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Jak se méni epidemiologie rotavirovych nakaz
v souvislosti s ockovanim v Ceské republice

Spackova M."”"2, Liptakova M., Kostalova J.", Fabianova K., Kynél J."”", Chlibek R."2

'0Oddéleni epidemiologie infek¢nich nemoci, Centrum epidemiologie a mikrobiologie, Statni zdravotni Ustav, Praha
2Katedra epidemiologie, Vojenska lékarska fakulta Univerzity obrany, Hradec Kralové

SOUHRN

Cil: Cilem nasi prace bylo popsat epidemiologickou situaci vyskytu rotavirovych gastroenteritid (RG) a vliv ockovani na hospitaliza-
ci pro RG v Ceské republice (CR) v letech 2018-2023.

Metody: Byla provedena deskriptivni analyza anonymizovanych piipad( RG hlasenych pod kédem A08.0 v systému pro hlaseni
infekénich onemocnéni (ISIN) v Ceské republice v letech 2018-2023. K analyze binarnich proménnych byl pouzit chi-kvadrat test.
Vliv o¢kovani na hospitalizaci byl hodnocen pomoci logistické regrese s odds ratio (OR) a 95 % intervalu spolehlivosti. Pouzity byly
programy Excel, STATA a Datawrapper GmbH. Incidence onemocnéni byla prepocitana na 100 000 obyvatel.

Vysledky: Ve sledovaném obdobi bylo v CR hlaseno celkem 26 303 pFipadil RG (v rozmezi 1 811-7 483 ro¢né), coz odpovida pra-
mérné rocni incidenci 41,0 (rozmezi 16,9-69,6) na 100 000 obyvatel. Padesat jedna procent piipadd se vyskytlo u zen. Primérna
ro¢ni specifickd incidence podle pohlavi byla srovnatelna. Pfipady se vyskytly u osob 0-101letych (median 3 roky, mezikvartilové
rozpéti [IQR] 1-8 let). Maximalni pocty pfipadl byly zaznamenany v mésicich biezen az cerven, pficemz v pandemickych letech
2020 a 2021 byly celkové pocty pfipadl nizsi, a tedy i sezonnost byla vyjadiena méné. Priimérna rocni specifickd incidence byla
nejvyssi v krajich Vysocina, Jiho¢eském a Olomouckém. Hospitalizovano bylo 18 693 (71,1 %) pfipadd RG, nejvice pfipadl ve véko-
vé skupiné 1-4 roky (34,7 %) a 5-9 let (11,9 %). Udaje o okovani byly dostupné pro 21 142 osob s RG, z nich 304 (1,4 %) osob bylo
vykdzano jako oc¢kovéno. Riziko hospitalizace pro RG bylo u o¢kovanych osob statisticky vyznamné nizsi (p < 0,001) nez u neocko-
vanych. Nahlaseno bylo celkem 27 epidemii RG, v nejvétsi bylo zaznamenano 152 piipadd. Jako import bylo hlaseno 226 pfipadi
onemocnéni.

Zavér: Po zahajeni ockovani proti RG v CR bylo ocekavano snizeni poctu onemocnéni, hospitalizaci a umrti pro tato onemocnéni.
Nicméné vyznamny dopad ockovani na zatéz RG dosud v CR pozorovan neni a domnivame se, ze hlavnim déivodem je nadale nizka
proo&kovanost proti RG v CR. Doporucujeme proto zafadit toto dobrovolné o&kovani mezi o¢kovani hrazena zdravotnimi pojis-
tovnami a zéroven apelujeme na ¢asnou komunikaci vhodnosti o¢kovani mezi praktickym lékarem pro déti a dorost a rodici déti.

KLICOVA SLOVA
virové gastroenteritidy — rotaviry — ockovani — prevence - deskriptivni epidemiologie

ABSTRACT
Spackova M., Liptakova M., Kostalova J., Fabianova K., Kynél J., Chlibek R.: How the epidemiology of
rotavirus infections is changing with vaccination in the Czech Republic

Aim: To describe the epidemiological situation of rotavirus gastroenteritis (RVGE) and the impact of vaccination on hospitalization
for RVGE in the Czech Republic in 2018-2023.

Methods: A descriptive analysis was performed of anonymized RVGE cases reported under code A08.0 to the Infectious Diseases
Reporting System (ISIN) in the Czech Republic in 2018-2023. The Chi-square test was used to analyse binary variables. The effect
of vaccination on hospitalization was assessed using logistic regression with odds ratio (OR) and 95% confidence interval. Excel,
STATA, and Datawrapper GmbH programs were used. The incidence of the disease was calculated per 100,000 population.
Results: In the monitored period, a total of 26,303 RVGE cases were reported in the Czech Republic (range 1,811-7,483 per year),
which corresponds to an average annual incidence of 41.0 (range 16.9-69.6) per 100,000 population. Fifty-one percent of cases
occurred in women. The average annual sex-specific incidence rates were comparable. Patients were aged 0-101 years (median 3
years, interquartile range [IQR] 1-8 years). The maximum numbers of cases were recorded in the months of March to June. In the
pandemic years 2020 and 2021, the overall numbers of cases were lower, and therefore the seasonality was less expressed. The
average annual specific incidence was highest in the Vysocina, South Bohemian and Olomouc Regions. A total of 18,693 (71.1%)
cases of RVGE were hospitalized, most of them in the age groups 1-4 years (34.7%) and 5-9 years (11.9%). Vaccination data were
available for 21,142 individuals with RVGE, of whom 304 (1.4%) were reported as vaccinated. The risk of hospitalization for RVGE
was statistically significantly lower (p < 0.001) in vaccinated than in unvaccinated individuals. A total of 27 RVGE outbreaks were
reported, with the largest one involving 152 cases. Two hundred and twenty-six cases were classified as imported.

Conclusions: After the introduction of RVGE vaccination in the Czech Republic, a reduction in RVGE cases, hospitalizations, and
deaths was expected. However, a significant impact of vaccination on the RVGE burden has not yet been observed in the country.
The main reason continues to be low RVGE vaccine coverage. We therefore recommend including this voluntary vaccination in the
schedule covered by health insurance and also call for early communication of the appropriateness of such vaccination between
the paediatric/adolescent medicine practitioners and children’s parents.
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uvoD

Rotavirové gastroenteritidy (RG) jsou vysoce nakazli-
va akutni virovd onemocnéni vyvoldvajici prajmy pro-
vazené horeckou a zvracenim, zejména u déti. U do-
spélych osob byva pribéh obvykle mirné;jsi, nicméné
v prostiedi s vysokou koncentraci osob, zejména osob
imunokompromintovanych (napf. v nemocnicich nebo
domech s pecovatelskou sluzbou), se nakazy RG rov-
néz vyskytuji, ¢asto v epidemiich, a mohou zpUsobit
velmi zdvazné pribéhy. Navzdory dostupnosti o¢kova-
ni jsou rotaviry u déti mladsich 5 let podle poslednich
odhadu z roku 2017 celosvétové ro¢né odpovédné za
vice nez 250 milion0 ptipadd onemocnéni a 185 400
umrti [1]. Rotaviry se tim fadi na tfeti misto v seznamu
patogend, které zpusobuji nejvice umrti déti do 5 let
na svété a rovnéz jsou nejcastéjsi pricinou hospitalizaci
v ramci prdjmovych onemocnéni u déti [2]. V zemich
s dostupnou a kvalitni zdravotni péci a zavedenym ru-
tinnim o¢kovanim byvaji RG méné rozsifené a zavazné.
V zemich s nizkymi a stfednimi pfijmy a v zemich, kde
ockovani neni rutinni soucasti ndrodnich imuniza¢nich
programu, zGstavaji RG nadale hlavni pficinou zivot
ohrozujicich prijmu u kojencli a déti do 5 let.

Pavodce

Rotaviry jsou neobalené RNA viry rodu Rotavirus,
Celedi Reoviridae. Genom je tvoren linedrni dvoure-
tézcovou RNA, uzavienou soustiednymi, trojvrstvymi
kapsidami. Vnéjsi kapsida je slozena z proteini VP7
a VP4, které nezavisle aktivuji sérotypové specifické
neutraliza¢ni protilatky [3]. Mezindrodnim vyborem
pro taxonomii virG bylo dosud oficidlné pfijato 9 dru-
ha rotavirll oznacovanych jako RVA az RVD a RVF az
RVJ [4]. RVA jsou hlavni pficinou gastroenteritid u lidi
[5] a vzhledem k jejich segmentovanému genomu se
vzorec genotypu rotavirll v lidské populaci vyviji: mezi
mechanismy evoluce patii bodové mutace, rekombi-
nace gentl a preskupeni (reassortment) genomovych
segmentl a s tim spojeny mezidruhovy pfenos [6, 7].
Dale jsou na zakladé fylogenetickych analyz a porovna-
ni sekvence VP1 rozliSovany dva hlavni klady rotavir(,
kterymi jsou ,klad podobny RVA" (obsahujici RVA, RVC,
RVD, RVF) a ,klad podobny RVB" (obsahujici RVB, RVG,
RVH) [8].

Zdroj
Zdrojem onemocnéni je obvykle infikovany ¢lovék.
Rotaviry viak byly detekovany u mnoha druhi zvifat,

jak domacich, tak volné Zijicich. Jsou ¢astou pf¥icinou
(i velmi zavaznych) prdjma telat, predevsim téch ve
véku 1-3 tydny, déle selat [9], jehnat, kiizlat a hfibat.
Méné zdvazné rotavirové infekce jsou pozorovany
u pst a kocek, nékterych druhl ptakd, véetné kurat
a krt, a volné zijicich zvitat, napfiklad netopyrd, hlo-
davc(, opic a riznych druh jelenovitych [10]. Infikova-
na zvifata mohou slouzit jako rezervodr pro prenos vir(
na ¢lovéka a rovnéz zde kontinualné dochazi k dalsi
genetické modifikaci virda [11].

Vyskyt

RG se vyskytuji celosvétové, zejména v kolektivech
malych déti. Rizikovym prostfedim jsou predevsim za-
fizeni péce o predskolni déti, rizna pecovatelska zafi-
zeni, vyletnilodé nebo vojenska a zdravotnicka zafizeni
[12]. Kromé epidemickych vyskytd je vsak evidovano
i velké mnozstvi sporadickych vyskytd. V mirném kli-
matickém pasmu jsou infekce evidovény spise v chlad-
né&jsim obdobi roku [13].

Pienos

Pfenos probiha fekalné-oralni cestou blizkym kon-
taktem s infikovanou osobou, zejména pfi nedosta-
tecné hygiené rukou po pouziti toalety nebo vyméné
plenek [14]. K ndkaze dochazi i prostiednictvim konta-
minované vody, potravin a kontaminovanymi povrchy
(napf. hracky, kliky u dvefi, hygienické potieby apod.)
[15]. Viry jsou vylu¢ovany stolici infikovanych jedinc(,
véetné asymptomatickych osob, obvykle dva dny pred
zacatkem onemocnéni a do deseti dni po zac¢atku one-
mocnéni: pfi primoinfekci se mize jednat v 1 ml stolice
az o0 10"-10" virovych partikuli [16, 17]. Infek¢ni davka
je nizka: u déti staci pouhych 10 virovych castic [18].
Virova néloz byva nejvyssi 24-48 hodin po zac¢atku pfi-
znakd, avsak viry mohou byt stolici vylucovéany i néko-
lik tydn(, predevsim uimunokompromitovanych jedin-
¢l [12, 13, 19]. Rotaviry jsou vylu¢ovany také zvratky, je
tedy mozny i kapénkovy pfenos aerosolem.

Patogeneze

Rotaviry prezivaji v prostfedi s rozmezim pH 3,5-10.
Pfi pH Zaludku dospélé osoby kolem dvou prezivaji tyto
viry maximalné jednu minutu. V zaludku kojence, kde
se pH pohybuje kolem hodnoty 3,2, je preziti téchto
virl nasobné delsi a viry pronikaji déle do gastrointesti-
nalniho traktu [20]. Rotaviry adheruji na enterocyty na
vrcholcich klkéi pomoci strukturniho proteinu VP4, nej-
Casté&ji v hornich dvou tfetindch tenkého streva. V pato-
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genezi se dale uplatni predevsim nestrukturni protei-
ny NSP1-6. Konkrétné protein NSP4, tzv. ,virovy toxin®,
vede k naruseni regulace pfijmu Ca*" do buriky, naruse-
ni integrity plazmatické membrany a inhibici absorpce
sodiku [21]. Dasledkem je presun iontl sodiku a chlo-
rid{ pres plazmatickou membranu a vznik sekre¢niho
prdjmu [22]. Inkubacni doba je obvykle 24-72 hodin.

Klinicky obraz

Hlavnim pfiznakem RG je vodnaty prljem, ktery
mUze byt intenzivni a trva obvykle 3-8 dni. Prijem byva
bez krve. Castym pfiznakem je zvraceni, které maze
zacit soucasné s prijmem nebo mu predchézet a trva
obvykle 1-2 dny. Déle byvaji pfitomny mirna az stred-
né vysokd horecka, bolesti a kie¢e bficha. Kvuli pri-
jmu a zvraceni mGze rychle dojit k dehydrataci, ktera
patii mezi jednu z nejzavaznéjsich komplikaci RG [23].
Vzacné se objevuji neurologické pfiznaky: kiece, ence-
falitida nebo encefalopatie. Nejvyssi riziko zdvazného
pribéhu maji déti ve véku 4 mésice az 3 roky, s maxi-
mem vyskytu mezi 7. a 15. mésicem véku pfi primoin-
fekci [24]. Pokud dité nedokaze v pribéhu onemocnéni
dostatecné tolerovat pfijem tekutin, kon¢i stav obvykle
hospitalizaci. Zavazny prabéh mohou mit také seniofi,
lidé s oslabenym imunitnim systémem a téhotné Zeny.
Po prodélaném onemocnéni vznikd vétsinou pouze
kratkodoba slizni¢ni imunita a jsou mozné reinfekce
[13].

Terapie

Lécba je symptomaticka: jedna se predevsim o zmir-
néni horecky a zvraceni, v¢asnou hydrataci a realimen-
taci pacienta [25]. Pokud Ize rehydratovat peroralné,
je vhodné podavat ¢asto, po malych davkach, rehyd-
ratani roztoky, které obsahuji NaCl, KCI a glukézu.
Realimentovat je vhodné co nejdfive, jiz v prvnich 24
hodinach a okamzité po fazi rehydratace. Lze podévat
béznou véku pfimérenou stravu [26].

Diferencialni diagnostika

Mezi nej¢astgjsi priciny akutnich prajmd v CR pa-
tfi kromé RG salmonely, kampylobaktery a noroviry.
U akutnich prdjma malych déti s cestovni anamnézou
bychom mohli zvazovat také parazitarni infekce (napf.
giardiézy a amébové Uplavice). Neinfekéni pficiny
(napt. intolerance laktézy nebo celiakie) vétsinou maji
déletrvajici charakter. Pro spravné urceni diagndzy je
nutné znat klinicky stav, délku a charakter priznakd,
peclivé odebrat anamnézu (véetné cestovni) a spravné
odebrat material pro laboratorni diagnostiku.

Laboratorni diagnostika

S ohledem na laboratorni diagnostiku je nejvhodnéj-
$im materidlem pro vysetieni stolice odebrana v akutni
fazi onemocnéni v mnozstvi pfiblizné 1 cm?. Pro rych-
lou detekci rotavirli se v laboratofich obvykle pouzivaji
imunochromatografické metody, ELISA, latexova aglu-
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tinace nebo imunoflorescence [13]. Dale se mozna pfi-
tomnost rotavir(l vysetfuje pomoci multiplexni PCR ¢i
elektronové mikroskopie. Sekvenacni techniky umozni
urcit genotyp. Kultivace vhodnd neni [14].

Prevence

Rotaviry jsou v zevnim prostfedi velmi odolné: na
klzi prezivaji nékolik hodin, v suchém prostredi nékolik
dni, ve vodé tydny a pfi teploté -60 °C nékolik let. Na-
opak pfi teploté 56 °C dochazi k jejich spolehlivé inakti-
vaci jiz po 30 minutach a ultrafialové zareni rotaviry nici
uz za nékolik minut [27]. Zasadni je dodrzovat zakladni
hygienickd pravidla, predevsim pravidelné myti rukou
mydlem a teplou vodou vzdy pred jidlem a po pouziti
toalety (¢i vyméné plen). Standardem by méla byt vy-
sokd mira hygieny u osob pracujicich ve zdravotnictvi
a osob pracujicich s potravinami, véetné osob odpo-
védnych za uklid. Potencidlné kontaminované povrchy
je potieba dezinfikovat. Nejucinnéjsi béznou dezinfek-
ci pro zniceni rotavird je 80% etanol (99% ucinnost),
mydlo a voda (G¢innost 72-84 %) [28].

Ockovani

Oc¢kovani navozuje dlouhodobou imunitni odpovéd

proti vétsiné cirkulujicich kmen0 rotavirG a jeho pri-
marnim cilem je tvorba specifické imunitni odpovédi
zejména v prvnich letech zivota [13]. V Cstou od roku
2006 dostupné dvé vakciny pro déti od 6 tydnu s apli-
kaci celého schématu do 24 (Rotarix) nebo 32 (RotaTeq)
tydn0 véku.

Cile prace

Cilem prace bylo popsat a analyzovat epidemiologic-
kou situaci vyskytu RG v CR v letech 2018-2023 a vliv
ockovani na hospitalizaci pro RG.

METODY

Byla provedena deskriptivni analyza anonymizova-
nych pfipadd RG hlasenych pod kédem A08.0 podle
10. revize mezindrodni klasifikace nemoci v systému
pro hlaseni infekénich onemocnéni ISIN v CR v letech
2018-2023. Analyzovany byly zdkladni epidemiologic-
ké udaje, tj. pohlavi, vék, geograficka distribuce, sezon-
nost, mira hospitalizace, umrti a o¢kovani. Pro zpraco-
vani dat a analyzu byly pouzity programy Excel (verze
2016), STATA (verze 17) a Datawrapper GmbH. K ana-
lyze binarnich proménnych byl pouzit Chi-kvadrat
test. Vliv pohlavi, véku a ockovani na hospitalizaci byl
hodnocen pomoci logistické regrese, pricemz vysledky
jsou vyjadieny pomoci odds ratio (OR) a 95% intervald
spolehlivosti (95% Cl). Incidence onemocnéni byla pre-
pocitana na 100 000 obyvatel stfedniho stavu popula-
ce CR podle udaji Ceského statistického ufadu. Data
byla exportovana a hodnocena podle data vykazani ke
dni 8. srpna 2024.
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VYSLEDKY

Ve sledovaném obdobi let 2018-2023 bylo v CR hla-
$eno celkem 26 303 pfipadd RG (v rozmezi 1 811-7 483
rocné), coz odpovida primérné ro¢ni incidenci 41,0
(v rozmezi 16,9-69,6) na 100 000 obyvatel. Padesét jedna
procent pfipadu se vyskytlo u zen (n = 13 430). Primérna
ro¢ni specifickd incidence podle pohlavi byla srovnatelna
(umuz( 40,7 a u zen 41,3/100 000 obyv.), obrazek 1. One-
mocnéni bylo klasifikovano ve 24 765 pripadech jako po-
tvrzené (94,2 %), v 1 150 (4,4 %) jako pravdépodobné a ve
45 (0,2 %) jako mozné, pricemz u 343 pfipadl tento Udaj
chybél (1,3 %). Z 21 199 pfipadd s dostupnym Udajem

o aktivnim Setfeni bylo aktivné dohledano 257 (1,2 %).
Diagnoéza byla laboratorné potvrzena u 19 880 (75,6 %)
piipad(, klinicky a epidemiologicky u 1 005 pfipadi
(3,8 %) a u 5 418 pripadt tato informace chybéla (20,6 %).

Pfipady byly zaznamenény u osob 0-101letych (me-
dian véku 3 roky, mezikvartilové rozpéti [IQR] 1-8 let).
Mezi pohlavimi se vékova distribuce pfipadu statisticky
vyznamné lisila (< 0,001): u muz{ s RG byl median véku
3 (IQR 1-7) a u zen 4 roky (IQR 1-14 let). U chlapcil bylo
do péti let véku detekovano vice pfipadli nez u divek.
Ve véku 5-19 rokl se pomér pripadd podle pohlavi vy-
rovnal a od vékové skupiny 20-24 rok( a starsich byly
mezi pfipady jiz vice zastoupeny Zeny, obréazek 2.
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Figure 1. Cases of rotavirus gastroenteritis and sex-specific incidence rates in the Czech Republic, 2018-2023
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Obr. 2. Pripady rotavirovych gastroenteritid podle pohlavi a vékovych skupin v CR v letech 2018-2023
Figure 2. Cases of rotavirus gastroenteritis by sex and age group in the Czech Republic, 2018-2023
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Obr. 3. Sezonnost rotavirovych gastroenteritid v CR v letech 2018-2023
Figure 3. Seasonality of rotavirus gastroenteritis cases in the Czech Republic, 2018-2023

Maximalni pocty pfipadl podle data prvnich pfi-
znakd byly zaznamendny v mésicich brezen az kvéten
(12,6; 14,0 a 12,8 % vsech pripadul), pficemz v pande-
mickych letech 2020 a 2021 byly celkové pocty pfipadi
nizké, a sezonnost proto nebyla vyjadiena, obrazek 3.

Podle kraja se nejvyssi pocty onemocnéni RG vysky-
tovaly za celé obdobi a témér ve viech jednotlivych
letech v kraji Jihomoravském. Pouze v roce 2022 byly
pocty podobné vyrazné také v kraji Stredoceském
a v roce 2023 byly nejvyssi pocty zjistény v kraji Mo-
ravskoslezském. Priimérna rocni specificka incidence
byla ve sledovaném obdobi nejvyssi v krajich Vysocina,
Jihoceském a Olomouckém, obrazek 4.

Epidemiologie, mikrobiologie, imunologie 2025, ro¢. 74, ¢. 2

V ISIN bylo nahlaseno celkem 27 epidemii ¢itajicich
celkem 705 ptipadl RG: po ¢tyfech epidemiich bylo evi-
dovéano v regionu hlavniho mésta Prahy (n =71), krajich
Stiedoceském (n = 74) a Jihomoravském (n = 97), po
trech epidemiich v krajich Kralovéhradeckém (n = 176)
a Plzeriském (n = 63), po dvou v krajich Moravskoslez-
ském (n = 43), Libereckém (n = 58) a Usteckém (n = 38)
a vzdy jednu epidemii nahlasily ve sledovaném obdobi
kraj Jihocesky (n = 39), Karlovarsky (n = 30) a Vysocina
(n = 16). Kraje Olomoucky a Zlinsky epidemii nehlési-
ly. Nejvétsi epidemie byla nahla3ena Kralovéhradec-
kym krajem v roce 2022: probéhla v obdobi od 27. 12.
2021 do 3. 2. 2022 a bylo v ni evidovano 152 pfipadu
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onemocnéni u 110 klient(i a 42 zaméstnanct domova
dlchodcl. Nakaze bylo exponovano celkem 560 osob.
Odbér na bakteriologické vysetreni byl proveden u 12
osob (s negativnim vysledkem) a odbér na virologické
vysetieni byl proveden u 38 osob, z toho v 7 pfipadech
byl vysledek pozitivni na rotaviry a ve 3 na noroviry.
Zdroj onemocnéni se nepodafilo jednoznacné proka-
zat. Ve zdravotnickém zafizeni bylo hospitalizovano
5 osob. Kromé této epidemie byl priimérny pocet pfi-
padl v jednotlivych epidemiich 21 pfipadl (v rozme-
zi 8-43 pfipadl), pticemz druhou nejvétsi epidemii
byl v roce 2019 vyskyt RG u 43 ucastnikd rugbyového
soustfedéni. Analyza epidemii podle kolektivu ukazu-
je na vyskyt pfevadzné v zafizenich socidlnich sluzeb
(210 pfipadd), domovech dichodcd (102 pripadd),
zdravotnickych zafizenich (100 pfipadu) a skolach (98
pfipadud). U ostatnich byl uveden jiny kolektiv. Celkem
pfipady v epidemiich ve sledovaném obdobi tvofily
2,7 %. U pfipadq, které byly nahlaseny mimo epidemii
(n = 25 598) bylo podle kolektivu 61,5 % hlaseno jako
.bez kolektivu” a ve 30,5 % bylo jako kolektiv uvede-
no nékteré ze skolskych zafizeni. U ostatnich polozek
v ramci proménné kolektiv” se jednalo o mala ¢isla.

Jako importované ndkazy bylo nahlaseno celkem
226 (0,9 %) pripadl: nejvice z Turecka (n = 45), Chorvat-
ska (n = 35) a Bulharska (n = 33).

incidence /100 000 obyv.
| —
248 60

*
Ceske
Budéjovice

Vytvoreno nastrojem Datawrapper

.
Jihlava

Podle prabéhu byly RG nahlaseny u 20 672 osob jako
manifestni (78,6 %), u 65 (0,3 %) jako bezptiznakové
au 5566 (21,2 %) tato informace chybéla. Pfestoze ma-
nifestni priibéh byl oznacen jen u 20 672 osob, u21 199
byly v popisu uvedeny nasledujici pfiznaky onemocné-
ni: kiece (n =3 468, 16,4 %), zvraceni (n =8 737,41,2 %),
prdjem (n = 12 556, 59,2 %), prljem s pirimési krve
(n =178, 0,8 %), u dvou osob byla uvedena nefropatie
a u dvou trombocytopenie.

Pozn.: Komplikace typické pro RG nemohly byt hodno-
ceny, protoZe na né neni v systému ISIN zavedena pro-
ménnd. U dostupnych klinickych poloZek, jako jsou akutni
nefropatie, trombocytopenie a hemolytickd anémie neni
uvedeno, zda tyto polozky nastaly az jako ndsledek RG
nebo u pacienta jiz byly pfitomny.

Hospitalizovano bylo 18 693 nahlasenych pfipadi
RG (71,1 %). Hospitalizovana byla obdobnda proporce
muzl (70,3 %) a zen (71,8 %). U muzl bylo ve srovna-
ni se zenami zjisténo nizsi riziko hospitalizace pro RG
(p = 0,006). Z osob hospitalizovanych bylo nejvice pfi-
padl zaznamendno ve vékovych skupindch 1-4 roky
(48,9 %), 5-9 let (16,7 %) a osob Oletych (11,7 %). Nej-
vys$si zatéz hospitalizaci je v nizdich vékovych skupi-
nach, kde je rovnéz pocet evidovanych pfipadd nejvys-
$i. V ramci jednotlivych vékovych skupin se proporce
hospitalizovanych osob pohybovala od 48,7 do 78,7 %,

Obr. 4. Geograficka distribuce pfipad( rotavirovych gastroenteritid v Ceské republice v letech 2018-2023: inciden¢ni mapa
Figure 4. Geographical distribution of rotavirus gastroenteritis cases in the Czech Republic, 201822023: incidence map
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Obr. 5. Pfipady rotavirovych gastroenteritid podle hospitalizace v CR v letech 2018-2023
Figure 5. Rotavirus gastroenteritis cases by hospitalization status in the Czech Republic, 2018-2023

ve vékové skupiné 35-44letych, obrazek 5.V porovnani
s vékovou skupinou 35-44letych (u nichz je proporce
hospitalizovanych ptipadl nejnizsi) bylo riziko hospi-
talizace statisticky vyznamné vyssi pro viechny vékové
skupiny, kromé osob ve véku 20-34 a 45-54 let, tabul-
ka 1.

Umrti bylo evidovano celkem u 20 osob s RG, pfi-
¢emz pouze u dvou téchto osob byla RG uvedena jako
pfima pfic¢ina umrti: u 67letého muze a 78leté zeny. Ve
dvou pfipadech nebyla pfima pficina umrti uvedena
a u ostatnich osob se jednalo o dg. A09 (jind gastroen-
teritida) u 86leté zeny, A414 (anaerobni sepse) u 64leté-
ho muze, B972 (covid-19) u 76letého muze, C180 (zanét
slepého stieva) u 60letého muze, G931 (anoxie mozku)
u ro¢ni divky, 1309 (akutni perikarditida) u 77leté zeny,
1330 (infekéni endokarditida) u 59leté Zeny, 1409 (akutni
myokarditida) u 72letého muze, 3krat 146 (srde¢ni za-
stava) u 84-91letych osob, 1713 (ruptura aneurysma-
tu) u 67letého muze, J189 (pneumonie) u 94leté zeny,
K704 (alkoholické jaterni selhani) u 43letého muze, Q20
(vrozena srdecni vada) u kojence, R092 (zastava dechu)
u 89leté zeny a W78 (vdechnuti zalude¢niho obsahu)
u kojence.

Udaje o oc¢kovani byly v systému dostupné pro
21 142 osob s RG, pficemz ockovano bylo 304 (1,4 %)
osob. Osoby oc¢kované proti RG byly v dobé propuknu-
ti nemoci ve véku od 0 do 12 let (median 1 rok véku,
dostupné v 286 pfipadech: 190krat byl aplikovan Rota-
rix, 89krat Rotateq, 3krat jina vakcina a 4krat neznamo.
Riziko hospitalizace pro RG bylo u oc¢kovanych osob
statisticky vyznamné nizsi (polovic¢ni) nez u neockova-
nych jedincli (p < 0,001) viz tabulka 1. Mezi o¢kovanymi
osobami nebylo evidovéno zadné umrti.

Epidemiologie, mikrobiologie, imunologie 2025, ro¢. 74, ¢. 2

Table 1. Risk of hospitalization for rotavirus gastroenteritis in
the Czech Republic, 2018-2023

riziko hospitalizace

(o] 95% Cl p hodnota

Pohlavi (n=26 303)

0,9-1,0

0,9 0,006

Ii
C
N¢<

zena ref.

Vékova skupina (n=26 303)

1,6 1,3-1,9

<0,001

ii

3,0 2,536 <0,001

5.9 34 2,841 <0,001

_ 28 2,235 <0,001

_ 27 2,035 <0,001
_ 1,1 0,8-15 0,6
_ 12 0,9-1,5 02
_ 13 1,0-1,7 0,08

_ 27 2,136 <0,001

_ 2,9 3,1-4,9 <0,001

3,1 2,63,9 <0,001

046  037-0,58  <0,001

ref.

*data o ockovdni dostupnd pouze pro 21 142 osob
*vaccination data available for only 21,142 persons

93



PUVODNI PRACE

94

DISKUSE

Rotavirové gastroenteritidy patfi mezi nejcasté;jsi pa-
vodce mnohdy zdvaznych prdjmovych onemocnéni
u déti po celém svété. Vyskytuji se sporadicky, v doma-
cich klastrech a v epidemiich nebo jako infekce spojené
s poskytovanim zdravotni péce [29, 30]. Alespon jeden-
krat prodéla RG vétsina déti do véku 5 let (95 %) [31].
Déti do 3 mésicu véku jsou ¢astecné chranény protilat-
kami ziskanymi od matky a v naprosté vétsiné pfipad
u nich nebyvéa pozorovan zavazny pribéh. Protektivni
ucinek ma také kojeni [24]. Predc¢asné narozené déti jsou
naopak ve vyssim riziku infekce. Ve vyspélych zemich
maji RG diky dostupné a kvalitni zdravotni péci s moz-
nosti v¢asné rehydratace a realimentace vétsinou dob-
rou prognozu. Nicméné zévazné pripady, véetné umrti,
se vyskytuji. Mezi nejcastéjsi komplikace onemocnéni
patii kiece, encefalitida, meningitida a nekrotizujici ko-
litida. Déle je popisovdno mnoho jinych systémovych
komplikaci jako napf. hepatitida, cholestdza, diabetes
1. typu, respira¢ni onemocnéni atd. [32, 33]. Jednoznac¢-
né rizikové faktory pro zdvazny pribéh onemocnéni
u déti dosud nebyly identifikovany [34]. Primérna délka
hospitalizace pro RG je u déti v Evropé 2-5 dni [35]. Po
onemocnéni vznika ¢aste¢nda imunita. Pfi opakovaném
setkani s infekci je imunita posilovéana a pravdépodob-
nost klinicky aparentniho pribéhu infekce se snizuje.
Na vzniku imunitni odpovédi jedince se v pfipadé RG
zasadni mérou podili stfevni mikrobiom.

Zatéz onemocnénim zUstava celosvétové vysoka. V Ev-
ropé byl vyskyt RG u déti mladsich 5 let pred zahajenim
ockovani odhadem 3,6 milionu pfipadd, bylo evidovano
vice nez 87 000 hospitalizaci a 231 umrti na RG ro¢né [35].
V roce 2017 Evropské stiedisko pro prevenci a kontrolu ne-
moci vycislilo zatéz onemocnénim RG v Evropské unii (EU)
a Evropském hospodaiském prostoru na 75 000-150 000
hospitalizaci osob mladsich 5 let a az 600 000 navstév
ambulantnich specialist(i ro¢né [36].V CR se podle korigo-
vanych odhadu v letech 2010-2012 incidence RG pohy-
bovala mezi 586-883 pfipady na 100 000 déti mladsich 5
let, hospitalizovano bylo 3-5 tisic téchto déti [37].V letech
1997-2017 bylo v CR hladeno celkem 76 232 piipadd, pii-
¢emz nejvyssi specificka incidence na 100 000 obyvatel
byla popsana u déti do jednoho roku véku (556,6) a ve
skupiné 1-4letych (426,4). Hospitalizovano bylo 59 564
osob (78,1 %) a bylo zaznamendano celkem 34 umrti [38].
Viysledky za obdobi 2018-2023 ukazuji rovnéz nejvyssi
incidenci na 100 000 obyvatel u osob do jednoho roku
Zivota (u chlapcli 592,7 a divek 505,9) a ve véku 1-4 roky
(u chlapct i divek shodné 449,6). Vysledky jsou srovnatel-
né s predchozim obdobim a ukazuji, Ze zatéZ onemocné-
nim RG v CR neklesa. Proporce hospitalizovanych od roku
2018 (71,1 %) zGstava rovnéz srovnatelna s predchozim
obdobim. Shodné se zahrani¢ni literaturou [39] je i v CR
pozorovana vyssi incidence RG do péti let véku u chlapcd,
a naopak u starsich osob je incidence mirné vyssi u zen.
Nezavisle na expozici se tedy pravdépodobné na vyskytu

RG podileji faktory souvisejici s pohlavim. Vy3si incidence
u dospélych zen miize byt alespon ¢aste¢né zplisobena
behavioralnimi a pracovnimi navyky [39]. Pokles poctu ro-
tavirovych infekci béhem pandemie covidu-19 byl zpUso-
ben predevsim rozsahlymi protiepidemickymi opatteni-
mi, jako jsou zvysena hygiena rukou, noseni obli¢ejovych
masek, socidlni distancovani a omezeni pohybu lidi. Tato
opatfeni nejen branila Sifeni covidu-19, ale také snizila
prenos dalsich infekénich onemocnéni, véetné rotaviro-
vych ndkaz [40]. Celosvétoveé se dale predpoklada vysoka
podhldsenost u RG s mirngjsSim prabéhem, piicemz dia-
gnostikovany a hlaseny jsou zejména pripady hospita-
lizovanych osob. Evidované pocty piipadii tedy ani v CR
s nejvyssi pravdépodobnosti neodpovidaji skute¢nosti
a redlné pocty infekci jsou vyssi.

Rotavirové vakciny jsou dostupné od roku 2004 a v pre-
venci RG jsou bezpecné a vysoce ucinné [41, 42]. Primar-
nim cilem ockovacich program( proti RG je zlep3eni
zdravotniho stavu populace a sniZzeni zatéze na zdravotni
systém [43]. Zarovert ma prevence RG vyrazné pozitivni
dopad na vyplacené mzdy rodicu, ktefi nemuseji Cerpat
volno na osetfovani déti, a tim jsou vyssi rovnéz darové
piijmy a ekonomika statu. V zemich pouzivajicich rotavi-
rové vakciny u déti mladsich 5 let byl evidovén 40% po-
kles hospitalizaci a meziro¢ni pokles po¢tu umrti na RG
025 %[31]. Cochrane systematicky pfehled dat randomi-
zovanych kontrolovanych studii rovnéz ukazal, ze ocko-
vani po dobu 2 let snizi 0 90-96 % vyskyt tézkych rotavi-
rovych prijm0 [41] a v Evropé bylo po zavedeni ockovani
prokazano snizeni ambulantnich navstév a hospitalizaci
pro RG o 60-90 % [44]. Dlouhodoba surveillance rovnéz
prokazala, Ze ockovani humanni a humanné-bovinni
rotavirovou vakcinou nevede k obdavanému nardstu in-
tususcepce, naopak dikazy naznacuji celkové snizeni
vyskytu intususcepce v prvnich 12 mésicich Zivota [45].

Ackoliv Svétova zdravotnickd organizace doporucu-
je ockovani proti RG jako nedilnou soucast narodnich
imunizacnich programa (NIP) jiz od roku 2006 [46, 47]
a EU vydala doporuceni pro plosné ockovani v roce
2008 [38], pouze 18 zemi v Evropé mélo v roce 2022
zaveden verejné financovany ndrodni imunizac¢ni pro-
gram proti RG [45].V CR jsou vakciny proti RG dostupné
od roku 2006 a oficidlné doporucovany od roku 2007
[35]. Ockovani je provadéno v prvnich mésicich zivota
na zadost zakonnych zastupct ditéte dvéma nebo tre-
mi davkami podle souhrnu Udaja o pfipravku pfislus-
né vakciny a v souladu s platnym doporué¢enim Ceské
vakcinologické spole¢nosti [47]. Je hrazeno rodi¢i, pfi-
cemz je zpétné mozné zadat o prispévek na toto ocko-
vani u pfislusné zdravotni pojistovny. Prooc¢kovanost
byla v CR v roce 2010 odhadnuta na pouhych 5 % [35].
PFesto byl v letech 2012-2017 v CR zji$tén statisticky vy-
znamné niz$i podil hospitalizaci pro RG u oc¢kovanych
osob (RR 0,73; Cl 0,68-0,8) [48] a v soucasné studii jsme
pro obdobi let 2018-2023 z dat surveillance systému
zjistili dvojnasobné nizsi riziko hospitalizace u ockova-
nych osob ve srovnani s osobami neockovanymi (OR
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0,46; Cl 0,4-0,6, p < 0,001). Celkovy pocet pfipadd RG
byl v predchozi studii vyssi (35 404 vs. 26 303) a procen-
to ockovanych osob 0 2 %o nizsi (1,2 vs. 1,4 %) [38], coz
koresponduije s novéjsimi udaji, kdy v CR proo¢kovanost
proti rotavirlm u déti narozenych v roce 2023 dosaho-
vala 25 % [49]. V souvislosti se zavedenim ockovani byla
v zemich mirného klimatického pasma pozorovana také
zména sezonnosti pfipadl RG, kdy jsou sice naddle zre-
telné cykly zvySeného vyskytu onemocnéni v zimnich
meésicich, ale pfipady se vyskytuji celoro¢né [50]. Nase
analyza ukazuje nejvyssi vyskyt pfipadd RG v jarnich
mésicich, shodné s daty z let 1997-2017 [48]. Priimérny
pocet nahlasenych hospitalizaci pro RG se ve srovnani
téchto dvou obdobi rovnéz snizil (5415 vs. 3 116).
Vzorec genotypl rotavird se v lidské populaci neustale
vyviji a je zvazovéno, zda stavajici vakciny budou nadale
dostate¢né uc¢inné. Zatim se celkova Gcinnost plosného
ockovani jevi nedotcena a zkfizena protektivita dostup-
nych vakcin jako dostacujici [5]. V mnoha zemich byl viak
po zavedeni o¢kovani pozorovan pokles vyskytu genoty-
pu,G1P[8]" a naopak zvysena cirkulace ,G2P[4]” [5]. Fin-
ska studie rovnéz dokladuje zménu distribuce genotypu
[51]. Ve vyvoji jsou nové vakciny proti RG, které by mély
pokryvat souc¢asné cirkulujici kmeny a v idealnim pfipadé
poskytovat znac¢nou miru zkfizené imunity proti rdznym
genotyplm. S ohledem na mozny mezidruhovy pfenos
je proto vhodné monitorovat rovnéz vyskyt rotavird
u zvifat. Celogenomové sekvenovani se pfesto u rotavirl
zatim provadi predevsim pro vyzkumné Gcely [7, 11].
Vzhledem k tomu, Ze rozhodujicim zpUsobem Sifeni
infekce je fekdlné-ordlni prenos nejcastéji kontaktem
s nemocnou osobou, kontaminaci rukou a pomoci kon-
taminovanych pfedmét(, je zejména v zafizenich pred-
skolniho typu nutné klast dlraz na dodrzovani pravidel
osobni hygieny, coz v3ak vzhledem k véku déti a jejich
kognitivné-behaviordlnim schopnostem neni vzdy
mozné. Prevence RG ockovanim tedy zGstva logickou
volbou. Vysoké proockovanosti je obvykle dosahovéno,
pokud je o¢kovani doporuceno v ramci NIP a pIné (nebo
aspon castecné) hrazeno, pokud ma populace dostatec-
né povédomi o benefitech, kvalité a bezpecnosti vakciny.
Vyznamnou roli v minéni vefejnosti zastavaji odbornici
a zastupci organtl ochrany vefejného zdravi spolu s pod-
porou médii, statnich instituci a zdravotnich pojistoven.

Limitace

Jsme si védomi slabych mist a rizik, které plynou ze
zpUsobu ziskavani a zpracovani dat surveillance systé-
mu. Jedna se predevsim o poddiagnostikovanost a pod-
hlasenost dat, kterd se navic v jednotlivych regionech
a jednotlivych sledovanych ¢asovych jednotkdch muze
liSit. Komplexnost Udajd u jednotlivych pacientld mize
byt rGznd vzhledem k individudlnimu pochopeni potieb
surveillance systému diagnostikujicimi lékafi a dosud ne-
existujicimu systému elektronického hlaseni infek¢nich
nemoci ze strany diagnostikujicich pracovist spolu s udaji
o probéhlém ockovani.
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ZAVER

Rotavirové gastroenteritidy patfi v CR mezi nejvy-
znamnéjsi virové nakazy a nejcastéji zaznamendvana
akutni prdjmova onemocnéni u déti. Vakcina¢ni pro-
gramy proti RG v Evropé i CR sice vyznamné snizily
pocty ambulantnich navstév a hospitalizaci z ddvodu
akutni gastroenteritidy, nicméné pocty RG zUstavaji
vysoké a proockovanost v mnoha zemich, véetné CR,
neni dostate¢nd. V CR evidujeme nejvy33i zatéz one-
mocnénim u déti do péti let zivota. Celkem 71 % osob
nahldsenych s RG bylo hospitalizovano (ro¢né primér-
né 3 116 osob). Ve srovnani s daty z pfedchozi studie
v letech 1997-2017, pozorujeme od roku 2018 urité
snizeni celkového poctu hlasenych onemocnéni a pru-
mérného poctu hospitalizaci za rok. Dale evidujeme ur-
¢ité minimalni navyseni podilu o¢kovanych osob mezi
pfipady, coz odpovidad mirné se zlep3ujici proockova-
nosti. Nicméné sezonnost pfipadl je zachovana a vy-
znamny dopad ockovani na zatéz RG nebyl pozorovan.
Stavajici proockovanost je cca 25 % a jejimu dalsimu
zlepseni by mohla pomoci napf. thrada ockovani ze
strany zdravotnich pojistoven. Zaroven apelujeme na
komunikaci vhodnosti ockovani mezi praktickym |é-
kafem pro déti a dorost a rodici jiz v prvnich tydnech
po narozeni ditéte. Ddle je vhodné zvazit reorganizaci
klinickych proménnych v modré hlasence v systému
ISIN tak, aby byly zohlednény nejcastéjsi komplikace
RG a mozny prechod na elektronicky systém hlaseni
infek¢nich onemocnéni.
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ABSTRACT

Background and Aim: High voltage electrotrauma is one of the most serious injuries we can encounter in modern medicine, often
associated with multiple disabilities and high susceptibility to infectious complications. These patients are admitted to specialized
burn centers and require extensive multidisciplinary collaboration. In this study, we aim to uncover the prevalence, types and
characteristics of microbial infections that develop in the aftermath of high voltage electrotrauma and to identify risk factors that
may contribute to patients’ susceptibility to infections.

Material and Methods: For the purposes of this publication, data of all 37 patients hospitalized in the intensive care unit of the De-
partment of Burns and Plastic Surgery of the University Hospital in Brno with a diagnosis of high-voltage electrical injury between
2006-2016 were processed. Imprints and swaps from exfoliated areas were repeatedly taken for microbial analysis, together with
tracheobronchial aspirate fluid, sputum, or bronchoalveolar lavage, urine and peripheral blood. The obtained data were analysed
retrospectively.

Results: Among the 37 patients, the median age was 31.9, with an average hospital stay of 44.3 days and a mortality rate of 8.1%.
A total of 28 individuals were dependent on artificial lung ventilation. The incidence of infectious complications varies during
the hospitalization period according to the location of sampling cultivation and time spent at the hospital. 97.3% of patients
developed infection in at least one body compartment. In 88.8% of cases, it was multipathogenic and in 41.6% a septic condition
developed. In our study cohort, G+ dominated over G- strains. Most common representatives from G+ spectrum were Coagulase
negative Staphylococci (97%), Staphylococcus aureus (57%), Enterococcus fecalis et faecium (51%). In G- spectrum, the order was as
followed: Klebsiella pneumoniae (46%), Pseudomonas aeruginosa (41%), Escherichia coli (35%) and Acinetobacter baumannii (18.9%).
The most common infection observed was burn wound infection (BWI), followed by bloodstream infections (BSI), lower respirato-
ry tract infections (LRTI), and urinary tract infections (UTI), primarily caused by G+ pathogens. Notably, an increased hospital stay
duration was associated with a rising prevalence of G- pathogens, particularly K. pneumoniae P. aeruginosa and A. baumannii which
exhibited a high degree of antimicrobial resistance.

Conclusion: This study provides a detailed insight into the occurrence and consequences of high-voltage electrical injuries in
Moravia over a decade. Factors significantly impacting survival and severity of outcomes included total burn surface area, full-thick-
ness burns, inhalation injury, and the need for tracheostomy. However, the study is limited by its relatively small sample size, long
data collection period with potential changes in clinical practice, and single-center design, which may affect the generalizability
of the findings. Further multicentric studies are needed to validate these results and refine infection prevention strategies in this
patient population.

KEY WORDS
eletrical burn injury — microbiological surveillance - ICU care - burn wound - nosocomial infection - Pseudomonas aeruginosa

SOUHRN
Vana V., Lipovy B., Cvanova M., Hanslianova M., Holoubek J.: Vysledky mikrobiologického Setfeni
u pacienti s trazy elektrickym proudem: 10leta zkusenost v jediném centru

Cil: Uraz elektrickym proudem z vysokého napéti je jednim z nejzavaznéjsich Grazd, se kterymi se mdzeme v moderni mediciné
setkat. Casto byva spojeny s vice nasledky a vysokou nachylnosti k infekénim komplikacim. Tito pacienti jsou pfijimani do specia-
lizovanych popaleninovych center a vyzaduji rozsdhlou multidisciplindrni spolupraci. V této studii se snazime odhalit prevalenci,
typy a charakteristiky mikrobialnich infekci, které se vyvijeji po vysokonapétovém elektrotraumatu, a identifikovat rizikové faktory,
které mohou piispivat k nachylnosti pacientl k infekcim.
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Material a metodika: Pro tcely této publikace byla zpracovana data vSech 37 pacientl hospitalizovanych na jednotce intenzivni
péce Kliniky popalenin a plastické chirurgie FN Brno s diagnézou uraz elektrickym proudem vysokym napétim v letech 2006-2016.
Otisky a stéry z exfoliovanych oblasti byly opakované odebirdny k mikrobidlni analyze spolu s tracheobronchidlnim aspiratem,
sputem nebo bronchoalveolarni lavazi, moci a periferni krvi. Ziskana data byla zpétné analyzovéna.

Vysledky: Mezi 37 pacienty byl median véku 31,9 s primérnou dobou hospitalizace 44,3 dne a Umrtnosti 8,1 %. Na umélé plicni
ventilaci bylo zavislych celkem 28 osob. Vyskyt infekénich komplikaci se v priibéhu hospitalizace lisi podle mista kultivace odbéru
a doby stravené v nemocnici. U 97,3 % pacientu se vyvinula infekce alespon v jednom télesném kompartmentu. V 88,8 % piipadud
byla multipatogenni a ve 41,6 % se rozvinul septicky stav. V nasi studijni kohorté dominovaly G+ nad G-kmeny. Nejcastéjsimi za-
stupci z G+ spektra byli koaguldza negativni stafylokoky (97 %), Staphylococcus aureus (57 %), Enterococcus fecalis et faecium (51 %).
V G-spektru bylo poradi nasledujici: Klebsiella pneumoniae (46 %), Pseudomonas aeruginosa (41 %), Escherichia coli (35 %) a Acine-
tobacter baumannii (18,9 %). Nej¢astéjsi pozorovanou infekci byla infekce popalenin (BWI), nasledovana infekcemi krevniho recisté
(BSI), infekcemi dolnich cest dychacich (LRTI) a infekcemi mocovych cest (UTI), primarné zplsobené G+ patogeny. Je pozoruhodné,
ze delsi doba hospitalizace byla spojena s rostouci prevalenci G-patogend, zejména K. pneumoniae, P. aeruginosa a A. baumannii,
které vykazovaly vysoky stupen antimikrobidlni rezistence.

Zaveér: Tato studie poskytuje podrobny pohled na vyskyt a nasledky urazl elektrickym proudem s vysokym napétim na Moravé
v pribéhu desetileti. Faktory vyznamné ovliviujici preziti a zdvaznost vysledkl zahrnovaly celkovou plochu popélenin, popaleniny
v celé tloustce, inhala¢ni poranéni a potfebu tracheostomie. Studie je vsak limitovana relativné malou velikosti vzorku, dlouhou
dobou sbéru dat s potencidlnimi zménami v klinické praxi a jednocentrovym designem, coz mliZe ovlivnit zobecnéni nalezl. K ové-
feni téchto vysledkill a zpfesnéni strategii prevence infekci u této populace pacientt jsou zapotiebi dalsi multicentrické studie.

KLICOVA SLOVA
uraz elektrickym proudem - mikrobiologicky dohled - péce na JIP — popaleninova rana — nozokomialni infekce — Pseudomonas

aeruginosa

Epidemiol Mikrobiol Imunol, 2025; 74(2): 97-106
https://doi.org/10.61568/emi/11-6492/20250428/140415

INTRODUCTION

By its nature and consequences, high voltage elec-
trotrauma (ET) is one of the most serious injuries we
can encounter in modern medicine. Not only is it
unique pathophysiology associated with the effect of
the passage of electrical voltage through human tis-
sue, but also a few number of associated disabilities in
connection with the mechanism of injury [1]. World-
wide, electric shocks represent more than 3.000 pa-
tients admitted to specialized burn centers each year.
Of this total, about 1.000 are fatal [2]. Electrical injuries
are commonly categorized into different types, includ-
ing high voltage (above 1000V), low voltage (below
1000V), “flash burn” (resulting from electrical discharge
but without current passing through the patient), and
injuries caused by lightning strikes [3, 4].

The treatment of such patients is a major challenge
and often requires extensive multidisciplinary collabo-
ration [5]. It is the presence of a number of associated
injuries, together with the systemic effect of electric
current and high susceptibility to infectious complica-
tions, that contributes to the often-devastating conse-
quences and overall lethality of those affected.

Advancements in effective resuscitation, stabilizing
patients’ hemodynamics, ensuring proper nutrition,
and successfully treating inhalation injuries have en-
hanced the chances of survival for individuals with
burns [6-8]. While the initial phase of burn care can
be effectively handled, a significant and persistent

challenge is the risk of infection-related deaths and
potential for secondary complications, particularly
those arising from microbial infections among burn
patients during their hospitalization [9, 10]. The Cen-
ters for Disease Control and Prevention (CDC) have
documented the highest rates of bloodstream in-
fections in burn patients with central venous lines,
likely to originate from burn wounds. As in patients
with burns, infectious complications represent a sig-
nificant proportion of mortality and morbidity in pa-
tients with high-voltage electro trauma. In patients
with this type of injury, we can expect different re-
presentatives of individual potentially pathogenic
microorganisms than in patients with burns. Given
the structure of the wounds, presence of the deep
tissue damage creates ideal conditions for microbial
colonization and subsequent infections due to com-
promised tissue integrity and impaired immune re-
sponses [11]. The combination of burn wounds, tissue
necrosis, and altered microenvironments provides
an excellent growth medium for various potentially
pathogen microorganisms, including bacteria, fungi,
and viruses. Having such an environment, it is not sur-
prising that anaerobic microorganisms are also more
prevalent in the etiology of infectious complications
[12]. As such, a thorough understanding of the mi-
crobial dynamics following high-voltage electro trau-
ma is crucial for informed clinical decision-making,
appropriate antibiotic management, and improved
patient outcomes.
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In this study, we embark on a comprehensive ex-
ploration of the multifaceted landscape surrounding
high-voltage electro trauma, with a specific focus on its
associated injuries and the imperative role of microbio-
logical surveillance. Through a meticulous analysis of
clinical cases, wound cultures, and patient data, we aim
to uncover the prevalence, types, and characteristics
of microbial infections that develop in the aftermath
of high-voltage electro trauma. Additionally, we seek
to identify risk factors that may contribute to the sus-
ceptibility of patients to infections, as well as potential
strategies for preventing and managing these compli-
cations effectively.

MATERIAL AND METHODOLOGY

For the purposes of this publication, data of all 37
patients hospitalized in the intensive care unit of the
Department of Burns and Plastic Surgery of the Univer-
sity Hospital in Brno with a diagnosis of high-voltage
electrical injury between 2006-2016 were processed.
The basic epidemiological indicators were evaluated,
the spectrum of associated injuries was described to-
gether with their consequences, and the rate and caus-
es of infectious complications in such affected patients
were identified.

Samples collection

Imprints and swaps from exfoliated areas were re-
peatedly taken for microbial analysis, as well as the tra-
cheobronchial aspirate fluid (TBAS), sputum, or bron-
choalveolar lavage (BAL), urine and peripheral blood.
The presence of bacteria, yeasts and filamentous fungi
was detected in the primary examination. Blood agar,
chocolate agar, MacConkey agar (selective agar for
Gram-negative microbes), blood agar with NaCl (selec-
tive medium for Staphylococcus sp.), Wilkins Chalgren
agar (for the culture of anaerobic microorganisms),
URIselect (chromogenic medium for detection of both
G+ and G- microorganisms enabling detection accord-
ing to the color change), and Sabouraud agar (selective
medium for yeasts and filamentous fungi) were used
as cultivation media. Incubation period and condition
were set for 18-24 hours at 35-37 °C, blood agar and
chocolate agar in the atmosphere with increased pCO,,
anaerobic (Wilkins Chalgren) agar in the anaerobic at-
mosphere, remaining media in the normal atmosphere.
Negative cultivation after 24 hours was subsequentlly
extended up to 48-72 h. Blood culture tubes were cul-
tured in the automatic system (Bactec, Becton Dickin-
son, UK) for 6 days. Sabouraud agar was incubated for 6
days at a temperature of 28-30 °C for yeast culture and
for 7 days at a room temperature for filamentous fungi
culture. MALDI-TOF (Matrix Assisted Laser Desorption/
lonization) was used for microorganisms’ identification
base ond the mass scpetrum od the microorganisms.
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Imprints from the burn wounds

Frequent microbiological surveys are necessary for
detailed and accurate monitoring of wound coloniza-
tion. Only in this way is it possible to capture adequate
process dynamics, thanks to which it is possible to pre-
vent the progression of colonization in local and thus
systemic infection. Furthermore, thanks to this, it is
possible to strictly manage local and systemic therapy.
Surface wound imprints were taken by placing strips of
sterile filtration paper (5x5 cm) on the exfoliated sur-
face and immediately transferred on the blood agar
[13, 14]. The medium was transported into the micro-
biological laboratory in the shortest time possible.

Swabs from the burn wounds

Sterile cotton swabs were used for swabs from
wound surfaces (anaerobic culture). Swabs were im-
mediately after sampling immersed into the transport
Amies medium (Amies, COPAN, Italy). After transporta-
tion into the microbiological laboratory, the material
was transferred on the culture medium.

Samples from upper and lower respiratory tract

Samples from airways were collected during bron-
choscopy. Biological material from the area of the up-
per and lower respiratory tract, cultured on the afore-
mentioned media; a microscopic mount was always
prepared as well.

Urine samples

9 mL of urine were collected into a sterile test tube
and 1 yL samples were transferred on the culture me-
dia with a calibrated inoculation loop.

Blood samples

5-10 mL of peripheral blood was taken for culture
and immediately they were inoculated into special
blood culture tubes (BACTEC Plus Aerobic, BACTEC
Lytic Anaerobic, Becton Dickinson, UK). The tubes were
transported to the microbiological lab and samples
were analyzed using an automated culture device (Bac-
tec, Becton Dickonson, UK).

ABSI (Abbreviated Burn Severity Index)

We also employed an essential parameter known as
the Abbreviated Burn Severity Index (ABSI) scoring sys-
tem [15] in our study. The ABSI scoring system consi-
ders five primary risk factors, assigning points to each:
gender (1 point), age (5 points), total body surface area
(TBSA) affected (10 points), inhalation injury (1 point),
and full-thickness burns (1 point). This index allows us
to estimate survival probabilities that range from less
than 10% to greater than 90%. Accurate mortality pre-
diction plays a critical role in assessing the prognosis of
each patient. The ABSI scoring system offers a compre-
hensive tool for evaluating the quality of care provided
to patients in burn centers.
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Statistical analysis

The data obtained were statistically processed with
the help of the Institute of Biostatistics and Analysis of
the Faculty of Medicine of Masaryk University. Due to
the abnormality of the data distribution, continuous
variables are described with the median and quartile
range. For comparison purposes with other publica-
tions in which the median values do not appear, we
have added the mean value with a standard deviation
to the tables. Category variables are described with the
number (n) and percentage (%) of patients in the de-
fined groups. The Mann-Whitney (MW) test was used to
compare the probability of distribution of continuous
or ordinal variables between two groups of patients.
A non-parametric test was chosen due to violation of
the assumption of data normality. Given the low ex-
pected frequencies in the contingency tables, the in-
dependence of the two categorical variables was eva-
luated using Fisher’s exact test. The results of statistical
tests are given with p values. The significance level was
set at 0.050.

Table 1. Basic epidemiological parameters of the study group

Total
N=37
3(21;39)/32+12

19 (100%)
Electricity passing
18 (100%)

TBSA in % - 22 (10:52)/31 + 23
FTBA - 6(2;21)/16+ 19

28 (100%)
Mechanical ventilation m

9 (100%)
Duration of MV -

7(2;12)/8+8

43 (21;56)/40 £ 18

RESULTS

Basic epidemiological parameters

From the obtained data of 37 patients after high-volt-
age electro trauma, we described the basic modalities,
when the average age of patients in the group slightly
exceeded 30 years (median 31.9), these patients spent
an average of 44.3 days in hospital and a total of 3 pa-
tients died (8.1%). Of the total number, 28 individuals
(75.7%) were at least part of the hospitalization de-
pendent on artificial lung ventilation, and 17 of them
(60.7%) underwent early tracheostomy. In a total of 19
patients (51.4%), the passage of electric current was
identified. The above is summarized in Table 1 together
with the effect on the lethality of the cohort. The extent
of full thickness burn area (FTBA) had a statistically sig-
nificant effect on the lethality of patients.

Abbreviated Burn Severity Index

In our study group, we observed the following distri-
bution of ABSI scores (Table 2): 1 patient (2.7%) in the

Yes
n=3

33(21;37)/31 £ 11 0319

3(8.1%) 34 (91.9%) =

2 (10.5%) 17 (89.5%)
1.000

1 (5.6%) 17 (94.4%)
61 (35; 75)/57 £ 20 20 (10; 50)/29 + 22 0.071
50(35;61)/49+ 13 6(2;16)/13£17 0.011

3 (10.7%) 25 (89.3%)
0.562

0 9 (100%)

8(2;18)/9+8 7(0;12)/8+8 0.733

1Sex, electricity passing and mechanical ventilation are described by the number and percentage representation of the patients, who died and survived.
The median with quartile range and mean with SD describe the remaining continuous variables.

2For the continuous variables, Mann-Whitney test was used; for the categorical variables, Fisher’s exact test was used.
TBSA (total body surface area), FTBA (full-thickness burned area), MV (mechanical ventilation)

Table 2. Summary of the survival in the study group according to the ABSI score

>99%
16/16 98%
6/6 80-90%
10/11 50-70%
1/3 20-40%
0/0 >10%

ABSI r
gisupsco € Survived patients Predicted survival Actual survival

100% within range

100% >2%

100% >10%
90% >20%
33% within range
N/A N/A
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2-3 score range, 16 patients (43.2%) in the 4-5 score
range, 6 patients (16.2%) with scores between 6 and 7,
11 patients (29.7%) scoring 8-9, and 3 patients (8.1%)
with severe burns in the 10-11 score range. Notably,
there were no patients (0.0%) in our study group falling
within the 12-13 score range.

Table 2 provides a clear overview of the ABSI scores
observed in our patient population, helping us assess
the severity and prognosis of burn cases in our study.

The overall mortality in our group was 8.1% (n = 3).
The patients were categorized into six distinct score
groups, and we computed the variance between the
observed survival rates and the predicted survival
rates. In our group of patients, we recorded relatively
big difference between predicted and actual survival in
moderately severe (6-7) and serious (8-9) ABSI score
group and we stayed within range in severe (10-11)
and very low (2-3) ABSI score group. Additionally, we
did not have any patients with the maximum number
of points (12-13).

Microbiology and infectious complications

The incidence of infectious complications caused by
pathogens over time. The obtained data were divided
not only according to the location of sampling for cul-
tivation (urinary system, lower respiratory tract, blood-
stream and exfoliated areas), but also depending on

overall

Figure 1. The incidence of pathogens according to the time period

PUVODNI PRACE

time period (1*-5'" day, 610" day, 11*-15" day, day 16
and more). Almost all patients 97.3% (n = 36) developed
infection in at least one body compartment. In 32 cases
(88.9%) it was a multipathogenic agent and in 15 (41.7%)
cases a septic condition developed. The spectrum is
dominated by representatives from the G + strains of
bacteria (n = 35), compared to G- (n = 24), and the smal-
lest group consisted of representatives of micromycetes
(n = 4). In the spectrum of gram-positive bacteria, the
most common representatives were Coagulase negative
Staphylococci (97.3% patients), Staphylococcus aureus
(56.7% patients), Enterococcus fecalis et faecium (51.3%
patients) and Streptococcus sp. (40.5% patients). In gram
negative spectrum, which was much less frequent, the
most common were Klebsiella pneumoniae (45.9% pa-
tients), Pseudomonas aeruginosa (40.5% patients) and
Escherichia coli (35.1% patients). Acinetobacter bauman-
nii was cultivated in only 7 patients (18.9%).

In the following figure 1, we present complete infec-
tion data showing close relationship between dura-
tion of hospitalization and development of infection
complication. Statistically significant data appear more
during long-term hospitalization (detailed results are
specified in the section “The incidence of pathogens in
particular compartment”). In other words, with increas-
ing patient hospitalization, there is an exponential in-
crease in the incidence of infection.

M Fungi CA
B G- other
H G- ACBA
G- PSAE
G- ESCO
H G- KLPN
G+ other
G+ ENFA/ENFC
HG+SA
B G+ CNS

>15 days

<15 days

CA - Candida albicans, G- other - Serratia marcescens, Enterococcus cloacae, Proteus sp., ACBA - Acinetobacter baumannii, PSAE - Pseudomonas
aeruginosa, ESCO - Escherichia coli, KLPN - Klebsiella pneumoniae, G+ other - Streptococcus sp., ENFA/ENFC - Enterococcus faecalis/faecium, SA -

Staphylococcus aureus, CNS - Coagulase negative Staphylococci
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The incidence of pathogens in particular
compartment

The following data reveal the development of infec-
tions in individual compartments during the hospita-
lization of patients. Within the first 5 days, infections
were observed in nearly all 37 patients, n = 35 (94.6%),
with a prevalence of G+ pathogens over G- (34:14).
Fungal infections were detected in 3 out of 35 infect-
ed patients (8.6%). The most common pathogens were
Coagulase negative Staphylococci (91.4%), followed by
S. aureus (51.4%), and Streptococcus sp. (31.4%). The
most infected cohorts were burned wound infection
(BWI) and lower respiratory tract infection (LRTI), 97.1%
and 45.7% respectively. Infections of the urinary tract
occurred in only 2 patients (5.7%), while bloodstream
infections occurred in 9 patients (25.7%) from the in-
fected cohort. When comparing the different compart-
ments regarding confirmed pathogens, G+ infections
were prevalent almost everywhere except the urinary
tract, where the balance between G+ and G- was equal.
Fungal infections were confirmed in the lower respira-
tory tract in 3 patients (8.6%) and in the bloodstream
in 1 patient (2.9%) within the first 5 days. No presence
of fungi was detected in the burned area or the urinary
tract.

In the time frame from the 6™ to the 10" day of hos-
pitalization, infections were confirmed in 31 out of
36 patients (86.1%) as one patient out of our 37 pa-
tient’s cohort had passed away during the first 2 days

<5 days

<10 days

Figure 2. The incidence of pathogens in particular compartment

<15 days

of hospitalization. G+ pathogens still prevailing (29:17)
over G-. In terms of individual pathogens, Coagulase
negative Staphylococci continued to dominate (93.5%),
but K. pneumoniae (32.2%) moved into the second po-
sition, followed by E. faecalis et feacium (25.8%), and
a notable contribution from P. aeruginosa (16.1%). Fun-
gal infections were confirmed in 2 patients (6.5%) in the
burned areas. In the lower respiratory tract compart-
ment, G- pathogens started to outnumber G+ (9:: 8).

From the 11th to the 15th day of hospitalization,
we confirmed infectious complications in 30 (88.2%)
out of 34 patients, as another 2 patients had passed
away before this time frame commenced. The domi-
nance of G+ pathogens remained significant (30 :12),
and fungal infections were only confirmed in 1 patient
(3.3%). The distribution of individual pathogens did not
change significantly, with Coagulase negative Staphy-
lococci (96.6%) continuing to dominate, followed by
K. pneumoniae (26.6%), E. faecalis (20%), and P. aerugi-
nosa (16.6%). The most frequently affected compart-
ment was the burned area, n = 28 (93.3%), followed
by bloodstream infections, n = 11 (36.6%). G+ patho-
gens dominated in all compartments again. Fungal
infections were only confirmed in the compartment of
burned areas.

We observed a significant increase in the prevalence
of P. aeruginosa (43.8%), K. pneumoniae (40.6%), and
E. faecalis (40.6%) in patients hospitalized for more
than 15 days where infections were confirmed. This

m BSI Fungal

u BSI G+

H BS| G-

B UTI Fungal
UTI G+

uUTI G-

M LRTI Fungal
LRTI G+
LRTI G-

H BWI Fungal

HBWI G+

HBWI G-

>15 days

BSI - blood stream infection, UTI - urinary tract infection, LRTI - lower respiratory tract infection, BWI - burned wound infection
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was observed in 32 (97.0%) out of 33 cases. The preva-
lence of A. baumannii increases fourfold with an ex-
tended hospital stay, reaching a 12% occurrence rate.
Pathogens that were not previously detected have
also appeared, including Streptococcus pneumoniae
n = 3 (9.4%), and fungal infections were confirmed in
3 patients (9.4%) in the compartment of burned areas
(2) and the lower respiratory tract (1). Dominance of
G+ pathogens is only present in the burned areas and
bloodstream. G- pathogens dominate in the compart-
ments of the lower respiratory tract (12 10) and urinary
tract (10 : 7). The above-mentioned information is de-
picted in the Figure 2.

The incidence of LRTI in patients dependent on
artificial pulmonary ventilation

Another parameters under observation was the in-
cidence of Lower Respiratory Tract Infections (LRTI) in
patients dependent on artificial pulmonary ventilation.
In our study group, LRTI emerged as the second most
frequent complication during the first 10 days of hospi-
talization and as the third most frequent complication
as the stay at the hospital progressed.

Among the 28 patients dependent on artificial pulmo-
nary ventilation, 15 (53.6%) developed LRTI within the
first 5 days (Table 3). Notably, one non-ventilated patient
also developed LRTI. The prevalence of G+ pathogens
significantly exceeded G- ones (13 : 6). Fungal infections
were detected in 10.7% (3) of ventilated patients.

PUVODNI PRACE

Between the 6™ and 10" day of hospitalization,
LRTI was confirmed in 13 out of 27 intubated patients
(48.1%). During this period, G- pathogens began to
dominate over G+ (8 : 9), while fungal LRTI was con-
firmed in only one patient (7.7%). Moving forward to
the 11 to 15™ day of hospitalization, only 9 out of 26
ventilated patients developed LRTI (34.6%), with G+
again prevailing (7 : 5) over G-. Notably, no LRTI caused
by fungal pathogens was confirmed in this time frame.

After 15 days of admission, LRTI began to dominate
again, with a 66.7% increase (9 to 15) compared to the
previous time frame. G- pathogens prevailed over G+
(10:12), and fungal LRTI was confirmed in one patient.

The incidence of LRTI in patients dependent on
artificial pulmonary ventilation with tracheostomy
The provided data unveils the development of in-
fectious complications in the lower respiratory tract in
ventilated patients with tracheostomy. Out of a total of
28 patients dependent on artificial pulmonary ventila-
tion, tracheostomy had to be performed in 17 (60.7%)
of them (Table 4). In the first 5 days post-trauma, LRTI
(Lower Respiratory Tract Infection) was observed in
11 out of 17 patients with tracheostomy (64.7%). In
patients without tracheostomy, the ratio was signifi-
cantly lower. Only 4 out of 11 patients (36.4%) deve-
loped LRTI in the first 5 days. G+ bacteria dominated
among pathogens in patients both with and without
tracheostomy. G- pathogens were absent in the group

Table 3. Development of infectious complications in patients dependent on artificial ventilation (N = 28 patients)

Development of infectious complications

e o p-value
[Fisher’s exact test]

Mechanical ventilation
yes [N (rOW %)]/no [N (rOW %)]

LRTI - lower respiratory tract infection

Epidemiologie, mikrobiologie, imunologie 2025, ro¢. 74, ¢. 2

15 (94%)/1 (6%) 13 (62%)/8 (38%) 0.050
13 (93%)/1 (7%) 15 (65%)/8 (35%) 0.112
6 (100%)/0 22 (71%)/9 (29%) 0.302
3 (100%)/0 25 (74%)/9 (26%) 0.562
13 (100%)/0 14 (61%)/9 (39%) 0.014
8(100%)/0 19 (68%)/9 (32%) 0.160
9 (100%)/0 18 (67%)/9 (33%) 0.076
1(100%)/0 26 (74%)/9 (26%) 1.000
9 (100%)/0 17 (68%)/8 (32%) 0.077
7 (100%)/0 19 (70%)/8 (30%) 0.160
5(100%)/0 21 (72%)/8 (28%) 0.309
0 26 (76%)/8 (24%) =
15 (100%)/0 11 (61%)/7 (39%) 0.009
10 (100%)/0 16 (70%)/7 (30%) 0.073
12 (100%)/0 14 (67%)/7 (33%) 0.032
1(100%)/0 25 (78%)/7 (22%) 1.000
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in one patient (5.9%) with tracheostomy and in 2 pa-
tients (18.2%) without tracheostomy.

In the 6-10 day hospitalization period, the number
of LRTI cases did not change in patients with tracheo-
stomy. In patients without tracheostomy, the number
of LRTI cases decreased from the original 4 to 2. The in-
cidence of G+ and G- pathogens equalized (7 : 7) in pa-
tients with tracheostomy, and G- pathogens appeared
in two ventilated patients without tracheostomy. Fun-
gal pathogens were not detected in patients without
tracheostomy during this time period.

As hospital stay prolonged, LRTI decreased in venti-
lated patients in both groups. No pathogens were de-
tected in the group of patients without tracheostomy.
G+ pathogens began to dominate again with a ratio of
7 : 5. Fungal pathogens were not detected in any pa-
tient during this period.

In the last observed period, after 15 days of hospita-
lization, a significant progression of LRTI development
occurred in ventilated patients. LRTl was demonstrat-
ed in 14 out of 16 patients (87.5%) with tracheostomy,
with G- pathogens prevailing over G+ (11 : 10). Also,
one ventilated patient (10.0%) without tracheostomy
showed evidence of a G- pathogen causing LRTI.

From the above data, it is evident that tracheostomy
is a significant factor in the development of infectious
complications in ventilated patients. The information
mentioned above is illustrated in the Table 4.

DISCUSSION

The consequences of high voltage injury are similar
to burn trauma. However, the overall effect on orga-
nism is what makes this issue unique. Electric shock
injuries account for roughly 5% of patients admitted to
burn centers. These numbers vary according to the de-
mographic distribution depending on the social status
in the region. The overall mortality rate from electrical
burns is known to be somewhere in between 0% and
21.7%. In this study, 100% of the subjects were male
and the morbidity of the cohort was 8.1%. Most pa-
tients were active young male (mean age 32 years). The
etiology of injury was closely joined with occupational
performance or with risky behaviors and adrenaline ex-
periences. In some cases, the injury were closely linked
to a difficult socio-economic situation associated with
criminal activity. High voltage injuries show a higher
incidence of associated injuries compared to burns,
this is due to one mechanism and etiology of the injury
which is directly related to the conditions in which the
injury occurred. The most fundamental consequences
include amputation of limbs, neurological deficits and
cardiovascular abnormalities. This is due to the typi-
cal effect of electric current on the body and the ac-
companying mechanism of injury such as falling from
a height.

While progress in treatment has significantly in-
creased the chances of survival for burn victims, com-
batting infections remains an ongoing obstacle [16].

Table 4. Development of infectious complications in ventilated patients with and without tracheostomy

Only patients with MV

Development of infectious complications _

Tracheostomy
yes [N (row %)]/ no

yes ’s exact test]
11 (73%)/4 (27%) 6 (46%)/7 (54%) 0.246
10 (77%)/3 (23%) 7 (47%)/8 (53%) 0.137
6 (100%)/0 11 (50%)/11 (50%) 0.055
1 (33%)/2 (67%) 16 (64%)/9 (36%) 0.543
11 (85%)/2 (15%) 6 (43%)/8 (57%) 0.046
7 (88%)/1 (13%) 10 (53%)/9 (47%) 0.190
7 (78%)/2 (22%) 10 (56%)/8 (44%) 0.406
1(100%)/0 16 (62%)/10 (38%) 1.000
9 (100%)/0 7 (41%)/10 (59%) 0.004
7 (100%)/0 9 (47%)/10 (53%) 0.023
5 (100%)/0 11 (52%)/10 (48%) 0.121
0 16 (62%)/10 (38%) =
14 (93%)/1 (7%) 2 (18%)/9 (82%) 0.0002
10 (100%)/0 6 (38%)/10 (63%) 0.003
11 (92%)/1 (8%) 5 (36%)/9 (64%) 0.005
1 (100%)/0 15 (60%)/10 (40%) 1.000

o p-value
[Fisher

17619011 (9%
17611 s
A
17611 a3
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17 cnoame
170
17 enome
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1o (210 8%
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1o 210 8%
1o (210 e

MV — mechanical ventilation, LRTI — lower respiratory tract infection

Epidemiologie, mikrobiologie, imunologie 2025, ro¢. 74, ¢. 2



Numerous research studies have aimed to pinpoint the
most prevalent multi-drug-resistant microorganisms
[17-20], yet the influence of these resistant pathogens
on survival and other outcome measures remains un-
certain. The extent of burned skin area is among the
recognized risk factors for infection complications,
along with the duration of hospital stay. This aligns
with the findings of our study, as most patients in our
research were classified as severely burned and expe-
rienced an extended hospitalization period which es-
calates the risk of infections caused by multidrug-re-
sistant bacterial pathogens. During the initial days of
post-burn hospitalization, we mostly observe G+ mi-
croorganisms, which correlate with another centers
[231, 22]. However, as time at the hospital progressed,
more resilient G- microorganisms became prevalent
[23, 24]. A prolonged hospital stay among burn pa-
tients has been reported as a risk factor for acquiring
multidrug-resistant nosocomial infections, such as
P. aeruginosa and A. baumannii [22, 25], which aligns
with our study findings. In our research, we identified
G+ microorganisms as the most frequently isolated
pathogens among patients with extended hospitaliza-
tion. The average hospital stay duration, which was 44
days, was associated with a higher likelihood of acquir-
ing infections caused by G- microorganisms, such as
Pseudomonas and Acinetobacter. These observations
have implications for the selection of initial antibiotic
treatments for critically burn patients [26]. According
to I. A. Bahemia et al. [11] who delivered a retrospec-
tive review of 341 patients with 44.6% mortality, had
the most frequent cultured pathogens A. baumannii,
P. aeruginosa and methicillin-resistant S. aureus (MRSA).
As an illustration, two separate studies conducted in
different burn units in Turkey identified A. baumannii
and P. aeruginosa as the most frequently isolated mi-
croorganisms. However, they differed regarding the
third most commonly cultured pathogen, with one
study noting E. coli [27] and the other detecting MRSA
[28]. In the study already mentioned above, Onciil O.
et al. [28] introduced a paper involving 658 patients,
of whom 469 acquired 602 nosocomial infections. The
mortality rate 16.5% was close to ours (8.1%) with.
Another study from Brazil conducted by Santucci SG
et al. [20] involved 320 patients, with 175 (55%) of
them developing 388 nosocomial infections. The most
commonly identified pathogens were S. aureus (24%),
P. aeruginosa (18%), and Acinetobacter sp. (14%). Candida
spp. was cultured in 8% of cases. Numerous publica-
tions indicate that the most frequently identified causa-
tive agents are P. aeruginosa, followed by A. baumannii
and S. aureus. Conversely, publications emphasizing
the predominance of G+ bacteria also contribute to
this body of research [29, 30]. The literature recognizes
these three bacterial species, albeit with variations in
their prevalence order, as the primary microorganisms
responsible for causing hospital-acquired infections
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in burn patients. These variations could be attributed
to local factors, such as a hot and humid climate [31].
A similar climate-related circumstance was observed
in a French study, which documented an increase in
A. baumannii prevalence during the summer months
[32].

Our findings indicate that the most frequently af-
fected area was the burn wound infection (BWI),
which differs from other studies where bloodstream
infections (BSI) [20], lower respiratory tract infections
(LRTI) [10] or urinary tract infections (UTI) [33] were
more prevalent.

There are few works dealing with infectious com-
plications in the case of high-voltage electric injuries,
unlike typical burn injuries. Last year Lépez-Jacome
[34] published their paper regarding Microbiology and
Infection profile of electric burned patients. In their
work, the overall infection rate was 72.9 cases per 100
patients. Mortality was observed in 4 (3.6%) patients.
About 59.1% (443/749) had growth for G- bacteria. Mul-
tidrug-resistant P. aeruginosa was the most frequent
microorganism isolated. Fungi were present in 4.9% of
cases. These results are in considerable contradiction
to our work where the dominant representatives were
Staphylococcus and representatives of G+ pathogens.
This fact can be explained by regional and epidemio-
logical differences that are typical of infectious compli-
cations. Although S. aureus remains a common cause
of early burn wound infection, P. aeruginosa from the
patient’s endogenous gastrointestinal flora and/or an
environmental source is the most common cause of
burn wound infections in many centers. These findigs
are very similar to ours. Staphyloccocus is one of the
dominant pathogens, although in the case of P. aeru-
ginosa it is not among the dominant representatives,
but it is one of the frequently occurring gram negative
pathogens.

Limitations of the Study

This study has several limitations that should be ac-
knowledged. First, the sample size is relatively small
(37 patients), which may limit the generalizability of
our findings. Additionally, the study spans a long peri-
od (2006-2016), during which treatment protocols, in-
fection control measures, and antimicrobial resistance
patterns may have evolved, potentially influencing the
results. The variability in the severity of injuries and
associated complications among patients introduces
heterogeneity, which could affect the interpretation
of the findings. Furthermore, as a single-center study,
institutional practices and specific patient demo-
graphics may not fully reflect the broader population
of patients with high-voltage electrical injuries. Lastly,
the retrospective nature of the study carries inherent
limitations, including potential inconsistencies in data
collection and missing information, which may impact
the robustness of our conclusions.
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CONCLUSION

In this work we managed to map in detail the oc-
currence, extent and consequences of high voltage
electro traumas in Moravia region of the Czech Re-
public during the last decade of the existence of the
burn center in Brno. We have successfully identified at
risk groups of affected individuals along with factors
that significantly contribute to survival and the extent
of the consequences of electric shock. The infection
rate among the cohort of patients can be considered
high. The most common infection observed was burn
wound infection (BWI), followed by bloodstream in-
fections (BSI), lower respiratory tract infections (LRTI),
and urinary tract infections (UTI), primarily caused
by Gram-positive pathogens. Notably, an increased
hospital stay duration was associated with a rising
prevalence of Gram-negative pathogens, particular-
ly K. pneumoniae and P. aeruginosa, which exhibited
a high degree of antimicrobial resistance.
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Microbial contamination of air filters of air
conditioning system of urban buses
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ABSTRACT

The use of HVAC in urban buses in developed countries increases the comfort and indoor air quality in the means of ground trans-
portation. The microbial contamination was studied on outlet and inlet surfaces of 5 air filters removed from the urban buses HVAC
during regular maintenance. To acquire samples from both the outlet and the inlet sides of the filters, dry swabbing technique was
used. Cultivation was performed on different selective or selective-diagnostic agars, to cultivate viable bacteria. To identify the
bacterial species, Gram stain and immerse microscopy was used. Selected colonies underwent the proteomic study (MALDI-TOF)
as well. After identification, bacteria were quantified. The bacteria of the genus Bacillus — Bacillus cereus, Bacillus subtilis, Bacillus
licheniformis, Bacillus pumilus, Bacillus flexus prevailed on both inlet and outlet surfaces of the filters. The members of genera
Staphylococcus, Brevibacillus, Peribacillus or Paenibacillus were also identified. The quantification of colony forming units showed
low contamination of the outlet surfaces of filters 1 and 2. The contamination of inlet and outlet sides of filters 3, 4, and 5 was com-
parable, revealed nearly the same contamination of inlet and outlet surfaces. In the case of filters 3, 4 and 5 we recommend more
frequent filter changing or more efficient filter choice.

KEYWORDS
air conditioning system - air filters — bacterial contamination - HVAC - urban buses

SOUHRN
Obitkova D., Cereiova C., Mraz M., Pavlik E.: Mikrobialni kontaminace vzduchovych filtri
klimatiza¢niho systému méstskych autobust

Cil: Pouzivani filtroventrilacnich systém v méstskych autobusech ve vyspélych zemich zvysuje komfort a kvalitu vnitiniho ovzdusi
v prostiedcich pozemni dopravy. Mikrobidlni kontaminace byla studovana na vystupnich a vstupnich plochach 5 vzduchovych
filtrG vyjmutych z klimatiza¢niho systému méstskych autobust pfi pravidelné udrzbé.

Material a metodika: K ziskani vzorkl z vystupni i vstupni strany filtr( byla pouZita technika suchého stéru. Kultivace byla prove-
dena na rdznych selektivnich nebo selektivné-diagnostickych ptdach pro kultivaci zivotaschopnych bakterii. K identifikaci bak-
teridlnich druhl bylo pouzito barveni podle Grama a imerzni mikroskopie. Vybrané kolonie byly rovnéz podrobeny proteomické
studii. Po identifikaci byly bakterie kvantifikovany.

Vysledky: Na vstupnim i vystupnim povrchu filtrd prevazovaly bakterie rodu Bacillus - Bacillus cereus, Bacillus subtilis, Bacillus liche-
niformis, Bacillus pumilus, Bacillus flexus. Identifikovény byli také bakterie rod( Staphylococcus, Brevibacillus, Peribacillus a Paeniba-
cillus. Kvantifikace ukazala nizkou kontaminaci vystupnich povrch filtrd 1 a 2. Kontaminace vstupni a vystupni strany filtrd 3,4 a 5
a odhalila téméf stejnou kontaminaci vstupnich a vystupnich ploch.

Zavéry: Podle nalezenych vysledk( doporucujeme bud' ¢astéjsi vyménu filtrd, nebo volbu filtra s nizsi porozitou.

KLICOVA SLOVA
bakteridlni kontaminace - klimatiza¢ni system — méstsky autobus — vzduchovy filtr

Epidemiol Mikrobiol Imunol, 2025; 74(2): 107-112
https://doi.org/10.61568/emi/11-6492/20250428/140416

INTRODUCTION

Infectious diseases, their transmission, and spread
have posed a threat to human health from ancient
times to the present. The wide range of routes of in-
fectious diseases transmission, especially those caused
by airborne pathogens, must be considered. In the bus
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interior, the airborne pathogens can be transmitted by
droplets, droplet nuclei or bioaerosols [1, 2]. The bus
can transport about 40 seated passengers and a similar
number of standing passengers. Although urban trips
are relatively short, public transport has been the cen-
ter of discussion due to the crowding of people, the
large passenger exchange rate. The modern bus units
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normally include Heat Ventilation Air Conditioning
(HVAC) systems with very low air renewal ratios. More-
over, on many buses the windows cannot be opened.
The HVAC system is equipped with efficient air filters. In
the Czech Republic, the air filters intended for ground
transportation meet the ISO16890 e(PMZS), min = 50%,
which can collect combustion particles, ultrafine
dust and bacteria. Considering different species and
genera of bacteria, they may have different sizes and
shapes. The pathogens as Staphylococci, Streptococci
or Neiseria can be significantly smaller than 32.5 pm,
Staphylococcus aureus — 0.5-1.5 pm [3] Streptococcus
pneumoniae — 0.5-1.25 pm [4] Neisseria meningitidis —
0.6-1 um. The fungi as Aspergillus niger -2.0-3.0 um [5]
with the diameter close to the collecting parameters
of the PM,, air filters. Despite the sizes and shapes or
capsules, the microbes are collected in the same way
as particulate matter as dust or pollen [6]. In the past,
the concentration of particulate matter PM, and PM_,
was investigated [7]. Currently, in the times of the SARS
CoV-2 pandemic, the air quality and bioaerosols spread
in the indoor air of transport media are broadly dis-
cussed. The main topic of the discussion is represented
by the influence and benefits of HVAC. Currently the
studies are focused especially on SARS CoV-2 which
can represent the behavior of small particles in the air
conditioning system. It was reported repeatedly that
the HVAC can contribute to virus spread in the bus. The
study from Barcelona, Spain included samples from
buses and subway — 82 samples (58 surface swabs, 9
air conditioning (a/c) filters, 3 a/c dust, 12 ambient
air). Using an RT-PCR technique for SARS-CoV-2, thir-
ty samples (36%) had evidence for at least one of the
three tested viral RNA targets. Interestingly, the surfa-
ces were more contaminated than the air. In addition,
there were higher concentrations of viral RNA in buses
compared to trains [8]. Zhang et al. investigated poten-
tial transmission mechanisms on an urban bus. The bus
was equipped with one aerosol generator, to mimic an
infected passenger. They identified that the flow carry-
ing aerosols was predominantly controlled by the bus
HVAC, uniformly distributing aerosol throughout the
bus [9]. A similar situation was described in the coach
bus. Shen et al. reported 24 out of 68 passengers posi-
tively tested on SARS CoV- 2 after 100 minutes in the
coach bus where the air conditioner was set to heating
and indoor recirculation [10]. Edwards et al. evaluated
COVID-19 control measures including ventilation by
open windows and HVAC system use in the model of
school bus and transit bus. In the school bus the ven-
tilation and air circulation provided by open windows
resulted in reductions in the overall particle count, an
average of 84% on school bus and 50% on transit bus.
When considering usage of HVAC with MERV 13 air
filter, the effectiveness of removing aerosol particles
increased significantly in the transit bus. The resulting
particle counts with the air filters resulted in an aver-

age of 93.95% improvement with aerosols dispersed
from a middle location during bus in-motion testing
[11]. Studying the air exchange in the urban bus, an-
other study has brought evidence that window open
during the on-the road testing decreases the bioaero-
sol amounts in the indoor air of urban bus significantly
[12]. The European Center for Disease Control and Pre-
vention and the European Commission recommended
decreasing the bioaerosol concentration in the ground
transportation by opening the windows in order to
provide larger amount of fresh air and air flow rate in-
creasing [13, 14].

Some studies focused on infection transmission in
the buses, both urban od transit, show different results
taking in regard air conditioning system. The urban
public transport has a great advantage represented
by fast passengers’ exchange; many passengers stop
with door opening which contributes to enhanced air
circulation. The air quality control could be an issue for
transit and coach buses which imitate more enclosed
air-conditioned space with a significant role of HVAC in
airborne infection transmission.

In this study we have decided to investigate micro-
bial contamination on an outlet and inlet surface of
the air filters of urban buses operating in selected
city in the Czech Republic. The use of HVAC and po-
tential microbial contamination of air filters and possi-
ble bacteria recirculation inspired our research group
to investigate the bacterial contamination of the air
filters of HVAC of urban buses. The air filters were re-
moved from urban bus air conditioning system at the
very end of their lifespan during HVAC maintenance.
The main objective of the study was to evaluate the
microbial contamination of inlet and outlet surface of
the filtration medium separately. The study focused
on pathogenic bacteria, opportunistic pathogens and
bacteria commonly present in the air, dust and soil. The
investigation of microbial contamination of urban bus
air filters can contribute to understanding of potential
risk microbes spread in the bus including suggestions
on how to improve the filtration capacity of air condi-
tioning system air filters. The cleanliness and safety of
indoor air of the means of transport is desirable and
necessary especially in the times of highly contagious
infections spread.

MATERIAL AND METHODS

Chemicals

Chemicals were obtained from standard suppliers
(P-Lab, CZ, Penta, CZ) and were of the highest purity —
gram stain kit Carl Roth, acetone. Sterile saline solution
(0.9% NaCl Braun, Germany) served as a sampling solu-
tion. MALDI matrix alpha-Cyano-4-hydroxycinnamic
acid (Biovendor CZ), dilution solution Bruker standard
solvent (Merck CZ) was used for mass spectrometry.
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Material

The dry swabs were taken by polyester swabs (Inset
Ltd. CZ). Then the cultivation was performed on stan-
dard solid cultivation plates — Petri plates (diameter
9 cm) - blood agar, blood agar with 5% NaCl, Muel-
ler-Hinton, Sabouraud, Endo’s, McConkey agars (Bio-
vendor CZ). The filters serving in bus passenger cabin
air conditioning system were obtained during regular
filter exchange within regular service interval. Removed
aseptically, the filters were transported in plastic bags
to the laboratory. Stored at laboratory temperature, the
filters were investigated after two months of storage.
All work and experiments were performed in biohazard
box class 2 (Schoeller CZ). Both inlet and outlet surface
of the filters were swabbed.

Bacteriological methods

The dry swabs were inoculated directly and culti-
vated on solid cultivation media at 36+1°C in aerobic
atmosphere for 24 hours. Also, the diagnostic media
as Endo and chromogenic agars were used. The 24
hours bacterial cultures were obtained. The standard
microbiological techniques were used to isolate pure
cultures. Gram stain was performed as follows - crystal
violet 90 s, iodine 60 s, acetone 15 s and carbol fuchsin
90 s. Immerse microscopy in 1000x (Labomed 400,
SvenBiolabs CZ) magnification was then performed for
bacteria identification.

Mass spectrometry

To precise bacterial identification, the Bruker MALDI
TOF Biotyper (Bruker, Germany) mass spectrometer
was employed. The specimens of 24 hours colonies
were placed to the spots of the target plate. After dry-
ing, the addition of matrix followed. Then the mass
spectrometry assessment was started. The microbio-
logy software automates the process of acquiring
the mass spectra. The obtained spectra are matched
against the extensive reference library. Then the result
is scored. The comparison of the sample and library
data gives the number of congruent mass spectrum
peaks. The maximum number is 1000, the minimum
is 200. The calculation uses logarithmic scale. Log,
1000 = 3, so the maximum score is 3. The minimum
score for reliable detection lies between numbers 2
and 3.

RESULTS

Five filters from bus passengers’ cabin air condi-
tioning system were investigated. The busses served
in city public transportation in the Czech Republic.
The service intervals for filter exchange are as follows
- the new filter is installed after winter pause in May,
then the exchange comes in July, and the last change
of the filter is performed at the end of September. The
filters for the investigation were removed in July and
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September. The filters are made of polyester non-wo-
ven textile supplied as footage 12 mm of width.
The filter material meets the requirements of 1SO
16890 PM, .. This kind of filter captures particles of
diameter 0.3-2.5 pm with 50% effectiveness. The city
buses investigated specimen have the air condition-
ing unit situated at the rooftop. The cooling medium
is driven by the compressor connected to the motor
of the bus. The evaporator is situated at the rooftop
as well. The hot air is sucked from the cabin of the
bus passes through the air filter situated in the ceil-
ing of the bus and continues to the evaporator where
there is cooled. The cool air comes back to the cabin
of the passengers’ part of the bus via special vents.
The movement of the air is provided by four pairs of
fans situated near to the evaporator.

The surfaces of inlet and outlet side of all filters were
swabbed by dry polyester swabs and directly inocu-
lated in blood agar and Mueller Hinton agar plates.
After 24hour cultivation, the colonies were counted
thoroughly, and the cultivation led to gain pure cul-
tures of particular bacteria. At the very beginning the
pure colonies were identified by immerse microsco-
py. Especially Bacillus cereus, Bacillus subtilis, Bacillus
licheniformis, Bacillus flexus, Bacillus thuringiensis and
Bacillus pumilus were identified. The remainder of
bacteria was identified by MALDI-TOF mass spectro-
metry. Table 1 represents the dimensions of all inves-
tigated filters.

Table 1. The dimensions of the filters

Number of
the filter
1 47

158.5 7449.5
2 47 159 7473
3 47 158.5 7449.5
4 47 158.5 7449.5
5 31 77 2387

The tables 2-6 summarizes numbers of identified co-
lonies in inlet and outlet surfacer of investigated filters.
Majority of identified bacteria are not pathogenic for
humans with healthy immune system. In filters 1 and
2, potentially pathogenic S. epidermidis and S. warneri
were identified.

Quantification of selected bacteria in CFU/mL re-
vealed mild contamination of the filters. No pathogens
were identified.
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Table 5. Number of colonies on inlet and outlet surfaces of

Table 2. Number of colonies on inlet and outlet surfaces of

filter 1 filter 4
Number of | Number of Number of | Number of
Identified bacteria colonies colonies Identified bacteria colonies colonies
INLET OUTLET INLET OUTLET
Bacillus pumilus 2 0 Bacillus licheniformis 5 4
Bacillus subtilis 5 0 Bacillus cereus 4 3
Bacillus licheniformis 2 0 Paenibacillus glucanolyticus 1 0
Bacillus cereus 5 0 Staphylococcus warneri 1 1
Staphylococcus epidermidis 1 1 Staphylococcus epidermidis 1 1
Micrococcus luteus 1 0
Table 3. Number of colonies on inlet and outlet surfaces of L .
filter 2 Brevibacillus borstelensis 4 3
Numberof | Number of Gracilibacillus dipsosauri 1
Identified bacteria colonies colonies Bacillus subtilis 15 12
LSS Sty Peribacillus simplex 1 1
St e 2 ! Bacillus megaterium 5 4
Sl snlodts 3 ! Bacillus thuringiensis 0 1
Staphylococcus warneri 0 1
Bacillus megaterium 1 0 Table 6. Number of colonies on inlet and outlet surfaces of
Bacillus licheniformis 1 0 filter 5
Number of | Number of
Table 4. Number of colonies on inlet and outlet surfaces of Identified bacteria colonies colonies
filter 3 OUTLET
Numberof | Number of Bacillus subtilis 10 3
Identified bacteria colonies colonies Bacillud licheniformis 5 3
INLET OUTLET
Bacillus cereus 3 1
Peribacillus simplex 1 1
Bacillus flexus 2 2
Bacillus subtilis 5 1 . .
Bacillus pumilus 1 1
Priestia megaterium 1 1 o i
Peribacillus muralis 1 0
Paenibacill i 1 1
CELEEITB B FHE Burkholderia ambifaria 1 0
Brevibacillus borstelensis 1 0 e o e L Ao 0 1
SgilsaE s . ! Cytobacillus horneckiae 0 1
Bacillus licheniformis 2 . Brevibacillus borstelensis 1 1
Bacillus pumilus 1 1 Aspergilus niger 3 0
Peribacillus muralis 1 0
Priestia endophytica 1 0 Table 7. Quantification of selected bacteria in the filters
ted as CFU/mL
Alkalihalobacillus clausii 1 0 represented as /m
i e Efficienc
BaCI”US ﬂeXUS 0 1 Bacterium [CFU/ [%] y
Paenibacillus tylopili 0 1 mL]
Micrococcus luteus 0 1 Bacillus flexus 2 1.5 25
Neobacillus niacini 0 1 Alkalihalobacillus clausii 0 0.5 0
Lysinibacillus halotolerans 0 1 Bacillus pumilus 0.5 0 100
Sporosarcina newyorkensis 0 1 Burkholderia glumae 0 05 0
Burkholderia glumae 0 1 Bacillus subtilis 4 1 75
Paraburkholderia o : Bacillus licheniformis 1.5 0.5 67.7
Xxenovorans Bacillus cereus 1 0 100
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DISCUSSION

A wide range of different bacteria was detected.
The bacterial species ranking among the members
of the genus Bacillus, Brevibacillus, Peribacillus, Burk-
holderia or Cytobacillus are environmentally ubi-
quitous. They can live in dust, soil and air, so their
presence on the inlet surface of the air filters on the
bus is obvious. Their ability to produce spores gives
them the potential to survive in very unfavorable
conditions and their resistance to the effect of the
environment can preserve their viability on dry air
filters for long time. It was suggested that Bacillus
atrophaeus survived on the surface of a HEPA filter
for 210 days without any loss of vitality [15]. The bac-
teria from the genus Bacillus are relatively large but
the results show that they penetrate the filter. Bacillus
cereus is a large rod-like bacterium - the vegetative
cells are 0.5 by 1.2 to 2.5 by 10 um and occur singly
orin chains [16]. It is considered as a potential patho-
gen; it is known most frequently as the cause of food
poisoning. The described infections affect the eyes —
endophtalmitis [17], skin — wound infections, brain -
meningoencephalitis [18]. These infections typically
occur in immuno-compromised people. Neverthe-
less, Bacillus cereus caused meningoencephalitis in
a person with a healthy immune system [19]. Bacillus
licheniformis serves as a natural decomposer, living in
the soil and the spores could be present in the dust.
B. licheniformis is primarily pathogenic for insects,
can be used as a component of probiotics but it was
reported as a cause of food poisoning as well [20]. Al-
though B. licheniformis is considered nonpathogen-
ic for humans, it can be responsible for infections of
eyes and recurrent sepsis [21]. On the outlet surface
of filter 4, Bacillus thuringiensis was identified. It was
also identified as a potential pathogen for humans.
It can cause pulmonary infections in individuals suf-
fering from neutropenia [22]. Identified bacteria ubi-
quitous in the ambient air can be in higher concen-
tration in the indoor air of the bus and moreover, the
bacteria identified on the outlet surface of the filter
may recirculate back to the passenger area of the bus.
The urban buses are characteristic with fast passen-
ger exchange because of the high frequency of stops
with door opening and relatively short time of stay in
bus cabin. Most immunocompetent passengers are
not at risk of infection caused by described bacteria.
Only people with naturally weakened immune sys-
tem function such as elderly people and small infants
have to be aware of some risk.

Technically, the PM, filters are installed to the
HVAC system to protect mainly the evaporator from
dust, pollen and other particulate matter contamina-
tion and obstruction. The air filters intended for par-
ticulate matter filtration perform well. The question
which still remains is how to improve the passengers’
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protection from bioaerosols and airborne patho-
gens transmission. The economic burden of more
frequent filter change or finer filters use is obvious.
This topic may be more profound when considering
transit and coach buses in which the HVAC system
is set on recirculation inside the passenger’s cabin
more frequently.

The contamination of both surfaces of the air filters
of urban buses was not high. The quantification re-
vealed that the microbial burden is low. When consid-
ering the removal of the air filters in the ambient air,
the bacterial contamination may also originate in in-
correct handling of the filters or omitting the aseptic
conditions. Manipulation with the filters without pro-
tective gloves may cause contamination of Staphylo-
coccus epidermidis and Staphylococcus warneri. These
bacteria are commensals of human skin and impro-
per manipulation with the filter can cause undesirable
contamination. The Staphylococci was identified in
four filters — on the filter 3 and 4 on inlet and outlet
surface comparably. So, we think that undesirable
contamination could be avoided. In filters 3 and 4,
the Staphylococci were identified on both surfaces of
the filters. Even there, we should take into regard the
possibility of recirculation because these bacteria are
potential human pathogens. Staphylococcus epider-
midis can cause various infections of blood stream,
endocarditis or wounds [23]. Staphylococcus warneri
is also potential pathogen and was reported as a uri-
nary tract infection cause. Despite the described cases
are mainly examples of nosocomial infections, the re-
circulation of these bacteria may seem a problem for
sensitive persons. Moreover, both species are capable
to produce biofilms which can contaminate the air-
ways of the air conditioning system and enhance the
bacteria recirculation [24].

Low bacterial contamination and absence of hu-
man pathogens may be caused by the summer season
when the filters were removed from the urban buses
air conditioning system. In the summer season peo-
ple usually do not suffer from respiratory diseases and
usually use public transport less frequently because of
vacations. Even though the urban buses may be some-
times crowded and the concentration of bioaerosols
rises, we did not detect any pathogenic bacteria. Ab-
sence of pathogens may be caused by several facts
- the pathogenic bacteria are sensitive to ultraviolet
radiation and dry conditions of the air of summer sea-
son. As reported previously, the pathogens can survive
on the filter surface for a very short time [15]. So, we
did not detect any viable pathogens. Secondly, the ur-
ban buses can have the windows open, also the doors
can be open quite frequently. Then, the air circulates
faster, and the indoor air of the bus cabin is diluted by
the fresh air coming from outside. It was reported that
the opening windows can significantly lower the bio-
aerosols concentration.
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CONCLUSION

In our experiment we tested bacterial contamination
of inlet and outlet surfaces of five air filters removed
from urban bus air conditioning system during regular
maintenance. The investigation revealed contamina-
tion especially by environmental bacteria, mainly the
genera Bacillus, Brevibcillus, Peribacillus or Burkholderia
were detected. Especially B. Cereus, B. licheniformis and
B. thuringiensis should be expected as a cause of hu-
man disease in sensitive persons. Moreover, Staphylo-
coccus epidermidis and Staphylococcus warneri could be
potential threat. The contamination of both inlet and
outlet surfaces of the air filters seems to be proportion-
al. This fact suggests possible recirculation of detect-
ed bacteria back to the passenger’s cabin of the bus.
Based on our research, we recommend changing the
air filters more frequently or choosing air filters PM, to
enhance the urban bus indoor air quality.
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SOUHRN

Corynebacterium (C.) durum je soucasti rezidentni fléry dutiny tstni. Jeho podil na etiologii infek¢nich onemocnéni je nejednoznac-
ny. S vyssim poctem imunoalterovanych pacientl je nutné s nim pocitat jako s potencidlnim oportunnim patogenem. Nejcastéji
je izolovano ze sputa, bronchoalveoldrni lavazni tekutiny, ale také z krve, zejména u imunosuprimovanych pacientli s pneumonii.
V tom pfipadé je nutné bakterii pfesné identifikovat a nalez spravné interpretovat. Dfive velmi vyuzivany komercni test pro uréeni
korynebakterii (APl Coryne, BioMerieux) nelze pouzit pro viechna korynebakteria véetné C. durum. Tento druh neni obsazen v da-
tabazi biotypovych ¢isel. Lze provést porovnani biotypového ¢isla s udaji v literature. K presnému odliseni od jinych korynebakterii
je nutnd chemotaxonomicka a proteomicka analyzy (MALDI-TOF MS), nebo sekvenace genu 16S rRNA. Kli¢ovy je polyfazovy pfi-
stup vyuzivajici poznatky z jednotlivych laboratornich vysetfeni.

KLICOVA SLOVA
Corynebacterium durum - identifikace — MALDI-TOF MS - API Coryne

ABSTRACT
Vitkova P., Bechynkova O., Scharfen J., Buchta V.: Corynebacterium durum and possibilities of its
identification

Corynebaterium (C.) durum is a part of the resident human oral microbiota. Its role in the aetiology of infectious diseases is ambi-
guous. With the increasing number of immunocompromised patients, it must be considered a potential opportunistic pathogen.
It is isolated from the sputum, bronchoalveolar-lavage fluid, as well as blood, especially from immunocompromised patients with
pneumonia. In that case, the critical steps involve a correct identification of Corynebacterium to the species level and right interpre-
tation of the findings. The previously widely used commercial test for the identification of Corynebacteria (AP Coryne, BioMerieux)
is not suitable for all species, including C. durum, as its biotype number is not included in the database. But the obtained result
can be compared with the available literature data. Chemotaxonomic and proteomic analysis (matrix-assisted laser desorption/
ionization - time of flight, MALDI-TOF MS) or 16S rRNA sequencing allow for accurate differentiation from the other Corynebacteria
species. Nevertheless, these methods are not routinely used in clinical laboratories. A polyphasic approach to the taxonomy based
on the data from combined laboratory tests is crucial.

KEYWORDS
Corynebacterium durum - identification - MALDI-TOF MS - API Coryne
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Corynebacterium durum je oportunni aktinomyce-
ta, kterd patfi do medicinsky vyznamného podfadu
Corynebacterianeae. Ten zahrnuje celedi Corynebac-
teriaceae, Mycobacteriaceae a Nocardiaceae. Jednd se
o bakterie velmi odolné k environmentalnim faktordm
fazené do uméle vytvorené skupiny ,aerobnich aktino-
mycet v uzsim slova smyslu’, které ¢asto kolonizuji dy-
chaci cesty i povrch lidského téla a mohou vyvolat en-
dogenni infekce [10, 21]. Do ¢eledi Corynebacteriaceae
a rodu Corynebacterium patfi také mikroaerofilni druhy
jako C. durum nebo C. matruchotii, které obyvaji pro-
stredi sliznic dutiny Ustni a dychacich cest [8, 11, 21].
Tyto druhy se prekryvaji se skupinou ,mikroaerofilnich
aktinomycet” (MAFA), s jinou tcelové vytvorenou sku-
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pinou bakterii s podobnou morfologii, fenotypovymi
vlastnostmi a diagnostickou strategii jako u vyse zmi-
nénych ,aerobnich aktinomycet”.

Diagndza infekci zplsobenych korynebakteriemi je
velmi zavisla na moznostech a schopnostech labora-
tore tyto mikroorganismy identifikovat [6, 10]. Urce-
ni korynebakterii neni vzdy jednoduchou zélezitosti,
coz plati jak pro rutinni diagnostiku, tak pro sbirkové
kmeny (ATCC), protoze morfologické i biochemické
vlastnosti C. durum jsou velmi podobné ostatnim ko-
rynebakteriim [1, 10]. Rutinni laboratofe mohou vyuzit
k diferenciaci izolatt jejich fenotypové vlastnosti, mor-
fologii kolonii, mikroskopii a zakladni biochemické tes-
ty (tab. 1).
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Tabulka 1. Fenotypové vlastnosti odlisujici Corynebacterium durum od vybranych aktinomycet [10, 17, 20]
Table 1. Phenotypic characteristics distinguishing Corynebacterium durum from selected actinomycetes [10, 17, 20]

dlouhé pleomorfni  nepravidelné

Morfologie bunék tycinky, nékdy tycinky, kratké

piitomna vldkna vétveni
parcialni
Vztah ke kysliku aerobni aerobni
Obsah G+C mol % 55 47-53
Mykolové kyseliny
(pocet uhlikd) )
Fermentace glukozy RSEIGE] kyselina
- hlavni produkt propionova octova
Produkce kyseliny
X 4 \%
z galaktozy
Produkce kyseliny + )
z manitolu
Pfitomnost _
B-galaktosidazy
Pfitomnost _ +
a-glukosidazy

Vysvétlivky: + (pozitivni), - (negativni), V (variabilni)
Notes: + (positive), - (negative), V (variable)

Jako prvni poukdzal na patogenni potencial C. durum
v souvislosti s jeho pfitomnosti v klinickém izolatu Rie-
gel etal. (1997) [17], zpétna analyza viak odhalila, Ze uz
vroce 1971 byl v Ceské republice tento bakterialni druh
izolovan ze sputa a podrobné popsan Scharfenem
(1971). Studovany kmen byl pod kédovym cislem
(RL - 348) soucasti sbirky NRL pro patogenni aktinomy-
cety a teprve jeho sekvenace roku 2008 odhalila, Ze se
jednalo o C. durum [21].

Prvni izolované kmeny C. durum pochéazely z respirac-
nich vzorkd (sputum, bronchoalveolarni lavazni teku-
tina) imunokompromitovanych pacientd s pneumonii,
véetné, jak ukdzaly novéjsi studie, u pacientl s cystic-
kou fibrézou [9, 18]. Pozdéji byly kmeny C. durum vykul-
tivovany také z extrapulmonalnich materidl — abscesq,
zanétu dasni a hemokultur [1]. Studium mikrobioty po-
moci novych sekvenacnich metod, v souladu se starSimi
nélezy, ukézalo, Ze C. durum hraje pfedevsim vyznam-
nou roli ve zdravi dutiny Ustni jako prospésny komen-
zalni druh, pravdépodobné nepfimo prostrednictvim
interakci s ordlnimi streptokoky, takze jeho patogenni
potencidl je v soucasnosti diskutabilni [11, 14, 15, 16,
23].

Corynebacterium durum je kultivaéné pomérné na-
ro¢né, stejné jako ostatni bakterie ve skupiné mikro-
aerofilnich aktinomycet. Roste pomalu na Columbia
krevnim agaru. Za 48 h pfi 37 °C tvofi v prostfedi obo-

Charakteristika Rothia spp. Actinomyces spp. | Propionibacterium spp. | Nocardia spp.

tycinky, koky, nékdy nepravidelné tycinky, vIak.r]a, ,azv .
. ey . , tercialni vétveni,
rozvétvena vldkna  koky, rozvétveni N
nékdy koky

negativni negativni pozitivni
anaerol?nl/ anaerobni/aerobni aerobni
aerobni
55-69 57-68 -

- + (44-60)
kyselina jantarova  kyselina propionova -

s v

v \Y

+ +

v \Y

haceném 5 % CO, drobné (0,5-1 mm) kompaktni zvras-
néné kolonie, které silné adheruji k podkladu (obr. 1).
Na chudych agarovych pldach (Mueller Hinton(v
agar) je pfi epimikroskopii mozné pozorovat dobfe vy-
vinuté mycelium, uzaviené kolonie s kompaktnim stre-
dem a vétvenim na periferii [22] (obr. 2).

Obr. 1. Corynebacterium durum kolonie na krevnim agaru Co-
lumbia, makrofotografie, skute¢nd velikost kolonie T mm
Foto: MUDr. J. Scharfen, ml.
Figure 1. Corynebacterium durum colonies on Columbia blood
agar, macrophoto. Actual colony size T mm.
Photo: J. Scharfen, M.D., Jr.
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Obr. 2. Epimikroskopie in situ mikrokolonie C. durum na MH
agaru v prochazejicim svétle

Zvétseni 400x pfi snizeném kondenzoru.

Foto: MUDr. J. Scharfen, ml.

Figure 2. In situ epimicroscopy of C. durum microcolony on
MH agar in transmitted light.

Magnification x400 with reduced condenser aperture.

Photo: J. Scharfen, M.D., Jr.

V preparatu barveném dle Grama je mozné pozoro-
vat G+ pleomorfni jemné i silngjsi tycinky, kratké, né-
které rohlickovité zahnuté, konce kyjovité rozsifené.
Usporadani je typické pro korynebakteria do V-forem
a palisad. Casto se v preparatu vyskytuji i kratka vlakna,
kterd se bohaté vétvi [1, 22] (obr. 3). Pfi obarveni dle
Kinyouna je mozné u C. durum na rozdil od jinych ko-
rynebakterii sledovat parcialni acidorezistenci (kratké
fialovocervené useky a granulka) [22] (obr. 4).

Béznymi biochemickymi testy nelze jednoduse odli-
sit C. durum od ostatnich aktinomycet. Problém u bio-
chemického testu API Coryne (BioMerieux) je pfiprava
homogenniho inokula (McFarland 6) z velmi kompakt-
nich drobnych kolonii zdkal o hustoté odpovidajici
stupni 6 McFarlandovy stupnice. Test APl Coryne by mél
byt podle manudlu odecten po 24hodinové inkubaci.
Vzhledem k pomalému ristu a biochemické aktivité
bakterie je vhodnéjsi po 24 h odedist jen enzymatické
testy a testy fermentace cukr(i az za 48 h [1, 17]. Von
Graevenitz [11] prodlouzil inkubaci dokonce na 4 dny
a teprve po této dobé odecital vysledek. Potom v3ak
nastava komplikace pfi hodnoceni testu, protoze C. du-
rum je biochemicky velmi variabilni a odecet vysledku
fermentacnich reakci je ¢asto subjektivni zaleZitosti. Vy-
sledkem je mnozstvi biotypovych skore, kterd jsou pro
C. durum zaznamenana v jednotlivych studiich [1, 3, 11,
17], ale v databazi APl Coryne C. durum chybi, takze je
mozné provést pouze porovnani vysledku s udaji v lite-
ratufe (tab. 2).

Pro kultivaci a soucasné predbéznou identifikaci
C. durum je mozné pouzit i selektivni kultiva¢ni médi-
um oznacené OCM (oral Corynebacterium species me-
dium), na kterém ordlni korynebakteria dobfe rostou
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Obr. 3. C. durum natér z kultury obarveny dle Grama, typicky
kyjovité rozsifena tycinka (Sipka vlevo dole)
Zvétseni 1000x, foto: J. Scharfen, ml.
Figure 3. C. durum smear from Gram-stained culture, typically
a club-shaped rod (arrow bottom left)
Magnification x1000. Photo: J. Scharfen, Jr.

e

Obr. 4. C. durum nétér z kultury obarveny za studena dle Ky-
niouna, parcialni acidorezistence
Zvétseni 1000x, foto: J. Scharfen, ml.
Figure 4. C. durum smear from Kinyoun cold stained culture,
partial acid resistance
Magnification x1000. Photo: J. Scharfen, Jr.

Tabulka 2. Publikovana biotypova ¢isla 38 testovanych kme-
nd C. durum ziskana pomoci API Coryne testu

Table 2. Published biotype numbers of 38 tested C. durum
strains obtained by the API Coryne test

Biotypové cislo Publikace

3440335 Barrett et al., 2001
3040335 Barrett et al., 2001

Riegel et al., 1997
S e von Graevenitz et al., 1998
3400125 Riegel et al., 1997
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a diky utilizaci galaktézy je mozné C. durum odlisit od
C. matruchotii [24].

Dal3i technologii pro identifikaci je Matrix Assisted La-
ser Desorption/lonization — Time Of Flight (MALDI-TOF)
hmotnostni spektrometrie. Metoda je velice presna
a reprodukovatelna [2, 13]. Vyhodou pouziti MALDI-TOF
MS je zkraceni doby identifikace z 24-48 hodin na né-
kolik minut, a tim i moznosti ¢asného nasazeni cilené
[é¢by, kterd by méla vychazet z mistni epidemiologické
situace s ohledem na bakterialni rezistenci [12].

Spolehlivost identifikace pomoci hmotnostniho spek-
trometru je vysokd; preddi klasické biochemické testy
a vyrovna se genetickym metodam. Vyhodou jsou vedle
jeji rychlosti, nepocitdme-li pofizovaci cenu hmotnost-
niho spektrometru, také nizké naklady jednotlivych vy-
Setfeni [12]. Timto se parametry identifikace s vyuzitim
MALDI-TOF MS technologie pfiblizuji optimalnimu urce-
ni druhu/rodu patogena, coz je podstatné pro rychlou
a spolehlivou diagnostiku s vyznamnym benefitem pro
pacienta i lékare. Z pohledu interpretace mikrobiologic-
kého nalezu v rdmci klinického obrazu pacienta je tfeba
konfirmovat identifikaci provedenou hmotnostni spek-
trometrii klasickymi bakteriologickymi postupy jako je
kontrola validity vzorku, Gramovo barveni nebo odecet
kultivace mikrobiologem [19].

Vysoké procento (99,1 % z 680 kmenu) Uspésné
identifikace koryneformnich organismG dosahl na
hmotnostnim spektrometru firmy Bruker Daltonics ve
své praci Cherkaoui [12], Risch [18] udava ve své studii
niz8i procento Uspésnych identifikaci, a to 86,8 % pro
204 kmen(. Oba autofi pouzili pro ovéreni vysledku
konven¢ni metody i genetickou analyzu. Vétsina chyb-
nych nebo neproveditelnych identifikaci je zpdsobena
nelplnymi databdzemi hmotnostniho spektrometru
nebo velkou podobnosti kmen( na drovni druhu [18].
V databazi hmotnostniho spektrometru firmy Bruker
Daltonics je C. durum zastoupeno nékolika kmeny, coz
vétsinou vede k Uspésné identifikaci, jejiz pfesnost Ize
zlepsit pouzitim extrakéniho kroku pomoci kyseliny
mravendi. Bizzini et al. uvadi, Ze extrakce sice o par mi-
nut prodlouzi identifikaci vzorku, ale zvysi pfesnost az
025 % [4].

Jako zlaty standard identifikace je brana sekvenace
genu 16S rRNA a porovnani ziskanych sekvenci s da-
tabazemi jiz stanovenych bakterii (GenBank, RIDOM).
Jako metoda volby pfipadd zejména v pfipadé Spatné
kultivovatelnych bakterii, kam nalezi i C. durum. Cas
identifikace je zkracen na dobu nékolika hodin [7, 17,
20]. Sekvenace se v béznych klinickych laboratoftich ru-
tinné nevyuziva predevsim kvili cené, ale pro referenc-
ni laboratofe je jednou z dlilezitych metod identifikace
vzacnych a novych mikroorganismu ¢i verifikace zvole-
ného metodického postupu [5].

At jiz laboratore pouzivaji k identifikaci biochemické
testy nebo vyse uvedené technologie, je nutny pre-
devsim zkuseny mikrobiolog, ktery vysledky vysetfeni
spravné vyhodnoti. Je dllezité pfistupovat k identifika-

ci jako k polyfazové taxonomii, kdy se vysledky z jed-
notlivych metod navzdjem potvrzuji a skladaji v rozsah-
Ié databaze, kde je mozné stanovit neznamé bakterie
porovndnim s vlastnostmi jiz popsanych mikroorga-
nismU. Laboratore si timto postupem neustale zplsob
identifikace zpfesnuji. To zlep3uje jejich sluzby a umoz-
fuje rychlejsi a efektivnéjsi diagnostiku a lé¢bu infekci.
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Blastocystis v lidském gastrointestinalnim traktu -
komenzal nebo ,tichy” patogen?
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SOUHRN

Blastocystis je jednobunécny anaerobni mikroorganismus, osidlujici lidsky i zvifeci gastrointestinalni trakt (GIT). Je nejhojnéjsim
zastupcem eukaryot nalézanych v lidské stolici a osidluje asi miliardu lidi po celém svété. | pies Cetny vyskyt neni jasna jeho pfima
patogenita a jeho postaveni mezi jinymi vyznamnéjsimi parazity GIT. Nalez Blastocystis byva spojovan s rdznymi nespecifickymi
soubory priznakd, jako jsou prdjem, bolesti bficha, plynatost, nevolnost, tento mikroorganismus byva casto diagnostikovan u pa-
cientl se syndromem drézdivého tra¢niku, ulcerézni kolitidou ¢i kopfivkou. Kontroverze pretrvavaji zejména z dlivodu pfitomnosti
Blastocystis i u asymptomatickych pacientli a pro nejasny mechanismus potencialni patogenity. Rovnéz lIé¢ba nema jasné dané
doporucené postupy z vyse uvedenych divod.

KLICOVA SLOVA
Blastocystis — patogen — komenzal - infekce

ABSTRACT
Kiithnelova S., Roznovsky L., Dolezilkova J., Madar R.: Blastocystis in the human gastrointestinal tract
- commensal or “silent” pathogen?

Blastocystis is a unicellular anaerobic microorganism inhabiting the human and animal gastrointestinal tract (GIT). It is the most
abundant representative of eukaryotes reported in human feces and found in approx. a billion people worldwide. Despite the
common occurrence, its direct pathogenicity and status among other, more significant, GIT parasites remain unclear. Blastocystis
colonization is associated with various non-specific clusters of symptoms, such as diarrhea, abdominal pain, flatulence, or nausea
and is often diagnosed in patients with irritable bowel syndrome, ulcerative colitis, or urticaria. Controversy persists mainly be-
cause of the detection of Blastocystis even in asymptomatic patients and the unclear mechanism of its potential pathogenicity.
Also, for the reasons mentioned above, no treatment guidelines are available.

KEY WORDS
Blastocystis — pathogen - commensal — infection
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k redukci genomu, coz vedlo ke ztrdté nékterych me-
tabolickych drah a organel, v¢etné gen pro biosyn-

Blastocystis je jednobunécny organismus osidlujici
zazivaci trakt lidi i zvifat, konkrétné tlusté strevo [1, 2].
Neni zcela zfejmé, zda je pfitomnost tohoto mikroorga-
nismu pouhou kolonizaci nebo zda je klinicky vyznam-
nd, a proto je jeho postaveni v rdmci jinych parazit(
lidského gastrointestindlniho traktu nejasné. Pfenadsi se
fekalné-oralni cestou a na zakladé publikovanych pre-
hledl m0ze byt Blastocystis pfitomna az u 1 miliardy
lidi, jde tak o nej¢astéji detekovaného eukaryotniho za-
stupce v lidské stolici [3, 4]. Jde o polymorfni jednobu-
néc¢ny mikroorganismus z kmene Stramenopila, tfidy
Bigyra, byt nema morfologii typickou pro zastupce této
skupiny [1, 2]. V prabéhu evoluce doslo u Blastocystis

tézu biciku a peroxisomd, a k Upravam mitochondrii,
coz podporuje adaptaci na prostredi stfeva hostitele
a anaerobni zpUsob zivota [5]. Blastocystis zahrnuje ge-
neticky rozmanité subtypy, které se vyskytuji u riiznych
hostiteld a jsou pfedmétem vyzkumu z hlediska jejich
pfenosu mezi lidmi a zvifaty [3].

TAXONOMIE

Izolaty Blastocystis ziskané ze stolice lidi byly dfive
oznacovany jako Blastocystis hominis, izolaty ze zvife-
cich vzorkl pouze jako Blastocystis sp. (bylo publikovano
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pouze nékolik hostitelsky specifickych jmen) [6]. Vzhle-
dem k rozséhlé genetické diverzité tohoto organismu
i mezi jednotlivymi subtypy je viak vhodnéjsi oznacovat
viechny sav¢i a ptadi izolaty jako Blastocystis sp. a pfifa-
zovat je k subtyplim od 1 do 9, nebot s ohledem na fakt,
ze ¢lovéka mize infikovat vice zvitecich subtypu, by hos-
titelsky specifické pojmenovani v tomto pfipadé mohlo
byt zavadeéjici [6, 7].

Blastocystis ma nejisté postaveni mezi jinymi vy-
znamnéjsimi stfevnimi parazity lidi, jedna se o jedno-
bunéc¢ného prvoka s parazitickym potencialem. Dle
taxonomického systému Adl et al. (2019) patii Blasto-
cystis do kmene Stramenopila v superskupiné SAR, coz
je zkratka vznikla z pocéatecnich pismen kmend Strame-
nopila, Alveolata a Rhizaria. Heterogenni skupina Stra-
menopila zahrnuje jednobuné¢né i mnohobunécné
organismy, mezi zndméjsi a klinicky vyznamné parazity
se do skupiny Alveolata fadi napfiklad Plasmodium fal-
ciparum, Babesia microti, Toxoplasma gondii, Cryptospo-
ridium parvum ¢i Balantidium coli [8].

Kvuli zna¢né genetické diverzité byl zaveden systém
jednotlivych subtypt (ST). Ty se mezi sebou lisi zejmé-
na velikosti genomu, obsahem guanin-cytosinovych
bazi a celkovym obsahem gen( [9]. V kontextu jinych
parazitnich organism0 by bylo mozné tyto subtypy
povazovat za rovnocenné druhy, ale pro nedostatek
morfologickych rozdild a nizkou korelaci osidleni jed-
notlivych subtypl s konkrétnim hostitelem je urceni
konsensualni taxonomie obtizné [9]. Doposud bylo ob-

Formy a zivotni cyklus

SOUHRNNE SDELENI

jeveno minimalné 17 subtypu Blastocystis, z toho 9 jich
bylo nalezeno u lidi (pfi¢emz nej¢astéji jde o ST1, ST2
a ST21). Vyskyt subtypl v epidemiologickych studiich
ve svété je ovlivnén nékolika faktory, jako jsou envi-
ronmentdlni a geografické podminky, vybér diagnos-
tické metody ¢i vlastnosti daného subtypu Blastocystis
a samotného hostitele [10].

Blastocystis je polymorfni organismus a mGze se vy-
skytovat v granuldrni, vakuoldrni, améboidni ¢i cystické
formé [11]. Jak je uvadi Mandell [12], vSechny ctyfi for-
my obsahuji stejnou sadu organel, ale jsou mezi nimi
vyznamné morfologické rozdily: nejcastéjsi formou
detekovanou ve vzorcich stolice je vakuolarni forma
charakterizovana velkou centralni vakuolou, s velmi
proménlivou velikosti burky, nejcastéji viak mezi 4
a 15 pm. Granularni forma je charakteristickd intra-
cytoplazmatickymi ¢i intravakuoldrnimi granulemi.
Améboidni forma je vzacnd a predpoklada se, ze hraje
roli v patogenezi onemocnéni GIT. Cysticka forma ma
velikost 2-5 um [12].

Vzhledem k morfologické diverzité Blastocystis sp.
a nesjednocenému diagnostickému postupu v jed-
notlivych zemich, neni Zivotni cyklus a mechanismus
pfenosu zatim plné objasnén [13]. Cysticka forma je
ziejmé infek¢ni stadium Blastocystis [14]. Cysty jsou
schopny prezit mimo télo hostitele, kam jsou vyluco-
vany se stolici [2, 7]. V tlustém a slepém stievé mUze
Blastocystis excystovat do vakuolarniformy a dal3im bi-
narnim délenim se zménit do améboidni ¢i granularni

Blastocystis Lifecycle
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Possible animal hosts
of Blastocystis include
chickens, rats and
pigs amongst others.

cyst

Obr. 1. Zivotni cyklus Blastocystis dle Robertse et al., 2014
Figure 1. Blastocystis life cycle according to Roberts et al.,, 2014
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The cyst can be ingested through
either contaminated water or
food, or via direct transmission
through human faeces.

Excystation occurs while in the
large intestine where the cyst
develops into amoeboid, vacuolar
and granular forms.

Encystation occurs before being
deposited in the faeces

granular
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Obr. 2. Celkova prevalence Blastocystis dle Piperni et al., 2024.
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Figure2. Overall prevalence of Blastocystis according to Piperni et al., 2024

formy [15, 16, 17, 18]. Poté se encystuje a se stolici je
vyloucena ven z téla [2]. Jisté paralely Ize napfiklad
najit s zivotnim cyklem Cryptosporidium parvum, vy-
znamného lidského parazita z kmene Apicomplexa
[8], ktery zplsobuje pridjmové onemocnéni a nespe-
cifické symptomy - napf. nevolnost, zvraceni ¢i bo-
lesti bricha, pticemz skala zavaznosti infekce saha od
asymptomatického pribéhu az k zZivot ohrozujicim
stavim u imunokompromitovanych pacientl [19,
20]. Tento mikroorganismus rovnéz existuje ve formé
odolnych cyst a je vyu¢ovan stolici [21]. Pfenasi se fe-
kalné-oralni cestou nebo nepfimo pres kontaminova-
nou vodu, potraviny, ale i kontaminovanou obuvi ¢i
oblec¢enim [20, 21]. Po pozieni sporulovanych oocyst
hostitelem se spory excystuji do infekéniho stadia
sporozoitl, které jsou pohyblivé a aktivné napadaji
hostitelské buriky [22, 23]. Naslednou asexualni a se-
xuadlni reprodukci vznikaji nové oocysty, které jsou vy-
lu¢ovany stolici ven z téla, zatimco jiné zlistavaji v téle
a mohou byt zdrojem pro autoinfekci [24]. Z fyloge-
netického hlediska jde o vzdalené pfibuzné prvoky.
Tato paralela Zivotnich cykld slouzi primarné k orien-
taci ¢tendre v Sirsim kontextu stfevnich prvokd a jejich
biologickych vlastnosti, nikoliv k implikaci hlubsiho
evolu¢niho ¢i diagnostického propojeni mezi obéma
organismy.

Rizikovymi faktory pro infekci Blastocystis mohou byt
$patné hygienické navyky, konzumace kontaminované
potravy nebo vody ¢i blizky kontakt s nakazenymi hos-
podaiskymi zviraty [3].V roce 2022 byl Blastocystis zata-
zen do smérnice pro kvalitu pitné vody jako potencidlni
protozoarni patogen, nebot cysty mohou pfi normalni
teploté ve vodé pretrvavat az po dobu 19 dni [25]. Pre-
venci pred uvedenou nakazou a dal$imi alimentarnimi
parazitdrnimi a bakteridInimi infekcemi je dodrZovani
zasad osobni hygieny, zdravotni vzdélani populace, pfi-
stup k nezavadnym potravinam a pitné vodé a vhodné
nakladani s odpadnimi vodami [1].

EPIDEMIOLOGIE A PREVALENCE

Pfitomnost Blastocystis byva castéji prokazovdna
u imunokompromitovanych pacientd a osob, které
maji ¢asty kontakt se zvifaty [2, 28, 60]. Zatimco nékteré
studie neprokdzaly pfimou souvislost mezi prevalenci
Blastocystis a faktory, jako je pohlavi nebo narodnost
[26], jiné poukazuji na statisticky vyznamné rozdily
v zavislosti na véku nebo typu osidleni (méstské vs.
venkovské populace) [28, 60].

Prevalence se rtizni v zavislosti na oblasti, od 5 % v in-
dustrializovanych zemich az k 60 % v rozvojovych tro-
pickych zemich, na coz ma vliv jak geograficka poloha,
tak ekonomicky status dané zemé [2, 26, 27]. V ramci
rozsahlé celosvétové studie Piperni et al. z roku 2024
[59] zahrnujici 56 989 vzorka lidské stolice byla poziti-
vita Blastocystis zjisténa u 8 190 osob. Studie potvrdila
vyznamné geografické rozdily ve vyskytu tohoto mik-
roorganismu, jak Ize vidét na obrazku 2.
lence (6,64 %), pficemz rozdil oproti Evropé (22,14 %)
byl statisticky vyznamny. Mezi evropskymi staty byla
prevalence typicky nad 15 %, pticemz ve Velké Britanii
dosahovala témér 27 %. V Asii se hodnoty zna¢né lisily
prevalence 29,18 %. V africkych statech (Tanzanie, Etio-
pie a Kamerun) dosahovala prevalence vice nez 35 %.
Nejvyssi byla zjisténa na Fidzi (56,29 %). Ve Spojenych
statech byla prevalence 6,47 % (951 vzorkd z 14 692)
a regiondlni analyza ukazala vy3si zastoupeni na vy-
chodnim a zapadnim pobfezi ve srovnani se Stfedoza-
padem a Jihem.

V ramci studie provedené na Slovensku Dudlovou et
al. (2016) [58], ktera zkoumala 2 760 vzork stolice lid-
ské populace, byla zjisténa prevalence gastrointestinal-
nich parazitarnich onemocnéni 6,81 %, z toho preva-
lence protozoarnich infekci byla 2,64 % a helmintovych
infekci 4,17 %. Pfitomnost Blastocystis byla nej¢asté;si
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ve vékové kategorii 19-88 let, pficemz prevalence pro-
Vyskyt Blastocystis byl casto v koinfekci s dalSimi strev-
nimi parazity (zejména Enterobius vermicularis). Nejvétsi
pozitivita vzorkl na stfevni parazity byla zaznamendna
na vychodé Slovenska (179/2760 vzorka), a statisticky
vyznamné rozdily v incidenci parazitt byly zaznamena-
ny mezi jednotlivymi regiony.

Studie provedend v Polsku [60] prokdzala prevalen-
ci Blastocystis z celkového poctu 319 vzorkd metodou
CoproELISA testu u 24,1 % vysetfovanych osob, meto-
dou PCR bylo detekovéano 15,1 % pozitivnich osob. Byla
zjisténa vyssi prevalence u lidi Zijicich ve mésté (15,9 %)
oproti venkovu (9 %), ale rozdil nebyl statisticky vy-
znamny. Naopak vyznamné rozdily byly nalezeny mezi
jednotlivymi vékovymi skupinami: nejnizsi prevalence
byla ve véku 20-29 let (3,3 %), nejvyssi ve vékové skupi-
né 60-69 let (27,3 %, p < 0,0001). Vsichni lidé s pozitiv-
nim nalezem méli domdci zvifata (p < 0,0001).

Situace v Ceské republice byla zmapovéna Lhotskou
et al. v roce 2020 [28], kdy byla studovana prevalence
a diverzita subtypu Blastocystis sp. u zdravych jedin-
cl. Bylo zkoumano celkem 288 vzorkl ziskanych od
asymptomatickych osob vsech vékovych kategorii.
Pozitivni vysledek byl zjistén u 24 % osob, u kterych
bylo nalezeno 8 subtypl. Statisticky vyznamna byla
ve mésté (21 %, p = 0,03) a u osob, které mély castéjsi
kontakt s hospodarskymi zvifaty (33 %) nez s domdci-
mi mazlicky (21 %, p = 0,0256). Nebyl zjistén statisticky
vyznamny rozdil ve vyskytu Blastocystis mezi pohlavim,
vékovymi kategoriemi, ¢i mezi osobami cestujicimi do
zahranici v rdmci a mimo Evropu. Cinek et al. v roce
2021 [29] publikovali studii srovnavajici vzorky stolic
détskych pacientll ze 6 zemi (Azerbajdzan, Ceska re-
publika, Jordansko, Nigérie, Sidan a Tanzanie). Vysled-
ky poukazaly na vyznamné nizsi prevalenci Blastocystis
sp. u déti z Ceské republiky (15,4 %) a Jordanska (15 %),
vyssi prevalence byla v Azerbajdzanu (45 %) a Sidanu
(47 %), nejvyssi pak v Tanzanii (53 %) a Nigérii (55 %)
[29]. Zavérem bylo zjisténo, ze vyskyt Blastocystis byl
spojen s vyssi diverzitou stievniho bakteriomu a zmé-
nami v jeho slozeni, kdy urcité bakterialni rody (napf.
Ruminococcaceae) byly vice zastoupeny pii pozitiv-
nim vyskytu Blastocystis, a jiné, napi. Bifidobacterium
a Lactobacillus, méné [29].

ETIOLOGIE A PATOGENEZE U ZViRAT

Blastocystis ma diky své nizké druhové specificité Si-
rokou skalu hostitel(l ze zviteci fise, od hospodaiskych
zvifat pres zvifata domaci az k divokym druhdim. Vyskyt
byl zjistén u hospodaiskych zvifat (napt. kravy, ovce,
kozy, prasata) a béznych domacich zvitat (kocky, psi),
a proto mohou zvifata sehravat vyznamnou roli jako
zdroj nakazy pro ¢lovéka [7, 30]. Potencidlnim zdrojem
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nakazy mohou byt i zvifata chovana v zoologickych za-
hradéch [31]. Tak jako v lidské populaci i zde se preva-
lence lisi napfi¢c zemémi, coz mlze ovliviiovat fada
faktoru jako design studie, zemépisna poloha, hostitel
a zpUsob jeho chovu [30]. U domacich zvifat, jako jsou
psi a kocky, je evidovan casty vyskyt, ale data tykajicich
se napfiklad promorenosti koni jsou nedostate¢na [30].
Castym nositelem Blastocystis jsou priméti, pozitivi-
ta byla zjisténa u vice nez 70 jejich druhd ze Starého
i Nového svéta [30]. Patogenita i zde z{istdva nezodpo-
vézenou otazkou, nebot vétsina zvifat je asymptoma-
ticka [30]. U kopytnikd je situace obdobna, pfitomnost
Blastocystis byla zjisténa u celé fady druhd, napt. sobi,
jeleni, velbloudi nebo alpaky [30].

Nejcastéjsi subtypy, ST1, ST2 a ST4, maji vysoky zoo-
noticky vyznam, jelikoz vykazuji nizkou hostitelskou
specificitu [32]. Subtyp ST3 je povazovan za lidsky, ac-
koliv byl izolovéan i z nékolika zvifecich hostitelt [32].
Subtypy ST5 - ST8 byvaji detekovany u lidi vzacné, ale
prevladaji u zvirat: ST5 u kopytnikd, ST6 a ST7 u ptakd,
ST8 u primatud [32]. Mohou tak byt zdrojem koinfekci
vice subtypy [2].

Na mysich modelech byl prokdzan pfiznivy ucinek
kolonizace Blastocystis ST4, jenz pozitivné ovlivnil bak-
teridlni slozeni stfeva hostitele [33]. Experimentalni
osidleni mysi podtypem ST7, jakozto potencidlné nej-
vice patogenniho ze viech subtyp(, prokazala negativ-
ni zmény stfevni mikrobioty mysi [34]. Tyto poznatky
naznacuji, ze vliv Blastocystis na hostitelsky organismus
mUze byt velmi variabilni a zavisi na konkrétnim sub-
typu. Je dulezité zminit, ze laboratorni mys$ neni vhod-
nym modelovym organismem pro studium infekce
Blastocystis u lidi, vhodnéjsi jsou krysi modely [2, 7].

ETIOLOGIE A PATOGENEZE U LIDi

Role Blastocystis u lidi stale neni zcela objasnéna -
jedna se o komenzalni ¢i paraziticky vztah? Kontroverz-
nost pretrvava zejména z téchto davodu:

- nalez byva casto bezpriznakovy, Blastocytis je naléza-
na u symptomatickych i asymptomatickych pacientd;

- patogenita byla prokazovana in vitro, ale ne in vivo;

- nebyly doposud shledany zadné vyznamné virulent-
ni vlastnosti parazita;

- nebyla nalezena zadna ohniska infekci;

- zlep3eni pfiznakd po [é¢bé pacient( je casto jen rela-

tivni [2, 3, 26, 35].

Stéle tak zGstava otazkou, jestli a jakym zpUsobem
ovliviuje vyskyt Blastocystis imunitni odpovéd' hostite-
le ¢i zdali jsou klinické projevy reakci hostitele na tuto
pfitomnost [35]. Rlizné podminky prostredi, geneticka
variabilita jednotlivych subtypl Blastocystis a diverzita
hostitelského prostiedi v tom sehravaji vyznamnou roli
[4, 35]. Blastocystis preziva v intestindlnim lumen, zejmé-
na v kycelniku a tlustém stfevé, kde uvolriuje protedzy,
generuje buné¢nou apoptézu a degradovanim IgA
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pfispiva k imunomodulaci hostitele [1]. MoZné vysvét-
leni tkvi ve zménéné paracelularni permeabilité [36].
Améboidni forma ucinné prilne k intestinalnimu epite-
lu, ovliviiuje stifevni imunitni homeostazu a zpUsobi za-
nétlivou reakci s lokalnim uvolfiovanim prozanétlivych
cytokinli u mysi a krys [36, 37]. Dalsi vyzkumné prace
poukazuji na eventuadlni spojitost pfitomnosti Blasto-
cystis a udrzovani homeostazy stfevni mikrobioty,
ovsem v pozitivnim smyslu [38]. Pfitomnost Blastocystis
pravdépodobné ovliviiuje sloZeni stfevni mikrobioty,
coz nepfimo vysvétluje vétsi spektrum onemocnéni
potencialné ovlivnénych touto pfitomnosti. Deng et al.
(2021) uvedl prehled ¢lankl zabyvajicich se vztahem
Blastocystis s hostitelem a jeho stfevni mikrobiotou,
pficemz prevazuji studie zminujici zlepsené slozeni mi-
krobioty stfev (celkem 11 ze 14 praci) u pacientt s ko-
lonizaci Blastocystis [38]. Betts et al. (2021) zjistil celkové
snizeni zanétlivych metabolitd pfi pfitomnosti Blasto-
cystis; prozanétlivou roli urcitych subtypl vsak nelze
vyloucit [39].

Audebert et al. publikovali studii, ve které byl zkou-
man stfevni mikrobiom 48 zdravych jedincl a 48 jedin-
¢t nakazenych Blastocystis [4]. U pozitivnich lidi byla
nalezena vétsi relativni abundance bakterii, zejména
¢eledi Clostridiaceae, Ruminococcaceae a Prevotella-
ceae, dale i rodl Faecalibacterium a Roseburia, jenz jsou
znamy jako bakterie produkujici butyrat. Tato slouce-
nina je povazovana za vyznamny metabolit zdravého
stfeva, jelikoz je hlavnim zdrojem energie pro epite-
lidlni buriky tlustého stfeva, podili se na bunécnych
procesech (reguluje genovou expresi, diferenciaci,
apoptdzu) a ma protizanétlivé Gcinky. Snizeny pocet
druh@ zminénych mikroorganismd byl asociovan
s onemocnénimi, jako jsou ulcerézni kolitida ¢i Cro-
hnova choroba. Se snizenou bakterialni diverzitou ve
stfevé jsou doposud spojovany pouze infekce helminty
[4]. K obdobnému vysledku dospéli Cinek et al., ktefi
kromé zjisténé prevalence Blastocystis sp. u détskych
pacientl prokazali i vétsi diverzitu bakterialniho mikro-
biomu u vzorka s Blastocystis; relativni abundance cele-
di Ruminococcaceae byla zvysena, zatimco jiné, napf.
rody Bifidobacterium, Veillonella nebo Lactobacillus ne-
byly viibec zastoupeny [29].

Patogenita Blastocystis mlze souviset s pfitomnos-
ti urcitych subtypU, kdy pfitomnost ST1 je spojovana
s asymptomatickou infekci, naopak pfitomnost ST4 se
symptomatickou [16, 40, 41, 42]. Nedavna studie Raja-
manikama et al. (2023) zjistila, ze pfitomnost ¢i nepfi-
tomnost podtypu Blastocystis ST3 neméla vyznamny
vliv na bakterialni diverzitu, avsak zménila abundanci
nékterych bakteridlnich taxon( [43]. U symptomatic-
kych jedinct prevladaly celedi Prevotellaceae a Rumi-
nococcaceae a asymptomaticti pacienti méli snizenou
diverzitu s prevahou Firmicutes. Zmény v bakteridlnim
slozeni mohou ovliviiovat priibéh metabolickych pro-
cesU. Bunky, jez byly izolovany z asymptomatickych
jedincl, se chovaly podobné jako bunky od jedincd

symptomatickych, kdyz byly opakované vystaveny
bakterialni suspenzi od téchto symptomatickych jedin-
cl. Rajamanikam et al. (2023) naznacuje vliv bakterii
na chovani Blastocystis na Urovni exprese protein(, ne-
bot in vitro byly zménény hladiny rozpustnych proteaz
a schopnost antigent podporovat proliferaci kolorek-
talniho karcinomu. Patogenni vlastnosti tak nemusi
byt jen vysadou Blastocystis, ale mohou byt ovlivnény
stfevni mikroflorou [43].

Rozlicné subtypy mohou mit i rozdilnou citlivost
k antimikrobidlni [é¢bé [44]. Jind hypotéza zminuje
moznost patogenity zaloZzené na vyssim poctu Blasto-
cystis v mikroskopickém poli vysetfovaného vzorku. Je
dolozen zpétnovazebny posilujici mechanismus, kdy
sekretované proteiny, napf. hydrolazy a proteazy, maji
potencidl modulovat obranyschopnost hostitele i zis-
kavani zivin, a tudiz podporovat Uspésnou kolonizaci
stfeva timto mikroorganismem [9, 35]. S dal$im zajima-
vym zavérem pfisli Backhaus et al. (2023), ktefi pouka-
zali na to, ze v urcitych mnozstvich a kombinacich se
mohou navzajem spoluovliviiovat rlzni parazité: v za-
vislosti na koncentracich mikroorganism{ muze prvok
Dientamoeba fragilis regulovat vyskyt Giardia lamblia,
Blastocystis, Campylobacter spp. nebo Ascaris lumbricoi-
des. Pritomnost a mnozstvi parazitl tak mdze snizovat
nebo podporovat kvantitu jmenovanych patogen(
a potencialné ovliviiovat infekci [45].

Oportunni infekce u imunokompromitovanych osob
jsou, vzhledem k jejich potlacenému imunitnimu sys-
tému, celosvétové hlavnim ddvodem jejich mortality
[46]. Khorshidvand et al. (2020) publikovali metaanaly-
zu prevalence Blastocystis u imunokompromitovanych
pacientll z Australie, Ameriky, Evropy, Asie a Afriky [46].
Bylo zanalyzovano 68 ¢lankud z let 1986 az 2018 s cel-
kovym poctem 17 323 osob. Odhadovana mira preva-
lence Blastocystis dosahla 10 % infikované populace lidi
s imunodeficiencemi (napt. rakovina, HIV/AIDS, lidé po
transplantaci nebo hemodialyze). Vyzkum v této oblas-
ti je nezbytny pro ochranu téchto ohrozenych pacientt
a snizeni jejich mortality.

DIAGNOSTIKA

Laboratorni detekci Ize provést parazitologickym
vysetfenim stolice ¢i citlivéjSimi molekularnimi me-
todami. Vysetfeni Cerstvého natéru stolice je zakladni
diagnostickou metodou, vysledky zalezi na vybave-
nosti laboratore ¢i kvalité vzorku [1]. Ur¢ité komplikace
pfinasi razna morfologie Blastocystis a jeji obtizné&;jsi
rozpoznani [2]. V rutinni diagnostice se Kato-Katzova
metoda primarné pouziva k detekci vajicek parazitic-
kych helmintl [62]. Pro detekci prvokd jsou vhodnéjsi
koncentra¢ni metody, napf. sedimenta¢ni (MIF) nebo
flota¢ni (Faust, Sheather), jelikoz tyto metody zvysuji
pravdépodobnost zachyceni i malého mnozstvi cyst ve
vzorcich stolice [63]. Pfi nizké koncentraci Blastocystis
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ve vzorku jsou tyto metody nutné pro spolehlivou de-
tekci, protoze oproti pfimému néatéru vyrazné zvysuji
citlivost vysetfeni [64]. Vyhodou této mikroskopické
metody je rychlost vyhodnoceni a niZsi cena, nevyho-
dami pak nizka senzitivita a celkové mensi presnost nez
u molekuldrné-genetickych vysetieni, kterd ale nejsou
vétsinou dostupna v rozvojovych zemich [3, 47].

Barvici techniky nejsou rutinné pouzivany, byt je tato
metoda jednoduse proveditelnd, stejné tak kultivace,
koncentra¢ni a sérologické techniky maji jen okrajové
uplatnéni [1]. Molekularni metody umoznuji rozliseni
jednotlivych subtypt Blastocystis. Pro tento ucel se se-
kvenuje gen malé podjednotky ribozomalni RNA [48].
K tomu se nejcastéji vyuziva sekvenovani PCR produk-
td genu SSU-rDNA nebo PCR s diagnostickymi sub-
typ-specifickymi STS primery, kterd umoznuje cilenou
detekci jednotlivych subtypl bez nutnosti jejich sekve-
nace [61]. Tento pfistup zahrnuje 7 specifickych PCR re-
akci pro identifikaci subtypa ST1 - ST7 a je vhodny pro
laboratofe s omezenym pfistupem k sekvenovani [27].
Vyuzivaji se rdzné modifikované metody PCR, které maji
vétsi specifitu a senzitivitu nez vysetreni Cerstvé stolice
a které dokazou zachytit podstatné nizs$i mnozstvi pa-
razitl v daném vzorku [1, 2, 47]. P¥i detekci Blastocystis
ve stolici pacienta je vhodné provést dalsi vysetieni pro
zjisténi jiné potencialni pficiny prijmu [18].

KLINICKY PRUBEH

Vyskyt Blastocystis byva asymptomaticky, ale mize
byt spojovan s poruchami gastrointestindlniho trak-
tu (napf. syndrom drézdivého tra¢niku ¢i idiopatické
stifevni zanéty), s koznimi lézemi (kopfivka) a pocetny-
mi nespecifickymi symptomy, jako je prijem, abdomi-
nalni bolesti nebo kfece a nevolnost [2, 10, 49, 50]. Ty-
picky se objevuji pravé akutni nebo chronicky prdjem,
nadymani, kiece v bfise a nava [12]. Castéjije prokazo-
van u imunokompromitovanych pacientl a osob, které
maji cetny kontakt se zvifaty [2].

Role Blastocystis v patogenezi GIT chorob u ¢lovéka
zOstava i pres mnozstvi publikovanych praci nejasna.
Jak bylo zminéno vyse, existuje nékolik teorii o0 moz-
ném mechanismu patogenity. Dle Mandella jsou di-
kazy o spojeni Blastocystis s poruchami GIT zalozeny
na mnoha pfipadovych zpravach a nekontrolovanych
studiich spojenych s nespecifickymi pfiznaky [12]. Pa-
togenita tohoto organismu tak z{istadva neurcitd zejmé-
na kvili problémdm pfi vylucovani jinych pficin a ne-
schopnosti studii jasné prokazat pficinnou souvislost
s onemocnénim [12].

Citlivost k antiinfektiviim

Protozoérni infekce byvaji lé¢eny metronidazolem,
tinidazolem ¢&i nitazoxanidem [51, 52]. Lé¢ba Blasto-
cystis nema vytvofeny zadné oficidlni doporucené
postupy. Samotna pFitomnost Blastocystis u asympto-
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matickych pacientd neni indikaci k antibiotické 1é¢bé
[53, 54]. Pokud je stolice pozitivni na vyskyt Blastocys-
tis, je nutné patrat po dalSich moznych dévodech pri-
jmu [55]. Lé¢i se zejména pacienti s vyse uvedenymi
klinickymi obtizemi, a to s pfihlédnutim k aktualnimu
zdravotnimu stavu a pfidruzenym chorobam, zejména
imunodeficitu. V 1é¢bé je mozno pouzit nitroimidazo-
lova antibiotika metronidazol, tinidazol a ornidazol,
kombinovany pfipravek trimetroprim-sulfametoxazol
a antiprotozoalni léky paromomycin a nitazoxanid [53,
54]. Ojedinéle jsou pro Ié¢bu uvadény secnidazol, ke-
tokonazol, pentamidin, chinin, iodoquinol a emetin [1,
2, 53]. Lékem prvni volby byva metronidazol [7, 53, 54].
Pdvodné byl vyuzivan pro lécbu Trichomonas vagina-
lis, aviak naléza vyuziti i pfi 1écbé SirSiho spektra ana-
erobnich a protozoarnich infekci (zejména) zazivaciho
traktu [52]. V literatufe Ize dohledat rdzné davkovani
po rozlicné dlouhou dobu: od 250-750 mg jednou
denné, po 1500-2000 mg dvakrat denné [7, 44]. Neni
zcela jasné, jakym mechanismem metronidazol plsobi
a zdali ma skutec¢né na Blastocystis pozadovanou ucin-
nost [7, 44, 54]. U pacientt s intoleranci metronidazolu
Ize pouzit trimethoprim-sulfamethoxazole [54]. Dalsi
moznosti je paromomycin, Sirokospektralni antibio-
tikum na akutni a chronické amébdzy, mechanismus
jeho ucinku u Blastocystis vsak rovnéz zUstava nevy-
feSenou otazkou [7]. U détské populace vykazoval pfi
Ié¢bé blastocystozy tinidazol vyssi uc¢innost nez nita-
zoxanid, jak je vidét i v souhrnné tabulce 1é¢by a Gcin-
nosti dle Robertse et al. (2014), Ize nicméné pozorovat
znacnou variabilitu Ucinnosti jednotlivych variant lé¢-
by [56, 571.

ZAVER

Vzhledem k velké genetické diverzité Blastocystis
a slozitosti lidského strevniho mikrobiomu nelze jed-
noznacné a zjednodusené oznacit pfitomnost tohoto
prvoka za parazita, plvodce onemocnéni ¢i komenza-
la. Soucasné studie naznacuji, ze icinky tohoto mikro-
organismu na lidsky organismus mohou byt velmi
variabilni. V souvislosti s ¢astym a celosvétovym vysky-
tem je nezbytné provadét dalsi vyzkum a studie, které
by mohly pfinést nové informace ohledné jeho biolo-
gie a potencialné pozitivnim nebo negativnim vlivu na
lidské zdravi. Identifikace faktor( ovlivnujicich patoge-
nitu ¢i symbidzu Blastocystis a pochopeni jeho interak-
ci s lidskym organismem mohou byt klicové pro vyvoj
preventivnich opatfeni, pfipadné i pro cilenou terapii
s jasné stanovenym postupem lécby.
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ABSTRACT

Tick-borne encephalitis (TBE) is a neglected zoonotic neuroinvasive disease. Most cases of TBE have a mild course, but some pa-
tients with encephalitis develop long-term neurological or neuropsychic sequelae. We report a fatal case of TBE in a patient living
in an endemic area. The case occurred in a middle-aged man with no epidemiological evidence of tick bites, no consumption of
raw dairy products, and who was not vaccinated against TBE. The aim of this paper is to draw attention to the need for better in-
formation of the risk factors associated with TBE with the long-term sequelae, to improve case management and to stimulate the
development of new vaccination strategies. To our knowledge, this is the first reported case of rare fatal TBE in a middle-aged man
with no severe comorbidities in Slovakia.

KEY WORDS
endemicity - tick-borne encephalitis — long-term sequelae - fatal outcome

SUHRN
Litvova S., Stefkovi¢ova M., Grezdova M., Drlova A., Kristufkova Z., Kopilec Garabasova M.: Smrtelna
klieStova encefalitida z aktivnej endemickej oblasti Slovenska

KlieStova encefalitida (KE) je opominana neuroinvazivna antropozoondéza. Vac¢sina pripadov KE ma mierny priebeh, ale u niekto-
rych pacientov s encefalitidou sa vyvinu dlhodobé neurologické alebo neuropsychické nasledky. Uvadzame fatélny pripad KE
z endemickej oblasti. Pripad sa vyskytol u muza v strednom veku bez epidemiologickych dékazov o uhryznuti kliestom alebo
konzumacii surovych mlie¢nych vyrobkov a ktory nebol o¢kovany proti KE. Cielom tohto prispevku je upozornit na potrebu lepsej
znalosti rizikovych faktorov spojenych s kliestovou encefalitidou s dlhodobymi nasledkami, zlepsit manazment pripadov a podnie-
tit vyvoj novych vakcinacnych stratégii. Podla nasich vedomosti ide o prvy hlaseny pripad zriedkavej fatdlnej KE u muza stredného
veku bez zavaznych komorbidit na Slovensku.

KLUCOVE SLOVA
endemicita - kliestova encefalitida — dlhodobé nasledky - fatalny dopad

Epidemiol Mikrobiol Imunol, 2025; 74(2): 126-130
https://doi.org/10.61568/emi/11-6492/20250428/140418

INTRODUCTION

In Slovakia, tick-borne encephalitis (TBE) is endemic
disease. Around 35% of Slovakia’s population lives in
areas with high TBE endemicity (> 5 cases/100,000 in-
habitants). In 2022, Slovakia reported 215 cases TBE (3.4
cases per 100 000). Most of the cases were autochtho-
nous (N = 211. 98.1%), only 4 cases (1.8%) were travel
associated (Austria, Czechia, Germany). Tick bite was re-
ported as the most frequently probable mode of trans-
mission (64.7% cases, N = 139 cases). Consumption of
infected milk and dairy products was reported in 10.7%

(N =23) cases, and for 24.6% (N = 53) cases the mode of
transmission was not known. A total of 3 cases (1.4%)
occurred in vaccinated persons and 1 death was record-
ed (0.47%). Cases were recorded in every age group ex-
cept group of 0 years and 1-4 years, with the highest
age-specificincidence in the 45-54 years (5.52/100,000)
and 15-19 years (4.99/100,000) age groups. The inci-
dence of disease was higher in males (5.00/100 000)
compared to females (2.6/100 000). A 74.9% (N = 161)
of them were recorded in endemic areas with an inci-
dence rate > 5/100,000. The regions demonstrating the
highest levels of endemicity include Region of Trencin
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(5.2 cases per 100,000), Region of Zilina (9.4 cases per
100,000) and Region of Banska Bystrica (10.6 cases per
100,000) [1]. The data on the number of cases are con-
sidered to be relatively accurate given the forty-years
tradition of mandatory reporting of TBE laboratory re-
sults supplemented by active epidemiological investi-
gation of cases in infectious disease wards. In contrast,
much less is known about number of cases that con-
tract long-term or permanent sequelae including a fa-
tal outcome. The development of a severe course may
not always be recorded in the surveillance system due
to the time latency from the onset of the disease [2, 3].
More follow-up is necessary to update the data on se-
rious TBE cases, including fatal outcomes.

The potentially severe course of infection and the risk
of permanent neurological sequelae make TBE an im-
portant health problem in many European countries.
Many aspects of this infection are still not fully under-
stood.

Notwithstanding the clinical severity of the disease
and the relatively large number of persons at risk of
exposure to the causative agent in view of the large
endemic areas in our country, the most effective form
of prevention by vaccination is used relatively little in
Slovakia.

THE COURSE OF THE DISEASE

In June 2021 a 45-year-old male was admitted to
the hospital due to a two-day fever, weakness, loss of
appetite, and dyskinesia of the limbs. His condition
progressed with clinical presentation of consciousness
disorders including snoring and occasional agitation.
Symptoms such as dysphagia and loss of palatal reflex-
es, breathing alternating with irreqular periods of ap-
nea, severe left-sided hemiparesis, dysarthria and other
symptoms characteristic of bulbar palsy with persistent
meningeal irritation were observed. During hospita-
lization, he was intensively treated, rehabilitated, and
admitted to the intensive care unit. After the 12-week
hospitalisation, he was discharged to a long-term care
facility due to his inability to perform self-care activi-
ties. The findings were classified as a severe tick-borne
meningoencephalitis, initially with a qualitative-quan-
titative disorder of consciousness and bulbar symp-
tomatology, left-sided hemiparesis accentuated in
the left upper limb, an organic psychosyndrome in
the foreground with a decrease in memory-cognitive
functions with intermittent psychomotor restlessness,
hypobulimia, severe depressive syndrome and moto-
ric instability with falls during his hospital stay; the CT
brain scan showed no signs of trauma. A tonic-clonic
seizure was recorded at the 32" week after the onset
of disease. The seizure was secondary to the resolution
of TBE, possibly complicating pharmacotherapy with
Elontril. A focal orofacial epiparoxysm was recorded 4
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weeks later. The EEG showed no specific epileptiform
abnormalities. Laboratory analysis showed only a slight
increase in inflammatory parameters, and the brain CT
scan was without abnormalities. Three lumbar punc-
tures were performed (weeks 1, 2 and 34 after the on-
set of symptoms). The cerebrospinal fluid (CSF) showed
a slightly elevated cell count, proteins, and lactate with
normal glucose levels. The results of serological and RT-
-PCR tests were negative both in blood and CSF (dif. dg.
other viral and bacterial pathogens). The CFS cultures
were negative. TBEV RNA detection by RT-PCR was not
performed. Serum and CSF were analysed for the pre-
sence of specific TBEV antibodies by enzyme-linked im-
munosorbent assay (EUROIMMUN DYNEX ELISA). TBEV
IgG and IgM antibodies were positive in serum, with
IgM also in CSF. The TBEV IgM antibody index was 2.93
in the second CSF sample. The albumin quotient was
positive in the first and second samples and negative
in the third sample. Intrathecal production of IgM an-
tibodies was present in the second and third samples,
and intrathecal production of IgG antibodies was pre-
sent only in the third sample of CSF (Table 1).

Brain MRI at that time showed a non-specific hyperin-
tense white matter lesion on axial FLAIRimage in the left
cella media without hemosiderin deposition, without
acute ischaemic and haemorrhagic changes, and with-
out evidence of focal meningeal thickening in both the
native and the post-contrast. This MRI finding persisted
on repeat MRI (week 47 after the disease onset). In ad-
dition, hyperintense signal changes in the basal ganglia
were described bilaterally, which were also vaguely vi-
sible on the initial MRI. Empirical antimicrobial therapy
with ceftriaxone and acyclovir and symptomatic treat-
ment were initiated. Due to the atient’s deteriorated
condition, corticosteriods were added. Epidemiological
investigation revealed that the patient had lived for
along time in the Western Carpathian Mountains in the
Vah River basin (Tren¢in Region), which is one of the
most active TBE endemic areas in Slovakia.

The man reported no recent tick bites, no consump-
tion of raw milk products, and no professional expo-
sure. He only mentioned frequent walks with his dog.
In the 47" week after the onset of the disease, during
a hospital readmission due to choreatic dyskinesia, car-
diopulmonary insufficiency occurred, leading to the pa-
tient’s death. He had not been vaccinated against TBE.
In 2009—-2023, 1992 TBE cases were reported in Slova-
kia; 99,4% (1793/1803) of TBE cases with known vacci-
nation history were unvaccinated. Current legislation
regulates TBE vaccination as the recommended vacci-
nation for persons who are occupationally exposed to
an increased risk of TBE (primarily occupations in agri-
culture, forestry, tourism and recreation sectors). Based
on an assessment of occupational exposure, the vaccine
is reimbursed by the employer. Other citizens may be
vaccinated at their own request through self-payment
of the vaccine or through health insurance benefits.
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Table 1. Main laboratory findings

Laboratory data

Sample collection (in the week following the onset of symptoms)

_

Charakteristic 2. 33. 44, cut-off
Blood

Albumin (g/1) 42.09 37.95 44.46 35.0-52.0
Imunoglobulin M (g/1) 1 1.2 0.67 0.4-2.3
Imunoglobulin G (g/l) 12.09 10.93 9.89 7.0-16.0
anti TBEV IgM (U/)) 338 4.02 0.44 0.23 1.1

127 291 1.06 25 1.1

CSF

427 317 173 120- 300
2.69 7.72 333 0.20-1.20
50.2 513 484 12.0-40.0
625/3 35/3 1713 0.00-10.0
832/3 33 103

Glucose (mmol/l) 3.19 3.38 3.57 2.25-4.50
Protein (g/l) 0.54 049 0.28 0.00-0.50
Chlorid (mmol/I) 121.2 116.1 119.1 115-135
3.11 273 - 12-2.10
pleocytosis* pleocytosis**

*polynuclear and monocytic, erythrophages,
**monocytic, lymphocytic

Blood-CSF barrier
Q Alb= Alb(CSF)/AIB(S) 10.14 8.35 3.88 <74

barrier function impairment impairment non-impairment

Intrathecal IgM antibody syntesis by using Reiber’s graph
intrathecal syntesis not present (0%) present (67%) present (86%)
Index IgM 0.27 0.77 1.28 <0.75

Intrathecal IgG antibody syntesis by using Reiber’s graph

not present (0%) not present (0%) present (47%)

Index IgG 0.41 0.56 1.21

DISCUSSION rope are multifactorial; only 8% of European countries
use the current ECDC diagnostic criteria. Other reasons
The diagnosis of TBE is based on the detection of include specific symptoms in paediatric patients, ac-
specific IgM antibodies in the cerebrospinal fluid. These cess to diagnostic tests, and suboptimal surveillance
antibodies develop with a slight delay and may not be systems or passive surveillance [2]. Through active-pas-
detectable at the onset of the disease. This may cause sive surveillance with the integration of microbiologi-
underreporting of TBE compared to the real number of cal and epidemiological information systems, we strive
cases. The reasons for the underreporting of TBE in Eu- to improve the quality of data on acute cases of TBE.
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Tick bites go unnoticed in about one third of pa-
tients, and initial symptoms are not specific, making di-
agnosis of TBE in its early stages difficult [4]. The mode
of TBE transmission is unknown in 26.3% of cases in
Slovakia) [3]. In the case we reported, it was not pos-
sible to determine the mechanism of transmission. It
may be related to nymph bites, when the bite is easily
overlooked, or the small nymphs are unknowingly re-
moved when undressing or scratching the skin. Living
in an endemic area is, therefore, the only information
that focuses attention on the possible route of trans-
mission of TBEV. In our case, this route of transmission
is supported by two facts: the patient lived in an area
with high endemicity, and he liked to take his dog for
long walks.

TBE is a disease that may present as meningitis, me-
ningoencephalitis, or meningoencephalomyelitis. The
case-fatality of TBE in EU/EEA countries is less than 2%,
generally reported to be around 0.5% [5]. Long-term
sequelae have been reported in 10-40% of patients
with neurological symptoms, but different study de-
signs and definitions make it difficult to compare [6, 7,
8]. Information on the monophasic course is limited.
Several clinical studies proved that the monophasic
form of neuroinfection is associated with a more se-
vere outcome [7, 9]. In a comparative study of a group
of patients with a monophasic and a biphasic course,
the age of the patients, presence of underlying disease,
previous vaccination against TBE, and the duration of
neurological involvement before CSF examination re-
mained statistically significantly associated, even on
multivariate testing, suggesting that these factors were
independently associated with a monophasic course of
iliness [10]. After acute TBE, a minority of patients expe-
rience long-term neurological deficits [6]. Some papers
demonstrated that patients with sequelae after TBE
had significantly more neuropsychic symptoms than
patients who completely recovered and more than the
subjects in control group [7, 8].

Most of the symptoms reported in the literature were
present in our patient. At the onset of the disease, re-
spiratory disorders and bulbar syndrome required ad-
mission to the intensive care unit. During hospitalisa-
tion, left-sided hemiparesis, organic psychosyndrome
with significant impairment of memory-cognitive func-
tions and depressive syndrome were diagnosed. Sub-
sequently, epiparoxysms appeared. In the 47% week
after the onset of the disease, the patient was rehospi-
talized because of choreatiform dyskinesia. The men-
tioned sequelae of the TBE disease caused a significant
deterioration in the quality of life, including the loss
of performing self-care. Intensive psychiatric, psycho-
therapeutic, neurological treatment, including oxygen
therapy in a hyperbaric chamber, did not eliminate the
sequelae of the disease in our patient to enable him
to perform self-care activities. The long-term seque-
lae resulted in disability, a fundamental change in the
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way of life, and led to his premature death. Studies on
the long-term sequelae of TBE in Slovakia, like those in
Central and Eastern Europe, are not frequent. In our re-
port, we present the course of TBE with serious seque-
lae and a fatal outcome. We want to raise the awareness
that the course of TBE is often unpredictable. Further
research is necessary to develop effective managment
for the neurological complications of TBE. TBE vacci-
nation is highly effective in prevention of this disease.
Despite the availability of highly effective vaccines in
the Czech Republic, 3648 cases of TBE were recorded
between 2018-2022 (7.0/100,000 inhabitants). 98.1%
(3105/3166) of TBE cases with known vaccination his-
tory were unvaccinated. It is estimated that during the
monitoring period, vaccination against TBE prevent-
ed 1020 TBE cases, including 964 hospitalizations, in
a population of 10.4 million people [11]. The situation
in vaccination in Slovakia is like the Czech Republic,
with 99.4% of diseases occurring in unvaccinated in-
dividuals in our country. To increase the protection of
the population through vaccination, it is necessary to
achieve at least partial coverage of the vaccine costs
by health insurance companies preferable in regions
with the highest endemicity and also to increase public
awareness of the potential risks of the disease and the
benefits of vaccination.

CONCLUSION

Our short report with a fatal outcome aims to com-
plement the mosaic of serious cases, as well as to draw
attention to the need for better information of the risk
factors associated with TBE with long-lasting sequelae.
The report is also intended to highlight the improve-
ment of case management and to stimulate the crea-
tion of new vaccination strategies.
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Tlaskalova-Hogenova H., Eklova D. a kolektiv

Mikrobiom a zdravi

(Grada 2024, 519 stran)

Neni to tak davno, kdy jsme v diagnostické bakterio-
logické laboratofi adorovali mikroby, které jsme povazo-
vali za presvédcivé patogenni a shovivavé prehlizeli ty,
které nam pfripadaly, Ze nestoji za zminku. ,Bézna mik-
rofléra” se sice brala v Gvahu, jeji fyziologicky vyznam se
vice ¢&i méné jen tusil. Pfed padesati lety vydalo naklada-
telstvi Orbis plivabnou knihu, jejimiz autory byli védecti
pracovnici Imunologického oddéleni Mikrobiologického
ustavu Ceskoslovenské akademie véd, vedeného prof.
Jaroslavem Sterzlem - Jifi Kruml a Ivo Miler. Nazvali ji,,Zi-
vot bez mikrob{". Pfedstavili novy obor — gnotobiologii
- a plsobivé dokladali, ze ,¢lovék hned po narozeni neni
jen sdm sebou, ale Ze lidsky organismus se stava gigan-
tickym sidlistém pro miliardy rbznych druhd a kment
mikrob(”. Plvodni otazka, ,jak je mozné, Ze organismus
muze Zit s takovym mnozstvim mikrob(” se obratila na
,je mozny zivot bez mikrob’i?”

V ivodu své monografie, ,Mikrobiom a zdravi” autorky
konstatuji, ze ,poznani, ze zakladem Zivota viech mak-
roorganismU vcetné lidi je symbiotické souziti s obrov-
skym mnozstvim mikroorganism, které interaguji vza-
jemné mezi sebou i se svymi hostiteli, je uvadéno jako
dulezita revoluce v biologickych védach”. A tak se revo-
kuji pojmy symbiéza, komenzalismus, mutualismus, pa-
razitismus, usidlily se terminy mikrobiota, mikrobiom,
bézné se pouziva termin superorganismus, diskutuje se
o zrodu holobiontd, poznanilidského mikrobiomu pod-
statné zménilo vnimani biologické individuality.

Monografie zac¢ind upozornénim na soucasnou mi-
krobiologickou terminologii. Nasleduje kapitola, v niz
jsou popsany metodické pristupy ke studiu mikrobio-
mu a uvedena problematika gnotobiologie vcetné
historie ¢eské gnotobiologie a jeji pfinos pro studium
fyziologické ulohy mikrobioty. Pozdéji je uveden lidsky
mykobiom, virom, eukaryom.

Velmi rozsahla je kapitola,LékaFské aspekty mikrobio-
mu”. Hledaji se charakteristiky patogen(i a komenzald,
vyvstava otazka, pro¢ neni mikrobiota kategorizovana
imunitnim systémem jako cizi. Velkd pozornost je véno-
vana vyznamu mikrobiomu v gastroenterologii, véetné
problematiky vyzivy a rozvoje obezity. Zasvécené je uva-
dén vztah mikrobiomu, neurologickych, oc¢nich a psy-
chiatrickych chorob. Pro zubni lékafstvi je jisté zajimava
kapitola o ordlnim mikrobiomu. Lékafi klasickych inter-
nich obort oceni kapitoly vénované alergickym, koznim,
plicnim, revmatickym, ledvinovym a urogenitalnim cho-
robam. Nékolik kapitol se zabyva zavaznym a aktudlnim
problémem vztahu mezi mikrobiomem a malignimi
nadory véetné moznosti jeho vyuziti v onkologické léc-
bé. Transplantology jisté zaujme kapitola nazvana mik-
robiom a transplantace, kde autofi upozornuji nejen na
dysbiotické disledky u téchto pacient(, ale i na rizika
podavani probiotickych preparatl. Celad kapitola je za-
koncena velmi aktualni a komplexné pojatou problema-
tikou o mikrobiomu, starnuti a dlouhovékosti.
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Pfedposledni kapitola je nazvana ,prostiedi a dal-
i faktory ovliviujici lidsky mikrobiom” Zacina stati
o stfevnim mikrobiomu a zpUsobu vyzivy, nasleduje
pojednani o interakcich farmakoterapie, zejména an-
tibiotik, s mikrobiomem. Zajimava je kapitolka o vlivu
pohybu a sportu na mikrobiom. Pozoruhodné jsou za-
vérecné kapitoly z veterinarni mediciny o mikrobiomu
domacich mazlickl a vybranych hospodafskych zvitat.
Celou kapitolu uzavira problematika mikrobiomu pd-
niho a vody.

Posledni kapitola monografie je vénovéna cilené
manipulaci lidského mikrobiomu. Velmi pékné je po-
jednano o probiotikach, prebiotikdch, postbiotikach.
Zvlast pritazliva je kapitolka o vyuziti probiotik v klinic-
ké praxi, zejména u alergickych a gastrointestinélnich
onemocnéni. Zavér celé této kapitoly je vénovan pod-
staté a moznostem fekalni mikrobialni terapie, zejmé-
na u pacientl s infekci Clostridioides difficile, zminka je
i o terapii bakteriofagy.

Monografie ma vynikajici formalni aroven. Obrazky
i tabulky jsou vkusné nazorné, seznam zkratek i rejst-
fik jsou pro ¢tenare velmi pomocné, obsah umoziuje
rychlou orientaci. Jednotlivé kapitoly jsou vyvazené
rozsahem i citovanou literaturou. Editorkam patfi ob-
div, Ze se jim podafilo tak rozsahly autorsky kolektiv
(napotital jsem jich 79) v tomto sméru udrzet; ostat-
né jejich medailonky svéd¢i o tom, Ze to jsou osob-
nosti mimoradné. V databazi PubMed je na heslo
Llidsky mikrobiom” uvedeno dnes 174 579 odkazu.
V roce 2004 jich bylo 166, v roce 2024 27 759. | to je
ddvod, pro¢ patfi celému autorskému kolektivu mi-
mofadné uznani.

Traduje se, Ze L. Pasteur na sklonku svého Zivota vy-
slovil presvédceni, ze ,jsou to mikroby, které budou
mit vzdycky posledni slovo” | kdyz tehdy, na konci de-
vatenactého stoleti, byly ve stfedu zajmu a pozornosti
predevsim mikroorganismy patogenni, jsem si skoro
jist, ze Pasteur mél na mysli také své presvédceni, které
pozdéji konkrétné artikuloval jeho zastupce a nasle-
dovnik I. I. Mecnikov, Ze Zivot ¢lovéka nebo zvifete bez
mikrob( je neplnohodnotny nebo dokonce nemozny.
Antimikrobialni terapie stale z(stava a jisté zGstane ne-
zbytnou a nepostradatelnou soucasti klinické medici-
ny. Ale dnesni védomosti o mikrobiomu ¢lovéka, které
zasvécené a vemlouvavé shrnuje monografie Tlaskalo-
vé a Eklové dokazuji, ze pro Uspésnou medicinu ono
Lposledni slovo” mikrob(i nemusi byt jen utinano, ale
i zpFizvu¢novano. Jsem presvédcen, ze vira autor(, ze si
monografii ,radi pfectou nejen Iékafi rliznych speciali-
zaci, ale i studenti a laici, ktefi chtéji rozsifit své znalosti”
se naplni.

Brno 1. 6.2025
) prof. Jindfich Lokaj
Ustav klinické imunologie a alergologie LF MU

131





