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Souhmn

1. SOUHRN

Cysticka fibréza (CF) je nejCastéjsi autozomalné recesivné dédi¢né onemocnéni

v kavkazské populaci. Toto onemocnéni je zpisobeno poruchou proteinového kanalu, ktery

zajistuje prenos chloridovych ionti skrz apikalni cytoplazmatickou membranu. Piestoze tato

iontové rovnovahy dochézi v dychacich cestach k tvorbé hustého a vazkého hlenu, ktery brani
odstranéni prachovych castic a bakterii. Hlavni komplikaci CF jsou bakteridlni infekce
respiraéniho traktu, které piechédzeji do chronicity a jsou nejcastéjsi pti¢inou progresivniho
respiracniho selhani a pfedCasného umrti. Nejvyznamnéj$i ptavodci téchto infekci jsou

Pseudomonas aeruginosa a bakterie komplexu Burkholderia cepacia (Bcc). Chronické

infekce zplsobené témito organizmy jsou prakticky nevyléCitelné. Situaci U téchto bakterii

komplikuje vyskyt epidemickych kmend, jeZ se prenaSeji mezi pacienty. Prevence S$ifeni
infekci U pacienti s CF zavisi na pfesné a cCasné bakteriologické diagnostice ptiivodce na
druhové a kmenové trovni ana disledné aplikaci protiepidemickych opatfeni, ktera jsou
zaloZena ptedevsim na izolaci pacientti podle jejich mikrobiologického nalezu.

Cilem této dizertaéni prace bylo definovat epidemiologii infekci zpisobenych

P. aeruginosa a Bcc u pacient prazského centra pro CF s dirazem na aplikaci modernich

genotypizacnich technik. Prace navazuje na jiz dfive dosazené vysledky, zvlasté na zavedeni

molekularné genetické diagnostiky Bcc (Drevinek P. et al., 2002) a P. aeruginosa a odhaleni
ptitomnosti vysoce epidemického kmene Burkholderia cenocepacia CZ1 v ¢eské populaci

pacient s CF (Drevinek P.et al., 2005).

Vysledky dosazené v predkladané dizertacni praci |ze shrnout do tii hlavnich bodt:

(1) Pomoci genotypizac¢nich technik bylo vylouceno epidemiologicky vyznamné rozsifeni
pienosnych kment P. aeruginosa mezi pacienty s CF. Pro typizaci izolata P. aeruginosa
byly vyuzity fingerprintové metody s vysokym rozliSenim, polymorfizmus délky
amplifikovanych fragmentl (AFLP) a makrorestrikéni analyza genomové DNA (PFGE).

(2) Byla zavedena a tispésné aplikovana metoda multilokusové sekvenéni typizace (MLST),
ktera umoziuje presnou identifikaci bakterialnich izolati P. aeruginosa aBcc
na kmenové Urovni porovnanim sekvenci sedmi provoznich gent. Protokol pro MLST
byl nédsledné upraven za t¢elem diagnostiky bakterii Bcc ptimo z klinického materialu.

(3) Byly prostudovany genomy kmenti Bcc CZ1 a J2315 s ohledem na inzer¢ni sekvence (IS),

které mohou byt pfi¢inou odlisnych makrorestrikénich profilti genomové DNA u izolati se
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shodnym profilem podle MLST. Simulaci riznych stresovych podminek bylo prokazano
preskupovani IS v genomu CZ1.



Summary

2. SUMMARY

Cystic fibrosis is the most abundant inherited autosomal recessive disease in
Caucasian population. Cystic fibrosis is caused by a dysfunction of transport channel which is
responsible for transport of chloride ions on the apical side of the plasma membrane. Despite
the fact that the dysfunction of the transport channel is present in several organs, the most
severely affected one is the respiratory system. Because of the ion imbalance thick sticky
mucus is produced on the surface of the airways which then prevents the removal of dust
particles and bacteria. The main complications of cystic fibrosis are the bacterial infections of
the respiratory system which become chronic during the patient life and thus are the most
common causes of the respiratory failure and premature death. The most important sources of
these infections are Pseudomonas aeruginosa and strains of the Burkholderia cepacia
complex (Bcc). Infections caused by these bacteria are practically untreatable and serious
complications arise from the existence of epidemic strains which can be transfered from
patient to patient. Precise and fast diagnostics of pathogenic strains is a critical step to avoid
spreading bacterial infections as well as strictly followed anti-epidemic strategies mainly
based on isolation of cystic fibrosis patients according to their microbiology diagnostic
results.

The aim of this PhD thesis was to define the epidemiology of infections caused by P.
aeruginosa a Bcc in cystic fibrosis patients of Prague Center for cystic fibrosis with focus on
application of modern genotyping techniques. This thesis follows up the previous work,
mainly the establishment of molecular and genetic diagnostics of Bcc (Drevinek P.et al.,
2002) and P. aeruginosa and the discovery of highly epidemic strain of Burkholderia
cenocepacia CZ1 in the population of Czech cystic fibrosis patients (Drevinek P.et al., 2005).

The obtained results of the thesis can be summarized in three main points:

(1) The epidemiologically important transmission of strain P. aeruginosa was excluded in
the cystic fibrosis patients by genotypisation techniques. The typing was performed using
fingerprint methods with high resolution such as AFLP and macrorestriction analysis of
genome DNA.

(2) The multilocus sequence typing (MLST) method was established and successfully
applied. This method allows accurate identification of bacterial isolates of P. aeruginosa
and Bcc on the strain level by comparing sequences of seven housekeeping genes. The
MLST protocol was subsequently modified in order to diagnose Bcc directly from the

clinical material.
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(3) The bacterial genomes of strains Bcc CZ1 and J2315 were analyzed with focus on
insertion sequences (IS) which could be responsible for different macrorestriction profiles
of genome DNA of isolates with an identical MLST profile. By simulation of several

stress conditions, IS shuffling was proven to be present in the CZ1 genome.
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3. CYSTICKA FIBROZA A GRAMNEGATIVNI PATOGENY
RESPIRACNIHO TRAKTU

3.1. Cysticka fibréza

Cysticka fibréza (CF) je jednim z nejcastéjSich vrozenych autozomdlné recesivnich
onemocnéni, které se v kavkazské populaci vyskytuje s frekvenci jeden postizeny na 3 000
narozenych déti.

Jde o0 multiorganové onemocnéni, jehoz pfi¢inou je mutace v obou alelach genu
pro transmembranovy regulator vodivosti iontd — Cystic Fibrosis Transmembrane
Conductance Regulator (CFTR). Protein kodovany timto genem funguje jako chloridovy
kanal v membrané na apikalni strané bunék. Mutaci v genu dochézi k poruse nebo uplné
dysfunkci tohoto kanalu atim ke zvySenému influxu sodnych iontd a vzniku relativni
nepropustnosti pro chloridové ionty (Roomans G.M., 2014). Pro zachovani elektroneutrality
je tedy nadmérné absorbovan sodik spole¢né s vodou a dochazi ke zméné charakteru sekrett,
zejména pak jejich vazkosti. To mé za nasledek fadu klinickych projevi jako je zvySena
viskozita sekretti, rekurentni obstrukce, produktivni a resorpcni zanét a progresivni destrukce
postizenych cilovych organu (Vavrova V., 2006).

Cysticka fibroza postihuje vSechny télni systémy S vyjimkou centralniho nervového
systému. Casté byva poskozeni jater, které v pozd&jsim véku muize vyustit aZz v jaterni
cirhdzu, vyskytuji se problémy se stfevni motilitou zpasobujici nedostate¢né vstiebavani
zivin, ¢i porucha sekrece elektrolyti vedouci K vyrazné slangj§imu potu U nemocnych
V porovnani se zdravymi jedinci. Velké ztraty soli potem (pfi zvySené fyzické ndmaze,
febrilnich stavech atd.) mohou zapfiCinit az tézky rozvrat vnitiniho prostfedi doprovazeny
hyponatrémii, hypochlorémii a metabolickou alkalézou. V pozdé&jsim veéku pacientti neni
nikterak vzacny ani diabetes mellitus, ktery se vSak od diabetu mellitu 1. a2. typu lisi
predevsim tim, ze na jeho rozvoji se podili utlak Langerhansovych ostriivki fibrotickou tkani
pankreatu (Mackie A.D. et al., 2003). Reproduk¢ni organy jsou U vEétSiny muzd s CF
postizeny kongenitalni bilaterdlni absenci (agenezi) vas deferens, coz je pti¢inou obstruktivni
azoospermie.

U pacienti s CF je vSak nejzévaznéji postizen dychaci systém. Pravé infekce
dychacich cest jsou hlavni pfi¢inou zvySené morbidity a mortality téchto pacientt. V disledku
naruseného transportu iontti dochazi k poruse muciliarni clearence a vzniku vazkého, hustého

hlenu, ktery zpiisobuje obstrukci dychacich cest. Diky tomu se prostiedi dychacich cest stava
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idedlnim mistem pro rozvoj bakteridlnich infekci, které lze jen obtizn¢ Ucinné odstranit
(Matsui H. et al., 1998). Respiracni infekce tedy Casto v prub&hu pacientova zivota piechazeji
do chronicity avedou k nevratnému poskozeni plicni tkané, vzniku chronické obstrukéni
plicni nemoci, plicnimu selhdni a smrti pacienta. Americka spolecnost pro 1écbu CF uvadi, ze
témet 85 % pacientl s CF umird v dasledku selhani plic.

Slozeni mikrobidlni flory dychacich cest se do zna¢né miry méni v prub¢hu infekce
ato zejména V pribéhu exacerbace (Twomey K.B. et al., 2013). I kdyz plicni infekce
u pacientit S CF zputsobuji nékteré bézné bakterialni druhy jako Staphylococcus aureus,
Pseudomonas aeruginosa, Haemophilus influenzae nebo Streptococcus pneumoniae, mohou
se na nich podilet I mén¢ obvyklé podminéné patogenni bakterie. Jde 0 bakterie z komplexu
Burkholderia cepacia (Bcc), Stenotrophomonas maltophilia, Achromobacter xylosoxidans,
Pandoraea spp., Ralstonia spp., Inquilinus limosus, netuberkul6zni mykobakterie a dalsi
druhy (Miller M.B. a Gilligan P.H., 2003; Lyczak J.B. et al., 2002; Hutchinson G.R. et al.,
1996; Levy I. et al., 2008). Vétsina téchto mikroorganizmi jsou gramnegativni ty¢inky, které
jsou v piipadé pacienti s CF rezistentni k vétSiné pouzivanych antibiotik a které pretrvavaji
V pacientové respiracnim traktu navzdory agresivni a prodlouzené antibiotické 1é¢be. Piesna
identifikace bakterialnich ptvodct infekci spojenych s CF na druhové a kmenové trovni je
tedy dulezita pro predikci klinického vyvoje akrozpoznani epidemiologické situace
Vv populaci pacientli. Zavedenim novych molekularnich metod nezavislych na kultivaci se
zvysil pocet bakteridlnich druhd, které byly identifikovany v materidlu z respira¢niho traktu
pacient s CF (Bittar F. et al., 2008; Armougom F. et al., 2009; Harris J.K. et al., 2007). Plicni
mikrobiom a etiologie infek¢nich komplikaci u pacientti s CF se tak jevi mnohem slozitéjsi,

nez se puvodné piedpokladalo (Sibley C.D. et al., 2006).

3.2. Pseudomonas aeruginosa

P. aeruginosa je gramnegativni, nesporulujici, pohybliva bakterie, v pfirodé¢ zna¢né
roz$itena. Bakterialni buniky jsou velké od 1 do 5 um anesou polarné umistény bicik a pili
typu IV, které jim umoziuji pohyb. Nemaji pouzdro, ale Casto jsou obklopeny slizovou
vrstvou. Jde o fakultativné aerobni mikroorganizmus, ktery muze vedle kysliku vyuzivat
i dalsi konecné akceptory elektronti v dychacim fetézci (nitraty, nitrity nebo N,O) a rast tak
za anaerobnich podminek. Diky této metabolické flexibilité osidluje P. aeruginosa rozmanita,
predevsim vlhka prosttedi. Pfirozené se vyskytuje ve vode a pude, v kofenovych systémech

rostlin, ¢i stolici zvitat a lidi. Tato bakterie je jednim ze tii nejcastéjSich piivodci oportunnich
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infekei u lidi (Stover C.K. et al., 2000). P. aeruginosa zahrnuje ohromné mnozstvi vice ¢i
méné¢ klinicky vyznamnych kment. Zpusobuje piedevsim infekce mocovych cest
a respira¢niho traktu, ale i septikémie a zavazné infekce U imunokompromitovanych pacientu.
U zdravych osob vyvolava infekce jen vzacné, ale riziko infekce wvyrazné stoupa
u hospitalizovanych pacientli se zavaznym zakladnim onemocnénim a u 0sob s oslabenou
imunitou. Zdrojem infekci vyvolanych P. aeruginosa a podminkou jejich epidemického Sieni
vV nemocnicich jsou vlhké pomucky a piistroje, vylevky umyvadel artizné druhy roztoka,
ve kterych tyto bakterie pfezivaji a mnozi se.

Moznost osidleni riznorodych a ¢asto znacné odliSnych prostiedi je dana kombinaci
metabolické rozmanitosti, minimalnich nutri¢nich pozadavkil a pfirozené rezistence této
bakterie k fadé antibiotik a dezinfekénich prostiedkt.. Tyto vlastnosti urcuje pomérné velky,
adaptibilni a plasticky genom (Siloy M.W. et al., 2011).

Genom tvofi jeden kruhovy chromozom a variabilni pocet plazmidi. Velikost genomu
se pohybuje v rozmezi 5,2-7 Mbp s pomémé vysokym zastoupenim GC bazi (65-67 %)
(Klockgether J. et al., 2011). Sekvena¢ni analyzou celych genomi nebo jejich Casti bylo
prokazano, Ze genom P. aeruginosa koduje Sirokou Skalu transportnich molekul,
transkripcnich regulatori a dvouslozkovych regulac¢nich systémd, které odrazi metabolickou
rozmanitost bakterie ajeji schopnost vyuzivat Sirokou $kalu Zivin. Na druhé strané je
cirkularni chromozom napii¢ jednotlivymi kmeny P. aeruginosa vysoce konzervovany,
interklonalni riznorodost byla stanovena pouze 0,5-0,7 % (Spencer D.H. et al., 2003; Lee
D.G. et al., 2006; Cramer N. et al., 2011). Ztoho plyne, Ze genomicka rozmanitost je
zpusobena piedevSim plvodné extrachromozomalnimi elementy jako jsou plazmidy nebo
useky DNA, které jsou vloZeny do riiznych lokusti chromozomu. Tyto variabilni ¢asti genomu
mohou byt ptitomné u celé podskupiny populace P. aeruginosa, ale neni vzacné, Ze jSou

pouze zalezitosti jediného kmene (Klockgether J. et al., 2007; Wiehlmann L. et al., 2007).

3.2.1. Klinicky priibéh infekce P. aeruginosa u pacientia s CF

Infekce zptuisobené P. aeruginosa zasadné zhorsuji prognozu pacienta s CF. Chronicka
plicni infekce ma charakteristicky vyvoj. V prvni dekadé pacientova Zivota, nastava obdobi
intermitentni kolonizace P. aeruginosa a teprve Vv pozdéjsim véku dochazi témét u vsech
pacienti K vytvoreni chronické infekce (Johansen H.K. a Hoiby N., 1992). Kmeny
zpusobujici Casné a intermitentni infekce se ¢asto podobaji kmenlim z prostiedi. Tyto kmeny
nejsou mukoidni, obvykle rychle rostou a jsou citlivé na antibiotika (Murray T.S. et al., 2007;

Folkesson A. et al., 2012). Po této docasné fazi postupné¢ dochazi K pfizpusobeni se P.
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aeruginosa prostredi dychacich cest pacienta a rozvoji chronické infekce. Adaptacni zmény
bakterie mohou byt disledkem hypermutaci probihajicich v genomu infikujicich kmend. Tyto
kmeny maji nefunkéni Systém oprav chybného parovani bazi (mismatch repair) (Mena A. et
al., 2008). Vzniklé mutace jsou pak spojeny s celou fadou fenotypovych zmén, jako jsou
zména motility a virulence, zména V citlivosti na antibiotika a produkce velkého mnozstvi
adhezinli, exopolysacharidi a sekundarnich metabolitd (Cramer N. et al., 2011). Jednou
Z Castych mutaci, kterd je asociovana s pfechodem infekce do chronicity, je mutace v genu
mucA. Tato mutace vede K pifechodu nemukoidniho fenotypu v mukoidni v disledku
nadprodukce alginatu (Martin D.W. et al., 1993). Mukoidni varianta P. aeruginosa do zna¢né
miry slouzi jako ukazatel chronické avesmés nevyléCitelné infekce aje spojovana se
zhor$ujici se funkci plic, poSkozenim tkani a tedy s horsi prognézou onemocnéni (Pedersen

S.S. et al., 1992).

3.2.2. Prevalence infekce vyvolana P. aeruginosa a epidemické kmeny

Vétsina specializovanych center se upacientii SCF potykd s vysokou prevalenci
infekci vyvolanych P. aeruginosa, ktera se pohybuje Vv rozmezi 60-80 % (de Vrankrijker
A.M. etal., 2011; Aaron S.D. et al., 2010; Currie A.J. et al., 2003; Kerem E. et al., 1990b).

Do pocatku 90. let minulého stoleti se za hlavni zdroj ndkazy pacienti s CF
povazovalo prostiedi. Pacienti se infikovali unikatnimi, vzéjemné nepiibuznymi kmeny.
Pouze u nepatrné Casti pacienttl, zejména ptibuznych, byl nalezen identicky kmen (Grothues
D. et al., 1988; Kelly N.M. et al., 1982). To, ze ziskani infekce skrze sporadické kmeny
z prostfedi nemusi byt jedinou moznosti ndkazy, poprvé naznacila studie pfedpokladajici
pienos kmenti mezi pacienty s CF na zakladé podobnosti jejich antibiogramu (Pedersen S.S.
et al., 1986). Koncem minulého stoleti se zaaly objevovat prace 0 pfenosnych, vysoce
infek¢nich kmenech, které jsou asociovany S vyraznéjsi antibiotickou rezistenci a horSim
prubéhem infekce (Armstrong D. et al., 2003; Jones A.M. et al., 2001; Al-Aloul M. et al.,
2004; Griffiths A.L. et al., 2005). Obecné lze fici, ze tyto epidemické kmeny jsou schopné
prenosu mezi pacienty S CF a na celkovy stav pacienta maji diky svym vlastnostem vyrazné
negativnéjsi vliv nez kmeny sporadické.

Prvnim epidemickym kmenem P. aeruginosa, jehoz prikaz byl proveden S vyuzitim
molekularné genetickych metod, byl kmen Liverpool Epidemic Strain (LES), ktery byl
nalezen u59 % détskych pacienti s infekci P. aeruginosa navstévujicich liverpoolské
centrum pro lécbu CF (Cheng K. et al., 1996). LES byl nasledné prokéazan i mezi dospélymi

pacienty v Liverpoolu a okoli, ktefi navstévovali centra pro 1é¢bu CF (Panagea S. et al.,
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2003). Dalsi studie ukazaly, ze LES se vyskytuje u nemocnych s CF v jinych centrech naptic¢
Velkou Britanii (Scott F.W. a Pitt T.L., 2004; Chambers D. et al., 2005; Jones A.M. et al.,
2005; Kakinuma Y. et al., 2010) a je tak nejrozsifenéjsim epidemickym kmenem u téchto
pacientl. Prestoze se jednd 0 epidemicky kmen, ktery je pifitomen predevSim V britskych
centrech pro 1é¢bu CF, byl zjistén téz v fad¢ center vV kanadském Ontariu (Aaron S.D. et al.,
2010).

Pocatkem roku 2000 byly ve Velké Britanii popsany dalsi dva epidemické kmeny P.
aeruginosa zpusobujici infekce u pacienti s CF, Midlandsl a Manchester Epidemic Strain.
Midlandsl je druhym nejcastéji se vyskytujicim kmenem po LES (Scott F.W. a Pitt T.L.,
2004; Jones A.M. et al., 2001). Zda se, ze ptitomnost kmene Midlands1, ktery nebyva vysoce
rezistentni K antibiotikim a neni spojen S vyrazné horSi prognézou pacienta, je asociovana
sniz§im vékem pacienta v dobé propuknuti infekce (Chambers D. et al., 2005). Kmen
Manchester Epidemic Strain, ktery je pfitomen pftiblizné¢ u 14 % britskych pacientt s CF, je
naopak charakteristicky svou vysokou rezistenci viac¢i vétsiné antipseudomonadovych
antibiotik (Jones A.M. et al., 2001).

Dalsi epidemické kmeny byly popsany Vv fadé evropskych i mimoevropskych center.
Z evropskych zemi potykajicich se s vyskytem epidemickych kmenG P. aeruginosa lze
jmenovat Dansko a Holandsko, kde doslo k rozsifeni epidemického kmene ziejmé v dusledku
pofadani letnich nebo zimnich tdborl pro pacienty s CF bez ohledu na jejich mikrobiologicky
nalez (Ojeniyi B. et al., 2000; Brimicombe R.W. et al., 2008).

Z mimoevropskych zemi s vyskytem epidemickych kment P. aeruginosa jde o jiz
zminénou Kanadu, kde byl kromé& kmene LES zjistén i epidemicky kmen oznaéeny jako kmen
B, z nichz polovina kment nalezela k ST 439 (Aaron S.D. et al., 2010). V Australii bylo
popsano hned nékolik epidemickych kment, které zodpovidaji za infekce az u 55 % pacientli
s CF (Armstrong D.S. et al., 2002). V roce 2005 pak byla publikovana prace Romling
a kolegt, ktera popsala epidemicky kmen P. aeruginosa (tzv. Klon C), ktery byl zjistén
v n¢kolika centrech v fadé zemi na dvou kontinentech (Romling U. et al., 2005).

3.2.3. Separace pacientii s epidemickym kmenem P. aeruginosa

S vyskytem epidemickych kmenii fada center pro 1écbu CF zavedla pfisny systém
oddéleného sledovani pacienti podle jejich mikrobiologického nalezu a pfitomnosti
multirezistentnich kment, aby tak zabranila moZnému dal§imu Sifeni infekce. Paralelné se

zavadénim hygienicko-epidemiologickych opatieni se zacal klast velky diraz ina Casnou
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a spolehlivou diagnostiku infekce a na provadéni molekularné epidemiologickych Setfeni pro
zjisténi eventudlni pfitomnosti epidemickych kmeni.

Napiiklad v liverpoolském détském centru nedoSlo po zavedeni separace pacientl
na zakladé¢ molekularni identifikace bakterialniho kmene k Zadnému novému ptipadu infekce
kmenem LES (Morris D. et al., 2009). Pokles novych ptipadl infekci epidemickymi kmeny
byl po zavedeni separa¢niho systému zaznamenan iV Australii, kde doslo ke snizeni poctu
takovych infekci zhruba 0 tietinu pfi zachovani poctu novych piipada infekce (Griffiths A.L.
etal., 2012).

| ptes dolozené piipady vyskytu epidemickych kmend P. aeruginosa existuji centra,
kterd molekularné typizacnimi metodami epidemicky kmen nepotvrdila aza hlavni zdroj
nakazy je tedy stdle povazovano prostfedi. Tato centra proto nezavedla separacni systém
pacienti pozitivnich na P. aeruginosa (Smart C.H. et al., 2006). Pokud se vsak epidemicky
kmen objevi, je zavedeni a striktni dodrzovani separa¢niho systému pacientli nezbytné.
K rozhodnuti, zda bude separace pacientii zavedena, je nutna znalost aktualni
epidemiologické situace arozlozeni genotypu izolatl P. aeruginosa ziskanych od pacientd

prislusného centra.

3.3. Komplex Burkholderia cepacia

Jak jiz bylo zminéno V tivodu textu, chronické infekce plic jsou jednim z hlavnich
faktort, které vyrazné pfispivaji ke zhorSovani plicnich funkci atim k celkovému stavu
ze skupiny oznacované jako komplex Burkholderia cepacia (Bcc). Tento komplex zahrnuje
18 validné pojmenovanych druht (tab. 1). Jedna se 0 gramnegativni, aerobni, nesporulujici
ty¢inky, které byly nalezeny v ptd¢, vlhkych prostfedich, vodnich rezervoarech, rhizosféfe
rostlin, primyslovych zafizenich, hospitaliza¢nich centrech, ale i u imunokompromitovanych
pacienta (Uehlinger S. et al., 2009).

Neékteré kmeny Bcc mély diive biotechnologické vyuZiti. Se zvySujicim se vyskytem
fytopatogenli rezistentnich na pesticidy byly Bcc pouZivany jako biologické agens
pii remediaci kontaminované pidy (Govan J.R. et al., 1996). Kmeny komplexu produkuji
fadu antimikrobialnich latek, jako jsou pyrrolnitriny, altericidiny a cepalyciny, které zabranuji
ristu a mnozeni bakterialnich a plisnovych fytopatogeni (McLoughlin T.J. et al., 1992;
Jayaswal R.K. et al., 1993). Maji téz schopnost degradovat slozky pramyslového odpadu
a herbicidy véetn¢ kyseliny 2,4,5-trichlorfenoxyoctové (Kilbane J.J. et al., 1982). Nicméné
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zhruba ve stejné dob¢, kdy bylo navrzeno jejich zemédélské vyuziti, se kmeny Bcc ukazaly
jako mozné oportunni patogeny U imunokompromitovanych pacienti nebo pacientl s CF
(Coenye T. a Vandamme P., 2003; Mahenthiralingam E. et al., 2008; Mahenthiralingam E. et
al., 2005) a od jejich vyuziti v zemé&dé€lstvi se ustoupilo. Klinické projevy infekce zpisobené
Bcc se pohybuji od asymptomatického nosicstvi az po nahlé a tézké septické stavy, které se
oznacuji jako cepacia syndrom. Nasledn¢ se zjistilo, ze vnéjsi prostiedi neni jedinym zdrojem
nakazy, ale ze k pienosu infekce mize dojit i pfenosem z pacienta na pacienta a to i nepiimo
skrze kontaminované plochy a predméty. Diky tomu celila fada center pro lécbu CF
propuknuti epidemii infekci vyvolanych Bcc (Bernier S.P. et al., 2008).

Prestoze vSechny znamé druhy Bcc, kromé B. ubonensis, byly izolovany z pfirodnich
i klinickych zdroju, nejcastéj$imi druhy vyskytujicimi se v klinickém materialu jsou
Burkholderia cenocepacia a Burkholderia multivorans (Coenye T. a Vandamme P., 2003;
Mahenthiralingam E. et al., 2008).

3.3.1. Klasifikace bakterii komplexu B. cepacia

Druhy nalezici do Bcc byly popsany nejprve jako jednotny kmen, rostlinny patogen
zpasobujici hnilobu cibule (Mahenthiralingam E. a Vandamme P., 2005). Fenotypova
rozmanitost izolatd B. cepacia vedla k podrobnym molekularné genetickym analyzam,
pfi kterych bylo zjisténo, 7e do té doby takto oznadované bakterie, patii do né&kolika
fenotypové neodliSitelnych ale genotypové odlisSnych druht, tzv. genomovard. Pivodni druh
B. cepacia byl nejprve rozdélen do péti genomovart (Vandamme P. et al., 1997). Na zaklad¢
analyzy genu recA byl poté genomovar III (pozd€ji pojmenovany jako B. cenocepacia)
rozdélen do ¢tyt podskupin oznacenych IIIA—IIID. S rozvojem sekvenacénich technik byl Bcc
postupné rozSifen na soucasnych 18 druhti (tab. 1) avzhledem ke studiim provadénym
Vv soucasnosti lze predpokladat, ze nejde 0 kone¢ny pocet (Vandamme P. a Dawyndt P.,
2011). Genomovary, tj. provizorni taxony definované pouze genotypové, se postupné
nahrazuji validné pojmenovanymi druhy a to na zakladé podrobného taxonomického popisu,

jenz zahrnuje i diagnostické fenotypové znaky.
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Tabulka 1. Pfehled druhti v ramci komplexu B. cepacia

Burkholderia cepacia Genomovar | (Burkholder W.H., 1950)
Burkholderia multivorans Genomovar (Vvandamme P. et al., 1997)
Burkholderia cenocepacia Genomovar Il (Vandamme P. et al., 2003)
Burkholderia stabilis Genomovar IV (Vandamme P. et al., 2000)
Burkholderia vietnamiensis Genomovar V (Gillis M. et. al., 1995)
Burkholderia dolosa Genomovar VI (Vermis K. et al., 2004)
Burkholderia ambifaria Genomovar VI (Coenye T. et al., 2001)
Burkholderia anthina Genomovar VIl (Vvandamme P. et al., 2002)
Burkholderia pyrrocinia Genomovar IX (Vandamme P. et al., 2002)
Burkholderia ubonensis Genomovar X (Vandamme P. et al., 2002)
Burkholderia latens BCC1 (Vanlaere E. et al., 2008)
Burkholderia diffusa BCC2 (Vanlaere E. et al., 2008)
Burkholderia arboris BCC3 (Vanlaere E. et al., 2008)
Burkholderia seminalis BCC7 (Vanlaere E. et al., 2008)
Burkholderia metallica BCC8 (Vanlaere E. et al., 2008)
Burkholderia lata Skupina K (Vanlaere E. et al., 2009)
Burkholderia contaminans Skupina K (Vanlaere E. et al., 2009)
Burkholderia pseudomultivorans BCC9 (Peeters C. et al., 2013)

3.3.2. Epidemiologie komplexu B. cepacia

Pfenos infekce =z pacienta na pacienta byl popsan U nékolika druhi Bcc.
Epidemiologické studie na konci 90. let 20. stoleti nicméné ukazaly, Ze naprosta vétSina
infekci je zpusobena B. cenocepacia a B. multivorans (Drevinek P. a Mahenthiralingam E.,
2010). Piestoze infekce jakymkoli druhem Bcc je u pacientit s CF obvykle spojovana s té¢Z§im
pribéhem respiracnich onemocnéni ahor§i progndézou zakladniho onemocnéni, B.
pravdépodobnosti vyskytu cepacia syndromu. Tento druh pifedstavuje vysoké riziko
pro pacienty i proto, ze predev§im podskupina IIIA zahrnuje nejvice znamych epidemickych
kmena (Drevinek P.et al., 2005; Speert D.P. et al., 2002; Coenye T. et al.,, 2002).
Nejznaméjsim kmenem nélezicim do této podskupiny je B. cenocepacia ET12 (B.
cenocepacia Electrophoretic Type 12). ET12 zahrnuje, jak bylo zjisténo pomoci MLST,

nékolik kmend zodpovédnych za zavazné infekce a epidemie mezi pacienty v Kanadé, Velké
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Britanii a nékolika evropskych centrech (Mahenthiralingam E. a Vandamme P., 2005). Kromé¢
ET12 patii do B. cenocepacia i epidemické kmeny oznacované podle jejich fingerprintového
profilu jako RAPD typ 01, 04 a 06, které jsou rozsifeny mezi pacienty v kanadskych centrech
(Speert D.P. et al., 2002). Do této podskupiny spada iepidemicky kmen CZI popsany
v Ceské republice (Drevinek P. et al., 2005). Na druhou stranu, mnoho epidemickych kmeni
nepatii vyhradné do podskupiny IIIA. Mezi dominantni kmeny vyskytujicimi se mezi
pacienty v USA patii Midwest clone (Coenye T. et al., 2002)a PHDC (Chen J.S. et al., 2001),
které nalezi do podskupiny B. cenocepacia I1IB (podle genu recA). Jejich vyskyt opét neni
omezen pouze na Spojené staty americké, ale byly zjiStény i mezi evropskymi centry pro
1écbu CF. Prestoze B. cenocepacia zlstava i nadale u pacienti s CF pievazujicim pivodcem
respira¢nich komplikaci (Drevinek P. et al., 2005; Golini G. et al., 2006), existuji centra, ktera
uvadéji zvysenou incidenci infekei a pfitomnost epidemickych kment dalSich druhti Bec jako
jsou B. multivorans (Baldwin A. et al., 2008; Govan J.R. et al., 2007), B. cepacia ptitomného
u vice jak jedné tfetiny portugalskych pacienti s CF (Cunha M.V. et al., 2007). S rozvojem
ptesngjsi a snadnéji proveditelné identifikace a typizace se setkavame s epidemickymi kmeny
B. contaminans dominujicimi v argentinské a $panélské populaci (Martina P. et al., 2013;
Medina-Pascual M.J. et al., 2012).

3.3.3. Epidemicky kmen B. cenocepacia J2315

Prvnim popsanym epidemickym kmenem B. cenocepacia byl jiz zminovany kmen
ET12 (ekvivalentni oznaceni podle MLST je v souCasnosti ST 28). Nejznaméjsi
a nejprostudovangjsi je v ramci ET12 kmenova linie J2315. Tento kmen je stejné jako ostatni
kmeny ET12 charakterizovan pfitomnosti genu cblA pro dlouha vlakna tzv. cable pili, ktery je
specificky pro tuto kmenovou linii (Sajjan U.S. et al., 1995). Dalsim, nikoli v§ak vyhradnim
znakem epidemického kmene je tzv. B. cepacia epidemic strain marker, ktery je soucasti
ostrovu patogenity ozna¢ovaného jako cci (cenocepacia island) (Mahenthiralingam E. et al.,
1997). Kromé¢ téchto charakteristickych markerd l1ze uJ2315 i ostatnich ¢lentt ET12 nalézt
celou fadu dalsich faktor patogenicity (siderofory, hemolytické toxiny, protedzy a systém
quorum sensing) (Mahenthiralingam E. et al., 2005).

Pomoci MLST analyz jednotlivych izolatt J2315, ale i dalSich kmenti B. cenocepacia
patiicich do skupiny IIIA, bylo zjisténo, ze ipies rozdilné profily ziskané pomoci
molekuldré typizacnich technik, které plynou z odliSnosti v genomickém uspotadani, se

na sekvencni irovni DNA jedna o klonalni komplex s vysokou mérou piibuznosti (Baldwin

A. et al., 2005). Bylo rovnéz zjisténo, ze konzervované sekvence genomu J2315 obsahuji
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pouze omezené mnozstvi polymorfizml, ato navzdory odliSnostem ve fingerprintovych
profilech jednotlivych izolatd J2315 (Coenye T. a Vandamme P., 2006). Genetické piiciny
vzniku téchto odliSnosti nejsou zcela objasnény. Z velké Casti 1ze vSak vznik téchto odliSnosti
vysvétlit rekombinacnimi procesy mezi inzerénimi sekvencemi (inzerce, inverze, delece atd.),

které maji za nasledek preskupovani a zmény v ramci t¢hoz genomu (viz nize).

3.3.4. Epidemicky kmen CZ1

Na zakladé vysoké prevalence infekce mezi Ceskymi pacienty byla na zacatku tohoto
stoleti provedena studie, ktera odhalila, Ze pivodci vétSiny infekci zptisobenych bakteriemi
Bcc patii do druhu B. cenocepacia (Drevinek P. et al., 2005). Nasledna podrobna molekularné
typizacni analyza prokazala, ze v ¢eské populaci pacienti s CF cirkuluje epidemicky kmen,
ktery byl oznacen jako CZ1. Tento kmen je ptibuzny s jiz dfive popsanym epidemickym
kmenem ET12 (Drevinek P.et al., 2005). Pomoci MLST (viz nize) bylo poté zjisténo, ze jde
0 sekvenéni typ 32 (ST 32). Stejny ST epidemického kmene byl zjiStén u epidemického
kmene oznaceného dfive jako RAPD 01, ktery byl identifikovan mezi pacienty s CF v Kanadé
I dalich zemich, napf. v Italii, Velké Britanii nebo Francii (Drevinek P. a Mahenthiralingam
E., 2010). Zpisob, jakym se kmeny s ST 32 §ifi, neni znamy. Moznym vysvétlenim je jejich
ptenos z vné¢jSiho prostiedi, nebo moznost ndkazy zdravotnickymi pomuckami, ¢i pfedméty
pouzivanymi bézn¢ pacienty S CF (Drevinek P. a Mahenthiralingam E., 2010). Mozny pienos
prostiednictvim zdravotnickych pomitcek byl podpofen studii uvefejnénou Graindorgem
a kolegy, kteti popsali rozsifeni infekce kmenem s ST 32 mezi sedmi pacienty jednotky
intenzivni péce, ktefi byli napojeni na mechanickou ventilaci (Graindorge A. et al., 2010).
Tato studie potvrzuje vysokou schopnost pienosu arozsifeni infekce i mimo populaci
pacientt s CF (Drevinek P. a Mahenthiralingam E., 2010).

Piestoze kmeny ET12 (ST 28) aCZ1l (ST 32) jsou tzce ptibuzné aoba nalezi
do podskupiny IIIA, jejich MLST profily se lisi ve tfech genovych alelach (Drevinek P. a
Mahenthiralingam E., 2010). Odlisné chovani obou kment lze pozorovat iV podminkach
oxidativniho stresu, kterému byly oba kmeny experimentalné vystaveny a které simulovalo
prostiedi dychacich cest uchronicky nemocnych pacienti sCF (Drevinek P. a

Mahenthiralingam E., 2010) (viz specialni ¢ast).
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3.3.5. Genom komplexu B. cepacia

Bakterie Bcc maji velmi plasticky genom netypicky pro prokaryotni organizmy.
Genom je rozdélen do tii cirkularnich chromozomu a jednoho plazmidu a jeho velikost se
pohybuje v rozmezi 6-9 Mbp (Holden M.T. et al., 2009).

Kompletni sekvenace genomu J2315 byla dokoncena vroce 2003 aukazala, Ze
bakterialni genom obsahuje ptekvapivé velké mnozstvi genomickych ostrovi, které zaujimaji
vice nez 9 % z celkové velikosti chromozomu (Holden M.T. et al., 2009). Na zakladé tohoto
zjisténi se predpoklada, ze genomické ostrovy jsou nositeli vétSiny faktorti virulence a maji
tak kli¢ovou roli v adaptacnich procesech kmene vcetné schopnosti dlouhodobé osidlit
respira¢ni trakt pacientu s CF.

Jednim z téchto ostrovl je BcenGlIl1, dfive oznacovany jako B. cenocepacia island
(cci), ktery je pritomny u vSech epidemickych kment B. cenocepacia (Baldwin A.et al.,
2005). BcenGI11 koduje specifickou oblast, ozna¢ovanou jako B. cepacia epidemic strain
marker (BCESM), kterd se vyuzivd jako ukazatel epidemického potencidlu kmene.
Sekvenacni analyzou bylo zjisténo, ze v BecenGl11 je pfitomna inzer¢ni sekvence ISBcenl4,
jedna z 22 rtznych IS, které se vyskytuji v genomu B. cenocepacia J2315. Sekvencni
analyzou J2315 bylo zjisténo, ze 4 z 22 IS, se vyskytuji ve vice nez jedné kopii. Jde o 1S407
(13 kopii), ISBcen8 (12 kopii), ISBcen9 (9 kopii) a ISBcen20 (9 kopii) (Holden M.T. et al.,
2009).

IS jsou nejjednodussim typem transpozonu, ktery obsahuje pouze gen pro transponazu
ainvertované repetice na svych koncich. IS, maji ipfes svou jednoduchost, schopnost
podporovat genomické pieskupovani jako jsou delece, duplikace, rekombinace a inzerci
do sekvence genu mohou ovlivnit jeho traskrip¢éni aktivitu (Wood M.S. et al., 1991; Miche L.
et al.,, 2001). Piedpoklada se, ze asociace IS s uréitymi geny muze zpusobovat zvySenou
transmisibilitu a patogenicitu daného kmene Bcc. Zvlasté zajimavé jsou aktivni IS, jejichz
transpozice probiha v blizkosti gent, které se podileji na adaptaci bakterie Vv nejriznéjSich
stresovych podminkach prostiedi a jejichz pfitomnost umoziiuje bakteriim vyuzit potencialné
toxické latky jako zdroj uhliku (Hubner A. a Hendrickson W., 1997). Nékteré studie navic
prokazaly, ze pieskupovani IS atim iaktivaci uréitych gend lze vyvolat vin vitro
podminkach atim experimentaln¢ simulovat prostiedi dychacich cest upacientd s CF

(Scordilis G.E. et al., 1987; Wood M.S. et al., 1991; Miche L. et al., 2001).
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3.4. Metody detekce a typizace bakterialnich patogeni

Spravna identifikace a typizace bakterii az na kmenovou ¢i klonalni troven je dulezita
pro presnou diagnostiku, nastaveni vhodné 1écby ike zjisténi epidemiologického obrazu
bakteridlni infekce zejména utéch bakteridlnich druhti, které jsou vysoce odolné vuci
antibiotické 1é¢bé a podileji se na vzniku nosokomialnich infekci. Vhodna typiza¢ni metoda
musi mit vysokou rozliSovaci schopnost (discriminatory power), tj. schopnost odlisit
nepfibuzné kmeny, dostateCnou reprodukovatelnost, tj. poskytnout pii opakovani tentyz
vysledek na vnitrolaboratorni i mezilaboratorni urovni a ma byt snadno implementovatelna
do rutinniho provozu a ekonomicky pfijatelnd (van Belkum A. et al., 2007). Metody
identifikace a typizace se déli na fenotypové a genotypové. Fenotypové metody popisuji
vlastnosti bakterii jako morfologie kolonii na nejrizngjsich kultiva¢nich médiich, vysledky
serologickych a biochemickych testl, patogenita nebo citlivost na antibiotika (Li W. et al.,
2009; Jackson G.W. et al., 2006). Vzhledem k ¢asové naro¢nosti a nedostate¢né rozliSovaci
schopnosti vétsSiny téchto metod doslo v poslednich desetiletich k velkému rozvoji metod
genotypizacnich, které maji oproti fenotypovym metoddm ftadu vyhod véetné vyssi
rozliSovaci schopnosti a reprodukovatelnosti. Umoznuji u kazdého izolatu uréit genotypovy
profil (napt. elektroforeticky fingerprint nebo sekvenéni typ), ktery umoziuje jeho
identifikaci az na troven kmene ¢i epidemického klonu.

Genotypizaéni metody lze rozdélit do tii kategorii. Prvni kategorii tvofi metody
zalozené na tvorbé fragmentd DNA. Zatazeni do typll je provedeno na zakladé rozdilt
ve velikosti DNA fragmentt, které vznikaji amplifikaci genomové nebo plazmidové DNA,
Stépenim DNA pomoci restrikénich enzymii, nebo kombinaci obou technik. ldentifikace
jednotlivych fragmenti je provddéna na bé&Zném agar6zovém gelu nebo pomoci
automatizovanych systémua kapilarni elektroforézy. Do této skupiny patii makrorestrikéni
analyza DNA s naslednou separaci fragmentt v pulznim elektrickém poli (Pulsed Field Gel
Electrophoresis — PFGE), ktera je povazovana za zlaty standard typiza¢nich metod. Metoda je
zalozena na Stépeni genomové bakteridlni DNA restrikénimi endonukledzami, které
rozeznavaji maly pocet mist na chromozomu a vytvati tak velké fragmenty DNA (30-800
kb), které nemohou byt u¢inné oddéleny konvencni elektroforézou. K separaci se vyuziva
elektroforéza se stfidanim sméru elektrického pole. K vyhodnocovani, ptredevsim
U bakteridlnich populaci zplsobujici ¢asové omezené epidemie, lze vyuzit tzv. Tenoverova
kritéria. PFGE lze vyuzit pro jeji rozliSovaci schopnost a reprodukovatelnost pro typizaci fady

béznych patogend (Arbeit R.D. et al., 1990; Tsen H.Y. et al., 2002;Saulnier P. et al., 1993).
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Hlavnim omezenim této metody je ¢asova naro¢nost provedeni (2—4 dny), pomérn¢ nakladné
technické vybaveni a ur¢itd mira subjektivity pfi vyhodnocovani ziskanych profild. PFGE
byla vyuzita k typizaci celé fady patogenti, napt. Klebsiella pneumoniae (Vimont S. et al.,
2008), P. aeruginosa (Grundmann H. et al., 1995) ¢i S. maltophilia (Valdezate S. et al.,
2004).

Dalsi metodou zaloZenou na tvorbé fragmenti DNA je metoda polymorfizmu délky
restrikénich fragmentd (Restriction Fragment Length Polymorphism — RFLP). Vzhledem
K tomu, Ze pfi této metodé jsou pouzivany restrikéni endonukleazy generujici vysoky pocet
fragmentll, Casto se pro analyzu vyuziva hybridizace pomoci DNA sond, jez snizuji pocet
viditelnych fragmenti. Jako ptiklad lze uvést vyuziti sond odvozenych od inzer¢ni sekvence
IS6110 pouzivané jako zlaty standard pro typizaci bakterii Mycobacterium tuberculosis
(Zaczek A. et al., 2013). Variantou RFLP je i ribotypizace, ktera je zalozena na analyze
sekvenci TRNA operonu. Vysledkem je fingerprintovy profil — ribotyp, ktery reflektuje
cetnost rRNA operonti v bakterialnim druhu. Ribotypizace byla vyuzita napf. pii analyze
Listeria monocytogenes (Matloob M. a Griffiths M., 2014) a Vibrio cholerae (Taneja N. et al.,
2012).

Do této skupiny Ize zatadit i metodu amplifikace polymorfnich Gsekit DNA (Random
Amplified Polymorphic DNA assay — RAPD), ktera je zalozena na amplifikaci polymorfnich
usekit DNA pomoci primeru — kratkého oligonukleotidu. Ziskané fragmenty jsou nasledné
rozdéleny elektroforeticky. Jde orychlou metodu, jejiz hlavnim tskalim je nizka
reprodukovatelnost, nebot” i drobné variace v reakénich podminkach mohou vyrazné ovlivnit
vysledek. Proto je metoda vhodna predevsim pro rychlou prvotni analyzu omezeného poctu
vzorkl, nebot’ srovnavani profildi ziskanych pti nezavislych méfeni je nespolehlivé.

DalSimi metodami vyuZivajici amplifikaci DNA anéslednou separaci vzniklych
fragmentl pomoci elektroforézy jsou metody Rep—PCR (Repetitive sequence — based
Polymerase Chain Reaction), BOX-PCR (BOX Polymerase Chain Reaction) a ERIC-PCR
(Enterobacterial Repetitive Intergenic Consensus Polymerase Chain Reaction), kdy jsou uzity
primery komplementarni k opakujicim se usekiim bakterialni DNA, tzv. elementim REP,
sekvencim BOX, nebo sekvencim ERIC. Vyuzivaji se k typizaci prokaryotnich i eukaryotnich
organizmii, mimo jiné i epidemiologicky vyznamnych bakterii Acinetobacter spp. (Versalovic
J. et al., 1991), M. tuberculosis (Cangelosi G.A. et al., 2004), Clostridium difficile (Northey
G. etal., 2005) aj.

Kombinaci $§tépeni DNA restrikénimi endonukledazami a selektivni amplifikaci
vybranych fragmentti vyuziva polymorfizmus délky amplifikovanych fragmentt (Amplified
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Fragments Length Polymorphism — AFLP), ktery zahrnuje nastépeni genomové DNA dvéma
restrikénimi enzymy, ligaci vzniklych fragmentti s koncové specifickymi adaptéry a selektivni
amplifikaci pomoci fluorescenéné¢ znacenych primerd, které jsou komplementarni ke
koncovym adaptértim. Selektivni amplifikaci umoziiuje dodate¢ny nukleotid umistény na 3°
konci primerd. Amplifikuje se tak pfiblizné pouze 1/16 restrikénich fragmentl a tyto
amplikony jsou poté elektroforeticky rozdéleny na polyakrylamidovém gelu. AFLP lze vyuzit
pro studium P. aeruginosa (Knoester M. et al., 2014), Acinetobacter baumanii (Nemec A. et
al., 2008) a Helicobacter pylori (Cellini L. et al., 2006).

Druhou skupinu tvofi metody zalozené na sekvenaci DNA. Typizace je zalozena na
porovnani primarni struktury cilové DNA a jejich polymorfizmt u studovanych izolatd. Tyto
metody mizeme dale dle principu rozdélit na tradi¢ni Sangerovo sekvenovani a sekvenovani
nové generace (Next generation sequencing). Prvni ze zminénych metod je oznacovana jako
dideoxysekvenace nebo enzymova sekvenace, ktera potradi nukleotidi uréuje pomoci detekce
ukonceni prodluzujiciho se vlakna DNA. K tomuto ukonceni vlakna DNA se vyuziva zafazeni
dideoxynukleotidu (ddNTP). Sekvenovani nové generace je zalozeno napiiklad na detekci
a kvantifikaci pyrofosfatu, ktery je uvoliovan b&hem inkorporace nukleotidu pii syntéze
DNA (Ronaghi M. et al., 1998). Sekvenovani vyuziva jak kodujici tak nekodujici oblasti
DNA. Vyhodou sekvenovani je Dbezesporu jeho reprodukovatelnost a moznost
mezilaboratorniho porovnédni diky vefejné pfistupnym internetovym databazim. Metodou
vyuzivajici sekvenovani je i metoda multilokusové sekvenéni typizace (Multilocus sequence
typing — MLST), ktera pifedstavuje postup pro charakterizaci bakterialnich izolati pomoci
amplifikace a nasledné sekvenace nékolika, nejcastéji sedmi, provoznich geni. MLST je
vhodnou metodou pro provadéni dlouhodobych studii zabyvajicich se strukturou bakterialnich
populaci. Zasadni ptednosti MLST je jednozna¢nost a plnéd portabilita dat a moZnost jejich
porovnani se sekvencemi ulozenymi ve vetejnych on—line databazich (http://www.mlst.net;
http://www.pubmlst.org). To umoznuje zafazeni lokalnich dat do SirSiho kontextu
a epidemiologickou analyzu na globalni trovni (Feil E.J. a Spratt B.G., 2001; Maiden M.C. et
al., 1998; Aanensen D.M. a Spratt B.G., 2005).

Posledni skupinu genotypiza¢nich technik tvofi tzv. hybridiza¢ni metody, které
vyuzivaji k vyhledavani mutaci sondy — fluorescenéné¢ znacené tseky DNA o znamé
sekvenci, které jsou komplementarni ke studovanému useku DNA nebo RNA. Sonda muze
hybridizovat s velkym poctem DNA fragmentt, které jsou ve formé sestav — arrayi
usporddany na nosi¢i — membrané (sklenéné, plastové nebo kiemikové desti¢ce, nebo na
nejruznéjSich kovovych slitinach). Na zéklad¢ velikosti a po¢tu DNA fragmenti na nosici
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muzeme tyto sestavy rozli§it na makro- a mikroarraye. Makroarraye obvykle jako nosi¢
vyuzivaji nylonové membrany a obsahuji az 5 000 nosnych mist. Jsou vyuzivany napt. ke
klasifikaci S. aureus (Trad S. et al., 2004) a Corynebacterium diphtheriae (Mokrousov I. et
al., 2009). Naproti tomu mikroarraye jsou efektivnim nastrojem pro zkoumani bakterialnich
transkriptomt (DeRisi J. et al., 2000) a genetické diverzity (Garaizar J. et al., 2006). Na rozdil
od Southern blottingu a makroarrayi, které jsou limitovany poc¢tem sond, nabizi mikroarraye

az n¢kolik desitek tisic sond usporadanych pfimo na jediném cipu.

3.5. Situace v prazském centru pro lé¢bu CF
Prazské centrum pro 1é€bu CF pii 2. LF UK v Praze a FN v Motole je nejvétSim

centrem pro pacienty s timto onemocnénim v CR.

3.5.1. Diagnostika komplexu B. cepacia

Kultivaéni diagnostika bakterii Bcc zalozend na vyuziti selektivniho agaru BCSA
(Burkholderia cepacia selective agar) byla zavedena v tomto centru v roce 1994. Jiz prvni
vysledky signalizovaly zavazny problém. Bylo zjisténo, Zze bakterie, v t¢ dobé oznacovana
jesté jako Pseudomonas cepacia, je pfitomna zhruba u 20 % vSech pacientti s CF. Do roku
2001 bylo mozné potvrdit ptitomnost Bcc pouze kultiva¢nimi technikami, které byly znaéné
slozit¢ a zdlouhavé pro pomaly rist bakterii a zaroveil neumoznovaly druhové roziazeni
izolati. V tomto roce bylo dosazeno vyrazného pokroku V diagnostice implementaci
molekularné genetické diagnostiky z klinického materialu zalozené na polymerazové fetézové
reakci (Polymerase chain reaction — PCR) amplifikujici gen recA. Jde o tzv. nested PCR, pfi
kterém se vyuzivaji dva pary primerQ — vnitini a vnéj$i. V prvnim kole se Vv piipadé Bcc
vyuziva dvojice vné&jSich primerd amplifikujici ¢ast genu recA o délce 1043 bp. V piipadé, Ze
tato ¢ast neni detekovana, pouzije se produkt z prvniho kola jako templéat v druhém kole PCR
s vnitinimi primery, jez amplifikuji oblast o délce 620 bp.

Vyuziti molekularné genetickych metod umoznilo citlivou a ptesnou diagnostiku, jez
oproti kultivaénim postuptim umoziuje zachyt patogenu v klinickém materialu rychleji a uz
pii vyrazné nizsi koncentraci. Kromé piimé detekce bakterii Bcc byly zavedeny i specifické
PCR reakce, které umoziuji néaslednou identifikaci genomovard |az VIII. S narGstajicim
poétem druhti Bcc azavedenim metody MLST do rutinniho provozu vsak pozbyly tyto
druhové specifické PCR vyznamu (viz dale).

Aplikaci nested PCR a druhové specifickych PCR reakci byl potvrzen dominantni
vyskyt genotypu B. cenocepacia subtyp IIA (Drevinek P. et al., 2002). Nasledujici
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molekularné — epidemiologicka typizace prokazala ptrevladajici vyskyt epidemického kmene
CZ1 (Drevinek P. et al., 2005). Toto zjisténi vedlo ke zpfisnéni a dislednému dodrzovani
segregacnich a protiepidemickych opatieni. V klinické praxi to znamenalo nejen dodrzovani
ptisného  hygienicko—epidemiologického rezimu, ale izabranéni kontaktu mezi
nekolonizovanymi a infikovanymi pacienty imezi témi, kteti jsou infikovani odlisnymi

kmeny Bcc.

3.5.2. Diagnostika P. aeruginosa

Podobné jako V ostatnich centrech pro CF je za vysoké procento infekci pacientd
v prazském centru zodpovédna P. aeruginosa. Diagnosticky prukaz tohoto patogenu je stale
postaven na jeho amplifikaci za vyuziti klasickych kultivaénich pid. Na ptelomu let 2003
a2004 byl kultiva¢ni prikaz doplnén 0 ptimou molekularné—genetickou detekci patogenu
Vv klinickém materidlu, jeZ je zaloZena na nested PCR zaméfené na gen pro lipoprotein vnéjsi
membrany — oprL. Tato metoda vSak neposkytovala spolehlivé vysledky a zakladem
diagnostiky tedy inadale zdstalo pravidelné kultivacni vysetfeni. V soucasné dobé se pro
molekularni diagnostiku vyuziva real-time PCR. | pfes vysoky vyskyt infekce P. aeruginosa
mezi ¢eskymi pacienty s CF, doposud chybéla podrobna epidemiologicka analyza zaméfena

na genetickou strukturu a vlastnosti této bakterialni populace.
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CILE

Prvnim cilem bylo rozhodnout, zda se na infekcich pacientti prazského centra pro
1écbu cystické fibrozy podileji epidemické kmeny P. aeruginosa ¢i nikoliv.
K detailnimu  mikrobiologicko—epidemiologickému Setfeni meély byt vyuzity

celogenomové genotypizacni techniky s vysokou rozliSovaci t¢innosti.

Druhym cilem bylo identifikovat bakteridlni izolaty Bcc, ziskané z klinického
materiadlu pacientii s CF, metodou multilokusové sekvenéni typizace (MLST) az na

uroven kmene bez nutnosti kultivacniho zachytu.

Poslednim cilem bylo studium genomt kmentd Beec CZ1, ET12, RAPD 04 a RAPD 06
sohledem na inzeréni sekvence (IS), které mohou byt piicinou odlisnych
makrorestrikénich profilii genomové DNA u izolath se shodnym ST profilem. Reseni
tohoto cile mélo zahrnovat aplikaci vybranych stresovych podminek za ucelem
prokazani pfeskupovani IS v genomu CZ1-1238 a ET12-J2315 a detekci mozného
pfemistovani ISBcen20 mechanizmem ,,cut and paste* v genomu vybraného izolatu

ET12 metodou multiplex—PCR.
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5. MATERIALY A METODY

5.1. Studium vlastnosti a klonalnich vazeb izolati P. aeruginosa ziskanych

od pacientii prazského centra pro lécbu CF

5.1.1. ldentifikace izolata P. aeruginosa, extrakce DNA a vySetfeni citlivosti
na antimikrobni latky

Extrakce bakterialni DNA byla provedena s vyuzitim extrakéniho ¢inidla CHELEX
resin 100 (Bio-Rad, USA). Druhova identifikace vSech 69 izolati P. aeruginosa byla
provedena pomoci API20NE systému (BioMerieux, Francie), kterd byla nasledné potvrzena
pomoci PCR zaméfené na oblast oprL genu (De Vos D. et al., 1997). Minimalni inhibi¢ni
koncentrace antimikrobialnich latek byly vySetfeny mikrodiluéni metodou podle pokynt
CLSI (www.http://clsi.org). Testované antimikrobni latky byly: amikacin, cefepim,
ceftazidim, ciprofloxacin, gentamicin, kolistin, meropenem, netilmicin, piperacilin

a tobramycin.

5.1.2. Analyza genetické diverzity

Pro stanoveni klonalni vazby mezi jednotlivymi izolaty P. aeruginosa byly zvoleny

dv¢ fingerprintové metody, a to AFLP a PFGE.

Polymorfizmus délky amplifikovanych fragmenti — AFLP

Restrik¢ni Stépeni a ligace purifikovanych DNA byla provedena v 10 pl reakéni smési,
ktera obsahovala 50 ng templatové DNA, 1 U EcoRlI (Amersham Pharmacia Biotech),
1 U Msel (New England BioLabs, USA), 4 U T4 DNA ligazy (Amersham Pharmacia), 1x T4
DNA ligaéni pufr, 500 ng BSA, 50 mM NaCl, 2 pmol adapteru EcoRI a 20 pmol adapteru
Msel. Po inkubaci byla smés natedéna 10 mM Tris—HCI, 0,1 mM EDTA (pH 8,0)
do celkového objemu 200 pl. 5 pl takto nafedéné smési bylo pfidano do objemu 10 pl reakéni
smési  obsahujici 20 ng primeru  EcoRl znaCeného pomoci Cy5 (Cy5'—
GACTGCGTACCAATTC 3°), 60 ng Msel+C (5> GATGAGTCCTGAGTAAC 3’, kde cje
selektivni C baze), 1x Taq polymerazového pufru, 1,5 mM MgCl,, 0,2 mM kazdého dNTP
alU polymerazy Goldstar Taq. Amplifikace byla provedena za nasledujicich podminek:
2 min pii 72 °C, 2 min pii 94 °C, poté nasledoval jeden cyklus sestavajici se z 30 s pti 94 °C,

30 spii 65°Ca60 spii 72 °C. Amplifikace pokra¢ovala dal§imi 12 cykly s nasledujicim
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nastavenim: 30 s pii 94 °C, 30 s pfi teploté 0+7 °C niz$i nez byla teplota v predeslém cyklu,
kdy pocatecni teplota v prvnim cyklu byla 64,3 °C a zavére¢na syntéza 60 spii 72 °C.
Nasledovalo dalsich 23 cykla: 30 s pii 94 °C, 30 s pti 56 °C, 60 s pii 72 °C. Zavére¢ny cyklus
se skladal z 10 min p#i 72 °C. PCR produkty byly smiseny s 3 ul formamidu obsahujiciho
045 % dextranové modii a nasledné inkubovany 5 min pii teploté 95 °C a zchlazeny v ledové
lazni. Separace fragmenti byla provedena na vysokorozliSovacim polyakrylamidovém gelu
(Amersham Pharmacia Biotech) pomoci automatizovaného systému ALF express.
Elektroforetogramy tvofené fragmenty Vrozmezi velikosti 50-500 bp byly analyzovany
softwarem Bionumerics 4.6 (Applied Maths, Belgie). Kritériem podobnosti profila AFLP byl
Personuv korelacni koeficient. Konstrukce dendrogramu byla provedena shlukovou metodou
Unweighted Pair Group Method with Arithmetic Mean — UPGMA.

Makrorestrikéni analyza s naslednou separaci v pulznim elektrickém poli - PFGE

Klonélni piibuznost jednotlivych izolati byla zaroven stanovena pomoci Stépeni
bakterialni DNA restrikéni endonukleazou Spel anaslednym separovanim vzniklych
fragmentd v pulznim elektrickém poli.

Vzorky byly naockovény ze zamrazené kultury nebo cerstvého vzorku na plotny
strypton-sojovym agarem (TSA; Sigma — Aldrich, Némecko) a inkubovany
pii 37 °C po dobu 24 h. Poté byly pteo¢kovany a subkultivovany v TSB pii 30 °C po dobu
dalsich 24 h. 500 ul narostlé bujonové kultury bylo centrifugovano 2 min pii 4000 rpm. Po
odliti supernatantu byla peleta resuspendovana v 500 ul promyvaciho roztoku (1 M TRIS
s 6% roztokem NaCl); promyti bylo opakovano celkem 4x. Poté byla provedena adjustace
bunééné suspenze pii vinové délce 600 nm na optickou denzitu (OD) 1,0. 200 pl
standardizované suspenze bylo smichano s 200 ul 2% agarozy (Agarose TypeVIl, Sigma,
USA), vytemperované na 45 °C, smés byla ptenesena do specialnich formicek pro ptipravu
diskit a ponechana cca 10 min ztuhnout v chladniéce. Ze vzniklych diskd byl ufiznut maly
prouzek, ktery byl lyzovan 5 h pfi teploté 37 °C v 1 ml roztoku obsahujiciho 1 M Tris (pH
8,0), 1 M NaCl, 0,5 M EDTA, 0,2% deoxycholat sodny (Sigma), 0,5% N-lauroyl sarkosinu
sodného (Sigma) a1 mg lysozymu (Sigma). Nasledné byla provedena lyze v 1 ml roztoku
slozeného z0,5M EDTA, 1%N-lauroyl sarkosinu almg proteinazy K (Sigma,) pfii
65 °C ptes noc. Po zlyzovani byly jednotlivé disky pétkrat promyty v roztoku Tris (pH 8,0),
0,5M EDTA za stalého tfepani po dobu 30 min. Bakterialni DNA zalitd do agar6zovych
diskti byla nastépena pomoci restrikéniho enzymu Spel (30U/disk; New England Biolabs,
UK) pfi teploté 37 °C po dobu 24 h. Separace fragmentti probihala na 1,2% gelu SeaKem LE
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agardzy (Calbrex, USA) v 0,5 x Tris—borat EDTA pufru (TBE). Nejprve bylo piipraveno
2,1 litru 0,5 x TBE. Z tohoto mnozstvi bylo 100 ml pouzito na rozpusténi 1,2 g agardzy. Hotova
agaroza byla ponechana ve vodni lazni pti 50 °C. Nastépené disky byly vyjmuty ze smési
s restrik¢éni endonukledzou a opatrné osuSeny savym materidlem. Pak pomoci klicky a kryciho
sklicka byly polozeny na hieben elektroforézy a ponechany cca 10 min. Do prvni a posledni
pozice hfebenu byl umistén velikostni marker. Poté byl hieben polozen na formu gelu a zalit
temperovanou agarézou. Jamky vzniklé po vyjmuti hiebenu byly zality uchovanym zbytkem
agarozy. Gel byl po dokonalém zatuhnuti (cca 30 min) vyjmut z formy avlozen do
elektroforetické vany. Vzniklé fragmenty byly separovany pomoci pfistroje CHEF-DRIII
(BioRad, USA) pii 14°C po dobu 20 h. Separa¢ni podminky PFGE byly nasledujici: Switch
time: 5-35 s, doba separace 20 h, voltaz 6 V/cm a thel 120°.

Po separaci byl gel barven vroztoku TBE s piidavkem 1 pl ethidium bromidu
(vysledna koncentrace ethidium bromidu byla 1 pl/ml) po dobu 20 min a oplachovan cca
5 min ve vodé. Dokumentace vysledki byla provadéna pomoci digitalniho fotografického
ptistroje. Velikost jednotlivych pruht v profilu kazdého izoladtu byla adjustovana podle
velikostniho markeru, ktery byl separovan na gelu spolecné se vzorky. Profily jednotlivych

izolatl byly vzajemné porovnany vizudlné.

5.2. ldentifikace a typizace bakterii komplexu B. cepacia pomoci MLST
Z klinického materialu pacientii s CF bez nutnosti kultivacni

pozitivity

5.2.1. MLST

Bakterialni DNA byla ze sputa izolovana pomoci kitu Amplicor Respiratory Specimen
Extraction kit (Roche, USA). Cely postup se skladal z nested PCR reakce, ptecisténi PCR
produktli, nasledné sekvenacni reakce, opétovného piecisténi a vlastni separace na kapilarni
elektroforéze. Reakéni smés pro prvni kolo PCR 0 objemu 20 pl obsahovala: 2,0 mM MgCl,
(Qiagen, Némecko), 0,2 mM kazdého dNTP (Qiagen), 10 pmol amplifika¢niho primeru pro
kazdou alelu (BioTech, Ceska republika), 1x Q — solution (Qiagen), 0,75 U Taq polymeraza
(Qiagen) a1 ul vyizolované bakterialni DNA. Amplifikace byla provedena na termocycleru
TGradient termocycler (Biometra, Némecko) za nasledujicich podminek: pocatecni
denaturace 5 min pfti 96 °C, nasledné 30 cykli: 30 s pti 96 °C, 30spii55°Ca2min
pii 72 °C. Interni fragmenty DNA byly amplifikovany v druhém kole PCR, pii kterém byly

-34-



Materialy a metody

pouzity stejné chemikalie jako Vv kole prvnim, kromé& amplifikacnich primert. Jako templat
byl pouzit 1 ul PCR produktu z prvniho kola. Amplifika¢ni profil druhého kola PCR byl
nastaven takto: po¢ate¢ni denaturace 5 min pii 96 °C, nasledovana 35 cykly skladajicimi se z
15 spii 96 °C, 30 spii 60 °C, kdy vkazdém nasledujicim cyklu byla teplota sniZena
00,5°C az na konecnou teplotu 55 °C, ktera byla zachovéna po zbyvajici pocet cykli,
45 s pii 72 °C a 10 min pti 72 °C.

Ziskané¢ PCR produkty byly pfeciStény pomoci Agencourt Ampure robotem Biomek
3000 (oboji Beckman Coulter, USA). Nasledovala sekvena¢ni reakce, ktera byla provedena
pomoci BigDye Terminator 3.1 (Life Technologies, USA). Reak¢ni smés 0 objemu 10 ul
a obsahovala 0,625 pM sekvenacni primeru, 1X sekvenacni pufr, sekvenacni smés BigDye
Terminator 3.1a2 pul precisténého PCR produktu. Sekvena¢ni program byl nasledujici:
1 minpfti 96 °C, 25 cykla: 10 s pii 96 °C, 5 s pfi 55 °C, 4 min pii 60 °C a zavérecna syntéza
7 min pti 72 °C. Poté byla sekvenacni reakce piecisténa robotem Biomek 3000 pomoci
Agencourt CleanSeq (Beckman Coulter) asekvenaéni produkty byly separovany
v genetickém analyzatoru abi 3130x| (Applied Biosystems, USA). Vysledné sekvence byly
analyzovany pomoci programt PreGap4 a Gap4 (Staden Package, UK).

5.3. Studium inzer¢nich sekvenci u B. cenocepacia a vliv

stresovych podminek na jejich preskupovani

5.3.1. RFLP a Southern hybridizace

Pro analyzu byla vyuZita genomickd DNA ziskanid extrakci pomoci sklenénych
kulicek (Mahenthiralingam E. et al., 1996). Pfiblizn¢ 1,5 pg bakterialni DNA bylo $tépeno
pomoci enzymu EcoRI (80U/vzorek; Promega, USA) po dobu 4 h. Nastépena DNA byla
separovana na 1% agar6zovém gelu po dobu 15 h pfi napéti 0,8 V/cm a nasledné pienesena na
nylonovou membranu.

Digoxigeninem znacené hybridiza¢ni sondy specifické k jednotlivym IS — 1SBcenZ20,
ISBcen8, ISBcen9 a IS407 byly amplifikovany pomoci primert uvedenych v tabulce 2.
Reakéni smés byla pfipravena v objemu 25 pl a obsahovala 1x PCR znafeny mix (Roche
Applied Science, USA), 1x PCR pufr (Promega, USA), 1,5 uM MgCl,, 1,5 uM kazdého
dNTP alU Taq polymerazy. Amplifikacni podminky byly shodné s podminkami
pro multiplex PCR. Hybridizace a detekce vyslednych profila byla provadéna dle doporuceni
vyrobce Roche Applied Science (USA). Do kazdé reakce byla pfidana hybridizacni sonda
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v koncentraci 20 ng/ml ahybridizace probihala pii 50 °C pfes noc. Analyza vzajemné
podobnosti jednotlivych profild provedena pomoci programu GelCompare Il Software
(Applied Maths).

Tabulka 2. Primery vyuZité pfi RFLP

Hledana IS Typ primeru Sekvence (5°- 37) Velikost produktu (bp)
ISBcen20 Forward TGATCGAGCCGTTATTGC 736
Reverse GCAGCAACCGAGTTTGAG
ISBcen8 Forward GACGTCGCAAAAGCTCAC 842
Reverse GCGACCTTGGACAGTTTG
ISBcen9 Forward CGCAATGCCAAAAACACC
Reverse TTGATGCGCTCCGTGATTG 953
1S407 Forward GGTTCAGTGATGCGTCGT 1016
Reverse GGAAAGCGGCAGGAGTAT

5.3.2. Vystaveni bakteridlnich izolati uéinkiim sériového pasazovani

Pro posouzeni stability ISBcen20 béhem rlstu byl izoldt kmene CZ1 nejprve
naockovan do LB média a kultivovan pii 37 °C pfes noc. Poté byly bakterie vysety na agar
LB a opét kultivovany pies noc. Z narostlé kultury byly jednotlivé kolonie zaockovany do LB
média a kultivovany pti 37 °C ptes noc. Cyklus byl opakovan minimaln€ osmkrat pro ziskani
derivath kmene CZI1. Ziskané kolonie byly po prob&éhnuti cyklu napéstovany a zamraZeny

Vv kultiva¢nim médiu s ptidavkem dimethylsulfoxidu (DMSO).

5.3.3. Expozice bakterialnich izolati u¢inkim peroxidu vodiku

Studium vlivu oxidativniho stresu na plasticitu genomu bylo provedeno na izolatech
kmeni CZ1 aJ2315. Tyto izolaty byly péstovany v LB médiu pti 37 °C za stalého tfepani
do denzity 5x10% bungk. Poté byly sklizeny a centrifugovany pii 1500 x g po dobu 5 min.
Peleta byla resuspendovéana v 3 ml bazalniho solného média obsahujiciho 22 mM glukozy,
0,05 % kasaminokyseliny a subinhibi¢ni koncentraci peroxidu vodiku (v ptipadé CZ1 0,01%,
u J2315 0,1%). Inkubace bakterialni kultury byla provedena do nartstu OD 0,6 (mé&feno pfi
vinové délce 600 nm). Narostlé kultury byly sériové natedény a vysety na TSA. V piipadé
kmene CZ1 bylo pro dalsi studium vybrano a kultivovano celkem sedm kolonii, které byly
nasledné napéstovany a zamrazeny V kultivaénim médiu s ptidavkem DMSO. U kmene J2315
byly jednotlivé kolonie pieockovany do 96—jamkové desky obsahujici 150 ul LB média,
kultivovany pti 37 °C ptes noc a zamrazeny V kultivaénim médiu s ptidavkem DMSO.
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5.3.4. Vystaveni bakterialnich izolati podminkam teplotniho Soku

Studium vlivu teplotniho Soku na stabilitu IS v bakteridlnim genomu kmene CZ1 bylo
provedeno tak, Ze pfes noc narostlé bakteridlni kultury byly ponechany ve vodni lazni
pti teploté 42 °C po dobu 30 min. Nésledn¢ byly kultury sériové nafedény a vysety na TSA.
Po kultivaci ptes noc pti 37 °C bylo vybrano sedm individualnich kolonii, které byly

napéstovany a zamrazeny V kultivaénim médiu s pfidavkem DMSO.

5.3.5. Makrorestrikéni analyza s naslednou separaci v pulznim
elektrickém poli — PFGE

Metoda PFGE byla provedena dle diive publikovaného protokolu (Drevinek P.et al.,
2005). Celogenomova DNA zalita do 2 % agar6zy S nizkou teplotou tani, byla ptes noc pii
teploté 37 °C Sté€pena pomoci endonukledzy Spel (3U/vzorek). Poté byly jednotlivé fragmenty
separovany na 1,2% gelu v pulznim elektrickém poli po dobu 24 h. Separa¢ni podminky byly
nastaveny na napéti 6 V/cm a switch time 1-40 s po dobu 10 h a30-90 s po dobu 14 h.
Vysledné restrikéni profily byly porovnany pomoci softwaru GelCompare I1.

5.3.6. Detekce I1SBcen20 u kmene J2315

Detekce vSech deviti kopii ISBcen20 v genomu J2315 byla provedena pomoci
univerzalniho forward primeru v kombinaci s jednim zreverznich primert, které byly
specifické pro jednotlivé IS (tab. 3). Primery byly navrzeny pro moznou detekci IS pomoci
multiplex PCR. Detekce vSech deviti IS byla rozdélena do tii multiplex PCR, kdy v prvni
PCR reakci byla detekovana inzeréni mista IS 1, 4 a 7 v druhé inzeréni mista IS 2, 5a 8 a ve
tieti reakci zbyvajici mista pro 1S 3, 6 a 9. DNA byla izolovana pomoci 5% chelexu (BioRad).
Reakéni smés pro vSech devét IS byla piipravena v objemu 20 pl s vyuzitim reagencii Kitu
Taq core (Qiagen) obsahujici 1x PCR pufr, 1x Q roztok, 3,7 mM MgCl,, 0,2 mM kazdého
dNTP, 0,75 U Taq polymerazy a forward a reverse primery v koncentraci uvedené v tab. 3.
Amplifikace byla provedena na termocycleru Dyad DNA engine thermal cycler (BioRad)
S nasledujicim nastavenim programu: 5 min pii 94 °C, 30 cykli: 30 spti 94 °C, 30 s pii
60 °C, 45 s pti 72 °C, zavérecna syntéza 5 min pti 72 °C. Separace amplikonl byla provedena

na 2% agarézovém gelu v TBE.
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Tabulka 3. Prehled primer( pouZitych pfi multiplex PCR

Varianta .y Veli!< ost Koncentrace Cis:Io
1SBcen20 Sekvence (5°-3°) amplikonu primeru (uM) multiplex
(bp) reakce

1 (BCALO573) AGGAAATCGCCGCGATTC 322 1 M1
2 (BCAL1125) TCTCGAACTGGAAGTGCC 387 0,75 M2
3 (BCAL1133) TCCGACGAAAGGGTGACAC 491 0.4 M3
4 (BCAL2480b) TCGAACCGGAACTTCTCC 557 1 M1
5 (BCAL2496) CAGACTGGGTTGATCGAG 639 1,5 M2
6 (BCAL3126b) TCTCCTTGTCGAGTCGAC 725 1.25 M3
7 (BCAL3484) TTCGATCCTGCGTTCGAC 821 1 M1
8 (BCAM1906) TGCAGAAGCAAGGGCATC 896 1,5 M2
9 (BCAM1925) TCAGTTGTTCCGATGCCTG 944 1,75 M3
Forward primer TCAGTTGTTCCGATGCCTG
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6. VYSLEDKY

6.1. Studium vlastnosti a klonalnich vazeb izolatu P. aeruginosa

ziskanych od pacientii prazského centra pro lécbu CF

Poté, co byl mezi pacienty prazského centra pro CF zjistén epidemicky kmen
B.cenocepacia CZ1 (Drevinek P. et al., 2005), jsme se zaméiili na epidemiologii infekci
vyvolanych P. aeruginosa. Piestoze prevalence téchto infekci mezi pacienty centra dosahovala
témet 40 %, nebyla doposud provedena detailni mikrobiologicko-epidemiologicka analyza
kmeny, ¢i zda jde o infekce vyvolané sporadickymi kmeny. Proto jsme se rozhodli provést
detailni genotypizaci izolati ziskanych od téchto pacientli, a to za vyuziti vysoce citlivych
fingeprintovych metod AFLP aPFGE. U vsech izolati byla téz vysetfena citlivost na

protipseudomonadova antibiotika.

6.1.1. Vzorky pacientii s CF infikovanych P. aeruginosa

Do studie bylo zafazeno 225 z celkem 264 pacientd sledovanych v prazském centru pro
CF. Téchto 225 pacientd predstavovalo 52 % vsech potvrzenych nemocnych s CF v Ceské
republice. V&k pacienti zaclenénych do studie se pohyboval vrozmezi 8 az22 let. Do
studované¢ho souboru nebyli zafazeni pacienti, ktefi nevykasSlavali sputum, nenavstévovali
centrum pravidelné po dobu delsi nez jeden rok nebo nespolupracovali. Vzorky sput od 86
pacient (38 % z celkovych 270 pacientil) byly na piitomnost P. aeruginosa jednoznaéné
pozitivni. Celkem byly analyzovany vzorky sput od 69 pacientl pfedstavujici vétsinu (80 %)
pacientit kolonizovanych P. aeruginosa, ktefi byli v dané¢ dob¢ 1éCeni Vv prazském centru. Od
kazdého z téchto 69 pacientli byl odebran jeden vzorek sputa. Dale pak byl od 19 nahodné
vybranych pacientd odebran i druhy vzorek sputa. Casové rozmezi mezi odbéry materialu se

pohybovalo mezi dvéma a sedmi mésici.

6.1.2. AFLP

Piibuznost jednotlivych izolati byla nejprve posouzena pomoci metody AFLP (viz
5.1.2.). V prvnim kroku byla definovana hladina podobnosti, na niz lze spolehlivé odlisit
genotypové rozdilné a tudiz epidemiologicky nesouvisejici izolaty. K tomu jsme pouzili soubor
zahrnujici subkultury téhoz kmene a nékolik skupin (izogennich) izolati ziskanych vzdy od
téhoz pacienta. Na zakladé téchto méfeni byla tato hranice stanovena na 85 % (izolaty s touto a
niz8i podobnosti profil AFLP jsou genotypové a epidemiologicky odlisné).
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Obr. 1 ukazuje vysledek shlukové analyzy profili AFLP 69 studovanych izolati. Na
zvolené hladiné podobnosti bylo rozliseno 44 izolati s unikatnim profilem adevét shluku
oznacenych 1-9. Shluky 1 a 2 obsahovaly po péti izolatech, shluk 3 tii izolaty, zatimco kazdy ze
zbyvajicich Sesti shluki zahrnoval po dvou izolatech. Vysoka rozmanitost genotypti AFLP
zustala zachovana i pfi relaxaci kritéria pro rozliSeni neptfibuznych kmenti. Po sniZeni mezni
podobnosti na 80 % byl analyzovany soubor roz¢lenén na 39 unikatnich izolati a 12 shluki
obsahujicich po dvou az péti izolatech. To znamena, Ze vice nez polovina pacienti ze
studovaného souboru byla infikovana jedineénym kmenem, zatimco proporce pacienti
s klonaln¢ pribuznymi izolaty (pfedstavujicimi pravdépodobné tentyz kmen) dosahla maximalné

7 % (pét izolath ve shluku 1 nebo 2).

6.1.3. Makrorestrik¢éni analyza s naslednou separaci v pulznim elektrickém poli

Celkem 64 z 69 izolatt P. aeruginosa studovanych AFLP bylo analyzovano téz pomoci
makrorestrikéni analyzy (viz 5.1.2.) P&t izolath nebylo z technickych duvodu do této analyzy
zatazeno (vesmé&s z divodu opakované neéitelnych fingerprintd). Vysledky makrorestrikéni
analyzy ilustrované na obr. 2 potvrdily vysokou genotypovovou rozmanitost izolatt. VéEtSina
profilll se navzajem lisila ve vice nez Sesti prouzcich, coz pfi aplikaci kritérii podle Tenovera
F.C. et al. (1995) vylucuje bezprostiedni epidemiologickou vazbu. Oproti tomu izolaty, které
tvofily shluk podle AFLP, mély i vzajemné shodné nebo velmi podobné profily. Vzhledem
k publikovanym pracim popisujicim koinfekci pacienta nékolika odlisnymi kmeny P. aeruginosa
(Van Daele S.G. et al., 2005; Van Daele S. et al., 2006) byla provedena makrorestrikéni analyza
u dalsich izolati ziskanych od 19 pacientti nahodné vybranych z 64 osob, jejichz izolaty byly
vysetieny dfive. Casovy rozestup mezi odbérem prvniho a druhého vzorku byl dva az sedm
meésict. U 15 pacienti mély prvni a druhy izoldt shodny nebo velmi podobny profil.
Ve zbyvajicich ¢tyfech ptipadech byly nalezeny zcela odlisné profily. Profily téchto izolatd se
nepodobaly navzajem, ani neodpovidaly Zadnému z vySe zminénych shlukd genotypové
podobnych izolatd. |kdyz neni jasné, zda heterogenita mezi izolaty téhoz pacienta odrazi
perzistentni koinfekci dvéma kmeny nebo nahradu jednoho kmene jinym, toto zjisténi dale
svéd¢i o vysoké heterogenité studované populace P. aeruginosa a nezavislém pavodu kmend

infikujicich pacienty s CF.
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Obrazek 1. Dendrogram profild AFLP 69 izolatl P. aeruginosa od ceskych pacientli s CF. Shluky jsou
definovdny na 85% hladiné podobnosti. Jako referencni kmen P. aeruginosa byl pouzit kmen ATCC
27853. Zkratky: Am, amikacin; Ci, ciprofloxacin; Cf, cefepim; Ct, ceftazidim; Ge, gentamicin; Me,
meropenem; Ne, netilmicin; Pi, piperacilin; To, tobramycin.

M-



Vysledky

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 M

C I

s
B N
I'n

mie

-
-
R
el
b
-
e
-

f
—
—
-
L]

Cage
e
rm
it

p
L 4
L 4
L 4

AFLP AFLP AFLP

shluk 3 shluk 2 shluk 1
Ob

Obrazek 2. Makrorestrikéni profily ziskané stépenim genomové DNA izolatl P. aeruginosa pomoci Spel.
V pozici 2 az 8 jsou zobrazeny izolaty, které dle AFLP nejsou geneticky pfibuzné, zatimco sloupce 9 az 20
predstavuji izolaty, které spadaji do tfi odliSnych AFLP shluku. Poradi jednotlivych vzork(: 1, NIPH 2498;
2 — NIPH 2420, 3 — NIPH 2440, 4 — NIPH 2493, 5 — NIPH 2492, 6 — NIPH 2439, 7 — NIPH 2428, 8 — NIPH
2423,9 — NIPH 2483, 10 — NIPH 2482, 11 — NIPH 2415, 12 — NIPH 2448, 13 — NIPH 2461, 14 — NIPH 2458,
15— NIPH 2470, 16 — NIPH 2414, 17 — NIPH 2442, 18 — NIPH; 2426, 19 — NIPH 2469, 20 — NIPH 2425;

M, velikostni marker Lambda (48.5 kb konkatemer).
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6.1.4. VySetfeni antibiotické citlivosti P. aeruginosa

Citlivost 69 studovanych izolati na protipseudomonadova antibiotika (viz 5.1.2.) shrnuje
obr. 1 a tab. 4. Vysledky ukazaly neocekavané nizky vyskyt rezistence k antimikrobnim latkam,
jez jsou primarné ucinné na P. aeruginosa. Tii ¢tvrtiny izolati byly plné citlivé. Nejéastéji se
vyskytla rezistence k ciprofloxacinu (11 izolatt) a ke gentamicinu (10 izolati, z nichz devét bylo
soucasn¢ rezistentnich k netilmicinu). Jenom sest izolatt bylo multirezistentnich, tj. rezistentnich
k latkdm reprezentujicich minimalné¢ dvé chemicky odlisné skupiny antibiotik (napft.
aminoglykozidy a chinolony nebo beta-laktamy) a pouhé dva izolaty byly rezistentni
k zastupctim tii skupin. Zadny kmen nebyl rezistentni ke kolistinu, ktery je v soucasnosti
nejucinnéjsi klinicky pouzitelnou latkou v 1é¢b¢ infekci vyvolanych multirezistentnimi kmeny P.
aeruginosa. Jak ukazuje obr. 1, shluky definované AFLP vesmés zahrnuji plné citlivé izolaty.
Pokud se ve shluku objevila rezistence, nikdy nebyla kvalitativné shodna u vsech izolatd. Jde o

dalsi potvrzeni kmenové heterogenity studované bakterialni populace.

Tabulka 4. Citlivost 69 izolat( P. aeruginosa na antibiotika

Antibiotikum Proporce citlivych kment
Amikacin 96 %
Cefepim 96 %
Ceftazidim 94 %
Ciprofloxacin 84 %
Colistin 100 %
Gentamicin 86 %
Meropenem 96 %
Netilmicin 87 %
Piperacilin 96 %
Tobramycin 96 %
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6.2. ldentifikace a typizace bakterii komplexu B. cepacia pomoci MLST

Z klinického materialu pacientii s CF bez nutnosti kultivacni pozitivity

Po provedeni studie zabyvajici se charakteristikou a typizaci bakterii P. aeruginosa, jsme
se zamé&fili na problematiku pifimé detekce Bcc. Prestoze byly navrzeny protokoly pro
molekularn¢ genetickou detekci nékterych druhtt Bcc (Drevinek P. et al, 2008;
Mahenthiralingam E. et al., 2000), nebyl v praxi Laboratofe molekularni genetiky (LMG), ktera
provadi vySetfeni vzorkG pacienti s prazského centra pro CF pro prikaz a typizaci
gramnegativnich patogenti, vyuzivan detekcni postup, ktery by umoznoval identifikaci vsech
druhti v ramci komplexu. Zavedeni sekven¢ni analyzy sedmi provoznich geni metodou MLST,
jez umoziuje prifadit ST ke kazdému izolatu, by umoznilo jednozna¢nou a robustni identifikaci
vSech druhi komplexu vcetné nové popsanych. Nespornou vyhodou vyuziti molekularné
genetickych metod k detekci Bcc je vysoka citlivost, ktera umoznuje zachyt minimalniho
mnozstvi bakterie ve vzorku a tim odhaleni infekce fadové 0 tydny az mésice diive, nez dojde
Kk potvrzeni infekce kultivaénimi technikami. V pribéhu vySetfovani vzorku od pacientu s CF
jsme se nékolikrat setkali se situaci, kdy mél pacient pozitivni nalez Bcc potvrzeny pomoci PCR,
ale kultivacné se pozitivita neprokazala z divodu nizkého, nekultivovatelného mnozstvi bakterie
ve vySetifovaném materialu. V takovém ptipadé nebylo mozné provést kompletni identifikaci
izolatu az na Groven kmene z divodu nedostupnosti bakterialni kultury umoznujici provedeni
genotypiza¢nich metod RAPD a PFGE. Resenim bylo zavedeni takové metody, kterd umoziuje
identifikovat i typizovat kmen ptimo z klinického materialu i tehdy, kdy je kultiva¢ni prikaz
negativni. Rozhodli jsme se tedy pro zavedeni nested PCR amplifikace a sekvenace typu MLST.
Pro dosazeni stejné citlivosti metody MLST, jako byla dosazena u diive publikovaného a rutinné
vyuzivaného dvoukolového nested—PCR (Drevinek P. et al., 2002), byl pivodni protokol pro
MLST Bcc (Baldwin A.et al., 2005) modifikovan a piepracovan do nested PCR formatu.
Primery, které v plivodnim protokolu byly pouzity jako primery sekvenacni, byly v nasi apraveé

pouzity i jako interni primery druhého kola nested PCR.

6.2.1. Soubor testovanych vzorku komplexu B. cepacia

Ovéteni pouzitelnosti MLST pro pfimou detekci Bcc z klinického materidlu bylo
provedeno na 23 vzorcich sput ziskanych od 17 ruznych pacienti s CF, u kterych byla v
predchozich vysetfenich prokdzana infekce zptisobena nékterym z druhtt Bee (u 10 vzorka byla

soucasn¢ prokazana pozitivita na ptitomnost P. aeruginosa). Druhové slozeni infikujicich kment
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pfitomnych v testovanych sputech, urcené na zdkladé specifickych PCR zaméfenych na
polymorfizmy genu recA, bylo nasledujici: 10 vzorku s B. cenocepacia IlIA, dvavzorky s B.
cenocepacia IlIB, ¢tyfi vzorky s B. multivorans, tii vzorky B. stabilis a étyfi vzorky s Bcc,
u nichZ se nepodafilo stanovit druhovou pfislu$nost. Dle vysledki kultivace a nested—PCR bylo
sloZzeni testovanych sput nasledujici: 8 sput bylo kultivacné pozitivnich, 15 kultivacné
negativnich; 9 sput bylo pozitivnich na Bcc v prvnim kole nested—PCR, 14 sput pak pozitivnich
na Bcc pouze v druhém Kole.

Nami navrzené vysetfovaci schéma klinického materidlu pro pfimou Bcc pomoci MLST
ptekonalo pivodné pouzivané schéma nested—PCR a druhové specifickych reakcich zalozenych
na polymorfizmu genu recA. Navrzenym protokolem se podafilo ur¢it druhovou piislusnost
infikujicich kment v ramci Bcc u v8ech 23 analyzovanych vzorkid sput véetné téch, které byly
kultiva¢né nedetekovatelné a negativni po prvnim kole PCR. Charakteristika jednotlivych vzorka
a sumarizace vysledktu jsou uvedeny vtab. 5. V pifipadé negativniho vysledku v prvnim kole
PCR reakce, byl vzorek v druhém kole testovan na vyskyt vSech sedmi alel. Celkem tedy bylo
provedeno 161 reakci a pouze jedna reakce opakované neposkytla relevantni vysledek. Jednalo
se oreakci pro detekci alely phaC uvzorku 5443, nicméné ST typ infikujiciho kmene byl
stanoven analyzou jiného vzorku pacienta.

Pomoci MLST se podatilo uréit i druhovou ptislusnost kment ptitomnych ve ¢tyfech
vzorcich sputa (vzorky pacienti 9 a 10), u kterych nested-PCR nebyla uspésna,
nebo neposkytovala jednozna¢ny vysledek. V ptipadé vzorkt 4871 a 5445 nebyla, ani ptes
opakované testovani, druhova pfislusnost bakterialniho kmene pomoci druhové specifickych
reakci stanovena akmeny pfitomné ve vzorcich 4941 a 5315 byly zafazeny do druhu B.
cenocepacia. Provedenim MLST byl ve vSech téchto vzorcich sput identifikovan ST 102, ktery
nalezi do B. contaminas: Navic v pfipad¢ izolatd 4871 a 5315 byla odhalena koexistence dvou
riznych ST typd — ST 102 a ST 482, tedy dva rizné kmeny druhu B. contaminans. Tyto dva
kmeny se vzajemné liSi sekvencemi ve vSech sedmi alelach vySetfovanych provoznich gent,
pticemz polymorfizmus alely genu gyrB je nejvyraznéjsi — je patrny hned v 18 rtznych
nukleotidech. Pfitomnost dvou riznych nukleotidl v alele je ukdzéna na obr. 3, kde jsou jasné
rozeznatelné dva piky predstavujici pfitomnost dvou rozdilnych nukleotidi na dané pozici.
Zjisténim mozné koexistence dvou raznych kment B. contaminans ve sputu pacienta 9 byla
provedena podrobngjsi analyza kultury ze sputa 4941, u néhoz analyza MLST prokazala
ptitomnost pouze ST 482. Analyzou 50 jednotlivé narostlych kolonii, které byly z této kultury
ziskany, byla upéti znich potvrzena kmenova piislusnost k ST 102. Pro provedeni studii
zabyvajici se koinfekcemi nebo nahrazenim jednoho kmene jinym kmenem Bcc bylo doposud
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nezbytné Gspésné ziskani Cisté bakterialni kultury. Zde popsana metoda MLST tak kromé piimé
detekce a identifikace jednotlivych kmenti v ramci Bcc, umoznuje iidentifikaci smiSenych
populaci bez nutnosti prace s ¢istou bakterialni kulturou.

Hlavnim moznym omezenim vyuziti MLST k detekci pfimo z klinického materialu byla
obava z ptipadné zkiizené reaktivity primertt s DNA jiného pivodu nez bakterii Bcc, ktera je
Vv klinickém materidlu pfitomnd. Tyto obavy vsak byly zbytec¢né. Ziskané vysledky sekvenaci, at’
uz byly pouzity produkty z prvniho, nebo druhého kola, byly jednoznacné a ani lidskd DNA ani
DNA ostatnich bakterii, které nenalezi do Bcc, negativné neovlivnily vysledky MLST.
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Obrazek 3. Ukdzka sekvenaéniho chromatogramu pfi analyze MLST vzorku 5315 od pacienta 9,
u kterého byly identifikovany dva rdzné kmeny B. contaminans (ST 102 a ST 482). Zvyraznény jsou
nukleotidové polymorfizmy v homolognich pozicich alel genu gyrB.
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Tabulka 5. Vysledky analyzy Bcc ziskanych ze sput pacientd s CF — porovnani vysledka ziskanych nested — PCR a MLST

DETEKCE A IDENTIFIKACE POMOCI KULTIVACE a NESTED — PCR MLST TYPIZACE
Pacient ¢. Vzorek €. Kultlv(a;cnnc; /;:;z)ltlwta I;zllov:;::;: E:Zti::l:? Species ST Species
1 5884 Ano 1. B. cenocepacia llIA 32 B. cenocepacia lllA
2 6140 Ano 1. B. cenocepacia llIA 32 B. cenocepacia llIA
3 5475 Ano 1. B. cenocepacia llIA 32 B. cenocepacia lllA
4 5938 Ne 2. B. cenocepacia llIA 32 B. cenocepacia llIA
5 5883 Ano 2. B. cenocepacia llIA 211 B. cenocepacia llIA
6 5780 Ne 2. B. cenocepacia llIA 234 B. cenocepacia llIA
7 6144 Ano 1. B. cenocepacia llIA 234 B. cenocepacia lllA
8 5911 Ano 1. B. cenocepacia llIA 234 B. cenocepacia lllA
4871 Ano 2. Neurceno 102, 482 B. contaminans
9 4941 Ano 1. B. cenocepacia llIA 482 B. contaminans
5315 Ano 1. B. cenocepacia llIA 102, 482 B. contaminans
5445 Ne 2. Neurceno 482 B. contaminans
10 5662 Ano 2. Neu r<::eno 102 B. contam{nans
6070 Ne 2. Neurceno 102 B. contaminans
11 5983 Ano 1. B. cenocepacia 1lIB 184 B. cenocepacia IlIB
12 6072 Ano 2. B. cenocepacia 1lIB 184 B. cenocepacia 1B
13 5699 Ano 1. B. multivorans 180 B. multivorans
14 5781 Ne 2. B. multivorans 564 B. multivorans
5984 Ne 2. B. multivorans 564 B. multivorans
15 5747 Ne 2. B. multivorans 562 B. multivorans
16 4894 Ne 2. B. stabilis 51 B. stabilis
17 4934 Ano 2. B. stabilis 563 B. stabilis
5702 Ano 2. B. stabilis 563 B. stabilis
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6.3. Studium inzerénich sekvenci u B. cenocepacia a vliv stresovych

podminek na jejich preskupovani

Vyuzitim metody MLST bylo prokazano, ze izolaty ziskané od ¢eskych pacientti s CF
jsou uzce pribuzné analezi do epidemického kmene CZ1, piestoze jejich makrorestrikéni
profily byly zna¢né variabilni. Pfedpokladali jsme, ze tato variabilita maze byt zpusobena
genomickymi pfestavbami vyvolanymi pieskupovanim IS. Celogenomova sekvencni analyza
kmene J2315 prokazala pfitomnost minimalné 22 IS, z nichz Ctyfi jsou pfitomné ve vice
kopiich. Jde 0 1S407 (13 kopii), ISBcen8 (12 kopii), ISBcen9 (9 kopii) a ISBcen20 (9 kopii)
(Holden M.T. et al., 2009). Jiz dtive bylo publikovano, ze stresové faktory, jako je vysoka
teplota nebo hladovéni, maji dopad na zvySenou transpozici IS (llves H. et al., 2001; Ohtsubo
Y. et al., 2005). Dalsim stresovym faktorem, ktery by mohl vyvolat zvySené preskupovani IS
je vystaveni bakterialnich kultur reaktivnim formam kysliku.

Rozhodli jsme se tedy stanovit rozmisténi vybranych IS v genomu kmene CZ1
aposoudit jejich moznou souvislost s variabilitou makrorestrikénich profili. Dale
pak zhodnotit, zda navozeni riznych stresovych podminek v laboratornim prostiedi spousti

zvySené preskupovani IS u kmenti CZ1 a J2315.

6.3.1. Soubor testovanych bakterialnich kmenu

Celkem bylo testovano 31 izolata B. cenocepacia nalezejicich ke ¢&tyrem ST
definovanym pomoci RAPD/PFGE a MLST. Slo o 14 izolatd CZ1 (ST 32), est izolatt ST 28
(ET12), sedm izolatd ST 234 a Ctyii izolaty ST 210. VSechny tyto izolaty byly ze sbirky

Cardiffské univerzity ve Velké Britanii.

6.3.2. RFLP a Southern hybridizace

Pro stanoveni pfitomnosti vybranych IS, homolognich k IS, které se vyskytuji ve
znamém genomu kmene J2315, bylo pomoci RFLP a Southern hybridizace (viz 5.3.1)
analyzovano celkem 14 izolati CZ1 (ST 32) ziskanych od riznych ¢eskych pacientti s CF.
Pozornost byla zaméfena na piitomnost homologl ¢ty vybranych IS — ISBcen9, 1S407,
ISBcen20 a ISBcen8. Béhem nasi studie nebyla u zkoumanych izolati kmene CZ1 zjisténa
ptitomnost zadné IS homologni k ISBcen9 a IS407. Zbyvajici analyzované IS byly u izolat
nalezeny hned v n¢kolika kopiich, jejichz pocet se v ptipad¢ ISBcen20 pohyboval v rozmezi

12 az 19 kopii na genom, v piipadé ISBcen8 §lo o 6az 12 kopii (obr. 4). Pii porovnani
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jednotlivych profild ziskanych pomoci RFLP s naslednou Southern hybridizaci byla
u ISBcen20 patrna vysoka variabilita — pouze Sest z testovanych 14 izolati vykazovalo vice
nez 50 % podobnost. Pii pouziti stejné hladiny podobnosti U porovnani RFLP profila
pro ISBcen8 byla situace zcela odlisna. VétsSina (11 ze 14 izolath) méla vice jak polovinu
shodné umisténych prouzki. Tyto vysledky naznacuji, ze inzeréni homolog ISBcen20
uizolati CZ1 je oproti ISBcen8 méné stabilni a v disledku vyssi aktivity v preskupovani
a zménach poctu kopii.

Kromé CZ1 byly testovany i izolaty jinych kment B. cenocepacia II1A. Slo o ST 28,
ST 234 a ST 210. Profily izolath nélezicich k ST 28 a ST 234 taktéz obsahovaly vétsi pocet
kopii homolognich sekvenci ISBcen20 a ISBcen8. Vysledky ziskané porovnanim profilti pro
ISBcen20 korelovaly s vysledky analyzy CZ1 apotvrdily vysokou variabilitu v poctu
a lokalizaci na genomu (obr. 5).

Kromé¢ toho analyza ST 234 prokazala, ze dva ze sedmi analyzovanych izolatd zcela
postradaly ISBcen20. Tento vysledek naznacuje nejen pozitivni, ale i negativni selekci vici
ISBcen20. U ST 210 byla zjiSténa pouze ISBcen8 a to u vSech testovanych izolath.

Vzhledem k piedchozim vysledkim, které naznadily vysokou rozmanitost v poétu
I rozmisténi ISBcen20 a predstavé, Ze pravé tato IS je aktivnim elementem pfispivajicim
K rychlym genomickym piestavbam viditelnym v makrorestrikénich profilech (Drevinek P. et

al., 2005), se naSe pozornost dale zamétila na tuto inzeréni sekvenci.
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Obrazek 4. Vysledky Southern hybridizace izolatd CZ1 se sondami pro ISBcen20 (A) a ISBcen8 (B).
Poradi izoldtll CZ1: BCC0817, BCC0818, BCC0961, BCCO851, BCC0896, BCC0885, BCC1110, BCC1114,
BCC1111, BCC1112, BCC1113, BCC1121, BCC1126, BCC1128. Kontrolou je izolat 12315 (ST 28) v pozici
15. Patrna je pomérné vysoka variabilita profildl mapujici pocet a rozmisténi ISBcen20. Oproti tomu v
pfipadé ISBcen8 je rozmisténi a pocet IS podobné.

ST-28 ST-234 ST-210
r N \f Al
1 2 3456789101112 1314151617

A.ISBcen20 B. ISBcen8

Obrazek 5. Southern hybridizace izolatl tfi rGznych ST B. cenocepacia se sondou pro ISBcen20 (A)
a ISBcen8 (B). Prvnich Sest pozic predstavuje izolaty ST 28 (J2315, BCC0313, BCC0162, BCC0O163,
BCCO0164 a BCCO077); nasleduji izolaty ST 234 (BCCO0575, BCC0107, BCC1168, BCC0078, BCCO534,
BCC0222 a BCC0223); posledni jsou izolaty ST 210 (BCC0536, BCC0541, BCC0514 a BCC0098).
U kmene CZ1 i izolatl ostatnich ST je patrna heterogenita v pfipadé ISBcen20. Naproti tomu ISBcen8
je u rliznych izolatd téhoz ST stabilnéjsi s ohledem na pocet a rozmisténi
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6.3.3. Vliv stresovych podminek na presun ISBcen20

Detekce pohybu ISBcen20 vlivem nejriznéjsich stresovych podminek byla provedena
na izolatu CZ1 ¢. 1238. Jeho subkultury byly postupné vystaveny sérii sedmi pasazi,
tepelnému Soku a rastu v subinhibi¢ni koncentraci peroxidu vodiku (viz 5.3.2, 5.3.3, 5.3.4).
V ptipad€ sériového pasazovani a expozice teplotnimu Soku nebyly pozorovany zddné zmény
v pieskupovani ISBcen20. Naproti tomu, pii vystaveni kultury prostiedi 0,01% peroxidu
vodiku doslo k jasnému pieskupeni ISBcen20. V piipadé RFLP mél pouze jeden ze sedmi
testovanych izolati shodny profil s ptivodnim izolatem 1238 (obr. 6). Pomoci PFGE byly
ziskany Ctyfi rozdilné makrorestrikéni profily, které se liSily ve vice nez péti pruzich. U Ctyt
ze sedmi analyzovanych subkultur byl zjistén shodny makrorestrikéni profil. Zadny ze
ziskanych profild nebyl shodny s profilem ptvodniho izolatu 1238.

1 2 3 4 5 6 7 8 i1 2 3 4 5 6 7 8

12.0 1018 —
8.0
6.0

727—

4.0 630—

3.0 533—

436 —

20 339 —
1.65

242 —

145—
1.0
0.85
0.65

A. RLFP a Southern hybridizace B. PFGE

Obrazek 6. Analyza sedmi kolonii odvozenych od kultury CZ1-1238, ktera byla vystavena subinhibiéni
koncentraci peroxidu vodiku. URFLP (A) v pozici 1-7 jsou derivaty CZ1-1238, v pozici 8je
neexponovany izolat CZ1-1238. RFLP profily izolatd v pozicich 1a4; 2a3; 5a7; 6 a7 byly vzdijemné
totozné. V pripadé PFGE (B) byly nerozliSitelné profily izolatl v pozici1,4,5a 7.

6.3.4. Piemistovani ISBcen20 u kmene J2315 (ST 28)

Poslednim dil¢im tkolem této prace byla detekce ISBcen20 a stanoveni frekvence
jejiho premistovani mechanizmem ,,cut and paste v genomu kmene B. cenocepacia J2315
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(viz 5.3.6). Vzhledem ke znalosti kompletni sekvence genomu byla transpozice jednotlivych
ISBcen20 sledovana pomoci specialné navrzenych reakci multiplex PCR. Analyzovano bylo
celkem 96 kolonii derivovanych z kmene J2315, které byly ziskany napéstovanim ptivodniho
kmene J2315 v prostiedi 0,1% peroxidu vodiku. Na rozdil od vysledku ziskanych testovanim
subkultur odvozenych od CZ1-1238 byl uvsech testovanych subkultur J2315 zjistén
nezménény pocet ISBcen20, tedy devét kopii, v plivodnim umisténi bez znamek premisténi.
Pro mozné piemistovani IS vlivem vystaveni podminkdm subinhibi¢ni 0,1% koncentrace
peroxidu vodiku jinymi mechanizmy, které nejsou detekovatelné pomoci navrzeného
multiplex PCR, které, bylo nasledné analyzovano sedm nahodn¢ vybranych kolonii, u kterych
byla provedena makrorestrikéni analyza a RFLP se Southern hybridizaci pro ISBcen20. Ani
pomoci téchto technik nebyly patrné jakékoli zmény v uspotadani. Z téchto vysledkil vyplyva,
ze ISBcen20 u kmene J2315 nepodléha, na rozdil od CZ1-1238, reorganizaci v dasledku

oxidativniho stresu v subinhibi¢nim prostiedi peroxidu.

M1 M2 M3  Marker

Obrazek 7. Ukazka multiplex PCR pro detekci deviti kopii ISBcen20 pfitomnych u kmene J2315. Pozice
M1 aZ M3 reprezentuji vysledky tfii reakci multiplex PCR, pfi kterych dochazi vidy k detekci tfi kopii
ISBCen20 s rliznou polohou v genomu. M1 zahrnuje 1SBcen20—1,4 a7, M2 ISBcen20—-2,5a8 a M3
ISBcen20—- 3,6 a 9.
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1. DISKUzE

7.1. Studium vlastnosti a klonalnich vazeb izolati P. aeruginosa

ziskanych od pacienti prazského centra pro 1é¢bu CF

Chronické infekce dychacich cest pacientii s CF zptisobené P. aeruginosa doprovazeji
Casté akutni exacerbace (Jones A.M. et al., 2010) a maji za nasledek postupné poskozovani
respiracniho traktu vedouci k bronchiektaziim a respiratnimu selhani (Kerem E. et al.,
infikovano timto patogenem az 80 % nemocnych s CF. VétSina izolatl z téchto infekci netvoii
mukoidni kolonie a jejich fenotyp odpovida izolatim z vné&jSiho prostiedi. Diky tomu se
dlouhou dobu piedpokladalo, ze hlavnim zdrojem infekci P. aeruginosa je pravé toto
prosttedi. V poslednich dvaceti letech vSak byla publikovéana fada praci, které popisuji vyskyt
epidemickych kment a jejich rozsifeni mezi pacienty s CF (Jones A.M. et al., 2001; Al-Aloul
M. et al., 2004; Armstrong D.S. et al., 2002; Brimicombe R.W. et al., 2008). Nékteré z téchto
kmeni jsou spojovany s klinickym zhorSenim stavu pacienta navzdory intenzivni antibiotické
lécbe (Aaron S.D. et al., 2010; Griffiths A.L. et al., 2012; Jones A.M. et al., 2005; Fothergill
J.L. et al, 2012). Vzhledem Kk vysoké prevalenci infekce P. aeruginosa a vyskytu
epidemického kmene B. cenocepacia Vv prazském centru pro 1écbu CF byla provedena
podrobna analyza izolatti P. aeruginosa s cilem potvrdit nebo vyloudit vyskyt epidemického
kmene nebo kmend.

Genotypizace s vyuzitim citlivych typiza¢nich metod AFLP a makrorestrikéni analyzy
neprokazala u pacientd prazského centra pro CF rozsifeni infekce zplsobené epidemickymi
kmeny P. aeruginosa. Fingerprintové profily ziskané pomoci obou metod byly znacné
heterogenni. Shlukovou analyzou profild AFLP byly na 85 % hladiné podobnosti zjistény
pouze tii minoritni shluky, které obsahovaly izolaty od ruznych pacienti. Nase vysledky tak
ukazaly vysokou genetickou diverzitu studované populace P. aeruginosa a to, ze pacienti byli
infikovani vesmés jedine¢nymi (sporadickymi) kmeny z prostfedi. Tento zavér podpofily
I vysledky vySetfeni citlivosti izolatdi na protipseudomonadova antibiotika. VétSina
bakterialnich izolatd byla na antibiotika citliva a multirezistence se vyskytovala pouze
vyjimecné.

Nami ziskané vysledky ale reflektuji pouze epidemiologickou situaci kmentu P.
aeruginosa ziskanych od pacient prazského centra pro 1é¢bu CF. Pozdé&ji publikovana studie

(Nemec A. et al., 2010), ktera se zabyvala zjis§ténim mozné souvislosti mezi vyskytem
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multirezistentnich kmenti P. aeruginosa a pfitomnosti epidemickych klonti u pacienti
jednotek intenzivni pé¢e v CR ukéazala, Ze pfevazna vétsina multirezistentnich izolatt (82 %)
P. aeruginosa nalezela ke tfem epidemickym klontim (ST 235, ST 175 a ST 132), které byly
zjiStény i U pacientll V intenzivni nemocni¢ni péc¢i v dalSich zemich (Empel J. et al, 2007;
Libish B. et al., 2008; Viedma E. et al., 2009).

Vysvétlit epidemické Sifeni uréitych kment a klonalnich linii P. aeruginosa je obtizné.
Piedpoklada se, Ze vyznamnou ulohu hraje geneticka variabilita a adaptibilita a pfitomnost
virulentnich faktort, které jsou U epidemickych kment hojné zastoupeny (Jeukens J. et al.,
2014). Publikované analyzy genomi epidemickych isporadickych kmenli umoznily
identifikovat geny a funkcni drahy, které jsou asociovany s adaptibilitou bakterie. Jde
zejména 0 geny podilejici se na tvorbé biofilmu, metabolizmu antibiotik, transportu, geny pro
sekreci nebo iontové pumpy atd. (Dettman J.R. et al., 2013). Nejnov&jsi poznatky
0 epidemickych kmenech ukazuji, Ze u téchto kmenid muze dochazet hypermutabilité, jez
vede ke vzniku fady subtypt (Mowat E. et al., 2011; Carter M.E. et al., 2010; Bezuidt O.K. et
al., 2013). V mnoha studiich byly prokazany fenotypové varianty kmend ziskanych od téhoz
pacienta (Workentine M.L. et al., 2013). Napi. studie provedena na izolatech kmene LES
ziskanych od 10 rdznych pacienti s CF prokazala vysokou rozmanitost ve faktorech
virulence, auxotrofii, hypermutabilit¢ nebo antibiotické rezistenci (Mowat E. et al., 2011).
Vzhledem Kk vysoké vnitrodruhové variabilité a moznosti rychlé vnitrokmenové diverzifikace
je nutna opatrnost pifi hodnoceni situace na zakladé¢ omezené¢ho poctu izolati. Tato data
mohou byt zavadéjici a nemusi odrézet skutecnou epidemiologickou situaci ve studované
populaci. TéZz analyza pouze jediného izolatu od kazdého pacienta mize byt s ohledem na
zminénou vnitrokmenovou variabilitu zavadgjici. V neposledni fadé je nutné brat v potaz
i fakt, ze infekce respira¢niho traktu u pacientii s CF mohou mit polymikrobialni charakter a k
jejich pochopeni je nutné rozumét vzajemnému pisobeni jednotlivych patogent (Workentine
M.L. et al., 2013).
uplatiuji i vngjsi faktory napf. touto bakterii kontaminované vnéjsi prostiedi. Studie
provedené v souvislosti se sifenim kmenti LES a MES identifikovaly oba tyto epidemické
kmeny ve vzorcich ovzdu$i odebranych z pokoji infikovanych pacienti na nemocni¢nich
chodbach a ambulantnich oddélenich (Jones A.M. et al., 2010; Panagea S. et al., 2003). Nelze
vyloucit ani akvizici epidemickych kmenid z mimonemocni¢niho prosttedi (Romling U. et al,

2005; Fothergill J.L. et. al., 2012).
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Pongkud piekvapiva nepritomnost epidemického kmene P. aeruginosa V prazském
centru vyrazné kontrastuje s vysledky nasi piedeslé studie (Drevinek P. et al., 2005), v niz
jsme prokazali, ze vysoka (zhruba 30 %), prevalence infekce B. cenocepacia, je zptsobena
rozsifenim epidemického kmene CZI. Naprosta vétSina izolati B. cenocepacia (96%)
testovan¢ho souboru ziskaného od 67 pacienti s CF patfila k CZ1. 1 kdyz pfic¢iny rozdilt
Vv epidemiologii obou bakterii nejsou znamé, mohly k nim ptispét dva faktory. Za prvé
populace pacientii s CF se nemusela setkat s epidemickymi kmeny P. aeruginosa, a tudiz
nemohlo dojit ani K jejich rozsifeni. Za druhé, piipadny rozsev epidemického kmene P.
aeruginosa mohl byt v zarodku potla¢en zavedenim a rigordzni aplikaci separa¢niho systému
a protiepidemickych opatieni. Ty zacaly byt v prazském centru systematicky uplatiovany v
roce 1998 v navaznosti na publikované prace, které¢ identifikovaly vysoce pfenosné kmeny
Vv populacich pacienti s CF (Baldwin A. et al. 2008; Speert D.P. et al., 2002; Coenye T. et al.,
2002).

Piestoze rozsiteni epidemického kmene P. aeruginosa mezi pacienty prazského centra
nebylo prokézano, nelze moznost vyskytu epidemickych kmend podcenovat. Stale nejsou
znamy vSechny cesty pienosu, jakymi se epidemické kmeny $iti vliv dalSich faktorti a
mechanizmi na rozsev epidemického kmene v dané populaci. S ohledem na stalé riziko
introdukce nebo vzniku kmeni s vysokym epidemickym potencialem je nezbytné provadét
mikrobiologicko—epidemiologicky dohled pomoci pravidelnych kultivaénich a molekularné
typizacnich vysetieni klinického materidlu a dodrzovéni definovanych protiepidemickych
postupi, jakymi jsou prisny hygienicky rezim pacientti i nemocni¢niho personalu, dezinfekéni

postupy a jasné definovany protokol navstév a hospitalizaci v 1écebném centru.

7.2. ldentifikace a typizace bakterii komplexu B. cepacia pomoci MLST

Z klinického materialu pacientii s CF bez nutnosti kultivacni

pozitivity

Jak bylo vySe uvedeno, infekce bakteriemi Bcc vyznamné ovliviuji celkovy stav
a dlouhodobou prognézu pacientti s CF. V¢asna diagnostika a identifikace ptivodce maji tedy
zasadni vyznam pro léc¢bu téchto infekci. Druhoveé specifické PCR se ukazuji jako
nedostacujici vzhledem k nartstajicimu poctu druhti Bec, zatimco doposud bézné vyuzivané
fingeprintové typizacni techniky maji fadu nevyhod vcetné omezené reprodukovatelnosti a
rozliSovaci Gi¢innosti nebo nemoznosti mezilaboratorniho srovnavani vysledkt (Baldwin A, et

al. 2005). Nasim dal$im cilem bylo proto zavést metodu MLST, ktera umoznuje identifikaci
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bakterii Bcc az na uroven kmene ato bez nutnosti kultivacniho zachytu a pouziti Cisté
bakterialni kultury. Metodu jsme zalozili na nested—PCR, pfiniz byly vyuzity jiz diive
publikované sady primeru (Baldwin A. et al., 2005; Spilker T. et al., 2009). Vhodnym
vybérem testovaného souboru jsme se pokusili obsahnout co nejvice druhii Bcc a zaroven
jsme zaradili kmeny, které byly pomoci zavedeného PCR obtizné identifikovatelné nebo
neidentifikovatelné, abychom si ovéfili presnost a rozliSovaci schopnost metody.

Piima detekce a identifikace pomoci MLST se ukazala jako vhodny nastroj pro
identifikaci kment Bcc pfimo z klinického materidlu pacienti s CF. Pomoci nové navrzeného
schématu MLST byly spravné az na uroveil kmene identifikovany vSechny kmeny piitomné
V testovanych sputech pacientt, véetné Ctyf, které se pomoci dosud vyuzivaného schématu
zam&fen¢ho na gen recA, nepodafilo opakované urcit. Tyto kmeny byly pomoci MLST
urCeny jako B. contaminans. Jde o druh Bcc, ktery byl popsan pomérné nedavno (Vanlaere E.
et al., 2009) a nebyl tedy zahrnut ve diive navrzeném schématu druhové specifickych PCR.
Mimo to udvou vzorki téhoz pacienta byla pomoci MLST odhalena piedchozi chybna
identifikace pfitomného kmene. Druhové specifickymi PCR byl uréen druh B. cenocepacia
IIIA, nicméné piima sekvenacni analyza prokazala, ze jde o B. contaminans. Vyuzitim
obecnych namisto druhové specifickych primert spole¢né se sekvenaci amplikonti umoznuje
pomoci MLST identifikovat vSechny izolaty Bcc na kmenovou uroven a rozpoznat tak i

izolaty s nejasnym taxonomickym zatazenim. Zaroven umoznuje tvorbu piirtstkovych on-

line databazi (http://pubmist.org/bcc/), v nichz jsou ulozeny vSechny znamé varianty
analyzovanych alel a které umoziuji mezilaboratorni analyzy i provadéni globalnich
epidemiologickych studii. MLST tedy spliiuje pozadavky na referenéni metodu poskytujici
presné, reprodukovatelné a definitivni vysledky (Baldwin A. et al., 2007; Baldwin A. et al.,
2005; Dalmastri C. et al., 2007; Waine D.J. et al., 2007).

Dal$i nespornou vyhodou zavedené metody je mozZnost identifikace smiSenych
populaci. V disledku zjisténé piitomnosti dvou ST typd (ST 102 a ST 482) kmene B.
contaminans ve vzorku sputa jednoho pacienta byla provedena podrobna analyza
jednotlivych kolonii ziskanych ze vzorku sputa 4941. Zaméfili jsme se zejména na alelu gyrB,
kterd je mezi nalezenymi ST typy nejvice polymorfni a zjistili jsme, Ze u péti z 50 kolonii
byla identifikovana alelicka varianta gyrB 76, ktera nalezi ST 102. Prestoze se zda, ze ST 482
B. contaminans byl kmenem pievladajicim, ani jeden ze zjisténych kment nevyvolal u
pacienta vznik chronické infekce. Nasledujich pét po sobé odebranych vzorki sputa
v ¢asovém rozmezi jednoho roku bylo na pfitomnost Bcc negativni (data nejsou uvedena).
Piestoze prechodna koinfekce vice kmeny, nebo nahrazeni kmene jinym kmenem Bcc byla
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popsana jiz diive (Bernhardt S.A. et al., 2003; Yang J.H. et al., 2006; Waine D.J. et al., 2007),
vyzadovaly tyto studie pouziti Cistych bakteridlnich kultur, coz vzdy neni mozné. Vyse
popsana metoda MLST umoziuje tyto smiSené bakteridlni kultury detekovat pifimo
Z klinického materialu pacienta.

Pravé moznost detekovat a identifikovat piislusné kmeny bez zavislosti na uspésné
kultivaci materidlu, kterd je pfedevSim v pocCatecnich fazich infekce, Casto nelspéSna
vzhledem k nizké koncentraci infikujicich bakterii je nespornou vyhodou MLST. V takovych
ptipadech mize tato metoda, ktera vyuziva piimo sputum nebo jiny material z dychacich cest,
poskytnout taxonomickou a populacné genetickou informaci o infikujicim kmenu a umoznit

tak analyzu lokalni epidemiologické situace.

7.3. Studium inzer¢nich sekvenci B. cenocepacia a vliv stresovych
podminek na jejich premistovani

Typizace pomoci makrorestrikéni analyzy spojené s PFGE prokazala u izolatl
nalezejicich do kmene B. cenocepacia CZ1 velkou rozmanitost fingerprinti (Drevinek P. et
al, 2005). Duvodem této rozmanitosti mohou byt piestavby genomu B. cenocepacia vznikajici
v disledku aktivniho pfemistovani IS (Miche L. et al., 2001). Poslednim cilem této prace
bylo proto posoudit vliv vnéjSich podminek na aktivitu translokace téchto mobilnich
genetickych elementl u kmene CZ1. Na zakladé dostupnych udaju o sekvenci genomu kmene
J2315 (ST 28), ktery je uzce ptibuzny s kmenem CZ1, jsme vybrali ¢tyfi inzeréni sekvence,
které se u J2315 vyskytuji v nejvétsim poctu. Dvé z nich, 1ISBcen20 a ISBcen8, byly nalezeny
ve vsech testovanych izolatech kmene CZ1. Nase vysledky prokazaly u izolati kmene CZ1
vysokou variabilitu v poctu i distribuci zejména ISBcen20. Vyznamné odlisnosti prokazané
analyzou RFLP a naslednou hybridizaci se sondou pro ISBcen20, jsme nalezli nejen u CZ1,
ale i ujinych epidemickych linii B. cenocepacia (ST 28, ST 234). Pozoruhodnym zji$ténim
bylo, ze dva izolaty ST 234 nemély ve svém genomu zadnou kopii ISBcen20. Zda slo 0 ztratu
nebo ziskani 1SBcen20 u ostatnich izolatl nebylo rozhodnuto, nicméné zjistény vysledek
potvrdil schopnost rychlého vyvoje IS u B. cenocepacia.

Variabilita v poc¢tu a rozmisténi ISBcen20 u izolatd CZ1 nas vedly k domnénce, Ze
transpozi¢ni aktivita této IS muze byt experimentaln¢ vyvolana in vitro. Pfedpokladali jsme,
ze premistovani IS miize byt stimulovano oxidacnim stresem, ktery je typicky pro prostiedi
dychacich cest u pacientii s CF. Chronicky infikovani pacienti maji ve svém respira¢nim

traktu vysokou koncentraci reaktivnich forem kysliku (reactive oxygen species, ROS), které
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jsou produkovany imunitnim systémem pacienta jako odpovéd’ na probihajici infekci (Van
Acker H. et al 2013). Usuzuje se, ze respiracni patogeny infikujici pacienty s CF, koduji ve
svém genomu celou fadu ochrannych mechanizmu proti ROS, které umoznuji dlouhodobé
osidleni plic, napf. antioxida¢ni enzymy, jako jsou Kkatalazy, katalazperoxidazy u B.
cenocepacia atd. (Lefebre M. a Valvano M., 2001). Transkriptomické studie provedené na
kmenech B. cenocepacia, prokazaly, ze pfi vystaveni kmentl riznym stresovym podminkam
(oxidativni stres, vystaveni ucinkiim peroxidu vodiku, teplotni Sok, nizké pH, atd.) dochazi ke
zméné exprese vice jak jedné Ctvrtiny gent a k zvySené expresi virulentnich faktort (Sass
A.M. et al., 2013) a pritomnost bakterii v prostfedi ROS vede k indukci transkripce proteint
rezistentnich k peroxidu, peroxid reduktaz, proteaz, chaperont a dal$ich znamych se stresem
souvisejicich proteint (Drevinek P. et al., 2008; Sass A.M. et al 2013, Peeters, E. et al. 2010).
Ackoli tyto enzymy umoziuji pieziti bakterii v dychacich cestich pacienta, je velmi
nepravdépodobné, Ze dochazi Kk neutralizaci veSskerych ROS. Proto lze ptedpokladat, ze
nékteré dals§i procesy umoznujici preziti mikrobiomu ve stresovém prostiedi. Analyza DNA
Z jednotlivych kolonii CZ1, které byly vystaveny oxida¢nimu stresu v prostiedi
0,1% peroxidu vodiku, ukazala, Ze doslo k ptemistovani ISBcen20, jehoz pravdépodobnym
dusledkem byly rozdily mezi makrorestrikénimi (PFGE) profily riznych izolatd kmene CZ1.
Naproti tomu uizolatd J2315 nedoslo k zadnym strukturdlnim reorganizacim genomu,
pfestoZe tyto izolaty byly vystaveny stejnym stresovym podminkdm jako kmen CZI1. VSech
devét kopii ISBcen20 piitomnych u J2315 obsahuje mutaci posunem ¢teciho ramce v genu
pro transponazu (Holden M.T. et al., 2009). Neschopnost vyvolat pfemistovani ISBcen20
vlivem ucinku peroxidu vodiku u J2315 naznacuje, Ze vznikla mutace v genu vede k expresi
nefunk¢niho genu, nebo je v disledku mutace exprese zcela zablokovana a jde tedy pouze
0 pseudogen. Ziskané vysledky téz ukazuji, Ze vyvolani reorganizace IS v genomu vlivem
stresovych podminek je kmenové specifické a muze se liSit i u geneticky uzce pfibuznych
kmend. Indukovanou transpozici IS studovali téz Ohtsubo et al. (2005) a to na
modelu environmentalnich kment B. multivorans. Zjistili, Ze i kdyz piisobenim vyssich teplot
doslo ke zvySeni transpozice osmi riznych IS, oxidacni stres zadné podobné zmény
nezpusobil.

Skute¢nost, Ze U zastupcu B. cenocepacia nedochazi vlivem teplotniho Soku
k pfemistovani IS lze vysvétlit bud’to tim, Ze izolaty tohoto druhu jsou necitlivé k tomuto
typu stresového podnétu, nebo tim, Ze vysoka teplota neni dostatecné silny stresovy stimul
k vyvolani translokace 1S. Kazdopadné je zjisténi, ze izolaty ceského kmene CZ1 reaguji
na podminky oxida¢niho stresu simulujiciho plicni prostiedi pacienta s CF, vyznamné pro
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studium dalSich patogent u pacientli s CF. Podrobné&jsi analyza mobilnich element a jejich
vliv na reorganizaci genomu muze pomoci pii Studiu zmén ve virulenci bakterii a dopadu
mikrobidlnich infekci na pribéh zakladniho onemocnéni CF.

Makrorestrikéni analyza (PFGE) je u mnoha bakteridlnich patogenu zlatym
metodickym standardem pro epidemiologickou typizaci. To vsak neni piipad B. cenocepacia,
zejména jde-li 0 porovnani velkého poctu izolati v delsim ¢asovém intervalu (Coenye T. et
al., 2002). Diky relativni nestabilit¢ makrorestrikénich profild mohou byt ziskané vysledky
pro stanoveni epidemiologické vazby téchto izolatd zavadéjici. S timto problémem jsme byli
konfrontovani jiz pti vyhodnocovani vysledka klonalni pfibuznosti izolati B. cenocepacia od
ceskych pacienti s CF, kdy se vsak I pfes interpretacni uskali analyzy PFGE podafilo
identifikovat epidemicky kmen CZ1 (Drevinek P. et al., 2005). Vysledky pro vybrané izolaty
CZ1 naznacuji, ze vyznamna variabilita makrorestrikénich profilti zjiSténd v predeslé studii
(Drevinek P. et al., 2005) byla zptsobena oxida¢nimi stresovymi podminkami, jez indukovaly
k transpozici IS a naslednou redistribuci restrikénich mist pro endunukleazu Spel. Vzhledem
K tomu, Ze transpoziéni aktivita IS je zjistitelna uz po né€kolika hodinach ristu v ptfitomnosti
peroxidu vodiku, lze ptedpokladat, ze genom CZ1 se mize v disledku této zvySené aktivity
rychle diverzifikovat.

Lze shrnout, ze ISBCen20 je mobilnim elementem u epidemického kmene CZ1, jehoz
translokaéni aktivitu zvySuje piitomnost reaktivnich forem kysliku. Takto indukovana
translokace pak muze urychlit mikroevoluéni zmény genomu a piedstavovat jeden ze zdroju

biologické adaptability B. cenocepacia v prabéhu infekce.
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ZAVER

STUDIUM  VLASTNOSTI AKLONALNICH VAZEB  IZOLATU
P. AERUGINOSA ZiSKANYCH OD PACIENTU PRAZSKEHO CENTRA

PRO LECBU CF

Pomoci typiza¢nich technik AFLP a PFGE byla posouzena geneticka piibuznost 69
izolatd P. aeruginosa ziskanych od stejného poctu pacientd prazského centra pro
lécbu CF.

AFLP prokazala vysokou genotypovou rozmanitost izolatli a moznou klondlni vazbu
naznacila pouze v ramci nékolika malych skupin izolati.

Makrorestrik¢éni analyza (PFGE) potvrdila vysledky AFLP; profily PFGE byly az na
n¢kolik izolath s podobnymi profily AFLP vysoce heterogenni.

Vysetteni citlivosti na antimikrobni latky ukazalo ptekvapivé dobrou citlivost
testovanych izolatl a pouze vzacny vyskyt multirezistentnich kmenii.

Nebyl tak potvrzen vyskyt epidemického kmene P. aeruginosa mezi pacienty s CF a
byla vylou¢ena epidemiologicka souvislost mezi infekcemi. Za jejich hlavni zdroj

infekce lze nadale povazovat vnéjsi prostiedi.

IDENTIFIKACE A TYPIZACE BAKTERII KOMPLEXU B. CEPACIA
POMOCI MLST Z KLINICKEHO MATERIALU PACIENTU SCF BEZ
NUTNOSTI KULTIVACNI POZITIVITY

Zavedli jsme metodu MLST, kterd byla pro vyuziti v klinické praxi upravena
do nested formatu umoznujici detekci a identifikaci Bcc ptimo z klinického materialu
pacienta, bez nutnosti vyuziti izolatu ziskaného z ¢isté bakterialni kultury.

Pomoci MLST byla spravné identifikovana druhova ptislusnost kmenii Bcc ve vsech
23 testovanych vzorcich sput, podafilo se identifikovat i nové popsané druhy, pro které
nebyla zavedena druhové specificka reakce zalozena na polymorfizmu genu recA.
Podaftilo se ur¢it druhovou pfislusnost infikujicich kmend u ¢tyf vzorkd sput, které
byly pomoci nested — PCR opakované neidentifikovatelné.

Byla prokazana moznost identifikace koinfekce pacienta dvéma rozdilnymi ST kmeny
v ramci druhu B. contaminas.

Navrzené primery nevykazuji zkiizenou reaktivitu lidskou ani s bakterialni DNA

jiného ptivodu nez Bcc a nejsou tak negativné ovlivnény vysledky MLST.
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STUDIUM INZERCNICH SEKVENCi UB. CENOCEPACIA AVLIV
STRESOVYCH PODMINEK NA JEJICH PRESKUPOVANI

- V genomu epidemického kmene ST 32, cirkulujiciho mezi ¢eskymi pacienty s CF byl
nalezen vyssi pocet kopii ISBcen20 a ISBcen8. Pocet ISBcen20 se pohyboval
VvV rozmezi 12—19 kopii na genom, ISBcen8 pak v rozmezi 6—12 kopii na genom.

- Jednotlivé profily ziskané hybridizaci se sondou pro ISBcen20 mély vysokou
variabilitu ISBcen20, ato v rozmisténi i v poctu U jednotlivych izolatd ST 32. Tato
variabilita potvrdila aktivni pfeskupovani IS v dasledku ptsobeni podminek prostiedi.

- U izolati ST 32 (CZ1) nebyla prokazana ptitomnost ISBcen9 a 1S407.

- Vystaveni buné¢nych kultur ST 32 stresovym podminkam sériového pasazovani nebo
teplotniho Soku nevyvolalo zadné zmény v pteskupovani ISBcen20, ani reorganizaci
genomu.

- Vystaveni ST 32 prostedi s subinhibi¢ni koncentraci 0,1% peroxidu vodiku, vyvolala
preskupovani ISBcen20.

- Rozdily v makrorestrikénich profilech jednotlivych izolath epidemického kmene ST
32 lze vysvétlit preskupovanim IS vlivem pusobeni stresovych podminek prostredi
dychacich cest pacientt s CF.

- Vystaveni kmene ST 28, tizce piibuzného k ST 32, stejnym stresovym podminkam
nevyvolalo ptremistovani ISBcen20, ani reorganizaci genomu, které by byly zjistitelné
s vyuzitim uvedenych molekuldrné genetickych metod.

- Odlisné chovani uzce piibuznych kmentt ST 32 aST 28 ve stresovych

podminkach prostfedi mliZze mit vliv na pribéeh infekce u pacienti s CF.

Tato prace vychazela z ptedeslych poznatkti laboratofe molekularni genetiky 2. LF a FN
Motol. Zavedenim novych molekuldrnich metod aziskanim novych poznatkd
0 gramnegativnich patogenech zaméfeného piedev§im na popséni druhového akmenového
sloZeni bakterialnich kmenti P. aeruginosa a Bcc pritomnych u pacientt s CF a studium infekce
zpusobené B. cenocepacia ST 32 zaméfené na virulenci a genomovou plasticitu.

Ziskané poznatky budou zohlednény v dalSi préaci, kde se zaméfime piedev§im
na navrzeni vhodného surveillance infekci bakterii Bcc ve fakultni nemocnici v Motole
astudium genové exprese, markerd transmisivity ainterakci hostitelského imunitniho

systému S patogenem.
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Abstract

Over the last decade, epidemic and frequently multidrug-redstant Pseudomenas aeruginosa has increasingly been found among European
cyslic fibredis (CF) patients. In the Czech Republic, more than hdf of the registered CF palients altend the Prague CF centre. At this centre,
a Burkholderia cenocepacia strain was recently found to have spread among the patients. The @im of the present study was to assess whether
P. aeruginosa isolales from palients at this centre were dso genaticdly rdated and, if so, whether they were mulfidrug-resistant. We investigated
a collection of 69 isolates from as many pdlients who represanted 80% of the total number of P. aerugincsa-podtive patients in 2004. The or-
ganisms were typed by AFLP and Spel macrorestriction andyses (PFGE). Using these methods, 44 unique strains and nine groups of two to five
isolates each were disinguished. Among these groups, two each had a prevdence of 7% in the palient population, while others had a prevdence
of <3%. The diversity observed with PFGE was lagdly in agreement with the diversity found by AFLP andysis. All isdlates were susceptible to
colistin; 94e 96% were susceplible to piperacillin, ceftazidime, cefepime, meropenem, amikadn or tobramyein; and 84e 87 were susceplible
to ci profloxacin, gentamicin or netilmicin. In conclusion, the organiams recovered from Czech CF patients showed high genotypic diverdty and
good susceptibility to antipseudomona agents. The absence of highly epidemic P. aesruginosa strains may result from infection eontrol measures
taken upon recognition of the epidemic B. cenocepadia.

O 2007 Asevier Masson SAS All rights reserved.

Keywords Pseudomonas aeruginosa; Cysiic fibrods; Genelic divasity

1. Introduction ad subsequently with increased morbidity and mortdity

[4.11,12].

Pseudomaonas aeruginosa, a ubiquitous Gram-negative bac-
terium, is an opportunistic pathogen in humans with cygic fi-
brosis (CF). Chronic infection of the respiratory tract with
P. aeruginosa has been described in up to 80% of adult CF pa-
tients and is known to be associated with clinica deterioration

* Comesponding author. Td.: p 420 267082266.
E-mall address: anemec@@szu.cz (A. Nemex).

0923-2508/% - see front matter O 2007 Hlsevier Maseon SAS. All rights reserved.

dai-10.1016].resmic 2007 .02 003

Until recenfly, CF pdients were thought to harbour their
own unique P. aeruginosa strains acquired from the naturd
environment. Cross-infection was considered a relaively in-
frequent source of acquisition. However, over the last decade,
the emergence of epidemic strains has been reported with in-
creasing frequency. In the UK, one epidemic strain was found
in 59% of P. aenuginosa-positive children a the Liverpod
Paediaric Clinic [2]. Ancther strain, the Mid ands 1 epidemic
strain, was detected in 10% of P. aeruginosa-positive paients
in England and Wdes [16]. A Norwegian study showed that
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45% of P. aeruginosa-positive CF patients harboured genotyp-
ically indistinguishable isolates [10]. Similarly, 55% of CF pa-
tients in Melbourne, Australia, carried a common epidemic
strain [1]. Recently, Romling and co-workers [15] have re-
ported the spread of an epidemic clone (clone C) that had dis-
seminated over several countries on two continents.

There 15 a general agreement on the need for segregation
between CF patients infected with P. aeruginosa and those
free of this infection. This is to prevent transmission, although
the etficacy of these practices is as yet unproven [9]. If patients
with highly transmissible strains were to be segregated from
those with sporadic strains, this would even further complicate
infection control policy.

In a recent study, an epidemic strain of Burkholderia ceno-
cepacia was found to have spread widely within the Czech CF
population [#]. Despite the occurrence of F. aeruginosa
among Czech CF patients, the possible epidemiological relat-
edness of these organisms has not yet been investigated using
molecular methods. The aim of the present study was therefore
to assess the genotypic relatedness of P. aeruginosa strains
trom Czech patients with CF. Representative isolates from
the Prague CF centre were analysed by two high-resolution
DNA fingerprinting methods and tested for antibiotic suscep-
tibility. In addition, epidemiological data were evaluated to
track possible routes of P. aeruginosa transmission among in-
fected patients.

2. Materials and methods
2.1. Prague CF cenire

In the Czech Republic, care for patients with CF is confined
to four CF centres. The present study was performed at the
Prague CF centre, the largest in the country. In the beginning
of 2004, this centre took care of 264 (61%) out of 430 patients
with known CF in the Czech Republic.

2.2, Anti-epidemic measures

The segregation of patients according to their microbiolog-
ical status was implemented at the Prague centre starting in
January 1998 as a response to the increasing number of pa-
tients positive for the B. cepacia complex. This included sep-
aration of patients in outpatient and inpatient CF departments
into three groups: (1) patients positive for P. aeruginosa, (2)
patients positive for B. cepacia complex, and (3) patients in-
fected with neither. Patients were seen on separate days and
in different suites at the CF clinic. It admitted, they were allo-
cated to one of three different wards distinguished according
to patients” microbiological status and situated in different
parts of the hospital. As part of the segregation measures, all
social activities including summer camps and patient educa-
tion meetings ceased in 1998, Since 2001, when a PCR-based
method detecting the most prevalent genomovars of the B. ce-
pacia complex was introduced at the centre [7], segregation
has been refined by splitting group 2 into patients with B. cen-
ocepacia and those infected with other genomovars of the

B. cepacia complex. Standard hygiene precautions summa-
rized in consensus documents of the UK Cystic Fibrosis Trust
form an integral part of the local infection control policy
[20,21].

2.3. Bacterial isolates, species identification and
antibiotic susceptibility testing

In 2004, 225 out of 264 patients attending the Prague CF
centre were able to provide sputum samples. Eighty-six of
them (38%) repeatedly had a positive culture for P. geruginosa
trom sputum, suggesting chronic infection with this bacterium.
A total of 69 isolates, each from a different patient, were in-
cluded in the present study (no isolates from the remaining
17 P. aeruginosa-positive patients were available). The i1so-
lates were from 28 males and 41 females with a median age
of 15.7 years and an interquartile range of 8—22 years, all
trom the paediatric service of the CF centre. Each isolate orig-
inated from a single colony of each patient’s culture and was
identified as P. aeruginosa by API20NE (bioMerieux, Lyon,
France) and by species-specific PCR targeting the oprl gene
[5]. Furthermore, 19 additional isolates from as many patients
randomly selected from the 69 patients were analysed. In ev-
ery patient, the second isolate was collected within a period of
two to seven months after the first isolate. The minimal inhib-
itory concentrations of 10 antimicrobial agents were deter-
mined by the microdilution method according to the
guidelines of the CLSI [3], formerly NCCLS.

2.4 AFLP analysis

Genotypic relatedness of isolates was assessed using
AFLP™, a DNA fingerprinting method based on selective am-
plification of restriction fragments [13]. In brief, purified DNA
was digested using EcoRl and Msel and EcoRI and Msel
adapters were ligated to the resulting restriction fragments.
PCR was done with a Cy5-labelled EcoRI primer (no selective
nucleotide added) and a Msel + C primer (C, selective nucle-
otide). The ALF express system (Amersham Biosciences,
Roosendaal, The Netherlands) was used for fragment separa-
tion and automated data capturing. Fragments of 50—500 bp
were subjected to cluster analysis using BloNumerics software
release 4.6 (Applied Maths, Sint-Martens-Latem, Belgium)
with Pearson product moment coefficient (r) as a measure of
similarity, and the unweighted pair group method using arith-
metic averages (UPGMA) for grouping. The optimization
setting was (1.5%, and the region for cluster analysis was
T.0-95.2% of the profile.

2.5, Macrorestriction analysis

Genotypic similarity of isolates was also analysed using
Spel (New England Biolabs, Herts, UK) macrorestriction by
pulsed-field gel electrophoresis (PFGE) of restriction frag-
ments. Bacterial cultures were grown on tryptone soya agar
(TSA) at 30 °C overnight, then subcultured on TSA and incu-
bated at 30 °C for 24 h. After standardization of the cell
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suspension by optical density measurement, cells were embed-
ded in low gelling temperature agarose (Agarose Type VII
Sigma, St. Louis, MO, USA). The resulting plugs were lysed
in 1 ml of solution containing I M Tris pH 8.0, I M NaCl,
0.5M EDTA, 02% (w/v) sodium deoxycholate (Sigma),
0.5% (w/v) sodium N-lauroyl sarcosine (Sigma) and 1 mg of
lysozyme (Sigma) at 37 °C for 5h, and then lysed in 1 ml
of solution containing 0.5 M EDTA, 1% (w/v) N-lauroy] sar-
cosine and | mg of proteinase K (Sigma) at 65 “C overnight.
The plugs were then washed five times in Tris pH 8.0,
0.5 M EDTA, while agitated at 120 rpm for 30 min at room
temperature. The plugs were digested with Spel (30U per
plug) for 24 h at 37 °C. Restriction fragments of DNA were
separated with a CHEF-DRIII device (Bio-Rad, Hercules,
USA) through a 1.2% SeaKem LE agarose gel (Cambrex,
Rockland, USA) in 0.5 Tris—borate EDTA running buffer
at 14 °C for 20 h. The pulse times were 5—35 s at 6 V/cm.
A lambda ladder (Bio-Rad) was used as a size marker. After
electrophoresis, gels were stained with ethidium bromide
and photographed under UV light. The resulting fingerprints
were compared visually.

2.6. Tracking of contacts among patients

To verify whether strains found in different patients may
have been transmitted by patient-to-patient contact inside the
CF centre, we tracked potential contacts among P. aerugi-
nosa-infected patients at the hospital. This tracking was
done using data from the hospital information system that con-
tains details on the diagnostic or therapeutic procedures of pa-
tients, including the date and the place where procedures were
carried out. Tracking was performed using data covering a pe-
riod of four years (2000—2003) before collection of sputum
samples for the present study. Using all 10,234 records from
patients included in the molecular study, we created a three-
dimensional matrix in which one dimension was time (date),
the second was place (identified by a numeric code for one
of 216 units, wards and clinics where the patients were receiv-
ing care), and the third dimension identified the patient. Using
this system, all possible contacts among patients sharing 1so-
lates with common fingerprints were tracked in time and

space.

3. Results and discussion
3.1. Genotypic diversiry

Genotypic relatedness of isolates was assessed by AFLP
and macrorestriction analysis. AFLP had first been validated
for reproducibility using multiple samples of the same strain
and for epidemiologic concordance using multiple isolates
from several patients. It was concluded that the method per-
mitted both the distinguishing of unrelated strains and identi-
fication of genetically (and thus possibly epidemiologically)
related isolates at a clustering level of =85% (data not shown).

Results of AFLP analysis of Czech isolates are shown in
Fig. 1. Overall, a high diversity was observed. At the cluster

delineation level of 85%. 44 unique AFLP patterns and nine
well separated clusters, numbered 1—9, were distinguished.
The AFLP clusters designated 1, 2 and 3 comprised five,
five and three isolates, respectively, while pairs of isolates
with similar AFLP patterns formed the remaining six clusters.
All these clusters were linked to each other or to unique pat-
terns below a level of 80%. Thus, the highest rate of patients
carrying strains with the same profile was 7% (cluster | or 2),
while for other common profiles the rates were 3% or less.

In addition to AFLP analysis, 64 isolates were analysed by
PFGE (five isolates were not tested due to technical problems).
The PEGE patterns showed a high degree of heterogeneity: the
vast majority of PFGE patterns differed from each other in more
than six band positions (Fig. 2). On the other hand, isolates that
clustered together in the AFLP dendrogram also had highly sim-
ilar PFGE patterns or showed a common motif in their PFGE
patterns. For example, three isolates of AFLP cluster 3 showed
only minor differences in their PEFGE patterns. Similarly, minor
changes were observed in some isolates of clusters 2 and 1
(Fig. 2). Such relatively small differences may occur in genotyp-
ically (clonally) highly related strains and may refiect relatively
recent structural changes in their genome [6].

In the present study, an isolate originating trom a single
colony was used to represent the P. aeruginosa population
of a patient. However, it has been recently shown that CF pa-
tients may carry two or more genotypes of P. ageruginosa
[22,23]. To check to what extent we might have overlooked
the presence of multiple genotypes in the same patient, we an-
alysed 19 additional isolates from as many patients. Fifteen
isolates showed a PFGE pattern indistinguishable or highly
similar to their first respective isolate each. Four remaining
isolates had patterns completely different from those of the
first respective isolates and these patterns differed from each
other as well as from patterns found among the other isolates
of the study. Even though it is not clear whether the heteroge-
neity of genotypes found in each of the four patients resulted
from co-infection with two strains or from replacement of one
strain by another, these results support our finding of the gen-
erally high diversity of the P. aeruginosa population studied.

Although the observed high similarity of AFLP and PFGE
patterns of some i1solates may reflect accidental cross-infection
events, the prevalence of the cluster genotypes (strains) was
significantly lower than that of the epidemic strains found in
other centres [1,10,16]. Overall, there were no indications of
wide spread of a predominant epidemic strain among Czech
CF patients. Our results are thus similar to those reported by
centres in Vancouver and British Columbia (Canada), Porto
Alegre (Brasil) and Statfordshire (UK), which detected only
a limited degree of relatedness among strains [17—19].

3.2. Antibiotic susceptibiliry

The percentages of 1solates susceptible to the tested agents
were as follows: colistin (100), piperacillin (96), cefepime
(96), ceftazidime (94), meropenem (96), tobramycin (96),
amikacin (96}, netilmicin (87), gentamicin (86), and ciproflox-
acin (84). Fifty-two isolates (75%) were susceptible to all
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Fig. 1. Dendrogram of cluster analysis of AFLP fingerprints of 69 isolates from P. geriginosa from Czech patients with cystic fibrosis. Indicated are clusters of
isolates defined at a level of >83%. ATCC 27833, a reference F. aeruginosa strain. Abbreviations for antibiotics: Am, amikacin: Ci, ciprofloxacin: Cf, cefepime;
Ct, ceftaridime; Ge, gentamicin; Me, meropenem; Ne, netilmicin; Pi, piperacillin; and To, tobramycin.

antimicrobial agents, while 13 isolates were resistant or inter-
mediately susceptible to one to three agents, and four isolates
were resistant or intermediately susceptible to five to seven
agents (Fig. 1). Only seven isolates were resistant to more
than one antimicrobial class. AFLP clusters comprised either
tully susceptible isolates or isolates with heterogeneous resis-
tance profiles (Fig. 1). Overall, isolates showed good suscepti-
bility to antipseudomonal agents, In contrast with the noted

multidrug resistance of epidemic strains found in some Euro-
pean centres [2,14].

3.3. Contacts among patients with genotypically
related isolates

Several sets of isolates from 25 different patients showed
highly similar genotypes which might have resulted from
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Fig. 2. Pulsed-field gel electrophoresis (PFGE) of Spel-digested genomic DNA of P. aeruginosr isolates from Czech CF patients. Lanes 2—8 show patterns of the
isolates that are unrelated according to their AFLP fingerprints, while lanes 9—20) represent isolates which fall into three distinct AFLP clusters {(indicated below
the lanes). Lanes M, a lambda ladder (48.5 kb concatemer); 1, NIFH 2498; 2. NIPH 2420; 3, NIFH 2440; 42, NIPH 2493; 5, NIPH 2492; 6, NIPH 2439, 7, NIFH
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2442: 18, NIPH 2426; 19, NIPH 2469: and 20, NIPH 2425,

patient-to-patient transmission. To investigate this possibility,
we assessed potential contacts among these patients (no sib-
lings were included in this group). First, we investigated the
social contacts that had occurred among the patients at the
time of organizing CF camps (until 1998), and found that
five patients had actually participated in at least one CF
camp. The five patients were assoclated with three different
strain clusters: one with cluster 1, two with cluster 2 and an-
other two with cluster 8. Except for the pairs of patients asso-
clated with clusters 2 and 8 who might have been in contact
with each other, data indicate that transmission of cluster
strains at the CF camps was unlikely: there were about 30
CF children at each camp, many of them included in this
study: nevertheless, the cluster strains remained limited to
a minor proportion of the tested patients.

It is likely that the segregation measures applied since 1998
drastically limited the intensity of social contacts among pa-
tients with CF outside the hospital. However, there may still
have been some contacts at the CF centre itself, resulting from
breach of the infection control guidelines. Therefore, we inves-
tigated the potential contacts that had taken place at our CF cen-
tre among patients who were later found to be positive for cluster
isolates. Our analysis showed that patients with genotypically
related isolates did not meeteach other at more than average fre-
quencies: there were 13 contacts inside the clusters, while the to-
talnumber of contacts between patients with P. aeruginosa trom
acluster group and patients outside the cluster groups was 2882,
As contacts among patients within the same cluster were more
rare than outside these clusters, it is unlikely that transmission
of cluster strains took place at the centre. However, it should
be noted that tracking of contacts using hospital records is
only a rough proxy measure of the risk of transmission. The
method cannot reflect interdepartmental variability in quality
of anti-epidemic measures and it does notshow whether patients
were actually in close contact.

34. Contrasting populations of P. aeruginosa and
B. cenocepacia in the Prague CF centre

A previous study at the Prague CF centre was aimed at elu-
cidating the epidemiology of the B. cepacia complex, another
highly significant group of bacterial pathogens associated with
airway infections in CF patients [8]. It was found that the high
prevalence of B. cepacia complex infections (30%) among pa-
tients at the CF centre was due to the spread of the single B.
cenocepacia clone termed CZI1, which was identified in 77
(93%) of 83 B. cepacia complex isolates obtained from 67 pa-
tients between 2001 and 2003. This epidemic nature of infec-
tions caused by B. cemocepacia thus strikingly contrasts with
the non-clonal distribution of P. aeruginosa isolates in the
same patient population in 2004,

Although the actual cause for the difference in epidemiol-
ogy of the two pathogens i1s unknown, two factors may have
contributed to it. First, the Czech population of CF patients
may not have been exposed to P. aeruginosa strains with
a high epidemic potential. Second, measures taken to prevent
patient-to-patient contact may have acted as a protective bar-
rier against the dissemination of strains with epidemic poten-
tial since 1998. The anti-epidemic policy applied to prevent
the spread of B. cepacia complex may also have had a positive
effect on preventing the spread of FP. aeruginosa by enhancing
the awareness of both patients and healthcare providers, and
thus further reducing the rate of patient-to patient contacts.

In conclusion, despite the finding of a few clusters of com-
mon genotypes in different patients, the present study revealed
a relatively high genetic diversity of P. aeruginosa strains iso-
lated from Czech CF patients. The organisms had good in vitro
susceptibility to antipseudomonal agents, suggesting that the
high prevalence of P. aeruginosa in the CF patients was
mostly due to independently acquired strains. The absence
of highly epidemic P. aeruginosa strains may result from
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infection control measures taken upon recognition of the epi-
demic B. cenocepacia.
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We examined if multilocus sequence typing (MLST), a method for genotyping and species identification of
Burkholderia cepacia complex bacteria, could be applied directly to cystic fibrosis sputum. The redesigned
nested-PCR MLST format was successfully used to accurately identify strains in 23 sputum samples, of which

8 were culture negative.

Burkholdenia cepacia complex (BCC) organisms have the
capacity to spread within populations of patients with cystic
fibrosis (CF) and to cause serious epidemic outbreaks (6, 16).
Strict infection control measures are therefore in place in many
CF centers to prevent person-to-person transmission of the
organisms. Correct identification of BCC organisms in clinical
specimens is an essential prerequisite for implementing a suc-
cessful infection control system. The 17 bacterial species that
form the BCC taxonomic cluster today (9, 12, 13) can only be
accurately distinguished from each other by applying molecu-
lar genetic methods. Although several protocols have been
developed to discriminate individual species (4, 8, 10), multilo-
cus sequence typing (MLST) has proven to be the only method
which has kept pace with the increasing complexity of BCC
species. By sequence analysis of seven housekeeping genes,
MLST enables unequivocal identification of all established
BCC species and also has the advantage of being able to define
novel BCC groups (1, 3, 7). In addition, it can serve as a highly
standardized genotyping method that provides robust informa-
tion on strain type, by defining a sequence type (ST).

There is great potential in DNA-based identification meth-
ods, as they provide the possibility to detect minute quantities
of BCC bacteria directly in clinical specimens. We previously
described a diagnostic nested rec4 PCR with excellent sensi-
tivity (5) that enabled the detection of BCC bacteria in sputum,
weeks to months before patients became culture positive. Such
direct PCR testing narrowed the diagnostic window between
the time of the initial BCC infection and laboratory diagnosis
and had a great impact on implementing infection control in
advance of what was routine with conventional microbiology.

Using direct PCR. analysis, several instances of samples that
were BCC positive by PCR, but not by culture, were identified.
Follow-up of such cases was rather limited, as the rec4 PCR we
used (5) did not allow strain identification, and with no culture
to examine, conventional typing methods were ineffective. Yet
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Czech Republic. Phone: 420 2 2443 2001. Fax: 420 2 2443 2020. E-mail:
pavel.drevinek(@Lfmotol.cuni.cz.
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obtaining the strain type information for such patients is vital
in understanding the epidemiology behind their infection with
BCC bacteria. All gel pattern-based genotyping systems such
as pulsed-field gel electrophoresis require pure bacterial cul-
tures that were not available in the reproducibly PCR-positive,
but culture-negative patients. Although MLST is also a typing
method primarily designed to work from pure bacterial cul-
tures, in principle since it is based on DNA and PCR amplifi-
cation, its applicability to samples where bacteria are present in
a small, noncultivable amount was not ruled out.

‘We hypothesized that typing of the low quantities of BCC
strains in such PCR-positive cultures was feasible without the
need for obtaining pure cultures, if MLST was directly applied
to total DNA extracted from sputum. In order to increase
MLST sensitivity and to make it comparable to double-round
PCR-based detection of BCC from sputa (5), the original
MLST protocol for BCC (1) was modified to a redesigned
nested-PCR format. The primers used for sequence analysis in
the original MLST method already formed a primer pair that
was internal to the allele-specific amplification primers. There-
fore, they were employed, in addition to sequencing, for a
second round of the nested PCR.

To investigate the applicability of MLST for direct sputum
genotyping of BCC bacteria, 23 sputum samples from 17 CF
patients were examined (Table 1). The sputum samples were
representatives of the following diagnostic eventualities: (i) the
extent of BCC positivity, as determined by nested PCR, with 9
samples positive at round 1 and 14 positive only after 2 rounds
of this nested PCR: (ii) the differential ability to cultivate BCC
organisms, with 8 culture-negative and 15 culture-positive sam-
ples; (iii) situations involving multiple BCC species, as identi-
fied by the recA species-specific PCRs, with 10 Burkholderia
cenocepacia 11LA, 2 B. cenocepacia 111B, 4 Burkholderia mul-
tivorans, and 3 Burkholderia siabilis samples, as well as 4 sam-
ples of indeterminate BCC species; and (iv) presence/absence
of coinfection with Pseudomonas aeruginosa (10 samples cul-
ture positive and 13 culture negative for P. aeruginosa). In
addition, for four of the patients studied, sputa were sampled
at multiple clinic visits: for 3 patients (patients 10, 14, and 17;
Table 1), two samples were obtained 5, 2, and 9 months apart,
respectively, and for patient 9, four consecutive samples were
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TABLE 1. Characteristics of sputum samples examined in this study
Identification of BCC by nested PCR and culture MLST analysis of BCC
Paient Sample 1D no- :551 ?;f;g[:é Species identified Culwure 5T Species identified
1 5884 1 B. cenocepacia TITA + 32 B. cenocepacia T1TA
2 6140 1 B. cenocepacia 11TA + 32 B. cenocepacia 111A
3 5475 1 B. cenocepacia TITA + 32 B. cenocepacia 11IA
4 5938 2 B. cenocepacia TITA - 32 B. cenocepacia TITA
5 5883 2 B. cenocepacia 111A + n B. cenocepacia 111A
[ 5780 2 B. cenocepacia TIIA - 234 B. cenocepacia 1TTA
7 6144 1 B. cenocepacia TIIA + 234 B. cenocepacia 1TTA
8 5911 1 B. cenocepacia 1TIA + 234 B. cenocepacia 11TA
9 4871 2 Indeterminate + 102, 482 B. contaminans
4941 1 B. cenocepacia 1TIA + 482 B. comtaminans
5315 1 B. cenocepacia 1TIA + 102, 482 B. contaminans
5445 2 Indeterminate — 482 B. contaminans
10 5662 2 Indeterminate + 102 B. contaminans
6070 2 Indeterminate - 102 B. conmtaminans
11 5083 1 B. cenocepacia 11IB + 184 B. cenocepacia 111B
12 6072 2 B. cenacepacia 111B + 184 B. cenocepacia 11IB
13 5699 1 B. multivorans + 180 B. multivorans
14 5781 2 B. multivorans - 564 B. multivorans
5084 2 B. multivorans - 564 B. muliivorans
15 5747 2 B. multivorans - 562 B. multivorans
16 4894 2 B. stabilis - 51 B. stabilis
17 4934 2 B. stabilis + 563 B. stabilis
5702 2 B. stabilis + 563 B. stabilis

received at time intervals of 1, 6, and 7.5 months from the first
sampling point.

The PCR conditions for MLST round 1 amplification were
as follows. A PCR for each MLST allele was carried out in a
20-pl volume with 2.0 mM MgCl,, 0.2 mM deoxynucleoside
triphosphates (dNTPs), 10 pmol “amplification primers” (1),
1 Q solution, and 0.75 U Tag polymerase (all PCR reagents
were obtained from Qiagen, Hilden, Germany) and 1 pl bac-
terial DNA extracted from clinical samples with an Amplicor
respiratory specimen preparation kit (Roche, Indianapolis,
IN). The PCR program was run on a TGradient thermocycler
(Biometra, Goettingen, Germany) with initial denaturation for
5 min at 96°C and a subsequent 30 cycles of 30 s at 96°C, 30 s
at 35°C, and 2 min at 72°C. An internal DNA fragment was
then amplified in a second PCR with reaction chemistry iden-
tical to round 1, except that the sequencing primers (1) and 1
wl PCR product from round 1 were incorporated. The thermal
cycling profile for round 2 was as follows. Initial denaturation
was at 96°C for 2 min followed by a subsequent run of 35
cycles, each comprising 15 s at 96°C, 30 s of annealing (see

below), and 45 s at 72°C. The annealing temperature was sct to
decrease from 60°C in the first cycle by 0.5°C per cycle over the
next 10 cycles to reach the final annealing temperature of 55°C,
which was then kept for the last 25 cycles of PCR. The detec-
tion limit of the nested PCR was determined by serial decimal
dilutions of DNA from a B. cenocepacia culture of known
viability that had been extracted in the same way as the sputum
samples.

Successful MLST data were obtained for every sample ex-
amined, including those samples which were culture negative
and those which were amplification negative after 1 round of
the rec4 diagnostic PCR (summarized in Table 1). If a single
MLST allele was not detected after completion of the first
MLST-PCR round, all seven genes of the sample were sub-
jected to the round 2 PCR. The threshold of this setup was
found for each of the seven MLST genes at ~10* CFU/ml (10
CFU per reaction). Out of 161 sequencing PCRs performed
{23 samples x 7 MLST genes), only one reaction failed re-
peatedly to give a readable sequence (the phaC allele for
sample 5445); however a complete ST profile for this strain was
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FIG. 1. Identification of two B. contaminans strains within the sputum of patient 9. The sequence trace file of the gwB allele resulting from
MLST analysis of clinical sample ID 5315 is shown. Two distinct strains (ST102 and ST482) were present in the sample, and nucleotide
polymorphisms representing each allele of the two 5Ts (i.e., gyrB 76 and gwrfi 245) are highlighted; positions of nucleotide differences in allele

sequence are indicated above the bars.

obtained from another sample from the same patient (Table
1). Thus, we did not have to exploit alternative primers which
were recently redesigned in order to achieve more reliable
amplification results for all BCC groups and other Burkhold-
erig species (11).

At the level of species identification, the direct MLST anal-
ysis outperformed the original rec4-based diagnostic PCR (5).
MLST provided correct species identification in 4 samples that
were left undetermined by recA species-specific PCR (Table 1;
patients 9 and 10). All of these samples were assigned to the
recently described species Burkholderia coniaminans, a rele-
vant pathogen in CF (7, 12), for which no species-specific rec.4
PCR has been described. In addition, MLST corrected previ-
ous species misidentification of two B. comtaminans isolales
from patient 9 (Table 1) which had been misclassified as B.
cenocepacia 1ILA with recA species-specific PCRs. This finding
is in agreement with recent studies (3, 4) that highlight poten-
tial problems in BCC species identification performed solely
with first-generation molecular identification approaches, such
as recA restriction fragment length polymorphism (RFLP) or
recA species-specific PCRs; sequence analysis of the recd gene
as part of the MLST is far more accurate than these indirect
ways of examining DNA polymorphisms.

Analysis of two sputum samples from patient 9 (ID 4871 and
5315; Table 1) revealed the coexistence of two distinct strains
of B. contaminans (ST102 and ST482). These two strains differ
from each other by all seven MLST alleles, out of which the
gvrB pene carries the most pronounced sequence polymor-
phisms (18-nucleotide difference). Nucleotide sequence differ-
ences for each allele variant were clearly apparent in the se-
quence traces obtained (Fig. 1). Clearly discernible composite
nucleotide peaks were observed at each nucleotide polymor-
phism site that could be readily separated into the two discrete
allele sequences. Consequently, the presence of both strains
was tracked down and confirmed by more thorough analysis of
the culture that was isolated from sputum ID 4941 and that
alone showed an MLST result corresponding only to one of the

two strains. By screening the sequences of the gwB allele of 50
individual colonies which were isolated from the parental cul-
ture D 4941, we detected gvrB 76 (i.e., ST102) in five colonies.
‘While this may have indicated that the ST482 strain was the
more predominant strain from the pair, neither strain persisted
and caused chronic infection, as 5 subsequent samples col-
lected over the period of 1 year were BCC free (data not
shown). Although coinfection and strain replacement with dif-
ferent BCC species have been previously demonstrated in CF
(2, 14, 15), such studies required the cultivation and purifica-
tion of each strain present, which may not always be possible if
the colonial morphology of each isolate is not discriminatory.
Direct MLST as described here enabled the detection of mixed
BCC populations in an analysis without the need for strain
separation. Nevertheless, this ST identification approach
brings a potential limitation in that we selected a combination
of 7 out of 14 obtained alleles (7 alleles x 2 strains) based on
known profiles submitted to the public MLST database (http://
pubmlst.org/bee/); without an option to validate a not-yet-de-
scribed combination of alleles, this method would not allow
identification of a completely new ST. In addition, definition of
the correct 7-allele combination would have been impossible if
we had detected multiple shared alleles that occur in multiple
STs, including the two in question. The ST assembly derived
for the two B. contaminans strains (Table 1) was simplified by
the fact that every allele was either unique for one strain or did
not occur in combination with other alleles for the other strain.

Potential cross-reactivity with DNA of another origin was
one of our major concerns about the applicability of MLST
directly to sputum. However, we obtained unambiguous se-
quencing results from both PCR rounds, which indicated that
neither human DNA nor non-BCC bacterial DNAs (such as F.
aeruginosa) that were present in inflammatory CF sputum did
interfere with the MLST protocol.

In conclusion, we have demonstrated that BCC strain iden-
tification is feasible directly from sputum samples without a
need to work with pure cultures. We found this method useful

-86 -



Prilohy

Voo, 48, 2010

particularly in situations where culture resulis remain negative
due to a low bacterial load during infection. In such cases, only
direct MLST on sputum can provide information on strain type
and facilitate the complete analysis of a local epidemiological
situation, a vital prerequisite for effective BCC surveillance
and infection control in every CF center.

This work was supported by grants from the Czech Ministry of
Health (NS 10543-3) and the Czech Ministry of Education
(MSMO021620812).

We thank Helena Reitzova for excellent technical assistance.
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Burkholderia cenocepacia can cause serious infections and epidemics in patients with cystic fibrosis (CF). A
CF population in the Czech Republic experienced an epidemic outbreak caused by a B. cenocepacia ST-32
strain. The clonality of the isolates was evident by multilocus sequence typing; however, fingerprinting profiles
obtained by pulsed-field gel electrophoresis (PFGE) showed substantial band variability. We investigated
whether the PFGE pattern diversity resulted from genomic rearrangements mediated by insertion sequences
(15): in addition, we determined whether stressful growth conditions altered the transposition activity of these
15. DNA probes for IS commonly found in B. cenocepacia were designed wusing the B. cenocepacia J2315 genome.
Southern hybridization analysis of ST-32 isolates demonstrated diversity in both the copy number and the
insertion site for a homologue of [ISBeen20. Movement of the [SBeen20) homologue was detected when the ST-32
isolate CZ1238 was exposed to oxidative stress (growth in the presence of H,0,). PFGE analysis of CZ1138
derivatives exposed to oxidative stress demonstrated genomic rearrangements. Interestingly, when the closely
related B. cenocepacia strain J2315 was exposed to oxidative stress, no movement of ISBeen20 was detected.
Since frameshift mutations are present within the transposases of all copies of this IS in J2315, our data
suggest that the transposase is inactive. In summary, we have demonstrated for the first time that IS movement
can be mediated by oxidative stress and can lead to genomic rearrangements in the CF pathogen B. cenocepacia.
These IS movements may alter the PFGE fingerprints of isolates that are clonal by other typing methods.

Burkholderia cenocepacia is a member of the Burkholderia
cepacia complex (Bec), a group of opportunistic pathogens that
cause devastating infections in persons with cystic fibrosis
(CF). Infection of a CF patient with these bacteria is usually
chronic, becomes resistant to antibiotic treatment, and may be
transmissible to other CF patients (15). The majority of known
transmissible strains belong to the species B. cenocepacia,
which is considered one of the most severe pathogens of all Bee
organisms. The epidemic lineage historically called ET-12, ran-
domly amplified polymorphic DNA (RAPD) type 02, or the
cable pilus strain (reviewed in reference 12) has been causing
infections in the United Kingdom and Canada for the past 20
vears (14, 20). Other epidemic clones of B. cenocepacia iden-
tified in Canada have been designated RAPD types 01, 04, and
06 (14, 19). Strains that were genetically very closely related to
the Canadian RAPD 01 strain were detected a few years later
in almost 30% of CF patients from the Czech Republic (an
epidemic clone designated CZ1) (6).

Nearly all these transmissible CF strains were first defined by
the use of pattern-matching fingerprinting techniques such as
pulsed-field gel electrophoresis (PFGE) and/or RAPD (re-
viewed in reference 12). Despite the fact that computer sofi-
ware can enable the clustering of closely related fingerprints,

* Corresponding author. Mailing address: Paediatric Department,
2nd Medical School, Charles University, Prague, Czech Republic.
Phone: 420 2 2443 2026, Fax: 420 2 2443 2020, E-mail: pavel.drevinek
({@Lfmotol.cuni.cz.

¥ Published ahead of print on 4 November 2009.

the criteria for data analysis may not be easy to apply and may
lead to results that are hard to interpret. For example, consid-
erable variation was observed in the PFGE profiles of 77 iso-
lates from the Czech epidemiological survey (differing by as
many as 8 bands); however, RAPD analysis of the same set of
isolates demonstrated that they all belonged to the single ep-
idemic strain CZ1 (6).

The drawbacks of gel-based typing methods have recently
been overcome by an alternative approach, multilocus se-
quence typing (MLST), that compares the nucleotide se-
quences of seven housekeeping genes of the Bee (2). MLST
analysis of the Bee has a number of useful attributes: (i) since
MLST is a DNA sequence-based method, all information on
strain sequence types (5Ts) can be stored in a public database
that allows lab-to-lab comparison of results; (ii) MLST pro-
vides strain genotype information as well as identifying isolates
to the species level, a feature that has facilitated the recent
characterization of several new Bec species (21, 22); (iii) MLST
has excellent resolving power, which has enabled the matching
of clonal strains residing in the environment and in patients
with clinical infections (1), as well as the tracing of the global
distribution of major Bee clones, such as Burkholderia contami-
nans ST-102 (13). Since MLST examines components of the
core genome of Bee bacteria, it is unlikely to be affected by
genomic rearrangements within these bacteria.

‘We hypothesized that the intrastrain PFGE band heteroge-
neity observed for the Czech epidemic strain (6) may have
resulted from genomic rearrangements mediated by the move-
ment of insertion sequences (I5), which are highly abundant in
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TABLE 1. Primers used for multiplex PCR to detect all nine copies of ISBcen20 present in the genome of B. cenocepacia 12315

Insertion point . . Product size Primer concn Mulplex

(gene no. of IFS)GBDenZD) Sequence (3" 1o 3) (bp) (1M} PCR no
Reverse primers

1 (BCALD573) AGGAAATCGCCGCGATTC i 1 M1

2 (BCAL1125) TCTCGAACTGGAAGTGCC 387 0.75 M2

3 (BCAL1133) TCGACGAAAGGGTGACAC 491 04 M3

4 (BCAL2480b) TCGAACCGGAACTTCTCC 557 1 M1

5 (BCAL2496) CAGACTGGGTTGATCGAG 639 15 M2

6 (BCAL3126b) TCTCCTTGTCGAGTCGAC 725 1.25 M3

7 (BCAL3484) TTCGATCCTGCGTTCGAC 821 1 M1

8 (BCAM1906) TGCAGAAGCAAGGGCATC 896 15 M2

9 (BCAM1925) TGTTCCCGTATATCGGGC 944 1.75 M3
Forward primer, 1 to 9 TCAGTTGTTCCGATGCCTG

Bee genomes (11). Genome sequence analysis of B. cenocepa-
cia strain J2315 (ST-28) revealed that it possessed 22 different
types of IS elements, 4 of which were present at high copy
numbers (more than 5 copies per genome): 1S407 (13 copies),
ISBcen® (12 copies), ISBcenY (9 copies), and [SBecen20 (9
copies) (7). Enhanced transposition activity of mobile elements
in bacteria in response to various stress conditions, such as high
temperature (17) and starvation (8), has been observed. An-
other stress stimulus that may play a role in potentiating IS
movement in bacteria during CF infection is oxidative stress
mediated by toxic reactive oxygen species (ROS). Evidence for
this assumption was presented in a recent transcriptomic study
of the oral bacterium Porphyromonas gingivalis, which, when
exposed to H,0,, demonstrated concerted overexpression of
one IS family (4). The aims of our study were (i) to character-
ize the distribution of selected IS elements in the Czech epi-
demic strain CZ1 (designated ST-32 by MLST [1]). (ii) to
evaluate their possible link to the heterogeneous fingerprints
of CZ1 generated by PFGE, and (iii) to examine whether
oxidative stress conditions promoted the movement of IS ele-
ments within the genomes of strain CZ1 and the sequenced B.
cenocepacia strain J2315 (ST-28).

MATERIALS AND METHODS

Bacterial strains. In total, 31 isolaes belonging wo 4 different B. cenocepacia
5Ts defined by RAPIVFFGE genotyping (6) or MLST (2) were included in the
study: ST-32 (the ST of the Czech epidemic strain) (14 isolawes), ST-28 (6
isolates), 5T-234 (7 isolates), and ST-210 (4 isolates). These isolates were drawn
from the Cardiff University collection, Cardiff, Wales, United Kingdom (12).

Exposure to Hy04. Isolate CZ1238 (BCC0961; representative of strain CZ1)
and strain 12315 were used o siudy the effect of oxidative siress on the plasuicity
of the B. cenocepacia genome. A 1.5-ml aliquot of a culture of each strain (grown
in Luria-Bertani [LB] broth at 37°C with shaking at 150 rpm w the midJog
growth phase; ~3 = 10% cells) was harvested by cemrifugation (1,500 = g for 5
min). The bacterial peller was resuspended in 3 ml of basal salis medium (18)
conaining 22 mM glucose, 0.05% Casamino Acids, and hydrogen peroxide at
subinhibitory concentrations for each respective sirain (0.01% for CZ1238 and
0.1% for J2315). Incubation in the presence of H.0; was continued until the
culiures reached an oprical density at 600 nm (ODgy0) of 0.6 (—10 0 16 h of
growth), after which the culwres were serially diluted and plated out onto tryptic
soya agar plates w obrain single colonies. For B cenocepacia CZ1238, 7 single
colonies were individually cultivated for storage and further sudy. For B ceno-
cepacia 12315, 96 single colonies were picked into a 9%6-well plate containing 150
pl of LB medium, grown overnight at 37°C, and then swred at —80°C after the
addition of dimethyl sulfoxide.

Serial passage. To assess the stability of ISBcen20 during growth passage at
ATC, B. cenacepacia CZ1238 was reated as follows. Afier overnight growth in
LB broth, CZ1238 was plated onw an LB agar plae and left o grow for 24 h.
One colony was then picked and transferred w LB broth w initae another

overnight growth. This cycle of growth and plating was repeated 8 more times 10
obuain a derivative of isolate CZ1238 that had passaged through 9 sequential
cultivation cycles; 7 single colonies of this derivative were individually cultivared
for swrage and further sudy.

Heat shock. To examine the effect of an elevated iemperawre on IS stability
in B. cenocepacia CZ1238, an overnight broth culre of CZ1238 was agitated in
a 42°C waner bath for 30 min before being serially diluted and plated for indi-
vidual colonies on trypiic soya agar plates. Seven single colonies were then
picked and cultivared for storage and further study.

Multiplex PCR. To detect all nine copies of ISBeen2() present in the genome
of B. cenocepacia J2315, a universal forward primer and nine reverse primers,
each specific to one of nine IS insertion poinis, were designed (Table 1). The
distance of each reverse primer from the common forward primer differed from
each other by at least 50 bp; therefore, the resulting amplicons were analyzed in
4 multiplex PCR format as follows. Detection of all ning IS copies was splitino
threg multiplex PCRs, each identifying three of the ISBcen20 insertion poinis
(ie., PCR M1 detected insertion poims 1, 4, and 7; PCR M2 deiected insertion
points 2, 5, and 8; and PCR M3 detected insertion poins 3, 6, and 9 [see Table
1 for combinations]). A PCR for any primer combination was carried out in a
volume of 20 pl with 1 pl of DNA extracied with 5% Chelex (2000400 mesh;
Bio-Rad, Hemel Hempsiead, United Kingdom) and with reagenis of the Tag
PCR core kit (Qiagen, Germany) consisting of 1 PCR buffer, 1< Solution Q,
3.7 mM MgCl,, 0.2 mM (each) deoxynucleoside riphosphate (dNTP), and 0.75
U of Tag polymerase. Primer concentrations are specified in Table 1; the con-
centration of the universal forward primer was equal to the concentration of the
corresponding reverse primer in every respective primer pair. The PCR. program
was run on @ Dyad DNA engine thermal cycler (Bio-Rad Laborawries, Hemel
Hempsiead, United Kingdom) with initial denawration for 5 min at 94°C and a
subsequent run of 30 cycles, each comprising 30 s a1 94°C, 30 s at 60°C, and 45 5
at 72°C. The PCR products were separated on a 29 agarose gel with 1
Tris-borate-EDTA at 3.5 Vicm.

RFLF and Southern hybridization. All 31 clinical isolates described above
were subjected tw restriction fragment length polymorphism (RFLF) and South-
ern hybridization as follows. High-molecular-weight genomic DNA was extracied
as described previously (14), and approximanely 1.5 pg of DNA was digested for
3 1o 4 hwith 80 U of EcoRI (Promega). The digested DNA was separated on a
19 agarose gel at 0.8 Vicm for 15 h and was then ransferred w a positively
charged nylon membrane.

Digoxigenin (DIG)-labeled hybridization probes specific 1o insertion se-
quences [SBeen20, 1SBeen8, ISBeen?, and 15407 were amplified from B. ceno-
cepacia J2315 using the primers shown in Table 2. To facilitaie labeling, the
following PCR mixwre was prepared in a 25-pl reaction mixture: 1< PCR DIG
labeling mix (Roche Applied Science), 1: PCRE buffer (Promega), 1.5 pM
MgCl,, 0.5 wM (each) primers, 0.2 mM (each) dNTF, and 1 U of Tag polymerase
(Promega). The PCR thermal conditions were identical 1o those used for mul-
tiplex PCR. Probe-targer hybridization and chemiluminescence-based deiection
were performed according to the manufacturer’s instructions (Roche Applied
Science). Each probe was added to the hybridization solution at a concentration
of appraximarely 20 ng/ml, and the membranes were left 1o hybridize at 50°C
overnight. The degres of panern similarity berween individual isolaes was
analyzed by the unweighted-pair group method using arithmetic means in
GelCompar IT software (version 3.1; Applied Maths, Belgium).

Southern hybridization analysis with the 15SBcen20 probe was also performed

-90-



Prilohy

36 DREVINEK ET AL.

TABLE 2. Primers used in IS-specific PCR

1S detected Sequence (5" o 3) Product size
{bp)

ISBcen20 TGATCGAGCCGTTATTGC 736
GCAGCAACCGAGTTTGAG

ISBcend GACGTCGCAAAAGCTCAC 842
GUGACCTTGGACAGTTTG

ISBcend CGCAATGCCAAAAACACC 0953
TTGATGCGCTCGTGATTG

15407 GGTTCAGTGATGCGTCGT 1,016
GGAAAGCGGCAGGAGTAT

on DNA extracted from culwres of each of the CZ1238 derivatives obtained
from heat shock, serial passage, and exposure o HyOy,

Macrorestriction typing. A fingerprinting method based on DNA digestion
followed by PFGE was performed exactly as described previously (6). Briefly, the
genomic DNA embedded in 2% low-gelling-iemperaiure agarose (Sigma) was
digesied with 3 U of Spel (Promega) at 37°C overnight and was then separated
on a 1.2% pulsed-field certified agarose gel (Bio-Rad) for 24 h under the
following conditions: & Vicm; switch time, 1 1o 40 s for the initial 10 h and 30 w
90 s for the remaining 14 h. The resulting banding panerns were compared by
using GelCompar I1.

RESULTS

The Czech epidemic strain is part of a globally distributed
B. cenocepacia lineage. The PFGE fingerprints of isolates be-
longing to the Czech epidemic strain had previously been
shown to be highly variable (6). MLST analysis of 10 CZ1
isolates demonstrated that they all belonged to a single se-
quence type, ST-32, corroborating previous RAPD analysis
that had indicated they were clonal (6) and demonstrating that
PFGE fingerprinting had detected rapid evolution in these
isolates as a result of genomic rearrangements. Further exam-
ination of our strain collection demonstrated the presence of
35 additional ST-32 isolates. These comprised B. cenocepacia

(A) ISBcen20

12 3 4 5 6 7 8 910 11 12 13 14 15
120- v
8.0—
6.0—
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isolates recovered from individuals with CF and from humans
with infections not linked to CF. One environmental ST-32
isolate from Mexico had been described in a previous study (1).
Overall, the ST-32 isolates in our collection were globally dis-
tributed, indicating that this ST is another highly virulent B.
cenocepacia strain ITA lineage like the ET-12 lineage (12).

Presence of selected IS elements in B. cenocepacia. Fourteen
Czech ST-32 isolates were examined by RFLP followed by
Southern hybridization for the presence of homologues of the
IS elements in the B. cenocepacia J2315 genome. Four IS
elements were specifically looked for, since they represented
those with the highest copy numbers, which were most likely to
mediate genomic rearrangements (7): ISBeen20 (9 copies),
ISBecen8 (12 copies), ISBeen9 (9 copies), and 15407 (13 cop-
ies). No homologues of ISBcen9 or 15407 were detected in any
of the ST-32 isolates examined (data not shown). The remain-
ing IS elements tested were found in multiple copies in the
ST-32 isolates, ranging from 12 to 19 copies for [ISBcen20 (Fig.
1A) and 6 to 12 copies for ISBcen8 (Fig. 1B). When the IS
RFLP hybridization profiles were compared computationally,
much greater heterogeneity was detected for ISBeen20, with
only 6 of the 14 isolates showing more than 50% fingerprint
similarity (data not shown). Application of the same cutoff to
the ISBcen8 fingerprints demonstrated that a majority of the
Czech 5T-32 isolates (11 out of 14) fell into one cluster. These
data demonstrated that the [SBeen2() homologue in the ST-32
isolates appeared far more active, with rapid evolution in the
insertion site and copy number in a strain that was clonal in the
core genome, as indicated by the single MLST type.

The IS RFLP hybridization profiles of three other epidemic
B. cenocepacia 11LA strains (14, 19) were examined: strains
belonging to ST-28 (RAPD tvpe 02; ET-12 lineage), ST-234
(RAPD type 04), and ST-210 (RAPD type 06). The B. ceno-
cepacia ST-28 and ST-234 strains contained multiple copies of
ISBeen20 and ISBeen8 homologues; the banding patterns for
ISBcen20 were more variable, results correlating with those for
the Czech epidemic strain (Fig. 2). Further examination of

(B) ISBcen8

12 3 45 6 7 8 9 1011 12 13 14 15

FIG. 1. Southern hybridization of ST-32 isolates with ISBecen20 (A) and ISBcen® (B) probes. Samples are as follows: lanes 1, BCCO817; lanes
2, BCCO81E; lanes 3, BOC0961; lanes 4, BCCO851; lanes 5, BCOOR96; lanes 6, BCCO88S; lanes 7, BCC1110; lanes 8, BCC1114; lanes 9, BCC1111;
lanes 10, BCC1112; lanes 11, BCC1113; lanes 12, BCC1121: lanes 13, BCC1126; lanes 14, BOC1128; lanes 13, reference strain J2315 (ST-28). The
approximate positions of the molecular size markers (in kilobases) from the agarose gel electrophoresis of the DNA are indicated to the left of

each gel.
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(B) ISBcen8
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i§ NoF N Al
12 34567 8 9101112 1314151617

FIG. 2. Southern hybridization of isolates of three STs (given above the lane numbers) with ISBcen20 (A) and ISBcen8 (B) probes. Samples
are as follows: lanes 1. J2315; lanes 2, BCC0313; lanes 3, BCC0162; lanes 4, BCC0163; lanes 5, BCC0164; lanes 6, BCCD077: lanes 7, BCC0575;
lanes 8, BCC0107; lanes 9, BCC1168; lanes 10, BCCO078; lanes 11, BCC0534; lanes 12, BCC0222; lanes 13, BCC0223; lanes 14, BCC0536; lanes
15, BCC0541; lanes 16, BCC0514; lanes 17, BCCO098. The approximate positions of the molecular size markers (in kilobases) from the agarose

gel electrophoresis of the DNA are indicated to the left of each gel.

additional ST-234 isolates demonstrated that two out of seven
lacked ISBcen20 homologues, suggesting that positive and
negative IS variants can exist for this lineage. Only ISBcen8
was detected in the four B. cenocepacia ST-210 isolates tested;
ISBcen20 was absent from all four. Since the ISBcen20 homo-
logue had exhibited higher diversity in its copy number and
distribution in ST-32 isolates than ISBcen8, we chose to focus
our further work on the former element, assuming that this was
most likely an active mobile element contributing to the rapid
genomic rearrangements observed by PFGE (6).

Movement of ISBeen20 in ST-32. To assess the degree of
ISBcen20 movement under physiological and stress conditions,
isolate CZ1238, a representative of B. cenocepacia ST-32, was

(A) Southern hybridization

1 2 3 4 5 6 7

subjected either to serial passage on nutrient medium, to a
heat shock, or to growth in a subinhibitory concentration of
H,0, (see Materials and Methods). No alterations in the in-
tragenomic distribution of ISBcen20 were detected in a set of
seven subcultures passaged on agar or in seven colonies ex-
posed to a heat shock (data not shown). However, oxidative
stress induced by exposure to 0.01% H,O, potentiated
ISBcen20 activity: only one of the seven derivatives tested had
the same IS profile as wild-type CZ1238 (Fig. 3A). Overall, in
addition to the wild-type IS profile, three new IS profiles were
detected among the seven CZ1238 derivatives examined (Fig.
3A). The IS movement triggered by exposure to H,O, was also
reflected in changes to the macrorestriction profile obtained by

(B) PFGE

i 2 3 4 5 6 7 8

FIG. 3. Southern hybridization with an ISBcen20 probe (A) and PFGE (B) of seven individual colonies (lanes 1 to 7, respectively) of ST-32
strain CZ 1238 exposed to 0.01% H,0,. Lanes 8. unexposed CZ1238. (A) Profiles in lanes 1 and 4, lanes 2 and 3, lanes 5 and 7, and lanes 6 and
8 match each other completely. The approximate positions of the molecular size markers (in kilobases) from the agarose gel electrophoresis of the
DNA for the Southern hybridization are shown on the left. (B) Profiles in lanes 1, 4, 5, and 7 match each other completely. The positions and sizes

(in kilobases) of the markers run for PFGE are shown on the left.
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FIG. 4. PCR detection of the nine ISBeen2( copies present in B.
cenocepacia strain J2315. Lanes M1 to M3 represent multiplex PCRs,
each identifying three IS copies with different insertion points within
the genome. Marker, 1-kb molecular size marker. Fragments of rele-
vant sizes (in base pairs) are indicated on the right.

PFGE analysis: four different profiles differing by as many as
five bands were detected among the seven CZ1238 derivatives
(Fig. 3B). Although four of the seven colonies studied shared
the same PFGE profile, none of the PFGE patterns corre-
sponded exactly to that of the parental strain (Fig. 3B).

Movement of ISBeen20 in B. cenocepacia ST-28. The results
for the Czech epidemic strain CZ1238 prompted the study of
IS behavior in the genome-sequenced epidemic B. cenocepacia
strain J2315 (7). The availability of genome sequence informa-
tion made it possible to follow transposition events for every
single 1SBecen20 copy in the penome. To detect all nine
ISBeen20 copies and to determine the frequency of their trans-
position via a cut-and-paste mechanism, we designed a set of
three multiplex PCRs that amplified a product of a slightly
different size for each IS insertion point (Table 1; Fig. 4). This
approach was used to screen 96 colonies of 12315 derived from
a culture exposed to 0.1% H,O.. In contrast to those from
strain CZ1, all the J2315 colonies tested possessed each of the
nine copies of ISBeen20 at the original insertion points derived
from penome sequence analysis. To check if other possible
transposition mechanisms (undetectable by PCR) and any
genomic rearrangements had occurred under our experimental
conditions, seven random colonies of 12315 were further ana-
lyzed by PFGE and ISBcen20 hybridization profiling. Neither
method displayed any visible changes in the genomes of the
colonies derived, indicating an absence of oxidative-stress-
primed 1SBcen2( activity in B. cenocepacia strain J2315 (data
not shown).

DISCUSSION

The molecular typing anomalies described previously for B.
cenocepacia strain CZ1 (5T-32) raised the question of the basis

1. Cuin. MicrosBioL.

for the extensive genomic rearrangements within a single strain
(6). We have demonstrated that the reason may lie in the
diversity and activity of the large number of IS elements
present in the Burkholderin genome. Based on the data avail-
able from the sequenced genome of B. cenocepacia strain
J2315 (ST-28), which is closely related to strain CZ1, we se-
lected the four IS elements that have the highest copy numbers
in J2315 and tested the CZ1 genome for the presence of
homologues. 1SBeen20 and [SBeen8 were found in all tested
CF isolates of the CZ1 clone, with ISBcen20 in particular
demonstrating substantial variability in its copy number and
genomic distribution. Marked variation in the RFLP-Southern
hybridization profiles of ST-32 isolates probed with ISBcen20
was also observed for other B. cenocepacia strains known to
have caused multiple epidemic outbreaks (i.e., ST-28 [ET-12]
and ST-234 [RAPD 04]) (14 strains). It was noteworthy that
two of the seven ST-234 isolates tested did not possess an
ISBecen20 homologue: whether this represents a loss or a gain
of the IS element remains to be determined, but it does dem-
onstrate the capacity for very rapid evolution in terms of the
foreign DNA content in clonal strains of B. cemocepacia.

The significant changes in the copy number and insertion
sites of 1SBcen20) homologues observed in CF isolates of the
same strain suggested that in vive transposition activity of this
element may occur. We hypothesized that the movement may
be stimulated by oxidative stress, which is an inherent feature
of the respiratory tract in cystic fibrosis patients; the subse-
quent demonstration of ISBcen2() movement mediated by ox-
idative stress in the Czech strain is highly novel in the context
of both IS elements and CF microbial pathogens. A chronically
inflamed CF lung is rich in ROS, which are produced by the
host immune system in response to infection. CF pathogens
have developed various ROS-protective mechanisms to enable
successful colonization of the lung. For example, B. cenocepa-
cia possesses antioxidant enzymes, such as superoxide dis-
mutase, catalase, and catalase-peroxidase (9, 10), and recent
microarray analysis has demonstrated induction of a hydroper-
oxide resistance protein in response to ROS (3). Although
these enzymes allow bacteria to survive in the airways, they are
unlikely to neutralize all ROS, which may therefore still affect
some processes occurring in bacteria at molecular levels.

DNA analysis of individual CZ1 colonies exposed to oxida-
tive stress clearly demonstrated that 1SBcen20 has moved and
very likely contributed to changes in the PFGE profiles of
these derivatives. In contrast, ISBcen20 distribution, as well as
PFGE fingerprints, remained unchanged in B. cenocepacia
J2315, even though this strain was also capable of good growth
under the same stress conditions as CZ1. All nine copies of
ISBcen20 within the J2315 genome contain a frameshift mu-
tation within the IS element’s transposase (7). The bioinfor-
matic annotation of J2315 suggests that this transposase may
be expressed if a —1 ribosomal translational slippage (16)
occurs at the mutation point within its coding sequence (5'-A
AAAAC-3") (7). The lack of H,O,-induced movement of
ISBeen20 in J2315 suggests that in fact this frameshift muta-
tion in the transposase is a lethal mutation that cannot be
overcome and that the 1SBeen20 element is a pseudogene in
this strain. These data also suggest that IS movement in re-
sponse to oxidative stress is strain specific in B. cenocepacia,
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and the degree of genomic stability may differ considerably
between closely genetically related strains.

Heat shock has been shown to increase the frequencies of
transposition of & different IS elements in an environmental
isolate of Burkholderia mudtivorans (17); interestingly, oxidative
stress did not stimulate 1S activity in this B. muldtivorans strain.
The lack of 1SBcen20 movement in B. cenocepacia after heat
shock suggests either that this element is unresponsive to this
form of stress or that temperature is not a sufficiently stimu-
lating factor for epidemic B. cenocepacia CF strains, which are
well adapted to growth in human lungs. However, the demon-
stration that an IS element in B. cenocepacia can respond to
oxidative stress, an inherent feature of the CF lung environ-
ment, is highly significant for other CF pathogens. It will be
interesting to explore whether other B. cepacia complex spe-
cies and even Pseudomonas aeruginosa (both of which have
multiple IS elements) also possess this rapid form of evolution,
which, if it alters virulence, could be responsible for the wide
variation in clinical outcomes associated with microbial infec-
tion in CF.

PFGE has been employed as a gold-standard bacterial-typ-
ing technique for many bacterial pathogens. However, its use-
fulness for B. cenocepacia has not been unequivocal, especially
when large populations of organisms are to be analyzed (3).
Wery high discriminatory power may be misleading in terms of
correct determination of epidemiologic relatedness among iso-
lates and may not cluster together those that actually belong to
the same clone. This was the pitfall of our previous epidemi-
ological analysis, where we had great difficulty interpreting the
PFGE data obtained for Czech clinical isolates (6). The
present study has documented that PFGE results for the ST-32
strain were affected by oxidative stress conditions and that
PFGE pattern variability was very likely affected by the trans-
position activity of at least one insertion sequence within this
B. cenocepacia strain. The fact that this activity could be de-
tected after a few hours of growth in the presence of oxidative
stress indicates the capacity of certain B. cemocepacia strains
for rapid IS-mediated evolution.

It is noteworthy that our data demonstrated only an indirect
link between I1SBcen20 activity and the PFGE patterns ob-
tained after exposure to oxygen radicals (Fig. 3). Although we
observed substantial ISBeen20 movement following incubation
in 0.01% H,0,, PFGE data derived from the same condition
could not be considered to be altered specifically due to
ISBeen20. In addition, pairs of CZ1238 colonies that showed
different profiles by Southern hybridization (Fig. 3A) did not
match those with changed patterns by PFGE (Fig. 3B). It is
likely that multiple mobile elements were potentiated by oxi-
dative stress and that their activity eventually led to changes in
PFGE. I5Bcen20 may be just one of the elements that can
mediate changes in PFGE patterns through mechanisms of
DNA rearrangement/recombination; it is unlikely that the
straightforward self-insertion of a small IS can be detected
directly by PFGE. Also, since [SBcen20 itself lacks a target
sequence for the Spel restriction enzyme used for PFGE anal-
ysis, the alterations detected by PFGE (Fig. 3) were most
probably the result of large-scale genomic recombinations that
occurred after the oxidative-stress-primed IS movements.

We conclude that ISBcen2() is an active mobile element in
the epidemic B. cenocepacia ST-32 CF strain and that its ac-
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tivity is inducible by reactive oxygen species. This mechanism
represents a novel form of rapid evolution that B. cenocepacia
may undertake during infection, and it will be very interesting
to determine whether other CF pathogens that are rich in IS
elements respond in the same way. The transposition activity of
ISBcen20 very likely contributes to genomic rearrangements of
the strain that are detected by PFGE analysis.
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