al., 2000], se od r. 1996 rozsifil do podstatné Casti
Evropy a tvofi pfiblizné 50 % vSech stxa,-pozitivnich EHEC 026 izolovanych od
pacientli s HUS [Bielaszewska et al., 2013a]. Vysokou virulenci tohoto klonu dokazuje

nejen jeho signifikantni spojeni se sporadickymi piipady HUS vcetné¢ piipadi
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smrtelnych [Marejkova M, et al., 2009; Zieg J, et al., 2012], ale i jeho epidemicky
potencial dokumentovany vyskytem zatim (naStésti) pouze klastrii ¢i malych epidemii
HUS [Zhang WL, et al., 2000; Allerberger F, et al., 2003]. Rezervoary téchto kmenti a
jejich mozné zdroje pro Clovéka jsou zatim neznamé. Ze vSech téchto diavodi
predstavuje vyskyt téchto kmenti v Ceské republice zavazny zdravotnicky problém, a

proto je tfeba z preventivnich diivodu nadale peclivé a soustavné monitorovat jejich

vyskyt jak u pacienttl, tak 1 v prostiedi v€etné potencidlnich zvitecich rezervoart.
Fylogenetickd analyza kmenti EHEC izolovanych od pacienti s HUS metodou
MLST prokédzala dva nové sekvenéni typy, a to ST660 u kmenti O172:NM a
Orough:NM a ST1595 u jednoho NSF EHEC O157:H7, které¢ se nevyskytuji u kmenti
tzv. HUSEC (HUS-associated E. coli) sbirky, obsahujici vSechny sekvencni typy a
sérotypy EHEC kment izolovanych od pacienti s HUS v Némecku [Mellmann A, et al.,
2008]. Tyto dva ¢eské kmeny mohou tedy pfedstavovat nové fylogenetické typy kmeni
EHEC schopnych vyvolat HUS.
Z celkem 56 pacientl s diarrhea-pozitivnim HUS, jejichz stolice byly zaslany k prukazu
EHEC do NRL v létech 1998-2012, byly EHEC detekovany ve stolicich 39 pacientt (70
%), a to pomoci skriningu pomnozenych vzorkul stolic na stx a eae geny pomoci PCR a
kultiva¢né. Podil kultivaéné pozitivnich stolic od pacienti s HUS v nasi studii je v
souladu s daty uvadénymi v jinych evropskych studiich [Gerber A, et al., 2002; Tozzi E,
et al., 2003, Espi¢” E, et al., 2008]. Kultiva¢ni prikaz EHEC u pacienti s HUS je
komplikovan skute¢nosti, ze mnozstvi bakterii EHEC ve stolici po zacatku
prodromalniho prijmu rychle klesa [Tarr PI, et al., 1990], takze pravdépodobnost
zachytu kmene v dobé rozvoje HUS (tj. asi za tyden po zacatku prijmu) se znacné
sniZzuje a Cast stolic muze byt kultivacné faleSn¢ negativnich. Toto zdiiraziiuje nutnost
odebrat stolici na pruikaz EHEC co nejdiive po zacatku prodromdlniho prijmu, coz
zatim neni béZna praxe, a ukolem mikrobiologa je tedy informovat o této skutecnosti
osetfujicitho lékatre. V piipad¢, ze stolice byla odebrana az v dobé rozvoje HUS,
provedeni imunomagnetické separace, ktera koncentruje bakterie EHEC dostupné pro
kultivaci pomoci magnetickych castic sensibilizovanych specifickymi anti-O
protilatkami, podstatné zvySuje pravdépodobnost uspésné izolace infikujiciho kmene
EHEC. V nasi studii se podafilo izolovat kmeny EHEC ze vSech vzorkl stolic, které
byly PCR pozitivni na pfitomnost stx geni. Zachyt kmene EHEC v pomnoZeném
vzorku byl (v ptipad¢ hrani¢niho poctu EHEC bakterii ve stolici) umoznén diky

imunomagnetické separaci. Dale kultivace pomnozen¢ho vzorku na selektivnich a
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diagnostickych pevnych médiich vyvinutych pro predbéznou detekci EHEC usnadnila
izolaci kment nejcastéji se vyskytujicich EHEC na zakladé€ jejich typickych fenotypi.
Tyto zahrnuji a) neschopnost fermentace sorbitolu (rist v bezbarvych koloniich na
SMAC a CT-SMAC) typickd pro kmeny NSF O157, b) produkci EHEC hemolyzinu
(vyvolava neuplnou hemolyzu na EHLY agaru) u kmentt NSF 0157, 026, O111, O145,
0103 a c) rezistenci k teluritu (rist na CT-SMAC) u kmentt NSF O157, 026, 0145,
Ol111, ale1 0118 a O104 izolovanych z ptipadi prijmu v nasi studii - viz nize.

Skutecnost, ze se nam podafilo izolovat agens ze vSech stx-pozitivnich stolic
detekovanych metodou PCR, potvrzuje, ze byly v NRL zavedeny citlivé a spolehlivé
metody pro pritkaz a izolaci EHEC ve stolicich pacientti s HUS, kde mnozstvi bakterii
je Casto jiz velmi nizké, a dale demonstruje, Zze zvolena strategie pritkazu a izolace
EHEC umoziuje identifikovat jak EHEC O157, tak 1 non-O157 séroskupiny. Navic
vysoky zachyt SF EHEC O157 v nasi studii ukazuje, Ze i1 protokol pouzivany v NRL
pro detekci téchto kmenti (PCR skrining sfpA genu koédujiciho Sfp fimbrie typické pro
SF 0157), které neprodukuji EHEC hemolyzin a jsou citlivé k teluritu, takZze nerostou
na CT-CMAC [Karch H, et al., 2005], je spolehlivy.

Vsechny izolované kmeny EHEC od pacientt s HUS v Ceské republice
obsahovaly gen eae kodujici adhezin intimin, podobn¢ jako je popsano i v zahrani¢nich
studiich, kde eae-negativni kmeny jsou identifikovany v souvislosti s HUS vzacné
[Képpeli U, et al., 2011; Friedrich AW, et al., 2002]. Vzhledem k tomu, ze PCR
skrining pouzivany v NRL pro E.coli a shigely umoziiuje zachyt stx-pozitivnich/eae-
negativnich kment ve stolici, je absence eae-negativnich kmentt EHEC u pacientl s
HUS v Ceské republice jednak disledkem vyrazné niz§i schopnosti takovych kment
vyvolat HUS nez je tomu u eae-pozitivnich EHEC [Bielaszewska et al., 2006], a
pravdépodobné i pomérné nizkého poctu ptipadi HUS, a tedy i pfisluSnych kment

EHEC v této zemi.

Zatimco infekce EHEC u pacienti s HUS byla sledovana systematicky a pomoci
metod nezavislych na sérotypu (PCR pritkaz stx), skrining EHEC u pacientti s prijmem
a krvavym prijmem byl omezen na ,,top* pé&t EHEC séroskupin (0157, 026, 0103,
O111 a O145), kdy byly tyto izolaty, na zéklad¢ vyhlasky 473/2008 Sb. ,,O systému
epidemiologické bdélosti pro vybrané infekce* ve znéni novely 275/2010 Sb., zasilany
jako suspektni EHEC k prikazu Stx/stx do NRL. Tato skute¢nost se odrazi na spektru

identifikovanych séroskupin EHEC, kdy vice nez 90 % izolatl zaslanych v souvislosti s
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prijmem patfilo k séroskupindm O157, 026 a O111. Jediné 2 vyjimky byly kmeny
séroskupin O118 a 0104, které byly rozpoznany jako EHEC diky tomu, Ze prvni z nich
byl zaslan do NRL jako suspektni E. coli O145 a druhy byl izolovan v NRL ze stolice
pacientky s podezienim na infekci némeckym epidemickym kmenem v roce 2011.
EHEC séroskupin 0103 a 0145 nebyly v Ceské republice jako pivodci prijmu (bez
progrese do HUS) identifikovany. To mize byt ovlivnéno i tim, Ze testovani téchto
séroskupin nebylo soucasti rutinni diagnostiky vSech laboratofi, a tudiz byly tyto kmeny
do NRL k pritkazu Stx zasilany v nizsi frekvenci nez je tomu u séroskupin O157 a O26.

VSechny kmeny EHEC izolované od pacientd s HUS, nekomplikovanym
prijmem a jejich kontaktt v Ceské republice byly podrobeny subtypizaci stxi, a/nebo
Stxz, genu pomoci diivé popsanych protokoli PCR nebo PCR-RFLP [Friedrich AW, et
al., 2002; Scheutz F, et al., 2012] aplikovanych a optimalizovanych v na$i laboratofi.
Produkce Stx byla ovétena fenotypovymi metodami (testem na Vero bunikdch a VTEC-
RPLA). Nase vysledky ukazuji, Ze kmeny s produkci Stx2a, samotného nebo spolu s
Stx2c¢, jsou vyznamng Casteji spojovany se systémovou formou onemocnéni, t.j. HUS,
nez kmeny s produkci Stxla samotného nebo Stxla spolu s Stx2a (nebo s Stx2c¢), které
jsou castéji izolovany z prijmu a krvavého prijmu. K podobnym zavérim dospéli
autoti studii z Némecka, Danska, Belgie a USA [Friedrich AW, et al., 2002; Ethelberg
S, et al., 2004; Brooks JT, et al., 2005; Buvens G, Piérard D, 2012]. Ve srovnani
s typem Stx, non-Stx toxiny kmeni EHEC (EHEC hemolyzin, cytoletalni distendujici
toxin, serin protedza EspP) byly identifikovany u kment stejnych sérotypt bez ohledu
na jejich klinicky ptvod (tj. izolované z HUS vs. nekomplikovaného prijmu), coz
naznacuje, ze tyto toxiny nemaji rozhodujici vyznam pro progresi EHEC infekce do
HUS, 1 kdyzZ k patogenezi HUS mohou piispivat [Aldick T, et al., 2007; Bielaszewska
M, Karch H, 2005a; Bielaszewska M, et al., 2005b; Bielaszewska M, et al., 2013a].
ProtoZe Stx typ kmene ma zasadni vyznam pro progresi lokdlni infekce EHEC (prijmu)
do systémové toxémie (HUS), je v soucasné dobé nejucinngjsi prevenci zédvazného, tj.
anurického, HUS rychla detekce EHEC ve stolici pacienta s prajmem [Tarr PI, et al.,
1990], rychla subtypizace stx genii [Friedrich AW, et al., 2002; Bielaszewska M, et al.,
20006; tato studie] a u pacientil se zvySenym rizikem rozvoje HUS (tj. v pfipadé nalezu
Stxa, genotypu u infikujiciho kmene) aplikace vhodné terapie (volume expansion), ktera
snizuje riziko anurického renalniho selhani [Ake JA, et al., 2005]. Z preventivniho

hlediska je tedy nutné, jako soudast urceni rizika rozvoje HUS u pacienta s prujmem,
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provadét rychlou subtypizaci s¢x genud u izolovanych kmenu EHEC a vysledky okamzité

hlasit oSetiujicimu lékafi, ktery zajisti vhodny terapeuticky postup (Obrazek 5).

zolace EHEC
sitw suliby pirace

stx,, she, + 500, st + st
- Ambulanitni sledovanl pacienta
- (hospialirzace neni tiebha) —
infekce Prijem Spontanni
uzdraveni

Obrazek 5: Subtyp stx genu kmene EHEC je indikatorem klinického priibéhu
infekce. Vyznam subtypizace stx genl pro ur€eni rizika rozvoje HUS u pacienta

s prjmem vyvolanym EHEC a schematické znazornéni dalSich postupl zalozenych na
mikrobiologickém nalezu.

Z hlediska laboratorni diagnostiky bychom chtéli déale zduraznit vyznam
molekularni sérotypizace, obzvlast¢ metody fliC-RFLP, kterd umoznila rychlou a
spolehlivou detekci H antigenit u nepohyblivych kment (na zaklad¢ naSich vysledk
vice nez polovina kmentt EHEC izolovanych z humannich infekci v Ceské republice
byla nepohyblivd). Toto je zvlasté dulezité pii epidemiologickych Setienich, kdy rychla
pfedbéznd informace o stejnych fliC-RFLP profilech nepohyblivych kmentit EHEC
izolovanych z rtznych zdrojii je vychodiskem pro jejich dal$i, podrobné srovnani

pomoci molekularnich metod véetné PFGE.

Nékolik pozorovani v na$i studii pfispélo k rozsifeni znalosti o epidemiologii
EHEC infekci v Ceské republice. Konkrétng, pomoci analyzy virulenénich profild,
fenotypovych vlastnosti a metody PFGE se nam podafilo identifikovat

epidemiologickou souvislost izolatdi NSF EHEC O157:H7 (produkujicich Sx1a+Stx2a)
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od ditéte s krvavym prijmem a jedné ze Sesti ovci zrodinné farmy. Je to prvni
dokumentovany piipad prenosu EHEC infekce z ovce na ¢lovéka v Ceské republice.
Ojedin¢lé ptipady pienosu z ovce byly popsany i v jinych zemich, napi. v Holandsku,
kde dit¢ onemocnélo HUS nékolik dnii po navstéveé zoologické zahrady a stejné kmeny
EHEC O157 byly izolovéany ze stolice pacienta a fekalnich vzorkl zde chovanych ovci
a koz [Heuvelink AE, et al., 2002]. Ve svédské prevalen¢ni studii EHEC O157 u ovci
byly porovnavany izolované kmeny od zvifat s kolekci humannich izolata, a shodny
PFGE profil byl zjistén u izolatu od ovce z roku 2007 a kmene od pacienta z roku 2008
[Soderlund R, et al., 2012]. Zvifata jinych druhii byla identifikovana v Ceské republice
jako zdroj nakazy u sporadickych ptipadi ¢i v menSich epidemii EHEC jiz v
piedchozich letech. V roce 1995 byl v severnich Cechach zaznamenan vyskyt HUS u
Ctyt déti ve veéku do tii let spojen s konzumaci nepasterizovaného mléka od kozy, ktera
vylucovala v trusu EHEC O157:H7 [Bielaszewska M, et al., 1997]. V roce 1998 byl
popsan pienos infekce SF EHEC O157:NM piimym kontaktem z kravy na dva chlapce
(sourozence), z nichz starsi (6lety) onemocnél prijmem a u druhého (15meési¢niho) se
rozvinul HUS [Bielaszewska M, et al., 2000].

V nedavno popsané studii [Skockovd A, et al.,, 2013a] byly na pfitomnost Stx-
produkujici E.coli testovany vzorky neoSetfeného kravského mléka ze Sesti farem a téz
syrového masa z trzni sité v Ceské republice. Z celkem 67 ziskanych kment E.coli
pouze jeden (izolat z veprového masa) byl stx-pozitivni, a patiil subtypu stx,e, ktery jen
ojedin€le byva identifikovan u kment izolovanych z humannich infekci [Sonntag AK,
et al., 2005a]. V jiné studii [Alexa P, et al., 2011] byla sledovéana prevalence EHEC u
dobytka na tiech farmach v Ceské republice. Vylu¢ovani EHEC bylo pozorovano ve
vSech tfech sledovanych staddech, s nalezem kmenl ve 30-100 % vzorka rektalnich
vytéri odebranych v letnich mésicich a 30-60 % vzorkii odebranych v zimnich
mésicich. Kromé EHEC séroskupin O128 a O153 byly u dobytka detekovany dalsi tfi
séroskupiny, O157, 026, 0103, znichz prvni dvé byly nejcastéji zastoupeny mezi
EHEC izolovanymi od pacientli s HUS a prijmem v nasi studii a vSechny tfi jsou Casto
popisovany v souvislosti s HUS v zahrani¢nych studiich [Gerber A, et al., 2002;
Mellmann A, et al., 2008]. V piedchozich letech studovali Cizek a spol. prevalenci
EHEC 0157 ve vzorcich trusu dobytka na farmé v jihovychodni &asti Ceské republiky.
EHEC O157 byla nalezena ve 20 % vzorkil od dobytka a ve 40 % vzorkl feces od
potkanti z této farmy [Cizek A, et al., 1999]. Dalsi studie [Cizek A, et al., 2008] byla

zaméfena na vyskyt EHEC O157 testovanim in-line mléénych filtrit ve 192 farmach
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dobytka na Moravé. EHEC O157 byla prokézana ve 4 ze 192 mléénych filtrd. Tyto
studie ukazuji, Ze stejné¢ jako je tomu ve svéte, dobytek je vyznamnym rezervodrem
EHEC a moznym zdrojem infekce pro ¢lovéka i v Ceské republice a potvrzuji dilezitost
monitorovani EHEC v souladu s prioritami European Food Safety Authority (EFSA) a
European Centre for Disease Prevention and Control (ECDC).

Za vyznamny piinos ke zlepSeni znalosti o epidemiologii EHEC v Ceské
republice povazujeme 1 analyzu Sifeni infekce EHEC v okoli pacienti a doby
vyluCovani EHEC po prodélané infekci. V Iétech 2006-2013 bylo zaznamenano
nosi¢stvi EHEC v rodinach 4 pacientii s HUS (nepublikovanad data) a 3 pacientl
s prijmem nebo krvavym prijmem. U vétSiny rodinnych kontakti se jednalo o
asymptomatické nosicstvi. Pfipady bezpiiznakového nosi¢stvi EHEC u rodinnych
kontaktti pacientti s HUS ¢i prijmem vyvolanym EHEC byly zaznamenany i1 v zahranici
[Hanna JN, et al.,, 2007; Lienemann T, et al., 2012 ]. Sledovani doby vylucovani
infikujicich kmentt EHEC u ¢asti pacientli a jejich kontakth ukdzalo, Ze dlouhodobé
vyluCovani EHEC se vyskytuje u déti 1 dospélych, a to jak u pacientli s manifestnim
onemocnénim, tak i u osob bezptiznakovych. Vzhledem k velmi nizké infek¢éni dévce
EHEC jsou tito nosi¢i zavaznymi potencionalnimi zdroji infekce pro své okoli. Z

preventivniho hlediska to znamena nutnost skriningu EHEC i v rodinach pacientt,

disledné a dlouhodobé sledovani vylucovani kmene EHEC jak u pacientii, tak 1 u
bezptiznakovych osob, a vylouceni osob s pozitivnim nalezem z navstévy détskych
kolektivl a styku s potravinami az do vymizeni patogena ze stolice [Mody RK, et al.,
2013].

Typicka letni sezonnost onemocnéni EHEC [Karmali MA, 2004; Karch H, et al.,
2005; Rangel JM, et al., 2005] nebyla striktné pozorovana v Ceské republice. Piipady
infekci EHEC se vyskytovaly v prubéhu celého roku, i kdyz nejvyssi zachyt kmeni byl
v kvétnu az fijnu. Nejvice ptipadi infekci EHEC bylo zaznamenano ve Stiedoceském,
Kralovéhradeckém kraji a Praze, dale v Libereckém a Moravskoslezském kraji.
V soucasné¢ dobé neni jasné, zda tyto mezikrajové rozdily odrdzi skutecné rozdily
v prevalenci EHEC nebo jsou dusledkem razného systému detekce a zasilani
suspektnich izolat k dalsi typizaci do NRL.

V prubéhu velké némecké epidemie v kvétnu az Cervenci 2011 se ndm podafilo
zachytit importovany epidemicky kmen E. coli O104:H4 u americké turistky, ktera
piijela do Prahy ze Severniho Némecka s prijmovym onemocnénim a kratce nato zde

byla hospitalizovana. U izolatu byly pomoci nového multiplex PCR protokolu,
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vyvinutého pro rychly prikaz epidemického kmene [Bielaszewska M, et al., 2011a],
detekovany vSechny markery popsané¢ u némeckého epidemického kmene, ktery je
hybridem EHEC (produkuje Stx2a) a enteroagregativni E. coli [Bielaszewska M, et al.,
2011a]. Rychla izolace a identifikace kmene E. coli vzacného sérotypu a atypickych
vlastnosti byla umoznéna diky pouziti vhodnych selektivnich médii a nové vyvinutych a
v nasi laboratofi promptné aplikovanych molekularnich postupid, coz je nezbytnym
predpokladem pro zachyt novych, neobvyklych patogenii. Prestoze onemocnéni
vyvolana EHEC ptedstavuji prevazné pediatricky problém, tato epidemie byla
neobvykla i tim, ze vétSina pacientd byli dospéli s vyraznou ptevahou zen [Buchholz U,
et al., 2011; Frank C, et al., 2011]. I americka turistka, od které byl v nasi laboratofi

izolovan importovany epidemicky kmen, byla Zena ve véku 62 let.

Pro ilustraci uvadime na zavér zastoupeni séroskupin vSech humdannich kmeni
EHEC izolovanych v Ceské republice do konce roku 2013 (Graf 5). Vyplyva z ngj, Ze
EHEC 026 a NSF 0157 se podileji stejnou mirou na t&chto infekcich v Ceské
republice. Je to rozdil oproti jinym zemim Evropské unie, kde jsou EHEC 026 jako
agens lidského onemocnéni zastoupené vyrazné¢ méné cCastéji nez NSF EHEC O157

[ECDC, 2013; Orth D, et al., 2007].

NSF 0157:H7/NM
[fliCHT]
37%

Orough:NM

[fliCH25]

2%

0104:H4 [fliCH4]

1% SF O157:NM

0118:NM [fliCH25] [fliCH7]
1% 7%
0172:NM [fliCH25]
1%
055:NM [fliCH7]
2%
0145:H28
[fliCH28]
4% 026:H11/NM
0111:NM [fliCH8] [fliCH11]
9% 37%

Graf 5: Zastoupeni kmenu EHEC izolovanych od pacientd s HUS, prajmem,
krvavym prujmem a od asymptomatickych kontakti v Ceské republice, v letech
1965-2013, podle sérotypu (celkem 101 kmenu)
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7. ZAVERY

V priibéhu prace se podafrilo splnit v§echny vytycené cile:

1. VNRL pro E. coli a shigely byly zavedeny a optimalizovany rychlé¢ a citlivé metody
pro detekci kmeni EHEC a tak byla vyrazné zvalitnéna laboratorni diagnostika
téchto patogenti. Informace o pfitomnosti kmene EHEC ve stolici pacienta je mozné
nahlasit oSetfujicimu 1ékati v nejkratsi mozné dobé.

2. Byly zavedeny metody subtypizace stx genii. Rovnéz tato indicie, informace o

subtypu Stx, je z preventivniho hlediska velice potfebnd pro Iékafe k tivaze o

pravdépodobnosti progrese prijmu do HUS a rozhodovani o spravné volbé terapie.
Nase vysledky ukazuji, Ze kmeny s produkci Stx2a, samotného nebo spolu s Stx2c,
jsou vyznamné Castéji spojovany s komplikovanou formou onemocnéni, t.j. HUS.

3. Molekularni sérotypizace EHEC, tj. identifikace somatickych a flagelarnich antigent
pomoci PCR a RFLP dovolila pfesné urCeni sérotypu a porovnani s udaji
publikovanymi ve svétové literatute.

4. Byly zjistény sérotypy, stx genotypy a dalsi faktory virulence, diagnosticky dilezité
fenotypy, antibioticka rezistence a to jak u Cerstvych izolatd z let 20062013, tak i
zpétné (od roku 1965) u kment z laboratorni sbirky NRL pro E.coli a shigely.
NejcCastéji zastoupenymi sérotypy jsou NSF O157:H7/NM a O26:H11/NM. Kromé
stx genll obsahovaly kmeny vSech sérotyptl i fadu non-stx faktorii virulence, jejichz
spektrum bylo vétSinou sérotyp-specifické.

5. Z preventivniho aspektu bylo velice dilezité navazani spoluprace s organy Ochrany

vefejného zdravi (krajskymi a dalSimi epidemiology), a to pifi sledovani
bezptiznakového nosic¢stvi v rodinach pacientl s infekci EHEC a pfi vyhleddvani
moznych zdrojii infekce. Béhem dizertacni prace se v jednom piipadé skutecné
podafilo najit zvifeci zdroj (ovce z rodinné farmy).

6. Ceské kmeny od pacienti s HUS byly podrobeny fylogenetické analyze metodou
MLST a ve spolupraci s Ustavem hygieny Univerzity v Miinsteru porovnany
se sbirkou HUSEC (HUS-associated E. coli), ktera obsahuje kmeny izolované od
pacientll s HUS v Némecku. Byly tak zjistény dva nové sekvencni typy, které tato
sbirka neobsahuje a piedstavuji tedy nové fylogenetické typy EHEC schopné vyvolat
HUS.
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7. Byla zmapovana sezonni a krajova distribuce EHEC v Ceské republice. Infekce
EHEC se vyskytovaly béhem celého roku, s vrcholem v kvétnu az fijnu a nejvice ve

StiedoCeském a Kralovéhradeckém kraji.

Predkladana prace tak podstatné prispéla ke zvySeni znalosti o uloze EHEC jako
pivodci HUS a prijmi v Ceské republice, epidemiologii téchto infekei, a podafilo
se vypracovat a aplikovat postupy rizikové analyzy a prevence téchto zavaznych

infekci.
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8. SEZNAM ZKRATEK

CDT
CNCTC

CT-SMAC
ECDC

EHEC
EHLY
ESBL
EUCAST

fliC-RFLP

H antigen
HUS
IMS
LEE

Cytoletalni distendujici toxin

Ceska sbirka typovych kultur SZU, Praha (Czech National Collection of
Type Cultures)

Cefixim-teluritovy sorbitol MacConkey agar

Evropské centrum pro prevenci a kontrolu nemoci (European Centre for
Disease Prevention and Control)

Enterohemoragickd Escherichia coli

Enterohemolyzinovy agar

Sirokospektra B-laktamaza (Extended spectrum B-lactamase)

Evropska komise pro testovani antimikrobni citlivosti

(The European Committee on Antimicrobial Susceptibility Testing)
Restriction fragment length polymorphism f/iC genu kédujiciho
podjednotku flagelinu

Bicikovy (flagelarni) antigen

Hemolyticko-uremicky syndrom

Imunomagneticka separace

Lokus pro poskozeni enterocytl (Locus for enterocyte effacement)

MALDI-TOF MS Hmotnostni spektrometrie s vyuzitim ionizace laserem za

MLST
NRL
NSF

NM

O antigen
PCR
PFGE
RFLP

RPLA

pritomnosti matrice v kombinaci s pruletovym analyzatorem
(Matrix-assisted Laser Desorption Ionization Time of Flight Mass
Spectrometry)

Multilokusova sekvenc¢ni analyza (Multilocus sequence typing)
Nérodni referenc¢ni laboratot

Sorbitol nefermentujici

Nepohyblivé (Non motile)

Somaticky antigen

Polymerazova fetézova reakce (Polymerase Chain Reaction)
Pulzni gelova elektroforéza

Polymorfismus zaloZeny na profilu restrik¢nich fragmentti (Restriction
fragment lenght polymorphism)

Reverzni pasivni latexova aglutinace
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SF
SMAC
SPATEs
Stx
Stxla
Stx2a

Sorbitol fermentujici

Sorbitol MacConkey agar

Serin proteazové autotransportéry enterobakterii
Shiga toxin

Shiga toxin la

Shiga toxin 2a
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Abstract

Background: Enterohemorrhagic Escherichia coli (EHEC) cause diarrhea-associated hemolytic uremic syndrome (D+ HUS)
worldwide, but no systematic study of EHEC as the causative agents of HUS was performed in the Czech Republic. We
analyzed stools of all patients with D+ HUS in the Czech Republic between 1998 and 2012 for evidence of EHEC infection.
We determined virulence profiles, phenotypes, antimicrobial susceptibilities and phylogeny of the EHEC isolates.

Methodology/Principal Findings: Virulence loci were identified using PCR, phenotypes and antimicrobial susceptibilities
were determined using standard procedures, and phylogeny was assessed using multilocus sequence typing. During the
15-year period, EHEC were isolated from stools of 39 (69.4%) of 56 patients. The strains belonged to serotypes [fliC types]
0157:H7/NM[fliCy7]1 (50% of which were sorbitol-fermenting; SF), 026:H11/NMIfliCy;,], O55:NMIfliCy71, O111:NMIfliChg],
0145:H28[fliCyzg], O172:NMIfliCi25], and Orough:NM[fliCip5]. 026:H11/NM[fliCy,;] was the most common serotype
associated with HUS (41% isolates). Five stx genotypes were identified, the most frequent being stx,, (71.1% isolates).
Most strains contained EHEC-hlyA encoding EHEC hemolysin, and a subset (all SF O157:NM and one O157:H7) harbored cdt-
V encoding cytolethal distending toxin. espPa encoding serine protease EspPa was found in EHEC O157:H7, 026:H11/NM,
and 0145:H28, whereas O172:NM and Orough:NM strains contained espPy. All isolates contained eae encoding adhesin
intimin, which belonged to subtypes B (026), y (055, 0145, 0157), y2/8 (0111), and € (0172, Orough). Loci encoding other
adhesins (efal, IpfAocze, IPfAcis701-141, IPfAo15701154, Tha) were usually associated with particular serotypes. Phylogenetic
analysis demonstrated nine sequence types (STs) which correlated with serotypes. Of these, two STs (ST660 and ST1595)
were not found in HUS-associated EHEC before.

Conclusions/Significance: EHEC strains, including O157:H7 and non-O157:H7, are frequent causes of D+ HUS in the Czech
Republic. Identification of unusual EHEC serotypes/STs causing HUS calls for establishment of an European collection of
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HUS-associated EHEC, enabling to study properties and evolution of these important pathogens.
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Introduction

Enterohemorrhagic Escherichia coli (EHEC) are the pathogenic
subgroup of Shiga toxin (Stx)-producing E. coli strains that cause
human diseases including diarrhea, bloody diarrhea and hemolytic
uremic syndrome (HUS). HUS 1is a severe, potentialy life-
threatening condition characterized by non-immune hemolytic
anemia, thrombocytopenia, and acute renal failure [1]. HUS
caused by EHEC strains is typically preceded with diarrhea (and
therefore designated D+ HUS), that usually begins as non-bloody
and progresses to bloody after several days [1]. D+ HUS usually
affects children under 5 years [1] and is the most common cause of
acute renal insufficiency in children. It develops in 10-15%
children infected with EHEC O157:H7 [1] and also complicates
infections with other EHEC serotypes [2-9]. In addition to the
kidneys, other organs can be affected during HUS including the
central nervous system, the pancreas, the heart, the liver and the
lungs [1]. The involvement of the central nervous system is the
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most severe and is associated with higher mortality [6]. The
mortality of D+ HUS during the acute phase is <5%, and there is
a high frequency of late renal or non-renal sequelae in survivors
[10,11].

Microvascular endothelial damage is the major pathological
change underlying HUS [1,12]. Stxs are presently the best
characterised EHEC virulence factors that cause the microvascu-
lar endothelial injury [12]. Stxs are released by EHEC in the
intestine, absorbed across the intestinal epithelium into the
circulation, and transported to microcapillaries of the target
organs, mainly the kidneys and the brain. Here Stxs bind to
glycosphingolipids of the globo-series, which are abundantly
expressed on both glomerular and brain microvascular endothelial
cells [13,14]. This triggers a complex cascade of events resulting in
a multi-organ thrombotic process [12]. Although the Stx family is
highly heterogeneous, not all Stx types have been associated with
HUS [15,16]. Stx2 is the most common Stx type found in EHEC
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isolated from HUS patients [3,15-17], but Stx2c, Stx2d and Stx1
also occur in HUS-associated EHEC [3,15]. In contrast, Stx2b,
Stx2e, Stx2f and Stx2g have not been found at all or are found
very rarely among HUS isolates [15,16,18-20]. A possible
explanation for the epidemiological association of Stx2 with severe
outcome of EHEC! infections is the i vitro observation that Stx2 is
significantly more cytotoxic towards human renal [21] and human
brain [22] microvascular endothelial cells than Stx1.

The classical non-sorbitol-fermenting (NSF) EHEC O157:H7 is
the predominant cause of HUS worldwide [1,23,24]. In addition,
several other EHEC serotypes, the most frequent of which are
O26:H11/NM  (non-motile),  O91:H21,  O103:H2/NM,
O111:H8/NM, O113:H21, and O145:H25/H28/NM, have been
increasingly recognized as causes of HUS in Europe [3-5,7,17,25—
27], North America [8], South America [20], and Australia [28].
EHEC strains that have the capability of causing HUS have been
designated HUSEC (HUS-associated E. coli) [3].

The role of EHEC as causes of HUS in the Czech Republic has
not yet been systematically studied. Here, we investigated stool
samples from all patients with D+ HUS hospitalized in pediatric
centers in the Czech Republic between 1998 and 2012 for EHEC
infection. We determined serotypes of the EHEC isolates, a subset
of molecular and phenotypic characteristics, and their phyloge-
netic relationships. Moreover, we determined susceptibilities of the
strains to a spectrum of antimicrobials.

Materials and Methods

Ethics Statement

This study was approved by the Ethical Committee of the
University Hospital Motol, Prague, Czech Republic. Written
informed consent for enrollment in the study and publication of
patients data was obtained from parents of all patients.

Patients and Stool Samples

During January 1998 to December 2012, stool samples from 56
patients with HUS were investigated for EHEC infection in the
Reference Laboratory for E. coli and Shigella of the National
Institute of Public Health in Prague, Czech Republic. This
laboratory is specialized for diagnosis of EHEC infections and
receives stools from all patients with HUS from this country. The
patients originated from different regions of the Czech Republic
and there were no apparent temporal or geographical linkages
between them. Thirty-four of 56 patients (60.7%) were boys and
22 (39.3%) were girls. All patients were children (median age, 27.5
months; range, 10 to 85 months). Stool samples were collected
between 2 and 15 days (median, 6 days) after the onset of
prodromal diarrhea.

Case Definition

HUS was defined as a case of microangiopathic hemolytic
anemia (hematocrit <30% with peripheral evidence of intravas-
cular hemolysis), thrombocytopenia (platelet count <150,000
platelets/mm®), and renal insufficiency (serum creatinine concen-
tration higher than the upper limit of the normal range for age)

(1]-

Detection of EHEC in and Isolation from Patients Stools

The stool samples were enriched in G.N. Enrichment Broth
(Hajna) (Laboratorios Conda, Madrid, Spain) with novobiocin
supplement (Oxoid, Hampshire, UK) for 5-7 hours (37°C,
180 rpm) and the enriched cultures were inoculated on Columbia
blood agar, sorbitol MacConkey agar (SMAC), cefixime-tellurite
(CT)-SMAC agar and enterohemolysin agar (all from Oxoid).
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Since 2008, the enrichment cultures were additionally examined
for the presence of E. coli O157, 026, O103, Ol111, and O145
using an immunomagnetic separation (Dynabeads anti-E. coli
0157, Dynabeads EPEC/VTEC 026, Dynabeads EPEC/VTEC
0103, Dynabeads EPEC/VTEC Ol11, Dynabeads EPEC/
VTEC O145) according to the manufacturers (Dynal, Oslo,
Norway) protocol and subsequently plated on the above media.
After overnight incubation at 37°C, bacterial growth from all four
plates was collected in a tube containing Iml of 0.85% NaCl;
100 ul of this suspension was dilluted 1:10 in sterile distilled water,
heated for 10 min at 100°C and centrifuged (12000 rpm, 10 min).
Supernatant was used as a template for PCR with primers KS7-
KS8, LP43-LP44, and SK1-SK2 which target stx;,, stxo, and eae,
respectively [3,15]. All stx-positive samples were further PCR
tested for genes of O antigen biosynthetic clusters of E. coli O157,
026, 055, O111, 0103, 0145, O91 and O113 [29-31]. To
isolate strains from samples with positive stx PCR results, bacterial
suspensions were restreaked on SMACG, CT-SMAC and enter-
ohemolysin agar plates. E. coli O157:H7 was isolated from SMAC
and/or CT-SMAC using agglutination of sorbitol-negative colo-
nies in O157 antiserum (Denka Seiken Ltd., Tokyo, Japan).
EHEC of the major non-O157 serogroups (026, O111, O145)
were isolated from enterohemolysin agar based on their typical
enterohemolytic phenotype combined with agglutination in
antisera against the respective F. coli O antigens (Sifin, Berlin,
Germany; Denka Seiken). If no sorbitol-negative or enterohemo-
lytic colonies were present on SMAC/CT-SMAC or enterohe-
molysin agar, respectively, multiple colonies from these plates
(altogether up to 50) were tested for stx;, and stxy, genes using
PCRs described above. The isolates were confirmed as E. coli
biochemically (API 20E; bioMérieux, Marcy I'Etoile, France) and
using a MALDI-TOF mass spectrometer (Microflex LT, Bruker
Daltonics, Germany). Mass spectra were processed using the
BioTyper software with the version 3.2.1.0. database. Motility of
the isolates was determined directly after isolation as follows: The
strains were inoculated into the middle of tubes containing soft
(0.5%) agar, incubated at 37°C and observed for growth daily. An
isolate was considered motile if it spread out of the original
inoculation site during 10 days. If there was no growth from the
inoculation site during this time, the isolate was considered
nonmotile (NM).

Detection of other Enteric Bacterial Pathogens in Stools

The presence of Salmonella spp., Shigella spp., Yersinia enterocolitica,
and Campylobacter jeuni in stools was sought using standard
microbiological procedures.

Serotyping

stx positive colonies were serotyped using agglutination in
polyvalent and monovalent E. coli O antisera (Denka Seiken Co.,
Ltd., Tokyo, Japan; Sifin, Berlin, Germany; Robert Koch
Institute, Wernigerode, Germany) and H antisera (Denka Seiken).
The presence of the 026, O55, O111, O145, O157, and O172
antigens was confirmed using PCRs targeting genes of the
respective O antigen biosynthetic clusters [29-32]. The flagellin
subunit-encoding fi(’ gene was subtyped using Hhal restriction
fragment length polymorphism as described previously [7].

Genotypic Characteristics

PCRs were performed in a MyCycler Thermal Cycler (Bio-
Rad, Minchen, Germany) using reagents from Top-Bio (Prague,
Czech Republic) and primers from Generi Biotech (Hradec
Kralove, Czech Republic). All isolates were tested for stx,, stxo,,
and their subtypes (stx)¢, Stxop, Stxoc, Stxoq Stxoe, Stxof) using published
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PCR protocols [15,16]. Genes encoding other toxins (cdt-V,
EHEC-hhA, a-hpd), the EHEC serine protease EspP (espP), and
adhesins (eae, ¢fal, IpfAoos, PfAo1s701-141, WfAO15701-154, tha) were
PCR detected as described previously [15,33-38]. eae genes were
subtyped according to Zhang et al. [39] (eae B, 7, €) and Blanco
et al. [40] (eae ¥2/0). espP genes were subtyped according to
Brockmeyer et al. [36]. terl; and wreD used as markers for the ter
and wre gene clusters, which encode tellurite resistance urease
production, respectively, were amplified as described previously
[41,42]. Genes within the O island (OI) 122 of EHEC O157:H7
strain EDLI33 (¢fal, sen, nleE, nleB, pagC) were detected using
published PCR protocols [25,43].

Phenotypic Characteristics

Utilization of sorbitol was tested on SMAC. Moreover,
utilization of sorbitol, rhamnose and production of lysine
decarboxylase (LDC) was evaluated according to the API 20E
test kit (bioMérieux). Production of B-D-glucuronidase was
investigated using COLItest (Erba Lachema, Brno, Czech
Republic). Production of EHEC hemolysin and o hemolysin was
sought using enterohemolysin agar and Columbia blood agar
(Oxoid), respectively. Production of Stx was tested using a Vero
cell cytotoxicity assay [2]. The Stx titer was defined as the highest
dilution of culture supernatant that caused cytotoxicity in 50%
cells after 3 days of incubation. The Stx types (Stx1, Stx2) were
identified using VIEC-RPLA assay (Denka Seiken) according to
the manufacturer’s instructions. Resistance to tellurite was
determined based on the ability of the strains to grow on CT-
SMAC. Urease production was determined using the API 20E
test.

Antimicrobial Susceptibility Testing

Susceptibility to ampicillin, cefotaxime, ceftazidime, gentami-
cin, trimethoprim/sulfamethoxazole, ciprofloxacin, amikacin,
meropenem, piperacillin/tazobactam, tigecycline, chlorampheni-
col, and nitrofurantoin was tested using the disk diffusion method
according to EUCAST breakpoints [44] and standard recom-
mendations [45].

Multilocus Sequence Typing (MLST)

MLST was performed by sequencing internal fragments of
seven housekeeping genes (adk, fumC, gyrB, icd, mdh, purd, and recA)
as described previously [3]. Sequences were analyzed and the
minimum-spanning tree was constructed using the SeqSphere
software version 0.9 beta.l (Ridom GmbH, Miunster, Germany).
All alleles and sequence types (ST) were assigned in accordance
with the MLST website (http://mlst.ucc.ie/mlst/dbs/Ecoli).

Results

Clinical Features

Among the 56 patients investigated, 52 (92.9%) had prodromal
diarrhea, which was bloody in 31 (59.6%). HUS was diagnosed
between 2 and 15 days (median, 6 days) after the onset of diarrhea.
The median length of hospitalization was 17 days (range, 4 to 55
days). Three patients (5.4%) died during acute phase of HUS. The
causes of the deaths were neurological complications (cerebral
edema) in two patients (girls, 18 and 25 months old, both infected
with EHEC O26:H11), one of whom also developed lung edema;
one patient (boy, 30 months old, infected with sorbitol-fermenting
(SF) EHEC O157:NM) died of acute renal failure. Deaths
occurred between 3 and 6 days (median, 3 days) after HUS
development.

PLOS ONE | www.plosone.org
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Serotypes and fliC Genotypes of EHEC Isolates

Stool samples from 39 of 56 patients (69.6%) were positive in
screening for stx;, and/or sixo, genes using PCR. EHEC strains
were isolated from all of these 39 stx-positive stool samples. Thirty-
seven isolates belonged to eight different serotypes and two were
non-typeable (Orough) (Table 1). The most common serotype was
0O26:H11/NM (non-motile), which accounted for 16 (41%) of 39
isolates (Table 1). The second most common serotype was
OI111:NM (six of 39 isolates; 15.4%). NSF EHEC O157:H7/
NM were isolated from five (12.8%) patients and an additional five
patients (12.8%) were positive for SF EHEC O157:NM strains
(Table 1). One isolate belonged to serotype O172:NM, which has
been rarely isolated from patients with HUS [25].

Seven of 10 O157 isolates (two NSF and all five SF), six of 16
(37.5%) O26 isolates, and all O111, O35, O172 and Orough
isolates were non-motile, making conventional H typing impossi-
ble (Table 1). Subtyping of fiC genes encoding the flagellar subunit
of the H antigens demonstrated that the non-motile O157 and
026 isolates contained fliCy7 and fliCy1, respectively, which was
also present in motile isolates of these serotypes. The non-motile
isolates of serogroups O111, O55 and O172 contained fliCyg,
JliCy7, and fliCyos, respectively (Table 1), allowing rapid molecular
H typing. fliCyo5 was also present in both Orough:NM isolates
(Table 1).

None of the 39 patients from whom EHEC strains were isolated
had other intestinal bacterial pathogens (Salmonella spp., Shigella
spp., Y. enterocolitica, C. jeunz) in their stools.

Seasonal Distribution of EHEC Serotypes

Most EHEC strains (29 of 39; 74.4%) were isolated during the
warm period of the year (May to September) (Figure 1). However,
no clear seasonality in occurrence of particular serotypes was
observed. NSF O157:H7/NM strains were isolated from January
through August and SF O157:NM from February to June.
026:H11/NM isolates were almost equally distributed throughout
the year (Figure 1).

stx Genotypes

stx genes were present in all 39 EHEC isolates upon isolation,
but one strain (SF O157:NM) lost its stx gene during laboratory
subcultures before stx subtyping could be performed. Three
different st alleles (stxj,, Stxo,, sixg.), which through different
combinations gave rise to five six genotypes, were identified among
the remaining 38 strains (Table 1). The stxg, genotype was the
most frequent, being present in 27 of 38 (71.1%) strains. The stxo,
genotype was identified in all strains of serotypes O157:NM (SF),
O55:NM, O145:H28, O172:NM, Orough:NM, and in the
majority (15 of 16) of O26:H11 strains (Table 1). Only one of
five NSF EHEC O157 isolates contained the stxo, as the only sty
gene. The other four NSF O157 strains harbored stxo. in
combination with either stx;, or stxg, gene. stxo. did not occur in
any other serotype (Table 1). stx;, as the only stx gene was found in
three of 38 strains (7.9%) including one of 16 EHEC O26:HI11
and two of six O111:NM strains (Table 1).

Non-stx Virulence Genes

Strains of all but one serotype (O55:NM) contained genes
encoding non-Stx toxins including cytolethal distending toxin V
(Cdt-V) and/or EHEC hemolysin (Table 1). Both c¢di-V and
EHEC-2/4 genes were present in four of five SF O157:NM strains
and in one NSF O157:H7 strain (Table 1). EHEC-AlA, but not
¢di-V, was present in all strains of serotypes O26:HI11/NM,
O145:H28, O172:NM, and Orough:NM, and in four NSF
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Table 1. Serotypes and genotypic characteristics of EHEC strains isolated from patients with HUS in the Czech Republic, 1998-
2012.

Virulence locus® Serotype (number of strains)®

0157:H7/NM 0157:NM

(NSF) (SF) 0O55:NM 026:H11/NM O111:NM 0145:H28 0172:NM Orough:NM

fliCy7 (n=5) fliGa; (n=5)  fliGy; (n=2) fliGy11 (Nn=16) fliGyg (N=6)  fliGyag (N=2) fliGyos (N=1) FfiGyas (N=2)
StX1a - - - +(N)°¢ +(2) - - -
StX2a +(1) + (@)1 + +(15) - + + +
StXqa+StX2a = = - - + (4) - = -
StX1a+5tXoc +(2) - - - - - - -
StXaa+StXoc +(2) - - - - - - -
cdt-V +(1) + - - - - - -
EHEC-hlyA + + (4) - + + (4) a4 a +
a-hlyA - - - - - - - -
espP® + (o) = = + (o) (9) = + (o) (1) + () +(y)
eae’ + () + () +() +(B) + (72/6) + () +(8) + ()
efal +9 + + + + +9 + +
IpfAo2e - - - + + - - -
IpfAois7/0=121 + = - + _ _
IpfAo1s7/01=154 + - _ _ _ _
iha + - - + +(5) o - _
terE + - - + + (5) + _ _
ureD et - - + + (5) + = -
irp2 - - - + - - - -
fyuA - - = + = - - -

*The genes encode the following proteins: fliC, flagellar subunit of H antigen; stx, Shiga toxin; cdt-V, cytolethal distending toxin V; EHEC-hlyA, EHEC hemolysin; o-hlyA,
o hemolysin; espP, serine protease EspP; eae, intimin; efal, EHEC factor for adherence; IpfAo,s, major subunit of long polar fimbriae of EHEC 026; IpfA o157/01-141 and
IpfAo157/01-154, Major subunit of long polar fimbriae of EHEC 0157 encoded on O island Ol 154 and Ol 141, respectively; iha, iron-regulated gene A homologue adhesin;
terE, marker for tellurite resistence-encoding cluster; ureD, marker for ure cluster encoding urease production; irp2 and fyuA, markers for the high pathogenicity island
(HPI) encoding iron uptake system.

bSerotypes were determined using conventional and molecular serotyping; the fliC genes indicated were present in both motile and non-motile strains of each
respective serotype; NSF, non-sorbitol-fermenting; SF, sorbitol-fermenting.

€—, the gene was absent; +, the gene was present (if the gene was not present in all strains of the respective serotype, the numbers of positive strains are indicated in

parenthesis).

done strain lost stx gene before subtyping.
€espP subtypes are indicated in parentheses.
feae subtypes are indicated in parentheses.

doi:10.1371/journal.pone.0073927.t001

0O157:H7/NM and four O111:NM isolates (Table 1). None of the
39 strains contained o-Aly4 gene encoding o hemolysin (Table 1).
All or most strains of serotypes O157:H7/NM (NSF), O26:H11/
NM, O145:H28, O172:NM and Orough:NM contained the espP
gene encoding the plasmid-encoded serine protease EspP [36].
Subtyping of the espP genes demonstrated that the O157:H7/NM,
026:H11/NM and O145:H28 strains contain espPa, whereas the
O172:NM and Orough:NM strains contain espPy; each of these
espP alleles encodes proteolytically active EspP [36]. espP was
absent from all strains of serotypes O157:NM (SF), O55:NM, and
O111:NM (Table 1).

All 39 EHEC isolates contained the eae gene encoding intimin,
the major adhesin of EHEC. Four different eae subtypes (B, v, y2/
0, € were identified, which were associated with particular
serotypes. The eae y allele was broadly distributed (being present in
all 0157, O55, and O145 strains), whereas the other eae alleles (B,
v2/0, €) were usually restricted to one serotype (Table 1). In
addition to eae, genes encoding other established or putative
adhesins were found in the EHEC isolates. The efal gene encoding
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9a truncated efal gene [34] was present in EHEC 0157:H7 and one O145:H28 isolate; complete efal was present in all other strains.

the EHEC factor for adherence (Efa-1) [34] was present in strains
of all serotypes (Table 1), but it was truncated in NSF O157:H7/
NM and in one of O145:H28 strains as reported previously for E.
coli O157:H7 [34]. In contrast, loci encoding other adhesins

(ibfAoe, pfAo15701-141, (PfAO15701-154, tha) were restricted to only
some serotypes (Table 1).

Other Loci

All NSF O157:H7/NM, O26:H11/NM, and O145:H28
strains, and five of six O111:NM strains contained terE and ureD
genes, which were used as markers for the gene clusters encoding
tellurite resistance and urease production, respectively. These loci
were found in none of the strains of the other serotypes (Table 1).
The #p2 and fyud genes, which are components of the iron-uptake
system encoded in the high pathogenicity island (HPI) identified in
EHEC by Karch et al. [46] were present only in strains of serotype
O26:H11/NM (Table 1).
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Figure 1. Seasonal distribution of EHEC strains of different serotypes isolated from patients with HUS in the Czech Republic, 1998-

2012.
doi:10.1371/journal.pone.0073927.g001

Presence of Ol 122 in EHEC Isolates

The presence of OI 122 in EHEC strains, and the gene content
of this genomic island (i.e. the presence of pagC, nleE, nleB, sen, and
¢fal loci) correlate with virulence of EHEC strains [25,43]. In
accordance with their origin from patients with HUS, the EHEC
strains characterized in this study contained a complete OI 122
(serotypes OI157:H7/NM, O55:NM, OI11:NM, and one
O145:H28 strain) or an incomplete OI 122 which lacked only
pagC (serotypes O26:H11, O172:NM, Orough:NM, and one
0O145:H28 strain) (Table 2).

Phenotypes

All but one strain (SF O157 which lost stx gene) expressed Stx as
demonstrated by cytotoxicity of their culture supernatants to Vero
cells (Table 1). The Stx type produced by each strain determined
using a latex agglutination assay correlated with stx genotype.
Specifically, strains harboring stx;, only produced Stxla only,
those harboring stxo, only produced Stx2a only, and those

harboring stx;,+stxo, produced both Stxla and Stx2a (Table 1,
Table 3). Stx2¢ produced by O157:H7 strains with stx genotypes
Stx1,FSstxg. OF Sixg,t+sixg. was detected using the Stx2 latex reagent
(Table 3). EHEC hemolysin was expressed by all EHEC-#lyA4-
harboring strains of serotypes O157:H7/NM (NSF), O111:NM,
O145:H28, and by 15 of 16 EHEC-AlyA-containing O26:H11/
NM. No EHEC hemolysin production was observed in EHEC-
hiyA-positive SF EHEC O157:NM strains or in strains of serotypes
O172:NM and Orough:NM (Table 3). In accordance with the
absence of a-ilyA gene (Table 1), none of the 39 EHEC isolates
produced a hemolytic phenotype on blood agar (Table 3) Tellurite
resistance was expressed in all strains of serotypes O157:H7/NM
(NSF), O26:H11/NM, O111:NM, and O145:H28 which con-
tained the ferE gene, as demonstrated by their ability to grow on
CT-SMAC. In contrast, none of the above strains, which also
contained ureD, produced urease (Table 3). Sorbitol was utilized by
all strains except for NSF O157:H7/NM, O172:NM, and
Orough:NM as demonstrated by the appearance of their colonies
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Table 2. Presence of Ol 122 among EHEC isolates from HUS patients.
Locus of
ol 122 Serotype (number of strains)
0157:H7/NM
(NSF) 0157:NM (SF) O55:NM 026:H11/NM O111:NM 0145:H28 0172:NM Orough:NM
fliCy7 (n=5) fliCy7 (n=5) fliChz (n=2)  fliG411 (N=16) fliCug (n=6)  fliCyzg (N=2) fliCyzs (N=2) fliCyzs (N=1)
pagC + + + - + +(1)? - -
nleE + + + + + + + +
nleB + + + + + + + +
sen + + + + + + + +
efal + + + + + + + +
01-122° C C C | C c() | I
1(1)
apagC was present in one strain.
bC, complete Ol 122 (all genes tested present); |, incomplete Ol 122 (pagC absent).
doi:10.1371/journal.pone.0073927.t002
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on SMAC and using API 20E test. Rhamnose was utilized by all
NSF O157:H7/NM, O111:NM, and O145:H28 strains, but not
by strains of the other serotypes (Table 3). All strains except those
belonging to serotypes O111:NM, O172:NM and Orough:NM
produced lysine decarboxylase (Table 3). All strains but NSF
0O157:H7/NM produced B-D-glucuronidase (Table 3).

Antimicrobial Susceptibility

Nine of 39 EHEC isolates including five of 16 O26:H11/NM
strains, and four of six Ol11:NM strains were resistant to
ampicillin. One of these O26 isolates was also resistant to
trimethoprim/sulfamethoxazole. One  additional  isolate
(O145:H28) was resistant to chloramphenicol. All the other 29
strains including all 10 O157 isolates were susceptible to all 12
antimicrobials tested (ampicillin, cefotaxime, ceftazidime, genta-
micin, trimethoprim/sulfamethoxazole, ciprofloxacin, amikacin,
meropenem, piperacillin/tazobactam, tigecycline, chlorampheni-
col, and nitrofurantoin).

Phylogeny of EHEC Associated with HUS

MLST analysis of the 39 EHEC isolates resulted in nine
different STs. Whereas eight of the nine STs clustered into three
CCs (CC11, CC29, CC32), ST660 formed a separate clone not
clustering into any known CC (Table 4). Al EHEC O157:H7/
NM (NSF) and O157:NM (SF) belonged, with a single exception
(ST1595, which is a single locus variant (slv) of ST11) to ST11
(CC11). Both O55:NM strains (ST335) grouped as a slv of ST11
into the same CC (CCll) as EHEC O157:H7/NM. EHEC
026:H11/NM were equally distributed among two different ST,
ST21 and ST29, which clustered together into CC29. The ST29 is
composed of strains belonging to the new, highly virulent EHEC

HUS-Associated EHEC in the Czech Republic

026 clone, which is widespread in Europe [7]. All six strains of
serotype O111:NM belonged to ST16 (a slv of ST29) and grouped
to CC29 together with EHEC O26 (Table 4). Both O145:H28
strains clustered into CC32 and belonged to ST32 and ST137,
respectively, which are slvs. The O172:NM strain and both
Orough:NM strains belonged to ST660, suggesting that they have
a similar genomic background. Accordingly, a PCR analysis for
the presence of the O172 biosynthetic cluster gave a positive result
in all three strains demonstrating that they are all genetically
O172. Phylogenetic relationships of the Czech HUS-associated
strains, the distribution of strains of different serotypes into CCs
and the comparison to the HUSEC collection [3] (www.ehec.org)
are shown in Figure 2. Interestingly, this comparison revealed the
presence of two STs that were not associated with HUS
previously, namely ST660 and ST1595.

Discussion

In this 15-year study we systematically investigated stools of
patients with HUS for the evidence of EHEC infection. We
demonstrate that approximately 70% of patients with D+ HUS
contained EHEC: strains in their stool samples. Similar to other
European countries, EHEC associated with HUS in the Czech
Republic involved strains of serogroup O157 and also several non-
0157 serogroups. Notably, SF EHEC O157:NM, which were first
identified in Germany [47] and later in other European countries
[25,48-51], accounted for 50% of all EHEC O157 strains isolated
from HUS patients in the Czech Republic during 1998-2012. All
SF O157:NM isolates from the Czech Republic possessed stxo,
gene, similar to such strains from Germany, but not stx;, which
was identified in SF O157:NM isolated in Norway [50]. The most
prevalent EHEC serotype associated with HUS in the Czech

Table 3. Phenotypes of EHEC strains isolated from patients with HUS in the Czech Republic.

Phenotype® Serotype (number of strains)
0157:H7/NM (NSF) O157:NM (SF) O55:NM 026:H11/NM O111:NM 0145:H28 0172:NM Orough:NM
fliCq7 (n=5) fliCq7 (n=5) fliCh; (n=2)  fliCy1q (N=16) fliChg (N=6) fliCyps (N=2)  fliCyps (N=1) fliChzs (n=2)

Vero cell titer® 32-128 16-512 32-64 16-128 64-2048 256-1024 128 512

Stx 1° -d - - +(1)¢ +(2) _ _ _

Stx 2 +3) +(4) + +(15) - + + ¥

Stx1+5tx2¢ +(2) - - - +(4) - _ _

EHEC-Hly + - - +(15)° + (4) + = e

a-Hly - - - - - - - -

CT-SMAC growth ~ + = - + + (5) 4 = -

Urease - - - - - - - -

SMAC - + + + + o — _

SOR - + _ _

RHA + - - _ + _ _

LDC + + + + - ¥ - -

GLR - + + + + + + +

GLR, production of B-D-glucuronidase.
“Production of Stx1 and Stx2 tested using the VTEC - RPLA kit.

expressed the respective phenotype).

doi:10.1371/journal.pone.0073927.t003
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“EHEC-Hly, EHEC hemolysin production; a-Hly, o hemolysin production; growth on CT-SMAC, indicator of tellurite resistance; urease, urease production; SMAC,
utilization of sorbitol on sorbitol MacConkey agar; SOR, utilization of sorbitol (API 20E); RHA, utilization of rhamnose (APl 20E); LDC, production of lysine decarboxylase;

The highest dilution of culture supernatant which caused cytotoxicity in 50% Vero cells after 3 days.
d—, the phenotype was absent; +, the phenotype was present (the numbers in parentheses indicated numbers of positive strains in the case that not all strains

fone 026:H11 and O172:NM and Orough:NM strains did not express EHEC-hlyA gene.
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O HUSEC collection
(O Hus-associated EHEC CR

Figure 2. Phylogeny of EHEC associated with HUS in the Czech Republic. Minimum-spanning tree illustrating the clonal relationship
between HUS-associated EHEC from the Czech Republic (green) and the HUSEC collection [3] (red) based on MLST allelic profiles. Each MLST
sequence type (ST) is represented by a node named with its ST. The size of the node is proportional to the number of isolates reported in this study
sharing the same ST. The number on the connecting lines indicates the number of alleles that were different between the two connected nodes. In
addition, for the major serogroups (e.g. 0157, 026) the STs and their corresponding clonal complexes (CC) were given and shaded in grey.

doi:10.1371/journal.pone.0073927.g002

Republic is O26:H11/NM, a situation similar to that reported
from Italy [26]. Our ability to isolate EHEC strains from all stool
samples that tested positive for stx genes in the initial PCR
screening demonstrates that the EHEC isolation procedure used in
this study enables to identify reliably both O157 and non-O157

Table 4. Phylogeny of EHEC isolated from HUS patients in the
Czech Republic determined by MLST.
Total no.
Serotype of strains ST (no. of strains) cc
0157:H7/NM (NSF) 5 1 (4 1
1595 (1) 11
O157:NM (SF) 5 11 (5) 1
O55:NM 2 335 (2) 1"
026:H11/NM 16 21 (8) 29° (8) 29
29
O111:NM 6 16 (6) 29
0145:H28 2 32(1) 32
137 (1) 32
0172:NM 1 660 na.
Orough:NM 2 660 (2) n.a.
ST, sequence type; CC, clonal complex; n.a., not assigned.
aST29 strains belong to the new EHEC 026 clone [7].
doi:10.1371/journal.pone.0073927.t004
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EHEC strains. In accordance with other studies [3,37,49], the
large percentage of the Czech EHEC isolates were non-motile.
This suggests that non-motility might either be an inherent
characteristic of EHEC, in particular of some serogroups, or that
such strains rapidly lose their motility i vitro, after they have left
the host gastrointestinal tract. This observation underlines the
importance of the fliC genotyping as an easy, rapid and reliable
procedure for molecular H typing of EHEC isolates.

All EHEC isolated from HUS patients in the Czech Republic
were eae-positive as are also most HUS-associated EHEC in other
studies [5,8,15,17]. It has been shown in different studies that the
rate of eae-negative strains among HUS EHEC isolates is low
[3,17,28]. Mellmann et al. [3] reported that only 16 from 524
(3.1%) EHEC isolates from HUS patients were eae-negative.
Among them was E. coli O104:H4 strain (HUSEC41) [3], which is
closely related to the E. coli O104:H4 strain that caused the largest
ever recorded outbreak of HUS in Germany in 2011 [52,53], with
many secondary cases having occurred worldwide including the
Czech Republic [54]. The O104:H4 outbreak strain isolated in
2011 from an American tourist with diarrhea who traveled to
Prague from North Germany [54] is the only eae-negative EHEC
isolated in this country from humans until now. Because stx-
positive/ eae-negative strains would have been detected using our
PCR screening system, we assume that the absence of eae-negative
strains among EHEC isolated from HUS patients in the Czech
Republic in this study is due to low number of isolates resulting, in
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turn, from a low number of HUS cases that occur in this country
(4-5 per year).

SIF EHEC O157:NM caused several HUS outbreaks through-
out Europe, the largest of which ivolved Germany [55,56],
Scotland [57] and Norway [58]. Such strains differ from O157:H7
phenotypically, in particular by their ability to ferment sorbitol
and produce B-D-glucuronidase, susceptibility to tellurite, lack of
EHEC hemolysin expression and non-motility [41,47], and by
expression of non-Stx toxins that may contribute to the
pathogenesis of EHEC-mediated diseases. Specifically, Cdt-V,
which causes irreversible injury to microvascular endothelial cells
[59], the major targets affected during HUS, is produced by the
majority of SF EHEC O157:NM strains [35], but only by a small
subset of EHEC O157:H7, which belong to particular phage types
[59]. Accordingly, all SF EHEC O157:NM and one NSF
O157:H7 strain analyzed in this study harbored the loci encoding
Cdt-V (Table 1). EHEC hemolysin, another toxin with a potential
endothelium-injuring capacity [60], was regularly expressed by
EHEC O157:H7, but not by SFF O157:NM strains analyzed in this
study (Table 3). Several studies suggest that infections with SF
EHEC O157:NM more often progress to HUS [56-58] than those
with NSF O157 [61] and that patients infected with SF O157:NM
have a higher risk of death [56-58] than those infected with
EHEC O157:H7 [61]. In both German large outbreaks caused by
SF EHEC OI157:NM strains the case-fatality ratio was 11%
[55,56] compared to <1% reported for outbreaks caused by NSF
EHEC O157:H7 [61]. In agreement with the high virulence of SF
EHEC O157:NM strains, this strain was the cause of death in one
patient in our study. The other two fatal cases were associated with
infection by EHEC O26:H11, one of which belonged to the new
highly virulent clone, which has emerged in Europe [7] and
accounted for 50% of all 026 EHEC O26 isolated in this study.

EHEC O157:H7 have evolved from an . cols O55:H7 ancestor
possessing the locus of enterocyte effacement (LEE) by acquisition
of Stx-encoding bacteriophages, virulence plasmid and transition
of somatic antigen from O55 to O157 [62-64]. Leopold et al. [63]
and others [65,66] provided evidence of limited diversity in SF
O157:NM, much unlike the large biodiversity of EHEC O157:H7.
We show that the NSF and SF O157 isolates described here all
belong to the same clonal complex (CC11); multilocus variable
number tandem repeat analysis (MLVA) and single nucleotide
polymorphism (SNP) analysis of the Czech strains is underway to
more extensively compare the phylogenetic relationships of these
strains and to compare them with strains from other countries
[63,67,68].

Tellurite resistance is a diagnostically important feature
enabling isolation of EHEC strains from CT-SMAC where
normal intestinal flora are suppressed. In our study tellurite
resistance occurred in all NSF EHEC O157, all O26 and both
0145 isolates and in five of six O111 strains. All these strains also
contained the ure cluster encoding urease production but none of
them produced urease, in accordance with observations that ure
genes are usually not expressed in EHEC strains [42]. The absence
of both fer and ure loci in one O111:NM strain (Table 1) suggest
that the strain have lost these loci, as have been previously
reported for EHEC O157:H7 and attributed to deletions within
Ols 43 and 48 that harbor these loci [69].

Antimicrobial susceptibility testing demonstrated resistance to
one (9 isolates) or two (I isolate) antimicrobials in 25.6% of the
Czech EHEC strains studied. The resistance was associated with
non-O157 EHEC serogroups. This situation is similar to that in
Finland and Belgium where antimicrobial resistance was reported
in 21.4% and 44.7% of EHEC patients isolates, respectively, and it
was more frequent in non-O157 than in O157 strains [70,71]. As
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in our study, none of the isolates from these countries was resistant
to meropenem or imipenem, ciprofloxacin and amikacin. In
contrast to our findings, multidrug resistance occurred in 24.1% of
the Belgian [71] and in 7.1% of the Finnish EHEC isolates [70], as
well as in an EHEC O145:H strain that caused a multistate
outbreak of diarrhea and HUS in the United States [72]. The
extended-spectrum P-lactamase (ESBL) phenotype, which was
identified in an EHEC O26 human isolate in another Belgian
study [73], and which is one of the typical features of the EHEC
0104:H4 strain that caused the large 2011 outbreak in Germany
[53,74] was not tested in the Czech EHEC HUS isolates in this
study. Compared to EHEC, E. coli strains isolated from urine of
patients with urinary tract infections or from blood cultures of
patients with sepsis are more often multiresistant [75] or express
the ESBL phenotype [76,77].

The spectrum of EHEC serotypes associated with HUS in the
Czech Republic raises the question about reservoirs of these
pathogens and sources of human infections in this country.
Prevalence of EHEC in cattle feces in the Czech Republic was
investigated by Alexa et al. [78]. EHEC shedding was observed in
70% to 100% animals in three different diary farms. EHEC
1solates belonged to serogroups 026, O103, O157, O128, and
054, the former three being isolated from HUS patients in our
study. Cizek et al. [79] studied the occurence of EHEC O157 in
diary farms in the Czech Republic. EHEC O157 strains harboring
stxy, stxo, eae, and EHEC-AlyA genes were detected in four of 192
in-line filters examined. Several additional studies identified
various animal species as sources of outbreaks or sporadic cases
of EHEC infections in this country. In 1995, four cases of HUS in
children caused by EHEC O157:H7 were associated with
consumption of unpasteurised milk from a farm goat who shed
the causative EHEC O157:H7 strain in its feces [80]. Three years
later, SF EHEC O157:NM strains were isolated from two siblings
(one with HUS and the other with diarrhea) and an epidemio-
logically associated cow, and a direct contact with the animal was
implicated as a possible infection transmission route [81]. This was
the first evidence that cattle can be a reservoir of SF EHEC O157
and a source of human diseases [81]. Altogether, these studies
demonstrate that similar to other countries [27,40,61], cattle and
other domestic animals are reservoires of EHEC in the Czech
Republic and can be sources of the infection for humans.

We conclude from our data that EHEC strains including
O157:H7/NM and a spectrum of non-O157 serotypes are
important causes of pediatric D+ HUS in the Czech Republic.
Although the spectrum of EHEC serotypes resembles that found in
other European countries, the finding of serotypes
O172:NM|[fliC95] and Orough:NM|[fiC}95], which are not
members of the German HUSEC collection [3] (www.ehec.org)
indicates the need for creating an European collection of HUS-
associated EHEC. This collection would enable complex studies of
virulence characteristics, mechanisms of adaptation to the human
host and evolution of these pathogens, as well as development of
optimized methods for their detection.
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Enterohemoragické Escherichia coli jako puvodci prijmu
v Ceské republice, 1965-2013
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SOUHRN

Cil prace: Enterohemoragické FEscherichia coli (EHEC) jsou celosvétovymi plvodci prijmu,
krvavého prijmu a hemolyticko-uremického syndromu (HUS). Zatimco role EHEC v etiologii HUS v
Ceské republice byla popsina vnedavné publikaci, vyskyt, vlastnosti a epidemiologic EHEC
vyvolavajicich prijmova onemocnéni nejsou dostateéné znamé. V této studii jsme proto analyzovali
sérotypy, stx genotypy a faktory virulence kmentt EHEC izolovanych v letech 1965-2013 od pacientl
s prijmem, krvavym prijmem a jejich rodinnych kontakti. Dale jsme charakterizovali diagnosticky
dilezité fenotypy kment EHEC, jejich citlivost k antimikrobidlnim agens, sezénnost a distribuci dle
kraju.

Material a metody: Kmeny od pacientd byly zaslany jako izolaty E.coli urené séroskupiny do NRL
pro E. coli a shigely k prikazu Stx. V souvislosti s epidemiologickym Setfenim byly zaslany do NRL
vzorky humanniho a nonhumanniho puvodu. Sérotypy byly urfeny konvencéni a molekularni
sérotypizaci, stx genotypy a non-stx faktory virulence pomoci PCR, a fenotypy a antimikrobialni
citlivost pomoci standardnich metod. Epidemiologicka souvislost izolatli od zvifete a pacienta byla
potvrzena metodou pulzni gelové elektroforézy (PFGE).

Vysledky: Z 50 kmenti EHEC pochazelo 24 od pacientl s prijmem bez krve, 19 od pacientl s
krvavym prijmem, 6 od rodinnych kontaktli a 1 od epidemiologicky souvisejiciho zvitete. Ptipady
EHEC infekci se vyskytovaly béhem celého roku, s vrcholem v kvétnu az fijnu a nejvice ve
Stiedoceském a Kralovéhradeckém kraji. Hromadny vyskyt infekce EHEC byl zaznamenan ve 3
rodinach, a v 1 ptipad¢ byl prokazéan prenos EHEC infekce z ovee na pacienta. Kmeny EHEC pattily k
5 sérotypum, z nichZ vice neZ polovinu tvofily sorbitol-neokyselujici (NSF) O157:H7/NM[fliCy;] a
tretinu kmeny O26:HI11/NM[fliCyy1]; sérotypy O111:NM[fliCyg], O118:NM[fliCyps] a O104:H4,
stejn¢ jako sorbitol-okyselujici (SF) kmeny OI157:NM[fliCy;], byly vzacné. Z celkem 7
identifikovanych stx genotypt se vSech 7 vyskytlo u NSF EHEC O157, 2 u EHEC 026 aOl1l,alu
EHEC 0118, 0104 a SF O157. VSechny az na 1 kmen produkovaly Stx. Geny kodujici dalsi faktory
virulence v¢etné toxini (EHEC-AlyA, cdt-V, espP) a adhezint (eae, efal, iha, Ipf, sfpA) byly pfitomny
u vSech kment a jejich spektrum bylo sérotyp-specifické. Nejcastejsi z nich byl eae kddujici adhezin
intimin a EHEC-AlyA4 kodujici EHEC hemolyzin. VSechny kmeny EHEC kromé SF O157 obsahovaly
terE, kodujici rezistenci k teluritu. VSechny kmeny kromé¢ NSF EHEC O157 a EHEC O118
okyselovaly sorbitol a produkovaly B-D-glukuronidazu. Vétsina (89,8 %) EHEC byla citliva ke vSem
12 sledovanym antimikrobialnim agens.

Zavér: EHEC se vyskytuji jako ptvodci prijmu a krvavého prijmu v CR. Pouze systematicky
skrining téchto patogenti ve stolicich pacientti v§ak umozni odhalit jejich skute¢ny podil na etiologii
prijmovych onemocnéni (a rovnéz HUS) v CR a zafadit tak tato data do evropského kontextu.
Onemocnéni vyvolana EHEC jsou hlaSena do Evropského centra pro prevenci a kontrolu nemoci
(ECDC) v ramci surveillance Food and Waterborne Diseases.

KLiCOVA SLOVA: Enterohemoragicka Escherichia coli, Shiga toxin, genotyp, prijem, Ceské
republika
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UvVOD

Enterohemoragické Escherichia coli (EHEC), patogenni skupina Shiga toxin-produkujicich E.
coli, byly v priibéhu poslednich 30 let celosvétove identifikovany jako ptivodci prijmu (krvavého ¢i
bez piimé&si krve) a klasického (tj. diarrhea-associated, D+) hemolyticko-uremického syndromu (HUS)
[2, 21]. D+ HUS, Kklinicky charakterizovany mikroangiopatickou hemolytickou anemii,
trombocytopenii a akutnim renalnim selhanim, se vyviji jako systémova komplikace prijmt
vyvolanych EHEC piedevs§im u déti. Postihuje vétSinou déti do 5 let a je nejcastéjsi pfi¢inou akutniho
selhani ledvin v détském véku [34]. Jeho mortalita se uvadi mezi 3—5 %, a az 30 % pacientii ma trvalé
nasledky ve form¢ chronického renalniho selhani, hypertenze, proteinurie ¢i neurologického postizeni
[32]. Onemocnéni vyvolana EHEC zacinaji typicky za 3-4 dny po infekci jako vodnaty prijem, ktery
béhem 1-2 dnil pfechazi v krvavy prijem; HUS se vyviji asi za tyden po zacatku prijmu u 10-15 %
pacienti [21, 34].

vvvvvv

nejcastéjSim ptuvodcem sporadickych onemocnéni, predevs§im HUS [21, 34] a vyvolal fadu rozsahlych
epidemii [30]. Kromé¢ toho byla od pacientti s prijmem ¢i HUS izolovana cela fada dalSich, tzv. non-
0157:H7 EHEC sérotypu, z nichz nej¢astéjsi jsou 0O26:H11/NM (nepohyblivé kmeny), O103:H2/NM,
O111:H8/NM, O145:H28/NM a O157:NM (sorbitol-okyselujici kmeny) [21, 22, 27, 29].

Hlavnimi faktory virulence EHEC jsou Shiga toxiny (Stx) téZ oznaCované Verotoxiny (VT)
[22, 33]. Existuji 2 hlavni typy Stx, Stxla a Stx2a, v jejichz ramci se rozliSuje nékolik subtypt (Stxlc,
Stx1d, Stx2b, Stx2c, Stx2d, Stx2e, Stx2f a Stx2g) [33]. U kment vyvolavajicich lidska onemocnéni se
vyskytuji nejCastéji Stxla, Stx2a, Stxlc, Stx2b, Stx2c, a Stx2d [16, 27, 33, 38]. Stx, produkované
EHEC kolonizujicimi tlusté stfevo, jsou absorbovany do krevniho ob&hu a transportovany do
mikrovaskulatury ledvin, stfeva a centralniho nervového systému, kde piisobi poskozeni endotelu [2,
21]. Krom¢ toho mlize Stx pusobit i pfimé poSkozeni stfevnich epitelovych bunck [9]. EHEC
produkuji 1 fadu dalSich toxind, které mohou hrat roli v patogenezi onemocnéni, jako jsou EHEC
hemolyzin (EHEC-Hly), cytoletalni distendujici toxin (CDT-V), cytotoxin subtilaza a serin protedza
EspP [6, 17, 21]. Stfevni kolonizace je umoznéna tadou fimbrialnich a nefimbrialnich adhezind, z
nichz nejlépe prostudovanym je intimin kddovany eae genem. Dalsi adheziny EHEC jsou Efal (EHEC
factor for adherence), Saa (Stx-producing E. coli autoagglutinating adhesin), LPF (long polar
fimbriae), Iha (iron-regulated gene A homologue adhesin) a Sfp fimbriae [36].

Nejdulezitéjsim rezervoarem EHEC je hovézi dobytek [1, 2, 13, 21]. Dale byly EHEC
izolovany od ovci, koz, koni, psi, prasat, dribeze, vysoké zvéte, liSek, hlodavcl a ptaka [2, 21].
Klasickym zpGsobem pifenosu EHEC na c¢lovéka je konzumace kontaminovanych a tepelné
nedostatecné opracovanych potravin zivo¢isného puvodu, jako jsou nepropec¢ené hamburgery nebo
nepasterizované mléko ¢i vyrobky z néj [21, 30]. Stale Cast&ji se vyskytuji lidskd onemocnéni i po
poziti potravin rostlinného pivodu, zejména kontaminové syrové zeleniny jako napi. hldvkového
salatu, Spenatu, vyhonki (fedkvicek, vojtésky, piskavice fecké seno) a ovoce resp. ovocnych produkti
(meloun, jahody, nepasterizovany jable¢ny dzus) [2, 8, 21, 30]. Vyznam pienosu kontaminovanymi
0104:H4, ktera je hybridem EHEC (produkce Stx2) a enteroagregativni E. coli (agregativni adherence
ke stfevnimu epitelu) [S]. Tato epidemie postihla pies 4000 osob v 16 zemich Evropy a USA [12] a
jejimi typickymi rysy byla vysoka frekvence progrese do HUS (~22 %), ¢asty vyskyt neurologickych
komplikaci a vyrazna ptevaha zen (piedevsim mladsiho a stfedniho véku) [12, 19]. Kromé¢ potravin, i
kontaminovana pitna voda a koupani ve vodnich zdrojich kontaminovanych zvifecim trusem vedly ke
vzniku epidemii a sporadickych infekci [21, 30]. Vzhledem k nizké infek¢ni davee EHEC (< 50
baktérii) [2] je dilezitym zplisobem S$ifeni téz fekalné-oralni prenos z ¢loveéka na Clovéka nebo ze
zvifat na ¢lovéka [2, 21, 30].

V Ceské republice (CR) byly EHEC identifikovany jako ptivodci priijmi a HUS jiz od konce
80. let [3, 7, 23, 24, 25]. Zatimco aktualni data o EHEC jako ptvodcich HUS byla Narodni referen¢ni
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laboratoti (NRL) pro E. coli a shigely publikovana v roce 2013 [27], nov&jsi informace o uloze EHEC
v etiologii prijmt v CR, vlastnostech téchto patogenii a epidemiologii EHEC infekci chybi. V této
studii jsme proto zjiStovali sérotypy, genotypové a fenotypové vlastnosti kmentit EHEC izolovanych
od pacientll s prijmem a rodinnych kontaktti. Dale jsme retrospektivné vySetiili na produkeci Stx
izolaty E. coli od pacientt s prijmem zaslanych do NRL v piedchozich letech (pocinaje rokem 1965)
a charakterizovali genotypy a fenotypy Stx-pozitivnich kmenti. V8echny kmeny byly téZ testovany na
citlivost k antibiotikiim. Krom¢ lidskych izolatd byl vySetfen i epidemiologicky souvisejici kmen
EHEC izolovany od zvifete.

MATERIAL A METODY

Definice onemocnéni, pacienti a bakterialni kmeny

Prijem byl definovan jako > 3 fidké stolice za den a krvavy prujem jako prujem s viditelnou
piimési krve ve stolici. Z celkem 50 kmentt EHEC analyzovanych v této studii bylo 49 izolovano od
pacientt s prijmem (n = 43) a rodinnych kontaktd (n = 6) v letech 1965-2013 a 1 kmen pochazel od
ovce, kterd byla identifikovana jako zdroj infekce EHEC. Charakteristiky pacienti a kontaktli jsou
uvedeny v tabulce 1.

Ctyficet dva kment EHEC, izolovanych ze stolic pacienti v 20 klinickych mikrobiologickych
laboratorich, bylo zaslano jako izolaty E.coli uréené séroskupiny do NRL k prikazu Stx. U vSech
s vyjimkou 1 kmene (E. coli O145, u kterého byla v NRL zjisténa séroskupina O118), byla
identifikovana séroskupina v NRL potvrzena. U téchto 42 pripadd se jednalo o tuzemskou infekci.
Jeden dalsi kmen byl izolovan v NRL ze stolice pacientky, ktera pricestovala do CR z Némecka, kde
se nakazila epidemickym kmenem O104:H4 [28].

Tabulka 1. Charakteristiky 43 pacient( a 6 rodinnych kontakt( s diagnostikovanou infekci
EHEC

Pocet pfipada
Pacienti (n = 43) Rodinné kontakty (n = 6)

Vék v rocich (median; rozsah) (2; 0-62) (25; 5-62)
Pohlavi M 26 !
Z 17 5
P 24 2

Diagn6za® KP 19
A 0 4
Hospitalizovano 18 1
legenda:

#P, priljem bez pfimési krve; KP, prijem s viditelnou pfimési krve; A, asymptomaticky pribéh.

V souvislosti s epidemiologickym Setfenim bylo z Krajskych hygienickych stanic a
Zdravotnich tustavl v letech 2006-2013 do NRL zaslano 68 vzorkd humanniho i nonhumanniho
puvodu. Z toho 33 pochazelo od rodinnych kontaktti (27 stolic, 5 rektalnich vytéra a 1 izolat E. coli
0157). Dale bylo zaslano 12 vzorkd feces od zvitat (6 ovei, 5 koni a 1 pes); 1 vzorek vody; 13
izolath E. coli z vody a 9 izolatl z pisku na détském hristi bez urcené séroskupiny.

Detekce EHEC ve vzorcich humanniho a nonhumanniho ptivodu
Detekce EHEC ve stolicich osob a zvifat vySetfenych v NRL a nasledna izolace kmentt EHEC

byla provedena pomoci metod popsanych v nasi predchozi studii [27]. Tyto zahrnovaly pomozeni
v Hajna bujonu (Conda, Spanélsko) snovobiocinem (Oxoid, Velka Britanie) s naslednou
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imunomagnetickou separaci pomoci Dynabeads EPEC/VTEC 0157, 026 a O111 (Invitrogen, Norsko)
a izolaci kmend na sorbitol MacConkey agaru (SMAC) (Oxoid, Velka Britanie), cefixim-teluritovém
SMAC (CT-SMAC) (Oxoid) a enterohemolyzinovém (EHLY) agaru (Oxoid) [27]. Vzorek vody o
objemu 5 litrd byl pfefiltrovan membranovym filtrem (velikost port 0.45 um) a filtr byl dale
zpracovan stejnym zpusobem jako stolice.

Kmeny byly potvrzeny jako E. coli biochemicky (API 20E; bioMérieux, Francie) a pomoci
MALDI-TOF analyzy (Microflex LT, Bruker Daltonics, Némecko). Vysledky biochemickych testli
byly odecitany za 24 hodin. Pohyblivost byla zjistovana zkumavkovou metodou a sledovana po dobu
10 dnd.

Sérotypizace EHEC izolati

Fenotypovy prikaz somatického (O) a bi¢ikového (H) antigenu byl provadén sklickovou
aglutinaci s komerénimi antiséry (Denka Seiken, Japonsko; Sifin, Némecko; SSI, Dansko). Pfitomnost
O antigenti detekovanych konvencni sérotypizaci (026, O111, O157, O118) byla ovefena pomoci
PCR [26, 27]. fliC geny kodujici hlavni podjednotku H antigenu byly subtypovany metodou RFLP
(restriction fragment length polymorphism) pomoci endonukleazy Hhal (New England Biolabs, USA),
jak bylo popsano v nasi pfedchozi studii [27]. Kmeny E. coli, pouzité jako kontroly v molekularni
typizaci O a H antigenti, pochazely z Ceské narodni sbirky typovych kultur (CNCTC) SZU, Praha.

stx genotypizace a prikaz geni kodujicich faktory virulence

Vsechny kmeny byly testovany na ptitomnost stx;, a stx,, genll a jejich subtypl (stxie, Stxop,
SIXac, STXaq StXae, SX25) pomoci publikovanych protokold zalozenych na PCR (cykler MyCycler Thermal
Cycler, Bio-Rad, USA) nebo PCR-RFLP [16, 33]. K prukazu gent kodujicich dalsi EHEC toxiny (cdt-
V, EHEC-thA), serin proteézu ESpP (espP), adheziny (eae, efal, l[?fA026, IpfA015701—14l> IpfA015701_154,
iha, sfpA), sekrecni systém typu Il (etpD), rezistenci k teluritu (ferE), produkci ureazy (ureD) a piijem
zeleza (irp2, fyud) byly uzity PCR protokoly popsané v ptedchozich publikacich [7, 20, 27, 38].
Subtypizace eae a espP byla provedena jako v nasi predchozi studii [27].

Fenotypizace

Schopnost kment okyselovat sorbitol byla testovana na médiu SMAC a rezistence k teluritu
na CT-SMAC. Okyselovani sorbitolu bylo ovéfeno pomoci API 20E testu, ktery byl téZ pouzit k
prikkazu okyselovani ramnozy, produkce lyzin dekarboxylazy a ureazy. Produkce B-D-glukuronidazy
byla detekovana pomoci COLItestu (Erba Lachema, CR). Produkce EHEC-Hly byla testovana na
EHLY agaru a schopnost hemolyzy na bézném krevnim agaru Columbia (Oxoid) po inkubaci ptes
noc. Produkce Stxla a Stx2a byla detekovana reverzni pasivni aglutinaci s latexovymi Casticemi
senzibilizovanymi anti-Stxla nebo anti-Stx2a protilatkou pomoci kitu VTEC-RPLA Seiken (Denka
Seiken). Biologicka aktivita Stx byla ovéfena testem cytotoxicity na bunééné kultuie Vero [22].

Citlivost k antibiotikiim

Citlivost k ampicilinu, cefotaximu, ceftazidimu, gentamicinu, trimethoprim/sulfamethoxazolu,
ciprofloxacinu, amikacinu, meropenemu, piperacilin/tazobactamu, tigecyclinu, chloramfenikolu a
nitrofurantoinu (disky Oxoid) byla testovana pomoci diskové difuzni metody s pouzitim standardnich
postupti [15].

Pulzni gelova elektoroforéza (PFGE)

PFGE bakterialni DNA Stépené makrorestrikénim enzymem Xbal (Promega, USA) byla
provedena podle protokolu PulseNet [31]. Pulzni profily byly vyhodnoceny pomoci softwaru
BioNumerics (verze 5.1)

VYSLEDKY

Sérotypy a fliC genotypy kmenit EHEC
Ctyfticet devét kmentt EHEC izolovanych od pacientii s prijmem a jejich kontaktl patfilo k 5
sérotypim. Vice nez polovinu (55,1 %) tvotily NSF EHEC O157:H7/NM a téméf jednu téetinu (32,7
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%) EHEC 026:H11/NM. Kmeny dalSich 3 sérotypt a SF EHEC O157:NM se vyskytovaly vzacné
(Tab. 2). U vSech kmenti byla pfitomnost uréeného O antigenu ovéiena pomoci PCR. Ze 49 kment
bylo 31 (63,3 %) nepohyblivych (Tab. 3). fliC-RFLP analyza prokazala, Ze v séroskupinach O157 a
026 sdilely pohyblivé i nepohyblivé kmeny vzdy stejny fliC gen (fliC kodujici H7 u O157 a fliC
kédujici H11 u O26). Nepohyblivé kmeny séroskupiny O111 obsahovaly fliC kodujici H8 a kmen
O118:NM fliC koédujici H25 (Tab. 2; Obr.1). Vzhledem k tomu, Ze kazda zidentifikovanych O
séroskupin obsahovala vzdy pouze jeden H antigenni typ, budeme dale pouzivat pouze oznaceni O
skupin.

Tabulka 2. Sérotypy a geny kédujici faktory virulence u 49 Ismenﬂ EHEC izolovanych od
pacientt s prdjmem, krvavym prijmem a jejich kontakti v CR

Sérotyp (poc¢et kmenu)
Gen kodujici OT57:H7INM - O157:NM 026:H11/NM O111:NM O118:NM  0104:H4
faktor virulence (NSF) (5F)
fliCz fliCz fliC11 fliChs fliChi2s fliCha
(n=27) (n=1) (n=16) (n=3) n=1)  (n=1)

stta +@r - +(10) +(1) : :
StX2a +(1) + +(6) - . +
Stxoc +(3) - - _ . }
StX1a+StX2a +(3) - - +(2) . }
Stx1a+Stx2c +(12) - - - - -
StX2a+StX2c +(1) - - - + .
Stx1a+Stx2a+StX2c +(5) - - . } }
EHEC-hlyA + - +(13) + + )
cat-V +(2) + - - - -
espP’ + (@) - + (@) (12) - + (@) -
etpD + - +(1) . . }
eae’ *+(v) +(v) +(R) +(8) +(R) -
efat + + + + . )
iha + - + + + +
sfpA - + - . } }
IpfAo26 - - + + - )
IpfAo1s7101-141 + + i, . } )
IpfAo1s7101-154 + + i, . } )
terE + - + (14) + + +
ureD + - +(14) + + R
in2 - - + - _ .
fyuA - - + - _ +

legenda:
@+, gen byl pfitomen (pokud gen nebyl pfitomen u véech kmeni, &islo v zavorce udava poéet pozitivnich kment);
-, gen nebyl pfitomen.
espP subtypy jsou uvedeny v zavorce.
¢ eae subtypy jsou uvedeny v zavorce.
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Geny kédujici faktory virulence EHEC

Ctyficet devét EHEC izolatd patiilo celkem k 7 stx genotypim. Viech 7 genotypt bylo
identifikovano u NSF EHEC 0157, a 2 rtizné stx genotypy u EHEC 026 a O111. SF EHEC 0157 a
EHEC 0104 obsahovaly pouze stx,, a EHEC O118 stxy,tstx,. (Tab. 2; Obr. 2).

Obr. 1. Srovnani Hhal fliC-RFLP
profili nepohyblivych (NM) kment
EHEC séroskupin identifikovanych v
této studii s kontrolnimi kmeny
odpovidajiciho H antigenu

V drahé&ch 2-9 jsou fliC-RFLP profily t&chto
kmen(: 2, O157:NM [fliCw7]; 3, U 5/41 (E.coli
01:K1:H7); 4, 026:NM [fliCu11]; 5, Su
4321/41 (E.coli O13:11L:H11); 6, O111:NM
[fliCns); 7, Ap. 320c (E.coli O2:-:H8); 8,
0118:NM [fliChgs]; 9, N 234 (E.coli O13:-
:H25). Drahy 1 a 10 obsahuji marker (DNA
marker 200-1500; Top-Bio, Ceska republika).

12345678

Obr. 2. Priklady subtypizace stx,, a

—800 bp stx,. pomoci RFLP s pouzitim
restrikéni endonukleazy Haelll u
studovanych kment EHEC

—500 bp

V drahéach 2-7 jsou stx-RFLP profily téchto
kmenu: 2, SF O157:NM (stx2a); 3, O104:H4
(stx2a); 4, NSF O157:H7 (stxzc), 5, NSF
—300 bp O157:NM (stxzc); 6, NSF O157: NM (stxza+
Stxac), 7, O118:NM (stxza+ stxzc). Drahy 1 a 8

—200 bp
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Vsechny EHEC NSF 0157, O111 a O118 a vétSina (81,3 %) EHEC 026 obsahovala gen kodujici
EHEC-Hly, ktery nebyl pfitomen u SF EHEC 0157 a EHEC O104. cdt-V kdédujici CDT-V byl nalezen
u 2 NSF a u SF O157 kmene. Vsechny NSF EHEC 0157, 75 % EHEC 026 a EHEC O118 obsahovaly
gen kodujici EspPa, silné proteolytickou formu serin protedzy EspP. efpD, kodujici sekreéni systém
typu Il u E. coli, byl ptitomen u vS§ech NSF EHEC O157 au 1 ze 16 EHEC 0O26. Tento etpD-pozitivni
EHEC 026 téz obsahoval EHEC-hlyA, ale nikoliv espP a katP (gen kodujici katalazu-peroxidazu)
[Marejkova, nepublikovana data], a patfil tak na zaklad¢ této typické kombinace plazmidovych genti k
novému, vysoce virulentnimu klonu EHEC 026, ktery je rozsifen jako ptivodce HUS v Evropé [4]
véetné Ceské republiky [27, 29, 39] (Tab. 2).

Vsechny kmeny EHEC, krom¢ O104, obsahovaly eae gen kodujici intimin; subtyp eae byl
sérotyp-specificky. VSechny eae-pozitivni kmeny, s vyjimkou O118, téz obsahovaly gen kddujici
adhezin Efal. Gen iha, kodujici adhezin Tha, byl pfitomen u vSech kment kromé SF O157, ktery
naopak jako jediny obsahoval sfp4 kodujici Sfp fimbrie. Geny kodujici rizné typy LPF byly nalezeny
pouze u kmend urcitych sérotypd. VSechny kmeny, s vyjimkou SF O157 a dvou EHEC 026,
obsahovaly terE gen, kodujici rezistenci k teluritu. VSechny ferE-pozitivni kmeny, kromé 0104,
obsahovaly ureD gen kodujici produkci ureazy. Geny irp2 a fyud, které jsou soucasti systému
kodujiciho piijem Zeleza [20], byly nalezeny pouze u EHEC 026 a 0104 (Tab. 2) .

Tabulka 3. Diagnosticky dulezité fenotypy kmeni EHEC izolovanych od 49 pacienti s prijmem,
krvavym prajmem a jejich kontaktii v CR

Sérotyp (pocet kmenu)
O157:H7/NM  O157:NM
026:H11/NM O111:NM 0118:NM 0104:H4
Fenotyp® (NSF) (SF)
fliCw7 fliCn7 fliCH11 fliChs fliChzs fliCha
(n=27) (n=1) (n =16) (n=3) (n=1) (n=1)
Stx titr (Vero)® 64-512 128 16-256 128-512 128 1-64
Stx1a® +d d + + ) )
Stx2a/2c” + (4)° + + - + +
Stx1a+Stx2a/2c” + - - + - -
EHEC-Hly +(23) - +(13) + nh.® -
Hemolyza (KA®) - - - - + -
CT-SMAC + - + + + +
Ureaza - - - - - -
SMAC - + + + - +
Sorbitol
(API20E) - * * * - *
Ramnoéza +(18) - - + + +
Lyzin
dekarboxylaza * * * ) * *
B-D- ) -
glukuronidaza * * * *
Pohyblivost +(8) - +(9) - - +
legenda:

@ Nejvyssi Fedéni supernatantu, které vyvolalo po 3 dnech cytotoxicky efekt u 50 % Vero bunék.

® produkce Stx s pouzitim VTEC-RPLA kitu;

°KA, b&zny krevni agar Columbia

44 fenotyp prokazan (Cislo v zavorce udava pocet pozitivnich kment v pfipadé, ze fenotyp nebyl pfitomen u
v§ech kmenu); -, fenotyp neprokazan

® nh., nehodnotitelné
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A B
Obr. 3. Cytotoxicky ucinek Stx na bunky linie Vero

A. Kultura Vero bunék po 3 dnech inkubace se supernatantem kmene EHEC (> 90 % cytotoxicita). B. Kontrolni
buriky kultivované po stejnou dobu v bunéném mediu.
Buriky jsou barveny 0,1% krystalovou violeti. ZvétSeni = 50 x

A

Obr. 4. EHEC-HIly fenotyp kmene EHEC na EHLY agaru (A) ve srovnani s absenci hemolyzy u
stejného kmene na bézném krevnim agaru (B)

Diagnosticky dileZité fenotypy EHEC

Ctyficet osm ze 49 EHEC izolatti produkovalo Stx, ktery vyvolal cytotoxicky efekt na kultuie
Vero bun¢k (Tab. 3, Obr. 3). U 1 kmene (NSF O157 od pacienta s nekrvavym prijmem) nebyl stx,
gen exprimovan. Produkce Stx1a a Stx2a byla ovéfena metodou RPLA, kterou byl rovnéz detekovan i
Stx2c. EHEC-Hly byl produkovan v§emi kmeny, které obsahovaly gen EHEC-AlyA4 s vyjimkou 4 NSF
EHEC 0O157. Kmeny produkujici EHEC-Hly vyvolaly po inkubaci pfes noc uzkou zénu netplné
hemolyzy na EHLY agaru, ale netvofily hemolyzu na bézném krevnim agaru (Obr. 4). Na krevnim
agaru hemolyzoval pouze jediny kmen, EHEC O118, u které¢ho nebylo mozné rozlisit, zda hemolyza
pozorovana na EHLY agaru byla zplisobena EHEC-Hly nebo hemolyzinem hemolyzujicim na
krevnim agaru. VSechny ferE-pozitivni kmeny rostly na médiu CT-SMAC, ale zadny z ureD-
pozitivnich kmenti neprodukoval ureazu. Kmeny vSech séroskupin, kromé& NSF O157 a O118,
produkovaly B-D-glukuronidazu a tato vlastnost korelovala se schopnosti okyselovat sorbitol. Kmeny
séroskupin 026, SF 0157 a tfetina NSF O157 kment neokyselovaly ramnézu. VSechny EHEC kromé
O111 produkovaly lyzin dekarboxylazu (Tab. 3)

Citlivost EHEC izolatii k antibiotikiim

Vsechny EHEC O157 (NSF i SF), O118, O111 a 12 ze 16 EHEC 026 byly citlivé ke vSem 12
testovanym antimikrobidlnim agens. Zbylé 4 EHEC 026 byly rezistentni k ampicilinu a 1 z nich téz
k chloramfenikolu. Kmen 0104 produkoval shodné¢ s némeckym epidemickym kmenem [5],
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sirokospektrou  B-laktamazu  (byl rezistentni  k ampicilinu, cefotaximu, ceftazidimu,
piperacilin/tazobaktamu a citlivy k meropenemu) a byl téz rezistentni k trimetoprim-sulfometoxazolu.

Sezénnost a distribuce EHEC dle krajia

Prijmova onemocnéni vyvolana EHEC se vyskytovala v pribéhu celého roku s nejvys$sim
zachytem v kvétnu az fijnu. 1 kdyz kmeny nékterych sérotypd byly izolovany pouze v 1été¢ (O111)
nebo pouze v zime¢ (SF O157), tyto vysledky mohou byt zkreslené malym poctem izolati. Sezénnost
nebyla pozorovana u NSF EHEC O157, které tvotily vice nez polovinu takto analyzovanych kmenti a
u EHEC 026 (Graf 1).

Graf 1. Sezénni distribuce 33 kmenu EHEC izolovanych od pacientu a
jejich kontaktu, 1965-2013
8 =
7 1 mO118:NM
- o W 0104:H4
E 3 mO111:NM
=7 m 026:H11/NM
Q3
§ WmSFO157:NM
2 4
B NSFO157:H7/NM
1
o L _______I ]__ 1 I
Q O LR
a Q,o PN R R S Q‘?‘ 1P 8 Q &
& Al o K\ ) £ ¥ O o
V & t;e'é @ \>‘} Q€
Legenda:

Sezonnost byla vypoctena z data prvnich pfiznak(. Starsi pfipady, u kterych tato informace nebyla dohledana, a
asymptomatické rodinné kontakty zafazeny nejsou

Poéet plipadu
=i 0

. 1

]
.
-7
IR

Liberecky

Kralovéhradecky

Plzefisky

Pardubicky i

Olomoucky

Kartogram 1A. Distribuce 38 kmenti EHEC izolovanych od pacientti s priijmem, krvavym
prajmem a rodinnych kontaktt dle kraja, 1965-2013

Legenda:

Starsi pfipady, u kterych informace o bydlisti pacientt nebyla dohledana, zafazeny nejsou.
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Nejvice pripadii bylo zaznamenano ve StifedoCeském a Kralovéhradeckém kraji, a dale v kraji
v Libereckém, Moravskoslezském a v Praze (Kartogram 1A). Pro srovnani uvadime distribuci kmeni
EHEC, vc¢etné ptipadi HUS, za obdobi 1965-2013 (Kartogram 1B).

Poéet pripadl
=]
B
=S
. s
. 7
-

Praha

Pardubicky

Kartogram 1B. Distribuce 75 kmend EHEC izolovanych od pacientl s prdjmem, krvavym
prajmem a HUS véetné rodinnych kontakta dle kraja, 1965-2013

Legenda:

Vlastnosti kmen( EHEC izolovanych od pacientll s HUS byly publikovany v pfedchozi studii [27], av§ak bez

dokumentace jejich krajové distribuce. StarSi pfipady, u kterych informace o bydlisti pacienti nebyla dohledana,
zafazeny nejsou

Vlastnosti kmentt EHEC izolovanych od pacienti s HUS byly publikovany v ptedchozi studii
[27], avSak bez dokumentace rozdéleni piipadti podle kraju. Z grafu distribuce séroskupin EHEC lze
konstatovat, Ze pouze séroskupina O157 se vyskytovala ve vétSing kraji; EHEC 026 byly zaslany ze 6
ze 14 kraju a ostatni séroskupiny se vyskytovaly ojedinéle v rznych krajich (Graf 2).

Graf 2. Distribuce séroskupin 38 kmenu EHEC izolovanych od
pacientu a jejich kontaktu (1965-2013) dle kraju

8
? |
a5 g m NSF 0157:H7/NM
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8 5 B SFO157:NM
§- 4 - = 026:H11/NM
§ 31 HO111:NM
a 3.4
| m0118:NM
l i
S L |
5O o0 0 8 *“%&‘ B 0P B B0
R o‘z’ 60 0 6@ ,bb @ ,,5\0 ¥ L ° @o" ,153“ &
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Rodinné vyskyty EHEC

Od roku 2006 jsme v NRL pro E. coli a shigely sledovali nosi¢stvi EHEC v rodinach
pacientt. V letech 2006-2013 NRL identifikovala 26 kmenti EHEC izolovanych od pacientd s
prijmem nebo krvavym prijmem a u 9 z téchto 26 piipadi byly provedeny odbéry stolic rodinnych
kontaktti (celkem 33 osob). Rodinny vyskyt EHEC byl prokazan ve 3 piipadech. V téchto 3 rodinach
byla piitomnost kmene EHEC stejného sérotypu, stx genotypu a virulenéniho profilu, jaky byl
izolovan od pacienta, prokazana téz u sourozencd, rodi¢l nebo prarodi¢li. Z toho dvé osoby mély
prijem bez piimési krve a u Ctyf se jednalo o bezptiznakové nosicstvi. U 2 kontaktli s prijmem
onemocnéni zacalo za 9 a 11 dnd po zac¢atku onemocnéni u primarniho ptipadu, coz svéd¢i spiSe pro
mezilidsky ptenos infekce v rodinach nez pro spoleény zdroj infekce (Tab. 4). Epidemiologicka
souvislost izolati v jednotlivych rodinnych vyskytech byla potvrzena metodou PFGE (data nejsou
prezentovana).

Tabulka 4. Pfipady rodinnych vyskytt infekce EHEC identifikované v letech 2006-2013

. . Stx/Stx Primarni pfipad/Kontakt
Vyskyt Lokalita .
& | RO rapt SEOUP MOV oohiavi  Vek  Diagneza® | Daum  Datum
fenotyp 9 odbdru  PP°
me 2r. P 1.7. 29.6.
1 |2008 st ozl\slngr\J)M 1a+2c z 9r. A 12.7.
z 15T, A 12.7.
me 22 m. KP 24.8 22.8.
2 2012  HK 026:NM 2a
z 5r. P 49 2.9.
me 13 m. P 304 30.4.
} z 35r. A 10.5
3 2013 sw@ 01,\51’;';\”\" 1a+2a+2c
(NSF) M 40r. A 10.5
z 62r. P 9.5. 8.5.

Legenda:

@ Kraj: St¢, Stfedodesky; HK, Kralovéhradecky.

®p, prijem bez pfimési krve; A, asymptomaticky pribéh; KP, prijem s viditelnou pfimési krve.
¢ Datum prvnich pfiznakd (prajem).

¢ Primarni pfipady onemocnéni (,index cases®) v jednotlivych rodinach.

Pienos EHEC infekce ze zvii‘at na ¢lovéka

Z 35 vzorki nonhumanniho piivodu, zaslanych do NRL vletech 2006-2013 v ramci
epidemiologického Setieni u 6 ptipadi infekce EHEC, se v jednom ptipadé podafilo prokazat ptenos
EHEC, a to z domaciho zvitete na ¢loveéka v roce 2011. Kmeny NSF EHEC O157:NM byly izolovany
ze stolice 13mési¢niho chlapce s krvavym priijjmem a jedné ze 6 ovci, které chovali rodice ditéte na
rodinné farm¢ v Libereckém kraji. Tyto kmeny vykazovaly stejné stx genotypy, faktory virulence a
fenotypy; jejich epidemiologicka souvislost byla potvrzena metodou PFGE (Obr. 5). Dité se mohlo
nakazit pfimym kontaktem sovcemi, konzumaci mlécnych produkti nebo predméty
kontaminovanymi ov¢im trusem.

Vroce 1998 byl v CR popsan pienos infekce SF EHEC O157:NM z kravy na dvé déti

(sourozenci) [7]. Soucasti studovaného souboru je kmen izolovany od jednoho z nich, 6letého chlapce
s prujmem.

11
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Obr. 5. PFGE kmeni NSF EHEC 0157 izolovanych ze stolice
ditéte s krvavym priijmem a trusu ovce z rodinné farmy

V drahach 1-4 jsou PFGE profily téchto kmenu: 1-2, kmen od pacienta; 3-
4, kmen od ovce. Draha 5 obsahuje referenéni kmen Salmonella
Braenderup H9812.

7
.

.--
i§
——

Doba nosiéstvi EHEC

0d 9 ze 49 osob s prokazanou infekci EHEC (18,4 %; 4 “index cases* a 5 kontaktil) byly
do NRL zaslany stolice z kontrolnich odbérti. S vyjimkou 1 pacienta (prvni kontrolni odbér
s negativnim nalezem zaslan teprve po 21 dnech) byly prvni kontrolni odbéry provedeny do 15 dni od
prvniho odbéru. V 6 pripadech, kde byl prvni kontrolni odbér pozitivni, byly do NRL zaslany i dalsi
kontrolni odbéry stolic (2 - 8 u jednotlivych osob). To umoznilo urcit dobu nosic¢stvi EHEC a tato se
pohybovala v rozmezi od 9 do 68 dnl (medidn 22 dntt) (Tab. 5). V dalSich 2 ptipadech byl prvni
kontrolni odbér negativni.

Tabulka 5. Doba nosi¢stvi EHEC u 6 sledovanych pfipadt

Pfipad €. | Séroskupina Pohlavi Veék Diagnéza® ncIJ:)s(i)c't:)s?vi

(dny)”

1 M 2r. P 29

2 z 9r. A 9

3 0157 z 15T. A 32

4 M 9m. KP 14

5 z 62r. P 68

6 026 M 18 m. P 15
Median doby nosicstvi: 22 dna

legenda

@ P, prijem bez pfimési krve; A, asymptomaticky pribéh; KP, priljiem s viditelnou pfimési krve.
Doba mezi prvnim odbérem a poslednim kontrolnim odbérem s pozitivnim nalezem EHEC.

Za zminku stoji zjisténi, ze v ptipadé, kde byl jako prvni kontrolni odbér misto vzorku stolice omylem
zaslan pouze rektalni vytér, byl tento negativni, avSak vzorek stolice zaslany o 3 dny pozdéji, stejné
jako dalsi 2 vzorky stolice zaslané v rozmezi nasledujicich 14 dnd, byly pozitivni. Toto pozorovani
ukazuje na dulezitost zasilani vzorku celé stolice (velikosti asi 3 liskovych ofiskt) ne pouze rektalniho
vytéru, na prukaz EHEC. Divodem je skutecnost, Ze mnozstvi EHEC ve stolici po zac¢atku klinickych
ptiznakt rychle klesa [35], a proto pravdépodobnost uspésné izolace EHEC ze vzorku celé stolice je
vetsi, zvlasté u pozdnich (véetné kontrolnich) odbért.

12
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DISKUSE

Tato studie ukazuje, Ze stejné jako je tomu v jinych zemich [4, 11, 14, 21, 38], EHEC se
vyskytuji jako piavodci prijmu a krvavého prijmu i v CR. Nase studie méla viak urditd omezeni
vyplyvajici ze soucasného piistupu ke sledovani EHEC infekci v CR. Mikrobiologické laboratofe zde
jsou povinny dle vyhlasky 473/2008 Sb. ,,0 systému epidemiologické bdélosti pro vybrané infekce*
ve znéni novely 275/2010 Sb. zasilat do NRL pro E. coli a shigely na prikaz Stx suspektni izolaty
EHEC, zejména séroskupin O157, 026, 0103, O111 a O145, které jsou sice nejéastéjsi, ale zdaleka ne
vSechny popsané v souvislosti s vyskytem prijmového onemocnéni [11, 14, 21, 38]. Tato skutecnost
se odrazi na spektru identifikovanych séroskupin EHEC, kde 47 ze 49 lidskych izolath (95,9 %)
patfilo k séroskupinam O157, 026 a O111 (Tab. 2). Jediné 2 vyjimky byly kmeny séroskupin O118 a
0104, které byly rozpoznany jako EHEC diky tomu, Ze prvni z nich byl zaslan do NRL jako suspektni
E. coli O145 a druhy byl izolovan od pacientky s podezienim na infekci némeckym epidemickym
kmenem [28]. EHEC séroskupin 0103 a 0145 nebyly v CR jako pivodci prijmu (bez progrese do
HUYS) identifikovany. To mize byt ovlivnéno i tim, Ze testovani téchto séroskupin nebylo soucasti
rutinni diagnostiky vétSiny laboratofi, a tudiz jsou tyto kmeny do NRL k priikazu Stx zasilany v nizsi
frekvenci nez je to u O157 a 026. Skutecnost, Ze nejvyssi pocet pripadi pochazi ze Stredoceského
kraje (Kartogram 1A), mize byt ovlivnéna lepsi dostupnosti do NRL a navySenim poctu piipadd
o rodinné kontakty (dva z rodinnych vyskyt byly ve Stfedoceském kraji). Déle se nabizi otazka, do
jaké miry jsou mezikrajové rozdily v Cetnosti ptipadi EHEC, jak se jevi v nasi studii, zptisobeny
nedislednym zasilanim suspektnich kmendi EHEC. V této souvislosti bychom chtéli apelovat na
vSechny mikrobiologické laboratoie, aby v souladu s Vyhlaskou 473/2008 Sb. ve znéni novely
275/2010 Sb. disledné zasilaly do NRL k priikazu Stx vSechny suspektni izolaty EHEC.

Z hlediska laboratorni diagnostiky EHEC bychom chté¢li zdiraznit nékolik dulezitych aspektd.
Za prvé, molekularni sérotypizace, obzvlaste fliC-RFLP, pfinasi spolehlivy a rychly zptsob, jak
detekovat H antigeny zejména u nepohyblivych kment. Toto je zvlast¢ dilezité pii epidemiologickych
Setfenich, kdy rychla pfedbézna informace o stejnych fliC-RFLP profilech nepohyblivych kment
EHEC izolovanych z rtiznych zdroji je vychodiskem pro jejich dal$i, podrobné srovnani pomoci
molekularnich metod vcetné PFGE. Za druhé, fenotypy EHEC, které jsou dulezité z diagnostického
hlediska, zahrnuji: a) okyselovani sorbitolu a produkci B-D-glukuronidazy, b) okyselovani ramndzy, c)
produkci EHEC-Hly a d) rezistenci k teluritu. Neschopnost “klasickych“ (tj. NSF) EHEC
O157:H7/NM okyselovat sorbitol umoziuje snadnou detekci téchto kmenti na SMAC, kde rostou v
bezbarvych koloniich, na rozdil od naprosté vétsiny kmend E. coli bézné stievni flory, které okyseluji
sorbitol a rostou v rizovych koloniich. Zajimavé je, Ze neschopnost okyselovat sorbitol jsme
pozorovali i u kmene sérotypu O118:NM, ktery s NSF EHEC 0157 sdilel téz jejich druhou typickou
vlastnost, tj. neschopnost produkovat B-D-glukuronidazu (Tab. 3). Na zaklad¢ tohoto pozorovani
bychom chtéli zdlraznit, ze sorbitol-negativni a B-D-glukuroniddza-negativni kmeny EHEC nelze
automaticky povazovat za E. coli O157:H7, nybrz v kazdém jednotlivém pfipad¢ je nutné provést
urCeni O antigenu. Podobné jako neschopnost NSF EHEC O157 okyselovat sorbitol, byla typickym
znakem v8ech EHEC 026 neschopnost okyselovat ramnozu (Tab. 3). Na zakladé této vlastnosti,
pozorované i v jinych studiich, byla vyvinuta selektivné-diagnosticka pida pro predbéznou detekci
EHEC 026:H11 [18].

Produkce EHEC-Hly, ktery vyvolava netplnou hemolyzu na EHLY agaru (agar s promytymi
erytrocyty a obsahem CaCl,), ale ne na bézném krevnim agaru, je charakteristickym fenotypem
nejcastejSich EHEC vyvolavajicich lidska onemocnéni [21, 27]. Tento fenotyp se nevyskytuje u bézné
stievni flory, a proto umoziuje snadnou izolaci EHEC z primokultur stolic. Vyjimku tvotfi SF EHEC
0157, které piesto, z2 EHEC-hly4 obvykle obsahuji [27], tento gen vétSinou neexprimuji. Na rozdil
od kmenl E. coli, vyvolavajicich mimostfevni onemocnéni, které casto hemolyzuji na bézném
krevnim agaru, je tento jev u EHEC naprosto vzacny (Tab. 3). V praxi toto znamena, ze kmeny E. coli,
které vyvolavaji hemolyzu na bé&Zném krevnim agaru nejsou, az na vzacné vyjimky, suspektni EHEC.
Rezistence k teluritu, ktera se projevuje schopnosti rist na CT-SMAC, byla pozorovana u vsech
kmeni EHEC s vyjimkou dvou O26 a SF O157 (Tab. 3). Schopnost vétsiny EHEC patficich
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k ,top five* sérotypim rist na CT-SMAC, kde je rtst normalni stfevni flory vyrazné omezen,
usnadnuje izolaci téchto kmend z primokultur stolic.

Podobné jako jsme pozorovali v pfedchozi studii u kmentit EHEC izolovanych od pacientt
s HUS [27], byla i zde naprosta vétSina EHEC izolati (44 ze 49, tj. 89,8 %) citliva ke vSem 12
testovanym antimikrobialnim agens. Tyto vysledky jsou v souladu se studiemi z jinych zemi [10, 14,
38]. Sirokospektra B-laktaméaza, ktera byla zjisténa u EHEC 026 v Belgii [10], byla v nagem souboru
identifikovana pouze u EHEC O104:H4. 1 pfes dobrou citlivost vétSiny kmeni EHEC
k antimikrobialnim latkdm neni jejich uzivani k 1é¢bé pacientti se suspektni ¢i prokazanou infekci
EHEC doporuceno, protoze zvlasté n¢ktera antibiotika indukuji produkci Stx a/nebo jeho uvolnovani
ve stfeve pacientll a zvySuji tak riziko progrese do stadia HUS [37].

Za zminku stoji zjisténi dlouhodobého nosi¢stvi EHEC nékterymi pacienty a kontakty.
Vyluc¢ovani EHEC O157:H7 se uvadi u nekomplikovaného priijmu primérné 13 dnti, u HUS az 21
dnt [2]. Ve srovnani s timto jsme v na§em souboru prokazali podstatné delsi dobu vyluc¢ovani (od 1 do
> 2 mésicll) u poloviny sledovanych osob. I kdyZ toto pozorovani je omezené malym souborem, které
jsme takto méli moznost sledovat, je z n¢j ziejmé, Zze dlouhodobé vylu¢ovani EHEC se vyskytuje u
déti 1 dospelych, a to jak u pacientll s manifestnim onemocnénim, tak i u osob bezptiznakovych (Tab.
5). Vzhledem k velmi nizké infekéni davee EHEC [2, 21] jsou tito nosi¢i zavaznymi potencionalnimi
zdroji infekce pro své okoli. Prakticky to znamena nutnost disledného sledovani vylu¢ovani kmene
EHEC a vylouceni osob s pozitivnim nalezem z navstévy détskych kolektivl a styku s potravinami az
do vymizeni patogena ze stolice.

ZAVER

EHEC se vyskytuji jako piavodci prijmu a krvavého prijmu v CR. Pouze systematicky
skrining téchto patogent ve stolicich pacienti vSak umozni odhalit jejich skute¢ny podil na etiologii
prijmovych onemocnéni (a rovnéz HUS) v CR a zafadit tak tato data do evropského kontextu.
Onemocnéni vyvolana EHEC jsou hlaSena do Evropského centra pro prevenci a kontrolu nemoci
(ECDC) v ramci surveillance Food and Waterborne Diseases.
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Abstract A large outbreak caused by a rare Shiga toxin-
producing Escherichia coli serotype O104:H4 occurred in
Germany in May to July 2011. The National Reference
Laboratory for E. coli and Shigella investigated the stool
sample from an American tourist with bloody diarrhea who
arrived in the Czech Republic from Germany where she
consumed salads with raw vegetable a week ago. Using
culture of the enriched stool on extended-spectrum [3-
lactamase agar, we isolated E. coli strain which belonged
to serotype O104:H4 as determined by conventional and
molecular serotyping. The strain contained the major viru-
lence characteristics of enterohemorrhagic E. coli (stx, encod-
ing Shiga toxin 2) and enteroaggregative E. coli (aggA
encoding aggregative adherence fimbriae I). This unique com-
bination of virulence traits demonstrated that this strain
belongs to the hybrid enteroaggregative hemorrhagic E. coli
clone which caused the German outbreak. Using advanced
culture and molecular biological approaches is the prerequisite
for identification of new, unusual pathogens.
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Abbreviations

EAEC Enteroaggregative Escherichia coli

EHEC Enterohemorrhagic Escherichia coli

EAHEC Enteroaggregative hemorrhagic Escherichia
coli

HUS Hemolytic—uremic syndrome

Stx Shiga toxin

ESBL Extended-spectrum (3-lactamase

CTX-M-15 Type of -lactamase (class A)

TEM Type of [3-lactamase (class A)

MALDI-TOF Matrix-assisted laser desorption ionization

MS time-of-flight mass spectrometry

NIPH National Institute of Public Health
NRL National Reference Laboratory
Introduction

In May to July 2011, a large outbreak of hemolytic—
uremic syndrome (HUS) and bloody diarrthea caused by
Shiga toxin (Stx)-producing Escherichia coli O104:H4
occurred in Germany. As of 26 July 2011, when the
Robert Koch Institute (RKI) in Berlin, Germany declared
the outbreak to be officially over, 3,842 cases of E. coli
0104:H4 infections have been reported in Germany, of
which 855 (22.2%) were complicated by HUS. Fifty-three
(1.4%) patients, including 29 HUS cases, died (RKI final
report 2011). There were additional 137 cases of enter-
ohemorrhagic E. coli (EHEC) O104:H4 infection in other
13 European countries, the USA, and Canada, most of
which was associated with travel to Germany. Of these,
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54 (39.4%) were HUS cases, including 2 deaths (ECDC
report 2011). This was the second largest outbreak caused
by Stx-producing E. coli (after the Sakai outbreak in
Japan in 1996) (Michino et al. 1999; Fukushima et al.
1999), and the largest outbreak of HUS in the history of
these pathogens.

France reported a local E. coli O104:H4 outbreak in
Bordeaux region (Gault et al. 2011). This outbreak which
involved 15 patients, including 8 cases of HUS, was not
associated with travel to Germany. However, both the German
and the French outbreaks had a common vehicle of transmis-
sion, in particular imported fenugreek seeds and sprouts
(Gault et al. 2011; Buchholz et al. 2011).

This outbreak was caused by a previously very rare Stx-
producing E. coli serotype, O104:H4. The highly virulent E.
coli O104:H4 outbreak strain is a hybrid which shares the
characteristics of enteroaggregative E. coli (EAEC) and
EHEC, including the typical aggregative adherence to epi-
thelial cells and production of Stx2. In contrast to typical
EHEC, this strain lacks the eae gene encoding adhesin
intimin and EHEC-Aly4 gene encoding EHEC hemolysin.
Similarly to EHEC O157:H7, the outbreak strain contains
the ter gene cluster encoding tellurite resistance (Bielaszewska
et al. 2011a). The whole genome sequence analyses of two
German outbreak isolates revealed that this strain is most
similar to EAEC (more than 90%), but, in contrast to EAEC,
it harbors a prophage encoding Stx2, which is typical for
EHEC (Brzuskiewicz et al. 2011; Rasko et al. 2011;
Mellmann et al. 2011). On the basis of this unusual combina-
tion of its genomic features, it has been proposed that the
German outbreak strain represents a new pathotype of enter-
oaggregative hemorrhagic £. coli (EAHEC) (Brzuskiewicz et
al. 2011). The outbreak strain contains three plasmids, two
larger of which are of particular interest (Rasko et al. 2011).
The larger plasmid (ca. 88 kb) designated pESBL contains the
genes bla CTX-M-15 [type of [3-lactamase (class A)] encod-
ing extended-spectrum (3-lactamase agar (ESBL) CTX-M-15
and bla TEM-1 [type of (3-lactamase (class A)] encoding
TEM-1 f-lactamase. This plasmid encodes resistance of this
strain to a broad spectrum of antimicrobials. The smaller
plasmid (ca. 75 kb) contains virulence loci typical for EAEC,
including aggR encoding master regulator of EAEC plasmid
virulence genes and several genes under transcription control
of AggR (Rasko et al. 2011). It also contains aggdBCD
cluster, encoding aggregative adherence fimbriae I (AAF/T),
which mediate the typical aggregative adherence of this strain
to intestinal epithelial cells (Bielaszewska et al. 2011a).

During the last 12 years, only two Stx-producing E. coli
0104:H4 isolates have been reported from patients with HUS.
The first strain, which was isolated in 2001 in Germany
(Mellmann et al. 2008), has been later included in the HUS-
associated E. coli (HUSEC) collection of the National Con-
sulting Laboratory for HUS, University of Miinster, Germany

@ Springer

as HUSEC041 (Mellmann et al. 2008). The second strain was
isolated in 2006 from a 29-year-old woman in Korea (Bae et
al. 2006). However, several Stx-producing E. coli O104:H4
isolates from patients with HUS or diarrhea were identified in
several laboratories during or after the O104:H4 outbreak by
retrospective typing of previously uncharacterized EHEC
isolates (Scavia et al. 2011; Monecke et al. 2011; Scheutz et al.
2011; EFSA report 2011).

In the Czech Republic, there is a long tradition of the
detection of EHEC infections. As early as in 1988, i.e., only
5 years after E. coli O157:H7 had been reported for the first
time as a cause of human diseases in the USA (Riley et al.
1983), the first HUS outbreak in the Czech Republic was
identified in North Bohemia (city of Ceska Lipa). This
outbreak consisted of five HUS cases in children between
4 and 20 months of age, with one of these cases being fatal.
EHEC O157:H7 was isolated from feces of the patients
(Lhotova et al. 1990). Another HUS outbreak, including
four cases of the disease in children between 10 months
and 3 years of age, was reported in summer 1995 again in
North Bohemia, in the districts of Teplice and Usti nad
Labem. The infection was transmitted via consumption of
non-pasteurized milk from a goat that shed EHEC O157:H7
in its feces (Bielaszewska et al. 1997).

During the last 6 years, 27 cases of EHEC infection
(diarrhea, bloody diarrhea, HUS) were confirmed in the
National Reference Laboratory (NRL) for E. coli and Shigella
of the National Institute of Public Health (NIPH), Prague. The
most frequently identified EHEC serotypes in the Czech
Republic have been 026:H11, O157:H7, and O111:H8/H-
(Marejkova et al. 2011). Over the last 2 years, three family
outbreaks occurred which were caused by EHEC of serogroups
0157, 026, and O145. A 2-year-old girl with HUS caused by
EHEC 026:H11 died (Marejkova et al. 2009).

Methods and case report
Microbiological material

The stool sample from this patient at the stage of bloody
diarrhea was sent to the NRL for E. coli and Shigella at
NIPH on May 30, 2011 from the Department of Infectious
Diseases, University Hospital Bulovka, Prague.

EAHEC isolation and phenotyping

The strain was isolated using the stool enrichment in GN broth
Hajna (BioVendor, Czech Republic) with novobiocin supple-
ment (Oxoid) for 5 h and subsequent plating of the enriched
sample on Columbia blood agar (Oxoid) and selective media
including the ESBL agar (Oxoid), glucitol (formerly “sorbitol’’)
MacConkey agar (SMAC; Oxoid), cefixime—tellurite glucitol
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MacConkey agar (CT-SMAC; Oxoid) and enterohemolysin
agar (Sifin; Labmedia Servis, Czech Republic) for 18 h. The
isolated strain was confirmed as E. coli [API 20E, bioMérieux;
and matrix-assisted laser desorption ionization time-of-flight
mass spectrometry (MALDI-TOF MS), Microflex, Bruker
Daltonics] and serotyped using an E. coli O104 and H4 anti-
sera from Staten Serum Institute, Denmark. (3-D-Glucurono-
sidase activity was assessed using COLItest (Erba Lachema,
Czech Republic). Production of Stx by the isolates was
detected using the reverse passive latex agglutination test
VTEC—RPLA (Denka Seiken, Japan).

Genotyping

The isolate was screened using PCR for EHEC virulence
genes including stx,, stx,, eae, and EHEC-hlyA (Friedrich et
al. 2002; Paton and Paton 1998), and for EAEC virulence,
locus aggA which is a part of the gene cluster encoding AAF/I
(Biclaszewska et al. 2011a). In addition, we used multiplex
PCR targeting typical molecular features of the outbreak
0104:H4 strain (rfbo104, fliCha, Stxp, and terD) which was
developed in the National Consulting Laboratory for HUS in
Miinster, Germany (Bielaszewska et al. 2011a). The multiplex
PCR was performed using PCR reaction mix (Top-Bio, Czech
Republic) and primers from Generi Biotech (Czech Republic).

Case report

A 62-year-old American traveler with diarrhea arrived in the
Czech Republic from northern Germany where she had
consumed raw vegetables and salads a week ago. She was
admitted to the Hospital Na Frantisku in Prague and then
transferred to the Clinic of Infectious, Parasitic and Tropical
Diseases of the University Hospital Bulovka on May 28
with 1 week history of abdominal pain and diarrhea, followed
during 5 days hereafter by bloody diarrhea. The patient was
exhausted, afebrile, with painful urination and reduced urine
output. She suffered from an early stage dehydration and had
mildly elevated inflammatory markers (CRP=23.3 mg/L).
There were no signs of anemia (red blood cells, 4.47x
10'%/L; hemoglobin, 141.0 g/L), thrombocytopenia (platelet
count in range of 471-554 x 10°/L), or hemolysis (total biliru-
bin, 8 umol/L; lactate dehydrogenase was not estimated).
Serum levels of creatinine and blood urea nitrogen were in
normal range. Urinalysis revealed microscopic hematuria only
after admission. She was without any neurological symptoms
all the time.

The patient was treated symptomatically with intrave-
nous fluids for rehydration, diosmectite (Smecta), APO-
Lactobacillus, No-SPA, and vitamin K (Kanavit). Her condi-
tion improved gradually, and she was discharged after 5 days
with the instruction to see her physician when she is back in

the USA to be checked for her complete blood count and renal
parameters.

Results

A massive, uniform bacterial growth was observed on all solid
media including Columbia blood agar, SMAC, CT-SMAC,
ESBL, and enterohemolysin agar after overnight incubation of
the enriched patient’s stool sample. Dark blue-colored colo-
nies typical for organisms that express the ESBL phenotype
prevailed on ESBL agar (Fig. 1); they were confirmed as E.
coli using API 20E and MALDI-TOF MS. Moreover, a few
light blue colonies were subsequently identified as Klebsiella
pneumoniae, also ESBL positive.

PCR genotyping and multiplex PCR targeting the typical
features of the German outbreak strain confirmed that the .
coli strain isolated from ESBL agar has all the characteristics
typical for the EAHEC O104:H4, i.e., it possessed stx,, aggA,
rfbo104, fliCu4, and terD. The strain did not possess stx;, eae,
and EHEC-AlyA genes. The presence of somatic 0104 and
flagellin H4 antigens was confirmed by slide agglutination,
and production of Stx2 was verified by reverse passive latex
agglutination.

EAHEC 0O104:H4 is phenotypically classical E. coli, i.e.,
Gram-negative and lactose-, 3-glucuronosidase-, and indol-
positive rod. The strain has an enormous motility, and the
colonies could be agglutinated directly from the plate (without
boiling) using monovalent antiserum O104. The strain grows
well on all common media used for isolation of Enterobacter-
iaceae. On media for isolation of EHEC, such as SMAC agar
and CT-SMAC agar, EAHEC O104:H4 grows in pink,
glucitol-positive colonies, similar to most normal £. coli flora,
which makes its isolation from these media difficult. The
ability to grow on CT-SMAC demonstrates that the tellurite
resistance phenotype encoded by the fer cluster (Biclaszewska

Fig. 1 Growth of EAHEC O104:H4 (Czech isolate from an imported
case of bloody diarrhea) on ESBL agar
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et al. 2011b) is expressed in this strain. The ESBL phenotype
expressed by the outbreak strain (resistance to all penicilins,
cefalosporin, and co-trimoxazole) has facilitated an easy iso-
lation of this strain from the stool sample on the ESBL
medium where the strain grew in almost pure culture.

After the EAHEC O104:H4 strain had been isolated from
the American traveler, additional nine stool specimens from
patients with bloody diarrhea were sent to our laboratory for
screening for this organism. All the patients had a history of
recent travel to Germany. However, none of these stool
specimens contained EAHEC O104:H4.

Discussion

This is the first and probably the only case of bloody diarrhea
in the Czech Republic caused by the EAHEC O104:H4 strain
that caused the large German outbreak in May—July 2011. The
travel history of the patient to Germany where she consumed
salads containing the sprouts epidemiologically incriminated
as a vehicle of transmission of the outbreak strain (EFSA
report 2011) is in accordance with the microbiological find-
ings. Results from epidemiological studies in Germany and
also from France, where a cluster of EAHEC infections in
patients without travel history to Germany occurred (Gault et
al. 2011), support the hypothesis that seeds used for sprouting
(distributed to local producers or retail outlets) contained the
EAHEC O104:H4 contamination. This ultimately led to recall
of the contaminated sprouts from the market (ECDC report
2011). The EFSA technical report published on 5 July con-
cluded that a specific lot of fenugreek seeds imported from
Egypt were most probably the vehicle of the EAHEC O104:
H4 infection; however, it cannot be excluded that other lots
might also have been implicated. The exact point of contam-
ination of the seeds/sprouts in the food chain has not been
determined, but it is speculated that this occurred before their
import (EFSA report 2011).

The largest food-borne E. coli outbreak with similar vehicle
of transmission was reported in Japan in three Sakai districts
in 1996, where elementary school children were infected with
EHEC O157:H7 after consumption of white radish sprouts
from a particular farm, which were served as a part of a school
lunch (Michino et al. 1999). According to Fukushima et al.
(1999), 12,680 symptomatic patients including putative sec-
ondary infections were infected in this massive outbreak; 121
cases developed HUS, and 3 girls died. However, similar to
the EAHEC outbreak strain in Germany, the EHEC O157:H7
strain associated with the Sakai outbreak has never been
isolated from the sprouts. The possible reason for the failure
to isolate the EAHEC O104:H4 strain from the sprouts might
be its ability to enter the viable but non-culturable state which
might be a form in which it might survive in the environment
(Aurass et al. 2011).

@ Springer

The recent (2011) EAHEC outbreak was the largest E.
coli outbreak ever reported in Germany, with a very atypical
age and sex distribution of the cases. The majority of cases
involved adults, while till this time the EHEC infections
were largely a pediatric problem. The number of cases
affecting women outnumbered men in both HUS (68%)
and EHEC infections (58%) (RKI final report 2011).

We conclude that the successful isolation of the EAHEC
0104:H4 strain from the human stool in the NRL for E. coli
and Shigella and subsequent prompt characterization of this
strain as a close relative of the German outbreak strain were
only possible by using new culture and molecular biological
approaches, which is the prerequisite for identification of
new, unusual pathogens.
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Enterohemorrhagic Escherichia coli O26:H11/H™:
A New Virulent Clone Emerges in Europe
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Background. Enterohemorrhagic Escherichia coli (EHEC) O26 causes diarrhea and hemolytic uremic syn-
drome (HUS). Strains harboring the stx;, gene prevail, but strains with stx,, as the sole Shiga toxin-encoding
gene are now emerging. The traits and virulence of the latter set of strains are unknown. We correlated stx geno-
types of 272 EHEC O26 strains isolated in 7 European countries between 1996 and 2012 with disease phenotypes.
We determined phylogeny, clonal structure, and plasmid gene profiles of the isolates and portray geographic and
temporal distribution of the different subgroups.

Methods. The stx genotypes and plasmid genes were identified using polymerase chain reaction, phylogeny
was assigned using multilocus sequence typing, and clonal relatedness was established using pulsed-field gel elec-
trophoresis.

Results. Of the 272 EHEC 026 isolates, 107 (39.3%), 139 (51.1%), and 26 (9.6%) possessed stx,, stx,, Or
both genes, respectively. Strains harboring stx,, only were significantly associated with HUS (odds ratio, 14.2; 95%
confidence interval, 7.9-25.6; P <.001) compared to other stx genotypes. The stx,,-harboring strains consist of 2
phylogenetically distinct groups defined by sequence type (ST) 21 and ST29. The ST29 strains are highly con-
served and correspond by plasmid genes to the new virulent clone of EHEC 026 that emerged in Germany in the
1990s. This new clone occurred in 6 of the 7 countries and represented approximately 50% of all stx,,-harboring
EHEC 026 strains isolated between 1996 and 2012.

Conclusions. A new highly virulent clone of EHEC 026 has emerged in Europe. Its reservoirs and sources
warrant identification.

Keywords. enterohemorrhagic Escherichia coli O26; new clone; Shiga toxin; hemolytic uremic syndrome.

Enterohemorrhagic Escherichia coli (EHEC) causes
diarrhea, bloody diarrhea, and the hemolytic uremic syn-
drome (HUS) [1]. HUS, consisting of hemolytic anemia,
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thrombocytopenia, and acute renal insufficiency [1],
complicates approximately 15% of childhood EHEC
0157:H7 infections and is the most common cause of
childhood acute renal failure [2].

Although E. coli O157:H7 is the predominant cause
of HUS worldwide [1], EHEC of serotype O26:H11/
H™ (nonmotile) has emerged as the most common
non-0157 EHEC strain causing human diseases in
Europe [3-10] and the United States [11-13]. It has
also been increasingly isolated from patients in South
America [14], Asia [15], and Australia [16]. EHEC
026 can cause disease that is as severe as that caused
by EHEC O157:H7 [3, 17, 18], and there appears to be
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no significant difference in the long-term outcome of HUS
caused by non-O157 EHEC (including EHEC 026) and
EHEC 0157 [19]. Children suffering from HUS caused by
EHEC 026 and other non-O157 EHEC strains are younger
than those with HUS caused by EHEC O157:H7 [3, 10].

Thrombotic microangiopathy caused by Shiga toxins (Stx),
the major virulence factors of EHEC, forms the histopatholog-
ical basis of HUS [1]. EHEC O26:H11/H™ produces, singly or
together, Stxla and Stx2a encoded by stx;, and stx,, genes,
respectively [20]. Most EHEC 026 strains isolated from pa-
tients harbor stx;, only [9, 11, 12, 14, 15, 21], but strains pos-
sessing stx,, as the sole stx gene, which were first identified in
Germany in the mid-1990s [22], have been increasingly de-
tected throughout Europe [5, 8, 18, 23-25] and the New World
[11, 14]. However, characteristics of such isolates and their po-
tential to cause HUS compared to that of EHEC 026 with
other stx genotypes have not been systematically studied. Here
we correlated clinical outcomes of the infection with stx geno-
types of EHEC 026 isolates, determined the isolates’ phyloge-
ny and clonal structure, and portray geographic and temporal
distribution of the different subgroups in different European
countries.

METHODS

Strains and Patients

Two hundred seventy-two EHEC O26:H11/H™ strains were iso-
lated between January 1996 and September 2012 from stools of
epidemiologically unrelated patients with HUS (n=127),
bloody diarrhea (n=18), or nonbloody diarrhea (n=127) in
Germany (n=182), Austria (n=38), Italy (n=24), the Czech
Republic (n=18), Belgium (n=7), the United Kingdom
(n=2), and Slovakia (n=1). Demographic characteristics of
the patients are provided in Table 1.

Case Definitions

Diarrhea was defined as 3 or more liquid stools without
visible blood per day, and as bloody if blood was visible by the
naked eye. The information about the number of stools per

Table 1. Demographic Characteristics of 272 Patients

Variable Specification
Male sex? 141/272 (51.8%)
Female sex® 115/272 (42.3%)
Children 261/272 (96.0%)

Age, all patients, median (range) 23 mo (2 mo-63y)
21 mo (2 mo-14vy)
35y (26-63y)

(
(
(

Adults 11/272 (4.0%)
(
Age, children, median (range) (n = 261) (
(

Age, adults, median (range) (n=11)

@ Sex was unknown in 16 patients.

day, stool consistency, presence of mucus and/or visible blood,
and duration of diarrhea was obtained from treating physi-
cians or patients’ parents or guardians using standardized
questionnaires. The questionnaires were reviewed nonanony-
mously by laboratory staff. HUS was defined by a hematocrit
level of <30%, with smear evidence of intravascular hemolysis,
thrombocytopenia (platelet count <150 000/mm?), and renal
insufficiency (serum creatinine concentration greater than the
upper limit of the normal range for age) [1]. Clinical diagnos-
es based on the case definitions were provided for all patients
by treating physicians.

Genotypic and Phenotypic Characterization of EHEC 026 Isolates
Isolates were verified as E. coli (API 20 E; bioMérieux, Marcy
I'Etoile, Lyon, France) and O:H serotyped [26]. H types were
confirmed using fliC genotyping [7]; all strains, both motile
and nonmotile, possessed the fliC gene encoding the HI11
antigen. All stx genotypes, presence of eae (encoding adhesin
intimin), and plasmid genes were determined using polymer-
ase chain reaction (PCR) [20, 22]. Stx production was con-
firmed by Vero cell assay [26].

Multilocus Sequence Typing

Multilocus sequence typing (MLST) was built on sequences of
7 housekeeping genes [7], and sequence types (STs) were as-
signed (http://mlst.ucc.ie/mlst/dbs/Ecoli).

Pulsed-Field Gel Electrophoresis

Pulsed-field gel electrophoresis (PFGE) was performed using
the standardized PulseNet protocol [27] with a subset of geo-
graphically and temporally representative strains. Restriction
patterns were analyzed and the cluster analysis was performed
with BioNumerics software, version 6.5 (Applied Maths BVBA,
Sint-Martens-Latem, Belgium). The dendrogram was generated
using the band-based Dice similarity coefficient (1% band posi-
tion and 1% optimization tolerance) and the unweighted pair
group method with arithmetic means.

Antimicrobial Susceptibility Testing

Susceptibility to ampicillin, cefuroxime, cefotaxime, cefpodox-
ime, ceftazidime, piperacillin/tazobactam, tigecycline, merope-
nem, gentamicin, amikacin, trimethoprim/sulfamethoxazole,
ciprofloxacin, fosfomycin, and nitrofurantoin was tested using
the disk diffusion method according to EUCAST (European
Committee on Antimicrobial Susceptibility Testing) break-
points [28] and standard recommendations [29].

Statistical Analysis

Statistical analysis was performed using y°, Fisher exact
(Epilnfo version 7.1.0.6) or Mann-Whitney U (IBM SPSS Sta-
tistics 20.0) tests. Two-tailed P values <.05 were considered
significant.
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Table 2. Association Between stx Genotypes of 272 Enterohemorrhagic Escherichia coli 026:H11/H™ Isolates and Clinical Outcomes

of Infection
No. of Isolates From Clinical Outcome
HUS Diarrhea (Nonbloody/Bloody)

Isolate No. of Isolates (n=127) Without HUS (n = 145; 127/18) OR (95% CI) P Value for HUS?
StX14 107 g 98 (84/14) .04 (.02-.08) P<.001
StX1a + StXoa 26 14° 12 (11/1) 1.4 (6-3.1) P= 57

Stxy4 (all strains) 139 104 35 (32/3) 14.2 (7.9-25.6) P<.001
StXoq (ST21)d 67 46 21 (18/3) 3.4 (1.9-6.0)° P<.001
StXoq (ST29)d 69 57 12 (12/0) 9.0 (4.5-17.9)° P<.001

Statistical analysis was performed using the x? text.

Abbreviations: Cl, confidence interval; HUS, hemolytic uremic syndrome; OR, odds ratio; ST, sequence type; stx, Shiga toxin—encoding gene.

@ P< .05 was considered significant.
b Al 9 isolates from HUS patients belonged to ST21.
¢ All 14 isolates from HUS patients belonged to ST21.

94 Three single stx,a-positive isolates with STs other than ST21 or ST29 (STs 396, 591, 1566) were excluded from statistical analysis.

¢ Association with HUS ST21 vs ST29: OR, 2.2; 95% Cl, 1.0-4.9; P=.089.

RESULTS

Association Between stx Genotypes and Clinical Outcomes of
Infection

Among the 272 EHEC O26:H11/H™ isolates, 107 (39.3%) pos-
sessed stx;,, 139 (51.1%) stx,,, and 26 (9.6%) both stx;, and
stx, (Table 2). Of the 107 stx;,-containing strains, 9 (8.4%)
were isolated from patients with HUS and 98 (91.6%) from
patients with diarrhea without HUS, demonstrating a signifi-
cant association of the stx;, genotype with uncomplicated di-
arrhea (odds ratio [OR], 27.3; 95% confidence interval [CI],
12.8-58.6; P <.001) compared to HUS (OR, 0.04; 95% ClI,
.02-.08; P<.001) (Table 2). In contrast, 104 of the 139 stx,,-
harboring isolates (74.8%) originated from patients with HUS,
and 35 (25.2%) from patients with diarrhea without HUS,
demonstrating the statistically significant association of the
stx;, genotype with HUS (OR, 14.2; 95% CI, 7.9-25.6;
P <.001) compared to uncomplicated diarrhea (OR, 0.07; 95%
CI, .04-.13; P<.001) (Table 2). Strains harboring both stx;,
and stx,, had equal potential to cause HUS and diarrhea
(Table 2). Children were significantly more frequently infected
with strains harboring stx,, only (138 of 261 [52.9%]) than
adults (1 of 11 [9.1%]) (OR, 11.2; 95% CI, 1.1-88.9; P = .004).
Accordingly, in children the infection had a tendency to pro-
gress to HUS (124 of 261 [47.5%]) (OR, 2.4; 95% CI, .6-9.3;
P =.228; Supplementary Table 1).

Phylogeny of EHEC 026:H11/H™ With Different stx Genotypes

Two major STs (21 and 29), which share 6 of the 7 MLST
loci, and 5 single locus variants (SLVs) of these 2 STs were
identified (Table 3, Supplementary Table 2). Almost all strains
harboring stx;, only (105 of 107 [98.1%]), and all strains

harboring stx;, and stx,,, belonged to ST21 (Table 3); the re-
maining 2 strains of the stx;, genotype belonged to ST1565
and ST1705, respectively (Table 3), which are SLVs of ST21
(Supplementary Table 2). In contrast, strains containing stx,,
but not stx;, were equally distributed between ST21 (67 of 139
[48.2%]) and ST29 (69 of 139 [49.6%]) (Table 3); 3 strains
belonged to ST396, ST591, and ST1566 (1 each) (Table 3),
which are SLVs of ST29 (ST396 and ST1566) and ST21
(ST591) (Supplementary Table 2). Thus, EHEC O26:H11/H™
strains harboring stx;, alone or in combination with stx,, are
phylogenetically positioned in the same genetic background
(as defined by MLST core genome genes), whereas strains
with stx,, but not stx;, consist of 2 distinct but closely related
phylogenetic groups. Of these 2 groups characterized by ST21
and ST29, ST29 and its 2 SLVs (ST396 and ST1566) and
ST591 (SLV of ST21) are unique for such strains (Table 3).

Plasmid Gene Profiles

We plasmid genotyped stx,,-harboring EHEC O26:H11/H™
strains belonging to different STs to provide deeper characteri-
zation, with emphasis on the presence of the unique plasmid
gene combination found previously in the new stx,,-harboring
EHEC 026 German clone [22]. Almost all (65 of 69 [94.2%])
ST29 strains possessed the plasmid gene combination typical
for the new clone (EHEC-hlyA*/katP™/espP™/etpD"); in con-
trast, this combination was found in no other STs (Table 4).
Of the 4 different plasmid gene combinations in ST21, the
most frequent (52 of 67 strains [77.6%]) was EHEC-hlyA™/
katP*/espP*/etpD” (Table 4). This combination was also
found in 2 strains of ST29 and single strains of STs 396 and
591 (Table 4). Two strains of ST29 and the single ST1566
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Table 3. Phylogeny of Enterohemorrhagic Escherichia coli 026:H11/H™ Strains With Different stx Genotypes Based on Multilocus

Sequence Typing

No. of Strains Belonging to Sequence Type?

stx Genotype ST21 ST29 ST396° ST591° ST1565° ST1566° ST1705° Strains Total
StXia 105 0 0 0 1 0 1 107
StXoa 67 69 1 1 0 1 0 139
StX1a + StXoa 26 0 0 0 0 0 0 26
Strains total 198 69 1 1 1 1 1 272

Abbreviations: ST, sequence type; stx, Shiga toxin-encoding gene.

@ Allelic profiles of the different STs are shown in Supplementary Table 2.
® Single locus variant of ST29.

¢ Single locus variant of ST21.

strain had none of the plasmid genes sought (Table 4). Thus,
based on the phylogeny and plasmid gene profiles, stx,,-harbor-
ing EHEC 026 consists of 2 major subgroups: (i) strains of
ST29, which typically contain EHEC-hlyA and etpD, but not
espP and katP, and belong to the new EHEC 026 German
clone, and (ii) strains of ST21, which differ phylogenetically
and by plasmid gene profiles from strains of ST29. Both groups
showed a significant risk of progression of the infection to HUS
(ST21: OR, 3.4; 95% CI, 1.9-6.0; P<.001; ST29: OR, 9.0; 95%
CI, 4.5-17.9; P<.001; Table 2). Although ST29 had a 2.6-fold
higher OR in terms of HUS association than ST21, there was
no statistically significant difference between these 2 STs in
their association with HUS (OR, 2.2; 95% CI, 1.0-4.9; P =.089;
Table 2). Also, ages of children who developed HUS after infec-
tion with strains of ST29 (median, 24 months [range, 8-156
months]) and ST21 (median, 20 months [range, 2-84 months])
did not significantly differ (P=.053, Mann-Whitney U test),

and sex was equally distributed among the 2 groups (P =.88,
Mann-Whitney U test).

Clonal Structure of stx,,-harboring EHEC 026:H11/H™

All but 2 strains (ST396 and ST1566) belonged to 3 PFGE-
defined clusters (Figure 1). Cluster A was comprised of all 16
ST21 strains and the single ST591 isolate, with a 78% total
similarity (Figure 1). ST29 strains belonged to clusters B
(n=28) and C (n=13). The similarity between and within
clusters B and C was 80%, and 84% and 86%, respectively
(Figure 1). Thus, strains of ST29 (the new clone) were more
closely related to each other than were strains of the other
STs. Intriguingly, within each of clusters B and C there were
strains with closely related (similarity >95%) or even identical
PFGE patterns despite their recovery in different years and/or
in different countries (Figure 1). The PFGE data suggest the
clonal origin of ST29 strains and demonstrate that the new

Table 4. Plasmid Gene Profiles of Enterohemorrhagic Escherichia coli 026:H11/H™ of the stx,, Genotype Belonging to Different

Sequence Types

Plasmid Gene Combination (Gene Order EHEC-hlyA/katP/espPletpD)?

ST +/—/—/+P +/+/+/— +/—/—/— +/—/+/- +/+/—/— —/—=/—/- Strains Total
ST21 0 52 7 3 5 0 67
ST29 65 2 0 0 0 2 69
ST396 0 1 0 0 0 0 1
ST591 0 1 0 0 0 0 1
ST1566 0 0 0 0 0 1 1
Strains total 65 56 7 3 5 3 139

Abbreviations: +, gene present; —, gene absent; EHEC, enterohemorrhagic Escherichia coli; ST, sequence type.

@ Presence of the plasmid genes EHEC-hlyA, katP, espP, and etpD (encoding EHEC hemolysin, catalase-peroxidase, serine protease EspP, and type |l secretion

system, respectively) was determined using polymerase chain reaction.
® Plasmid gene profile typical for the new EHEC 026 German clone [22].
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PFGE-Xbal PFGE-Xbal

? strain-no ST country
E133418 21 Ireland N\
3038/98 21 G
E-01-36 21 Austria
1150/00 21 G
3820/99 21 G
E-08-262 21 G
E-05-103 21 G
18/ECS06 21 CR
ED712/09 21 Italy > A
1705/97 21 G
3437/00 21 G
06-05398 591 G
275/ECS08 21 CR
E135309 21 England
05-04887 21 G
404197 21 G
4993/ 96 21 G J
E-10-202 29 G
ED411/99 29 Italy
ED639/06 29 Italy
1530/99 29 G
2160/99 29 G
EH281/03 29 Austria
E-02-76 29 G
09/087 29 CR
EH178/04 29 Austria
09/185 29 CR
10/085 29 CR
SRR o 2 o
WML 0 cosus 2 o
TTI epera/os 29 Italy >
(T TR 2141703 29 Slovakia B
11 T 5917 /97 29 G
Rl 278/ECS08 29 CR
5720/96 29 G
6061/96 29 G
E-06-526 29 G
| 2983/00 29 G
1l 05-02232 29 G
I 0307194 29 G
THHmi 379/99 29 CR
nmmmun 2574197 29 G
T TR EH1504 29 Belgium
AR LI woso 2 o
i 08-01588 29 G )
m E-1068 29 G \
1T nm E10-152 29 G
] L] 5244/00-1 29 G
W eorsito 29 Italy
B T E09264 29 G
R IRl E-06-278 29 G
N TR E08233 29 G > C
1T W LB252197/11 29 G
1T 04-02458 29 G
Tl LB238672/12 29 G
W n 07-03205 29 G
| - ”;I\ LB235794/12 29 G
AR [N LB234952-2/11 29 G )
mue'n 3271/00 396 G
N os0013 1588 G

Figure 1. Dendrogram of Xbal pulsed-field gel electrophoresis (PFGE) band patterns of 60 enterohemorrhagic Escherichia coli 026 isolates harboring
Stxpa only and belonging to different sequence types (STs). The isolates are representatives of strains from all 7 countries and the entire study period
1996 to 2012. ST21 and ST29 strains share 6 of 7 multilocus sequence typing loci; the other STs are single locus variants of either ST21 or ST29
(Supplementary Table 2). The dendrogram was created by unweighted pair group method with arithmetic means in BioNumerics software 6.5 (Dice
similarity coefficient; positional tolerance settings were as follows: optimization 1%; tolerance 1%; H>0%; S>0%); to design patterns, any discernible
band difference was considered according to the criteria of PulseNet. The assigned clusters (4, B, and () are indicated by brackets. The degree of
similarity (%) is shown on the scale at the top left of the figure. The following strains had identical PFGE patterns (country and year of isolation in
parentheses): E-10-202 (Germany, 2010) and ED411/99 (Italy, 1999); 1530/99, 2160/99 (Germany, 1999) and EH281/03 (Austria, 2003); 2983/00 and 05-
02232 (Germany, 2000 and 2005, respectively); 5244/00-1 (Germany, 2000) and ED733/10 (ltaly, 2010); LB235794/12 and LB234952-2/11 (Germany,
2012 and 2011, respectively). Abbreviations: CR, Czech Republic; G, Germany; PFGE, pulsed-field gel electrophoresis; ST, sequence type.
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Table 5. Proportions of Strains of the New Clone (ST29) Among
All stx,,-Harboring Enterohemorrhagic Escherichia coli 026 Iso-
lated in Different European Countries, 1996-2012

Stxo4-Harboring EHEC 026 Isolates

Country Total No. (%) of ST29  No. (%) of Other STs

Austria 15 4 (26.7) ST21: 11 (73.3)

Belgium 7 3(42.9) ST21:4 (57.1)

Czech Republic 16 7 (43.7) ST21: 9 (56.3)

Germany 86 47 (54.7) STs 21, 396, 591, 1566:
39 (45.3)

Italy 12 7 (58.3) ST21:5(41.7)

Slovakia 1 1(100) 0

United Kingdom 28 0 ST21: 2 (100)

Total 139 69 (49.6) 70 (50.4)

Abbreviations: EHEC, enterohemorrhagic Escherichia coli; ST, sequence type;
Stxza, Shiga toxin 2a—encoding gene.

@ One strain was from England and 1 from Ireland.

EHEC 026 clone is highly conserved, in accordance with its
recent emergence [22].

Geographic and Temporal Distribution of EHEC 026 ST29 Strains
EHEC 026 ST29 strains were recovered in 6 of the 7 countries
(Table 5), and in all but 1 study years (Figure 2). There were
considerable interannual variations in the relative proportion
of ST29 strains among all stx,,-harboring EHEC 026
(Figure 2A) and in spatial distribution of such isolates
(Figure 2B). Whereas in Germany ST29 strains were isolated
during the entire study period (except 2001), their isolation in
the other countries was intermittent (Figure 2B).

Antibiotic Susceptibilities of stx,,-harboring EHEC 026 of
Different STs

Twenty-three ST29 strains and 11 strains of the other STs se-
lected to span the entire study region and period were tested
for their susceptibility to 14 antimicrobials. Twenty ST29, 7
ST21, and 1 each ST396, ST591, and ST1566 strains were sus-
ceptible to all tested antimicrobials. One ST21 strain was resis-
tant to ampicillin, cefuroxime, cefpodoxime, tazobactam/
piperacillin, and trimethoprim/sulfamethoxazole and had in-
termediate susceptibility to cefotaxime. The 3 remaining ST29
strains were resistant to ampicillin (n = 2; one of them had in-
termediate susceptibility to tigecycline and ciprofloxacin) or to
amikacin (n = 1). Hence, there was no correlation between STs

and antimicrobial resistance patterns.

DISCUSSION

EHEC O26:H11/H™ are globally emerging human pathogens.
They accounted for 5%-7% of all human EHEC isolates and for

15%-19% of HUS-associated EHEC isolates reported to the Eu-
ropean Surveillance System of the European Centre for Disease
Prevention and Control between 2008 and 2010, following in
frequency EHEC O157 [30, 31]. In the countries participating
in this study, EHEC 026 accounted for 16%-55% of EHEC iso-
lates from HUS patients between 2008 and 2012, being in some
countries and years the most common cause of pediatric HUS
[32] (authors’ unpublished data). We now demonstrate that
EHEC 026 strains harboring stx,, as the sole stx have a signifi-
cant potential to cause HUS, and those harboring both stx;,
and stx,, have equal potential to cause HUS and diarrhea
without HUS, based on analysis of the available clinical isolates.
The strong association of the stx,, genotype in the EHEC 026
infecting strains with the progression of the infection to HUS is
in accordance with data from other EHEC series [3, 5, 8, 11].

This study extends our current knowledge about this sero-
type by demonstrating that stx,,-harboring EHEC 026 are
heterogeneous, consisting of 2 major phylogenetically distinct
subgroups (ST21 and ST29), each of which is associated with
a particular plasmid gene profile. ST29 strains represent a
highly virulent clone of EHEC O26:H11/H™~ which emerged
in Germany in the mid-1990s [22], and appear to have spread
throughout Europe. However, we do acknowledge that this
analysis depends on strain recovery practices, and cannot be
considered to be a population-based survey. We wish to note
that stx,,-harboring EHEC 026 of ST21 and ST29 do not sub-
stantially differ in their association with HUS (Table 2). Thus,
the presence of stx,, rather than ST of the EHEC 026 isolate
is a predictor for HUS development in infected individuals.

Why is stx,,-harboring EHEC 026 a successful clone? We
speculate that the ability of EHEC O26 of the new clone to
lose the stx,,-harboring bacteriophage [33] might contribute
to its evolutionary success. The lysogenic state is potentially
suicidal because it makes the bacterium prone to lysis by
stimuli present in its environment, including the human di-
gestive system. Therefore, the absence of the stx-phage might
not only increase the adaptability of the pathogens outside the
host, but also enable them to avoid lysis in the human gut.
Such stx-negative EHEC 026 variants then represent suitable
targets for lysogenization by stx-harboring phages released
from other EHEC during infection, which could facilitate
emergence of highly virulent EHEC O26. Thus, interconver-
sion between EHEC O26 and their stx-negative variants, me-
diated by recycling stx,, genes via loss and gain of
bacteriophages [33, 34], might abet the emergence of highly
pathogenic new clones of EHEC 026. Although a similar sce-
nario has been proposed for the emergence of the EHEC
0104:H4 2011 outbreak strain [35], the new EHEC O26 clone
and the O104:H4 outbreak strain are clearly distinct patho-
gens, which share the ability to cause HUS, albeit in different
age groups (as shown in the current study) [35].
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Figure 2. Temporal and geographic distribution of stx,,-harboring enterohemorrhagic Escherichia coli (EHEC) 026 belonging to sequence type (ST) 29
(new clone) and other STs (ST21, ST396, ST591, ST1566) in 7 European countries during 1996 to 2012. A, Relative proportions of ST29 strains among
all stxps-harboring EHEC 026 isolates from the 7 countries in different years. B, Numbers of ST29 strains (new clone) per year and country. Abbreviation:

ST, sequence type.

The distinct virulence potentials of EHEC O26 harboring
stx1, and stx,,, respectively, offer clinical opportunities. In par-
ticular, rapid stx genotyping of EHEC 026 isolates from pa-
tients with diarrhea might define risk of progression of the
disease to HUS and provide a rationale for further manage-
ment of patients infected with stx,,-harboring EHEC 026
similarly, as is recommended for patients infected with EHEC
O157:H7 [1, 36, 37]. However, because EHEC 026 harboring
stx;, or stx;, and stx,, can also cause HUS (Table 2) [5, 7, 17,
22, 25], individual analysis of each particular case based on

clinical parameters is necessary for a final decision about the
therapeutic approach. Also, the possibility exists that ex vivo
or in-host loss of the stx,, gene [33, 34] could inappropriately
cause an isolate to be categorized as low risk. In this context
we wish to note that although we analyzed typical stx-
harboring EHEC 026, this fact is unlikely to bias our results
toward an increased significance of the new clone, because the
Stx,, loss, which we observed in our previous studies [33, 34]
occurred in EHEC O26 of ST29. Hence, the emerging role of
the new clone in HUS might be rather underestimated in our
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study. Furthermore, it is unlikely that coinfection with another
EHEC, in particular EHEC O157, influenced the disease out-
come, specifically HUS development in patients with EHEC
026. Only 5 of 272 patients (1.8%) had an additional EHEC
strain (1 of them O157) in their stools, and these strains were
equally distributed among patients with HUS (n=2) and un-
complicated diarrhea (n = 3).

Although therapeutic strategies should primarily rely on the
presence of the stx, genotype as a general risk factor for HUS
development, the identification of an EHEC O26 isolate as a
member of the new clone is urgent for infection control mea-
sures. For this purpose, MLST to determine ST29 is required,
in addition to stx subtyping. To accelerate the diagnosis of
EHEC 026 ST29, we are developing a real-time multiplex
PCR for a rapid and specific detection of this pathogen. Im-
portantly, because ST29 strains have no typical antibiotic resis-
tance pattern, this characteristic cannot be used to identify the
new clone. It should be kept in mind that although most
EHEC 026 isolates in this study were susceptible to a broad
spectrum of antimicrobials, these agents are generally not rec-
ommended for treatment of patients with confirmed or sus-
pected EHEC infections because there is no credible evidence
that antimicrobials avert HUS, and there are considerable data
in support of these agents increasing the risk of this adverse
outcome [37].

Interannual variation in recovery of strains of the new clone
might reflect varying exposure of the population to a source/
reservoir of these organisms. Cattle, a major reservoir of
EHEC, are also reservoirs for EHEC 026 [25, 38, 39], but
EHEC 026 harboring stx,, only and/or belonging to ST29
have only rarely been isolated from cattle [23, 25, 39]. More-
over, such strains have only rarely been identified in food [23],
making the risk analysis for acquiring infections caused by
stx,,-harboring EHEC 026 difficult, although some limited
data do suggest a bovine source [23]. Improved knowledge
about the source of these infections, requiring a close collabo-
ration between public health agencies, veterinary microbiolo-
gists, and food safety authorities should facilitate specific
infection prevention practices.

In conclusion, in this largest study analyzing the role of
EHEC 026 as a human pathogen, we identified the new EHEC
026 clone first found in Germany in the 1990s as an emerging
cause of HUS in Europe. These data should prompt efforts to
identify reservoirs and sources of these pathogens and to imple-
ment rapid diagnostic approaches for their detection.
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