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Anotace

Ventilatorova pneumonie (VAP) je vibec nejcastéjsi nozokomialni infekci (HAI) v intenzivni
péci. Samotny vznik VAP prodluzuje dobu umélé plicni ventilace a délku hospitalizace.
Navzdory posunu v ATB [é¢bé, podplrné péci a opatfenim pro kontrolu infekce jsou VAP
nadale nejCastéjsi pfiCinou morbidity a mortality nemocnych v intenzivni péci. Vétsina VAP
je zpusobena Gram-negativnimi bakteriemi. V posledni dobé dochazi k narGstu HAI
zpUsobenych multirezistentnimi (MDR) patogeny. Prispivaji k tomu nékteré specifické
faktory. Jednim z nich je i pfedchozi aplikace antibiotik. Recentni prameny zminfuji vliv
predchoziho uziti ATB zejména v souvislosti s |éCbou komunitnich infekci na epidemiologii
VAP. Tato prace se zabyva ur€enim vlivu veskeré aplikace ATB prfedchazejici vzniku VAP,

a to véetné profylaxe a leCby HAL.
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1. Uvod

1.1 Nozokomialni infekce — problém vefejného zdravotnictvi

Nozokomialni infekce (healthcare-associated infection, HAI) jsou infekce spojené
s poskytovanim zdravotni péce. Vznikaji nejdfive po 48 hodinach ¢&i pozdéji od pfijeti do
zdravotnického zafizeni [1]. V posledni dekadé cCini prevalence nozokomialnich nemoci
v rozvinutych zemich 4,5-12 %. To potvrzuje i evropska prirezova studie z let 2016-2017
S udajem prevalence nozokomialnich nakaz 5,2 % (interval 2,9-10,0 %). V rozvojovych
zemich se pak pohybuje mezi 5,7-19,1 % [2, 3]. HAI predstavuji celosvétovy problém pfi
poskytovani zdravotni péce. Nutnost preléceni téchto infekci prodiuzuje dobu hospitalizace
a zvysuje naklady na zdravotni péci. Signifikantné zhorsuji morbiditu a mortalitu pacientd
[4]. Rada preventivnich opatieni pfispiva ke snizeni incidence HAI, nelze je vSak zcela
eliminovat [2, 5].

Sledovani vyskytu HAI v jednotlivych zafizenich slouzi k porovnani kvality
poskytované péece. V souladu s platnou legislativou nemocnice spolupracuji s organem
ochrany vefejného zdravi a predkladaji mu zpravy o vyskytu infekénich onemocnéni a opa-
trenich ke snizeni rizik nemocnicnich a profesionalnich infekci viz 3. vydani Akreditacnich
standardl pro nemocnice Spojené Akreditatni Komise o.p.s., platné od 1. 1. 2014 [6].
Zpusob ,Hlaseni infekénich nemoci spojenych se zdravotni péci“ definuje § 2 vyhlasky MZ
306/2012 Sb.

1.2 Nozokomialni infekce v intenzivni péci
Zastoupeni HAI je vySsi v intenzivni péci (19,2 % vs. 5,2 %) [3]. Dlouhodobé udavana
prevalence HAI v intenzivni péci se pohybuje v rozmezi 9-37 % [2, 7]. To potvrdila i posledni

multicentricka studie s udajem vySe uvedené prevalence 22 % [8].

Vétsina téchto infekci vznika v souvislosti s pouzivanim invazivnich procedur (endo-
trachealni kanyla, mocCovy ¢&i cévni katetr, nasogastricka sonda a jiné). Dale v souvislosti
s Castym predepisovanim inicialni empirické antibiotické (ATB) terapie v prostredi intenzivni
péce s ohledem na zavaznost klinického stavu ¢&i rizikovym faktorim pacienta. DUvodem je
také vys$si zachyt multirezistentnich patogent v prostiedi intenzivni péce [9].

K nejCastéjsim HAI celosvéetové patfi infekce mocCoveho traktu, infekty respiraéniho

traktu, katétrové infekce a ranné infekce. V segmentu intenzivni péce jsou nejCastéjSimi



nozokomialnimi nakazami infekty respiracniho traktu (pneumonie 21,4 % a jiné infekty
dolnich cest dychacich 4,3 %) [3].

1.3 Nozokomialni pneumonie — definice pojmu

Nozokomialni pneumonie (hospital-acquired pneumonia, HAP) je pneumonie, jejiz
pfiznaky se objevi nejdfive 48 hodin od pfijeti do nemocnice, a které v dobé prijeti nejsou
vyjadfeny. Jeji prabéh muize byt komplikovan akutni respiraéni nedostateénosti s nutnosti
napojit pacienta na umélou plicni ventilaci (UPV).

Ventilatorova pneumonie (ventilator-associated pneumonia, VAP) odpovida pneumonii,
kterd vznikne nejdfive po 48 hodinach od zahajeni UPV, kdy v okamziku napojeni nejsou
pfitomny znamky pneumonie [10].

Dale rozlisuieme ventilatorovou tracheobronchitidu (ventilator-associated
tracheobronchitis, VVAT), kdy u pacientl ventilovanych déle nez 48 hodin sledujeme podobné
klinické znamky plicni infekce, ale nejsou zachyceny nove infiltraty na skiagramu hrudniku
[11]. Nékteré prace uvadi, Ze jejich 1éEbou mulzeme snizit riziko k vzniku VAP [12, 13].
V Uvodni fazi onemocnéni muze byt obtizné je od sebe vzajemné odlisit. Zatim posledni
prehledovou praci zabyvajici se problematikou lé¢by Ci sledovani VAT byla publikovana

Koulenti et al. v asopise Antibiotics 2020 [14].

Od téchto nozokomialnich ndkaz musime odliSit komunitni pneumonii (community-
acquired pneumonia, CAP). Jeji pfiznaky jsou klinicky pfitomny jiz v prvnich dvou dnech
hospitalizace. Management diagnostiky a Ié€by vychazi z prislusnych doporuceni a je mimo
ramec této prace [15].

Aktualnost problematiky doklada vysoka frekvence praci, publikovanych na toto téma.
V poslednich 5 letech je roéné publikovano vice nez 500 ¢lanku tykajici se ventilatorovych

pneumonii.



Graf 1: Vysledky vyhledavani citaci VAP za poslednich 20let k 9. 1. 2022
/zdroj dat: https://pubmed.ncbi.nim.nih.gov/ventilator-associated+pneumonia/.
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Je v8ak nutno uvést, ze i pres vyse uvedenou klasifikaci nelze zcela oddélit VAP od HAP.
| pres ziejmé rozdily v definici obou pojmU vidime regionalni odli$nosti v hodnoceni téchto
nozokomialnich pneumonii. V doporuceni z roku 2016 vydané spolec¢nostmi Infectious
Disease Society of America (IDSA) a American Thoracic Society (ATS) je termin HAP
vyhrazen pouze pneumoniim, které nejsou spojeny s UPV. Dochazi tedy k ur€itému
zjednoduseni definice pojmu. HAP a VAP jsou tu povazovany za dvé zcela odlisné skupiny
nozokomialnich pneumonii, které se vzajemne vylucuji. Avsak pacienti s t€zkou nozokomialni
pneumonii, ktefi v pribéhu lécby této infekce dospéji do respiraéni insuficience s nutnosti
UPV, kritéria pro VAP nesplnuji. Aktualni evropska guidelines z roku 2017 nadale povazuji
VAP za podskupinu HAP. Tyto rozdily je tfeba mit na paméti pfi hodnoceni zavéru nékterych
studii [11, 16]. Tento problém narlstd u studii vénovanych antibiotické terapii nozokomialnich
pneumonii zpusobenych multirezistentnimi (MDR) patogeny. Pfi designu téchto studii nelze
provést zaslepeni vzhledem k rezistenci MDR patogent k vétSiné antibiotik. Na tuto
skuteénost upozorriuje Niederman ve svém clanku Definitions and Challenges in Clinical
Trial Design [17]. Vétsina praci tak zahrnuje sdilenou problematiku VAP/HAP. Z dalsi

diskuze pak mUzeme zcela vylougit pouze prace tykajici se VAT.


https://pubmed.ncbi

2. SoucCasné poznatky ventilatorovych pneumonii

2.1 Etiologie a patogeneze

2.1.1 Etiologicka agens VAP

Vétsina (vice nez 60 %) VAP je zpusobena Gram-negativnimi bakteriemi (GNB).
Vincent et al. ve své posledni prevalencni studii uvadi 67 % GNB. Dominantnimi byvaji
Pseudomonas aeruginosa, Escherichia coli a Klebsiella pneumoniae. V poslednim obdobi
narusta podil Gram-pozitivnich bakterii, zejména methicilin-rezistentnich kment Staphylococcus
aureus (MRSA) [8, 18] Nelze opomenout houbovité puvodce (kvasinky a Aspergillus
fumigatus). Jejich zachyt byl v 16 % pfipadu [8].

Spektrum bakterialnich puvodcl VAP se diky riznym populacim pacientu, pfitomnosti
specifickych rizikovych faktord ¢&i samotném prostredi intenzivni péce v jednotlivych
zafizenich lisi.

Dle doby vzniku delime VAP na ¢asné a pozdni. Pfi vzniku pneumonie do 4. dne od
intubace mluvime o ¢asné VAP. U pacientll bez rizikovych faktorl byva nej¢astéji zpusobena
kmeny citlivymi k ATB — Haemophilus influenzae, Streptococcus pneumoniae, Staphylococcus
aureus s citlivosti na methicilin. Pozdni VAP se objevuje nejdfive od 5. dne UPV. Byva Castéji
zpUsobena MDR patogeny. Velmi Casto jsou zminované Pseudomonas aeruginosa,
Klebsiella pneumoniae a Escherichia coli, véetné kmenU produkujicich Sirokospektré
betalaktamazy (ESBL) [9, 10].

V posledni dobé dochazi k narustu nozokomidlnich infekci zplsobenych MDR
patogeny. Tyka se to i VAP [19, 20]. K této skuteCnosti pfispivaji nékteré specifické faktory:
predchozi aplikace Sirokospektrych ATB, Acute Respiratory Distress Syndrome (ARDS)
predchazejici VAP, septicky Sok v okamziku vzniku VAP, hospitalizace vice nez 5 dni aj. [16].
Na zakladé tohoto doporuceni je nutno modifikovat pfistup k diagnostice a lécbé
nozokomialnich pneumonii pacientt ve zvy$eném riziku MDR patogent. V soucasnosti se
tak stira deéleni na Casné a pozdni VAP. Klasifikace VAP strikiné vazana na délku
hospitalizace mUze potencialné vést k opozdéné ¢i nedostateéné vedené |é¢bé pneumonie
u osob s vyssim rizikem vyskytu rezistentnich patogenu. Na druhou stranu mlze empiricka
terapie vyustit i k preléeni pacientl neinfikovanych rezistentnimi patogeny. Empiricka lIé¢ba
VAP by méla byt zalozena na znalosti rizikovych faktorl a mistni prevalenci rezistentnich
patogenu [21]. V doporucenich Kalil Management HAP/VAP 2016 se tak jiz toto déleni

neuplatniuje.
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2.1.1.1 Multirezistentni kmeny

V literature se setkavame s nékolika pojmy vyjadfujicimi miru ziskané rezistence
patogenlt k antibiotikim. Na zakladé konsenzu expertll European Centre for Disease
Prevention and Control (ECDC) a Centers for Disease Control and Prevention (CDC) vznikla
mezinarodni standardizovana terminologie. Pro kazdou bakterii byly stanoveny
epidemiologicky vyznamné antimikrobialni kategorie. Seznamy téchto kategorii navrzenych
pro testovani citlivosti k antibiotikim byly vytvofeny na zakladé dokumentl a meznich
hodnot z Clinical Laboratory Standards Institute (CLSI), European Committee on
Antimicrobial Susceptibility Testing (EUCAST) a United States Food and Drug Admi-
nistration (FDA). Mezi nozokomialnimi rezistentnimi bakterialnimi kmeny rozliSujeme
multirezistentni patogeny (MDR), extenzivné rezistentni patogeny (XDR) a panrezistentni
patogeny (PDR). MDR je definovana jako ziskana rezistence k alespon jedné latce ve 3
nebo vice antimikrobidlnich kategoriich, XDR je definovana jako ziskana necitlivost vUgci
vSem kromé jedné ¢i dvou antimikrobialnich skupin. Jako PDR oznacujeme ziskanou
rezistenci patogena na vSechna antibiotika, tedy ve vSech kategoriich [22]. Nejvice je
antimikrobialni rezistence (AMR) vyjadifena a studovana u téchto patogent - Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanii,
Pseudomonas aeruginosa a Enterobacter spp.) Narustajici podil rezistentnich patogenu

bude vyzadovat pravidelnou surveillance AMR a hledani novych alternativ |€Cby [23].

2.1.1.1.1 Mechanismus vzniku antibiotické rezistence bakterialnich
patogent
Geny zodpovédné za AMR mohou byt neseny na bakterialnim chromozomu,
plazmidech ¢i transpozonech. Samotna exprese antibiotické rezistence spada do nékolika
Sirokych kategorii. Mnohé bakterie produkuji enzymy, které irreverzibilné modifikuji Ci
inaktivuji antibiotika (napf. beta-laktamazy, aminoglykosid-modifikujici enzymy). Pripadné
se vyhybaji u€inku antibiotik Upravou svych cilovych mist. Zménou permeability bunécné
membrany a bakterialnim efluxem dosahnou snizené akumulace |&Civa uvniti buriky. DalSi

moznosti je tvorba biofilmu [24].
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2.1.1.1.2 Mira antibiotické rezistence
ATB rezistence predstavuje celosvétovy problém. Zejména neadekvatni uzivani
antibiotik pfispiva ve vsech regionech svéta k této potencialni hrozbé. PFi cestovani do zemi
s vySsi prevalenci AMR mohou byt tito lidé kolonizovani MDR patogeny [25, 26, 27, 28].
V Evropé byl vytvoren verfejné pristupny systém ke sledovani AMR pod zastitou ECDC.
Databaze European Antimicrobial Resistance Surveillance Network (EARS-Net) zobrazuje
aktualni data ¢i trend AMR v celém regionu Ci jednotlivych zemi. Tyto udaje pak Ize vyuzit

pfi implementaci narodnich programu k racionalizaci preskripce a uzivani antibiotik [29, 30].

Obr. 1: RozSifeni MRSA

(pfevzato z Antimicrobial resistance in the EU/EEA (EARS-Net) - Annual Epidemiological Report
for 2019 [31])

Not i
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12



Obr. 2: Rozsiteni Escherichia coli rezistentni k tfeti generaci cefalosporin(i

(pfevzato z Antimicrobial resistance in the EU/EEA (EARS-Net) - Annual Epidemiological Report
for 2019 [31])
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Obr. 3: Rozsifeni Pseudomonas aeruginosa rezistentni ke karbapenemdm

(prevzato z Antimicrobial resistance in the EU/EEA (EARS-Net) - Annual Epidemiological Report
for 2019 [31])
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2.1.1.1.3 Standardy testovani EUCAST

Testovani antimikrobialni citlivosti se provadi fenotypovymi (napf. diluéni mikro-
metoda a E-test) nebo genotypovymi metodami. Zakladem uvedenych fenotypovych metod
je stanoveni minimalni inhibi¢ni koncentrace (MIC) pfislusného antibiotika. Klinické hraniéni
hodnoty (breakpoints) urcuji, zda bude patogen hodnocen jako citlivy, citlivy pfi vysoké
expozici €i rezistentni vici ATB. Ostatni metody by mély byt kalibrovany k témto referenénim
MIC metodam [32, 33]. Produkci Sirokospektrych betalaktamaz typu ESBL, AmpC a karba-
penemaz lze detekovat diskovymi difuznimi testy prislusnymi pro dany typ enzymu [34, 35].
U pozitivnich fenotypovych vysledku Ize pomoci PCR detekovat geny specifické pro dany
typ beta-laktamazy [36, 37]. Nezbytnou soucasti testovani citlivosti/rezistence bakterii k ATB

je kontrola kvality za pouziti standardnich referenénich bakteridlnich kmenu (tab. 1).
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Tab. 1: Bakterialni kmeny doporu€ené pro rutinni kontrolu kvality testovani EUCAST (pfevzato
z Development of the EUCAST disk diffusion antimicrobial susceptibility testing method and its
implementation in routine microbiology laboratories [33])

Organism Strain collection number Characteristics

Escherichia col ATCC 25922 Suseeptible, wild type
NCTC 12241
CIP 76.24
DSM 1103
CCUG 17620
CECT 434
Pseudomonas ATCC 27853 Susceptible, wild type
demginosa NCTC 12903
CIP 7&6.110
DsSM 1117
CCUG 17619
CECT 108
Staphylococcus ATCC 29213 Weak [-hcramase
aureus NCTC 12973 producer
CIP 103429
DSM 2569
CCUG 15915
CECT 794
Enterococais ATCC 29212 Susceptible, wild type
faecalis MNCTC 12697
CIP 103214
DSM 2570
CCUG 9997
CECT 795
Streplomeaus ATCC 49619 Low-level, chromosomally
preumonioe NCTC 12977 mediated penicillin resistant
CIP 104340
DSM | 1967
CCUG 33638
Haemophilus NCTC 8468 Susceptible, wild type
influerzae CIP 54.94
CCUG 23946

ATCC, American Type Cultwre Collection, USA; NCTC, Matonal Collection of
Type Cultures, UK: CIP, Collection de Institut Pasteur, Franee; DSM, Deutsche
Stammsammiung fir Mikroorganismen und Zellkulturen, Germany; CCUG, The
Culture Collection University of Gothenburg, Sweden; CECT, Coleccion Espanola
de Cultivos Tipo, Spain.

2.1.1.2 Kolonizace
Pritomnost patogena v mikrobiologickém materialu neznamena vzdy jen aktivni
infekci. MUze se jednat o tzv. kolonizaci. To znamena, Ze zachyceny patogen v daném misté,
i pfes zvySené mnozstvi (napf. vyjadieno v colony-forming units na mililitr roztoku, CFU/mI),
nezpusobuje pfiznaky infekce. V tomto prfipadé se jedna o soucéast primarni ¢i sekundarni
bakterialni mikrofléry. Zcela jinym pfipadem je kontaminace. Jedna se o zachyt patogena
ve vzorku, ktery byl kontaminovan bakteriemi zavleCenymi z jiného mista. Terapeutickou

vyzvou je |é¢ba VAP pri kolonizaci dychacich cest vice bakterialnimi druhy. Byva pak tézké
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oznadit skute¢ného puvodce pneumonie. Mezi faktory usnadnujici kolonizaci dychacich cest

patfi zavedeni nasogastrické sondy, zména pH zaludku a uzivani antibiotik [38].

2.1.2 Patogeneze — mechanizmy vzniku VAP

U zdravého jedince za normalnich okolnosti dochazi k samocdistici schopnosti
dychacich cest a eliminaci potencialnich patogenut. Uplatiuji se zde jednak anatomické
bariéry (hlasivky a hrtan), kaslaci reflex, tracheobronchialni sekrece, mukociliarni vystelka,
a zejména bunééna a humordlni imunita. Pneumonie vznika po proniknuti mikrobl do
dychacich cest, jejich kolonizaci a nasledné prerUstanim patogena pfi snizené obrany-

schopnosti hostitele ¢i zvy$ené virulenci mikroorganismu [39, 40].

Obr. 4: Klicové faktory pfi vzniku respiracni infekce (pfevzato z Bacteria in the respiratory tract-how
to treat? Or do not treat? [39])
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Pri vzniku VAP se nejCastéji uplatnuje nezadouci mikroaspirace potencialné-
patogennich bakterii do dolnich dychacich cest. K mikroaspiracim pfispivaji nejen invazivni
vykony v dychacich cestach v€etné intubace €i bronchoskopie, ale dochazi k nim i pasivné
pfi zatékani stagnujicich sekretl (plvodem z paranasalnich dutin, nasofaryngu, orofaryngu

¢i zaludku) z prostoru nad obturacnim balonkem endotrachealni kanyly. Samotna inzerce
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kanyly narusuje pfirozenou bariérovou ochranu dychacich cest [41] a vytvoreni biofilmu na
jejim povrchu se muze stat zdrojem bakteridlni kontaminace dolnich dychacich cest [42].
Dalsi moznosti je inhalace kontaminovaného aerosolu. Patogen z kontaminovaného
pristrojového vybaveni vnika do dolnich cest dychacich a poté zpUsobi pneumonii. Mezi
vzacné mechanismy vzniku VAP patfi hematogenni rozsev a translokace bakterii. K tomuto
rozsevu potencialnich patogenu dochazi nejéastéji pfi tézké hypoperflzi organismu béhem
Sokovych stavll. VSechny tyto mechanismy se samostatné ¢&i spoleé¢né podileji na
endogennim pUvodu VAP.

Exogennim zdrojem bakteridlnich puvodct VAP v prostredi intenzivni péce mUze byt
zdravotnicky personal, pfistroje, pomucky, voda (napf. Legionella spp.), vzduch (napf.

Aspergillus spp. a virova respiracni onemocnéni) aj. [43].

2.2 Rizikové faktory

Rizikové faktory vzniku VAP mizeme rozdélit na faktory hostitele a intervenéni faktory.
Mezi vyznamné faktory hostitele patfi vék (nad 60 let), kfehkost pacienta (Clinical Frailty
Scale, CFS nad 5), chronické plicni onemocnéni (CHOPN), syndrom akutni dechové tisné
(Acute Respiratory Distress Syndrome, ARDS), porucha védomi (kébma), popaleniny Ci
trauma, zavaznost akutniho onemocnéni a sepse s multiorganovym selhanim. K intervenc-
nim faktorlm patfi sedace (benzodiazepiny, propofol, opioidy), a pfipadné podavani
relaxace. Pfi samotné intubaci s naslednym napojenim na umélou plicni ventilaci mize dojit
ke kolonizaci dychacich cest potencialnimi patogeny a naslednému vzniku VAP. Nutnost
reintubace toto riziko je$té zvysuje. Casté rozpojovani dychaciho okruhu &i frekventni
vymeény jeho soucasti (heat-moisture exchanger filtres, HME filtry) mohou vést ke kolonizaci
dychacich cest bakterialnimi patogeny. Siroké pouziti nasogastrické sondy (NGS) k poda-
vani stravy u kriticky nemocnych, uziti antacid a H2 blokatorl v prevenci stresového viedu
vyznamné zvysuje kolonizaci zaludku Gram-negativnimi bakteriemi. Navic zavedeni NGS
prispiva k opakovanym mikroaspiracim obsahu zaludku ztratou integrity jicnovych svéracu
¢i vyfazenim ochrannych reflext [44]. Velka rezidua zalude¢niho sekretu pri ¢asné enteralni
vyziveé, horizontalni poloha horni poloviny téla pacienta zejména pfi transportu nemocného
k diagnostickému ¢i terapeutickému vykonu pfispivaji k opakovanym mikroaspiracim
kontaminovaného sekretu a nasledné vzniku VAP. Mezi rizikové faktory prispivajici obecné
ke vzniku infekCnich komplikaci patfi pozitivni tekutinova bilance (plicni edém, plicni vypotky,

ascites), nadmérné podavani transfuznich pfipravkl (transfussion-associted lung injury,
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TRALLI) a nedostate¢na kontrola glykémii (vliv inzulinové rezistence) [45]. Kolonizaci poten-
cialnich patogenl nejvice modifikuje predchozi aplikace Sirokospektrych antibiotik ¢i péce
o dutinu ustni [10]. Koncept selektivni oralni dekontaminace chlorhexidinem neprinesl
jednoznacné vysledky. Pfestoze samotna aplikace vedla k signifikantnimu snizeni incidence
VAP, byla provazena nesignifikantnim zvySenim mortality [46]. Po pfedchozi aplikaci
antibiotik dochazi vlivem jejich selekéniho tlaku k castéjSimu zachytu potencialné-

patogennich MDR kmenu [16].

Nékteré z uvedenych faktorl mohou mit s ohledem na incidenci VAP vliv protektivni,
vétsina z nich vsak riziko zvysuje. Z rizikovych faktort se pfi vzniku VAP zplsobené MDR
patogeny nejvice uplatnuji predchozi aplikace antibiotik (odds ratio (OR) 5,11, 95% interval
spolehlivosti (confidence interval, Cl) 1,38 az 18,89, p = 0,01) a pfidruzena onemocnéni
pacienta tzv. Charlson index comorbidity (OR 1,38, 95% CI 1,08 az 1,75, p = 0,01) [10, 16,
47].
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Tab. 2: Prehled vybranych rizikovych faktor (upraveno z Nosocomial infections in adult intensive-

care units [7] a/nebo Barriers to the adoption of ventilator-associated events surveillance and
prevention [45])

Rizikové faktory VAP

|Newlivnitelné

[Pokroéily vék pacienta (nad 65let)

Chronické onemocnéni plic (CHOPN)

[Diabetes mellitus

[Malnutrice

Trauma

[Porucha védomi

|P0pé|enin',r

W elké chirurgické vykony (biiEni, hrudni, velkych cév)

Potencidlné ovlivnitelné

Sedace (benzodiazepiny, opioidy...)

Swvalova relaxace

|Pozitivni tekutinova bilance [plicni edém, pleuralni vypotky...)
|PFedch02|‘,ﬁ.TB terapie

|P rofylaxe stresového viedu

|Imun05upr95wa (kortikoidy)

Transfluzni pFipravky [TRALI)

|Urgentniintubace & nutnost reintubace

Tracheostomie

|Bronchoskopie

Stagnujici sekret z paranasalnich dutin, naso- & orofaryngu a Zaludku
|Poloha vleZe na zadech pii transportu pacienta

Casté rozpojovani dychaciho okruhu béhem UPVY

2.3 Epidemiologie ventilatorovych pneumonii

Ventilatorova pneumonie je vubec nej¢astéj$i nozokomialni infekci v intenzivni péci.

Az polovina aplikovanych antibiotik v intenzivni péci souvisi s |é€bou VAP [42]. Samotny
vznik VAP prodluzuje dobu UPV i hospitalizace, €imz se zvySuji naklady na jeji 1é€bu [48].

Riziko incidence VAP je nejvysSi v prvnich 5 dnech, poté se snizuje [49]. Zavedeni

preventivnich opatreni prispiva ke snizeni incidence VAP [50, 51]. Dlouhodobé udavana

incidence VAP se pohybuje 9-27 % [10]. ECDC ve své vyrocni zpraveé za rok 2017 udava
pfi sledovani pacientt primérnou frekvenci 9,5 epizod pneumonii na 1000 ventilatorovych

dni. Tato frekvence zavisi na podilu intubovanych pacientt na JIP [9].

Navzdory posunu v ATB 1é¢bé, podpurné péci a opatfenim pro kontrolu infekce jsou

VAP nadale nejCastéjsi pri¢inou morbidity a mortality nemocnych v intenzivni péci. Celkové
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udavana mortalita spojena s VAP se pohybuje 33-50 % v zavislosti na bakterialnim plvodci,
adekvatnosti ATB terapie a pfidruzenych onemocnéni pacienta [10, 52]. Samotna mortalita
VAP je odhadovana na 9-13 %. [53].

Stavy spojené s UPV

Recentni data prokazala, ze je nezbytné pouzivani bali¢k( opatfeni pro kontrolu
a prevenci infekci v prostredi intenzivni péce, vCetné VAP. Jejich cilem je dlouhodobé
snizovat incidenci VAP [54]. Sledovani pomoci tradi¢ni definice VAP je vSak slozité a casové
naro¢né. Navic obsahuje nékolik parametrl, které podléhaji subjektivnimu hodnoceni
(,nové ¢&i progrese stavajicich infiltratd“, ,zména charakteru sputa“ ¢i ,zvysena potieba
kysliku®) [55].

V roce 2013 CDC nahradila definici VAP pro potfebu surveillance definici stavd
spojenych s umélou plicni ventilaci (Ventilator-associated events, VAE). V této nové definici
se stava kliCovym bodem zhorSené dychani zahrnujici veskeré procesy (infekéniho nebo
neinfekéniho plvodu), které mohou byt pfi¢inou tohoto zhor$eni u ventilovaného pacienta.
Na zakladé tohoto algoritmu Ize sledovat veskeré komplikace u pacientll na UPV. Tyto neza-
douci udalosti jsou v USA hlaseny do systému Narodni sité pro bezpecnost zdravotni péce
(National Healthcare Safety Network, NHSN, dostupné z https://www.cdc.gov/nhsn/index.html).
V CR nozokomialni pneumonie eviduji pracovnici oddé&leni nemocniéni hygieny (ONH)
v jednotlivych zdravotnickych zafizenich. Ve Fakultni nemocnici Olomouc (FNOL) je hiaseni
HAI definovano vnitrni smérnici ¢. Sm-L012-01: Hlaseni infek¢nich onemocnéni, infekci
spojenych se zdravotni péci, FNOL, platna od 9. 4. 2018. OSetfujici Iékar je povinen hlasit
vyskyt HAI prostfednictvim elektronického formulare pfi stanoveni diagndzy, nejpozdéji vsak
pfi prekladu ¢&i propusténi pacienta. Prehled hlaSenych Ci aktivné vyhledanych nozo-
komialnich infekci je zasilan zaméstnanci ONH mésiéné na jednotlivé kliniky ¢i oddéleni.
Dale byva zverejnén jejich pfehled jako indikator celonemocnicni kvality poskytované péce
[Smérnice Sm-L012-01: Hlaseni infekénich onemocnéni, infekci spojenych se zdravotni
péci, FNOL, platna od 9. 4. 2018]. Hlasena nozokomialni pneumonie se zachycenym
potencialnim patogenem muze byt spojena s UPV. Z téchto dat vSak nelze spolehlivé urcit,
zda se jedna o HAP ¢i VAP.

Definice VAE 2013 (pfevzato z Ventilator-Associated Events: Definitions and Uses [56])

1. Stav spojeny s UPV (Ventilator-assocatied condition, VAC) je situace, kdy nejméné

po dvou dnech stability i zlepSeni dechovych funkci dojde k opétovnému zhorseni
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3.

3.

oxygenace: mérfeno jako zvySeni denniho minima pozitivniho endexspiracniho tlaku
(PEEP) 0 3 cmH20 nebo FiO2 0 0,2 po dobu nejméné 2 dnu.
Stav spojeny s infekéni komplikaci UPV (Infection-related ventilator-associated
complication, IVAC) vznika pfi vySe uvedenych kritériich a pfitomnosti znamek zanétu:
e leukocytoza (= 12 tis. bunék/mm?) nebo leukopenie <4 tis. bunék/mm3) a/nebo
télesna teplota >38 °C nebo <36 °C
e dale byla aplikovana nova ATB terapie po dobu nejméné 4 dnu.
A. Mozna VAP (Possible VAP, PsVAP), pokud kromé vySe uvedeného je splnéno
alespon jedno z nasledujicich kritérii:
e hnisava sekrece z dolnich dychacich cest /sekret obsahujici = 25 neutrofill
a < 10 bunék dlazdicového epitelu na pole s nizkym rozliSenim (100x%)
e pozitivni kultivacni nalez (kvalitativni, semikvantitativni nebo kvantitativni
hodnoceni) v endotrachealnim aspiratu = 105 CFU/m,
o bronchoalveolarni lavaz = 104 CFU/ml,
o chranény kartacovy stér (PSB) = 10° CFU/ml|,
- plicni tkarn = 10* CFU/qg.
B. Pravdépodobna VAP (Probable VAP, PrVAP) v pfipadé, ze kromé vySe uvedenych
kritérii jsou splnéna obeé kritéria (hnisava sekrece z dolnich cest dychacich a kvanti-

tativni hodnoceni pozitivniho kultivacniho nalezu) s vyjimkou:
e pozitivni plicni histopatologie
e pozitivni kultivacni nalez pleuralni tekutiny

e dalSi pozitivni diagnostické testy /Legionella spp., viry aj./

V aktualizaci definice z roku 2015 byly PsVAP a PrVAP klasifikovany spolec¢né jako

mozna ventilatorova pneumonie (PVAP). Byla vytvofena nova kategorie IVAC-plus
zahrnujici celkové udalosti splriujici alespon kategorii IVAC (IVAC + PVAP udalosti) viz

obrazek nize. Nové bylo doporuceno sledovani doby UPV.

| pres tyto korekce vSak nelze tento algoritmus vyuzit pro rychlou diagnostiku a mana-

gement VAP [57, 58]. Na zakladé takto ziskanych dat byly ve vSech nemocnicich Spojenych
statd americkych (USA) vytvofeny a postupné implementovany balicky preventivnich

opatreni aplikované od samotného zahajeni UPV [59].
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Obr. 5: CDC kritéria 2013 a update 2015 (prevzato z Ventilator-Associated Events: Definitions and

Uses [56])

2013 CDC
CRITERIA

Previous period of stability or

improvement =2 Days

v

Sustained increase = 2 days in:
Fidz by =0.2
Or
PEEP by =3 cm HzO

¢ YES

VAE
Ventilator associated event

/ VAC \
Ventilator
associated

.wundmon /

i'rEs -

A Purulent secrations /IIMC
AndiOr NO
y —® | Infectionrelated

B. Pathogenic microorganism in |
respiratory samplas

Suspicion of infection®
And

A new antimicrobial agentis) has been
started and sustained for = 4 days

ventilator

'.. associated
oompllcatlon

AorB Aand B
Psvap \ PIVAP
Paossibl Probable
ventilator ventilator

associated associated
pneumonia pneumonia
— .

Previous period of stability or
improvement =2 Days

V

Sustained incraase > 2 days in:
FiOz by 20.2
Or

PEEP by =3 cm Hz0

l YES

VAE

Suspicion of infection®

And NO

Anew antimicrobial agent(s) has been
started and sustained for = 4 days

i

IVAC plus

=
\

One of the three:
1. Significative growth of a respiratory NO
pathogen in cultures

2. Insufficient growth of a pathogenic
microorganism plus purulent sputum
3. Evidance of lung infaction

J_YES
PVAP
Paossible ventilator

associated
&mumon-ia/

Infection-related ventilator-associated
complication plus

2015 CDC
UPDATE

VAC \
Ventilator

associated )

\conditi-uy

o

o

/ IIM.C\
Infectionrelated |\

venhlaturassoclated |

qpllcahon

Vysvétlivky: Spodezieni na infekci: leukocytéza (= 12 tis. bunék/mm?) €i leukopenie (< 4 tis. bunék/mm?)
a/nebo horecka (TT >38 °C) &i hypotermie (TT <36 °C).

2.4 Diagnostika

PFi diagnostice VAP vychazime z jeji definice [10, 16]. Vzdy hodnotime u pacienta
klinické znamky infekce se zhorSenim plicnich funkci. Opirame se také o nalez
zobrazovacich metod. Aktivni infekci hodnotime vzdy v souladu s mikrobiologickym
zachytem. Samotna diagnostika VAP muze byt obtizna ¢i dokonce komplikovana v terénu
jinych onemocnéni /méstnavé srde¢ni selhani, ARDS/. Velmi casto tak vyuzivame
laboratorni ukazatele zanétu nejen k hodnoceni efektu lé€by antibiotik, ale i k prvotni

diagnostice infekci.
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2.4.1 Zobrazovaci metody

Zakladnim zobrazovacim vySetfenim k diagnéze VAP je RTG snimek hrudniku. Jeho
interpretace u kriticky nemocnych vSak byva obtiznd. Znamé komplikace jako ARDS,
kardialni edém plic, atelektaza a plicni embolie mohou vést k nespravné interpretaci mozné
infekce a zbyteéné antibiotické terapii [60]. V téchto pfipadech by méla byt u pacientu
doplnéna vypocetni tomografie ¢i vypocetni tomografie s vysokym rozliSenim (CT nebo
HRCT). V soucasnosti se pomérné rychle rozSifuje vyuziti ultrazvukového vysSetieni
hrudniku u lizka nemocného [61]. V kombinaci s klinickymi parametry a laboratornimi mar-
kery zanétu by se mohlo jednat o vysoce prediktivni diagnosticky nastroj, coz také G. Zagli
prezentoval ve své pilotni praci the Chest Echography and Procalcitonin Pulmonary
Infection Score (CEPPIS) 2014 [62]. Nemocny neni vystaven nezadoucim uc€inkdm
ionizujiciho zareni. Navic se vyhneme moznym komplikacim béhem transportu pacienta na
CT vySetfovnu. Ultrazvukové vySetfeni hrudniku se postupné stdva nedilnou soucasti
inicialni diagnostiky ventilatorovych komplikaci. Limitaci metody je snizena transparence pfi
pritomnosti podkozniho emfyzému ¢&i adhesivniho kryti po urazech nebo operacnich
vykonech. V aktualnich doporuéenich diagnostiky VAP vSak nadale zUstava zlatym
standardem RTG snimek hrudniku [11, 16].

Obr. 6: CT hrudniku pneumonie
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Obr. 7: Ultrazvukové vySetreni a hodnoceni postizeni plic (pfevzato z Lung ultrasound for diagnosis
and monitoring of ventilator-associated pneumonia [63])
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A. Kazdy hemitorax je rozdélen do 6 regionu: 2 piedni, 2 bo¢né a 2 zadni.
Tyto oblasti jsou vymezené prednimi a zadnimi axilarnimi liniemi (Eervené te¢kované cary).
Kazdy region je rozdélen na horni a dolni polovinu. K provedeni komplexniho vySetfeni musi
byt v kazdé oblasti vySetfeny vdechny pfilehlé mezizeberni prostory posouvanim sondy
v daném prostoru.

B. Priklad zjednodu$eného formulare pro rychlé hlaseni a monitorovani.
V kazdé oblasti je zaznamenan nejhorsi nalez v jednoduchych zaskrtavacich polickach
podle nasledujiciho hodnoceni: normalni: O; dobfe oddélené B-linie: 1; splyvajici B-linie: 2; a
konsolidace: 3. Kumulativni skére UZ plic odpovida souctu skére dosazenych ve vSech
vySetfovanych regionech (minimalni skére 0 — normalni plice; maximaini skére 36 — obé
konsolidované plice).

24



Obr. 8: Ultrazvukové znamky VAP (pfevzato z Lung ultrasound for diagnosis and monitoring of
ventilator-associated pneumonia [63])

2.4.2 Klinické projevy

Klinicka diagndza VAP je dana prikazem nového ¢&i progredujiciho infiltratu na skia-
gramu hrudniku a nejméné 2 znamkami respiracni infekce: horecka >38 °C, hnisavé sputum,
leukocytdéza (white blood cell, WBC >10*10° mm?3) nebo leukopenie (WBC <4*103 mm3),
poslechovy nalez, kasel alnebo dechova nedostatecnost s poklesem PaO2/FiO2 <300 mmHag.
Tato kritéria byla navrzena jiz v roce 1972 Johansonem et al. a jsou dodnes uzivana v dia-
gnostice VAP [10, 64]. Shannon M. Fernando et al. ve své metaanalyze z r. 2020 uvadi
souhrnou citlivost a specificitu fyzikalnich nalezli u kasle (66 %, resp. 54 %) a u hnisavé
produkce sputa (77 %, resp. 39 %) [65]. Podobné vysledky publikoval jiz v roce 1999 Fabregas
et al., ktery ve své praci pouzil jako referen¢ni standard histologicky nalez a zaroven pozitivni
mikrobiologické kultury ze vzorku plic odebranych okamzité post mortem [66]. PFi hodnoceni
RTG nélezu infiltratu a pouze jedné klinické znamky ziskame vysokou senzitivitu, avSak
nizkou specificitu (33 %). Kombinaci véech symptomU se specificita zvysuje (92 %). Tyto
klinické indikatory mohou vést k nespravné interpretaci klinického stavu a zbyteénému
uzivani antibiotik [65]. Naopak senzitivita klinickych kritérii VAP u pacientt s ARDS je velmi

nizka. Meduri et al. uvadi, Ze u pacientll s ARDS a suspektni VAP mély pfi bilateralni BAL
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kvantitativni bakteridlni kultury vyznamny rust pouze u 19 % na jedné strané a na obou
stranach u 13 % [67]. Pfednosti strategie diagnostiky VAP na zakladé klinickych kritérii je

jeji obecna dostupnost a technicka nenaro¢nost.

2.4.3 Skoérovaci systémy

Ve snaze zlepsit ucinnost klinické diagndzy vytvoril Pugin se svymi spolupracovniky
tzv. klinické skore plicni infekce (Clinical Pulmonary Infection Score, CPIS). Pfi vypoctu
kombinuje klinické Udaje (télesna teplota, pocet leukocytl, objem a charakter trachealni
sekrece), radiologickeé (infiltraty na skiagramu hrudniku), fyziologické (arterialni oxygenace)
a mikrobiologické udaje (barveni dle Grama, kultivace trachealniho aspiratu) do jedné
hodnoty. Nabyva hodnot 0-12 /viz tab. 3 nize/. V pfipadé hodnoty vys$Si nez 6 byla pozorovana
dobra korelace v zachyceni VAP mezi klinickym skére a kvantitativni bakteriologii. Pro
kvantifikaci bakterii v BAL byl pouzit tvz. bakterialni index (Bl), definovany jako soucet
logaritmu poctu bakterii kultivovanych na mililitr tekutiny BAL [68]. Pouziti skére umoznuje
¢asné zahgjeni antibiotické terapie. Singh se svymi spolupracovniky dale diky modifiko-
vanému CPIS ukazal, ze je mozné omezit zbytecné uzivani antibiotické IéCby u suspektnich
VAP. V sérii pfipadl prokazali, Ze je mozno bezpecné ukoncit ATB [é¢bu pfi opakované
hodnoté CPIS pod 6 s odstupem 3 dnu [69]. Fartoukh ve své prospektivni studii porovnal
zachyceni VAP pomoci CPIS s diagndézou stanovenou na zakladé kultivaci BAL jako
referencni metodou. Senzitivita i specificita samotného skoére byla nizka (senzitivita 60 %,
specificita 59 %). Blizila se klinickému odhadu (senzitivita 50 %, specificita 58 %). OvSem
doplnénim vysledkd Gramova barveni trachealniho aspiratu se mize zvySit diagnosticka
hodnota CPIS (senzitivita 78 %, specificita 56 %) [70]. Shan et al. ve své metaanalyze
publikovali celkovou senzitivitu a specificitu CPIS 65 %, resp. 64 % [71]. Shannon M.
Fernando et al. ve své metaanalyze z r. 2020 uvadi u CPIS >6 senzitivitu 74 % a specificitu
66 % [65]. Z vySe uvedenych udaju vyplyva, Ze samotné skére CPIS ma v diagnostice VAP
omezenou roli. Je to dano zejména rozdilnou variabilitou vypocltu skore mezi pozorovateli.

Nelze jej ani rutinné pouzit pfi provadéni randomizovanych klinickych studii [72, 73].
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Tab. 3: Hodnoceni CPIS (prfevzato z Ventilator-associated pneumonia: the clinical pulmonary
infection score as a surrogate for diagnostics and outcome [72])

Parameter Points

Ternperature, °C

36.5-38.4 0
3853849 1
=390 and =36.0 2
Blood leukocyte level, leukocytes/mm =
4000-11,000 0
<4000 or =11000 1
Plus band forms =500 2
Tracheal secretions
=14+ 0
=14+ 1
Flus purulence 2
Oxygenation, Pa0,:FiO,, mm Hg
=240 or ARDS 0
=240 and no ARDS 2
Pulmonary radiograph finding
Mo infiltrate 0
Diffuse or patchy infiltrate 1
Localized infiltrate 2
Culture of tracheal aspirate specimen (semiguantitative: 01, —2 or 3+)
Pathogenic bacteria cultured =1 or no growth 0
Pathogenic bacteria cultured =1+ 1
Plus same pathogenic bacteria on Gram stain =1+ 2

Vysvétlivky: PaO2:FiO, — tzv. oxygenacni index vyjadfujici zavaznost oxygenacni poruchy dany
podilem parcialniho tlaku arterialniho kysliku k inspiraéni frakci kysliku

V roce 2014 Zagli et al. vytvofili na zakladé retrospektivnich dat nové skére k dia-
gnostice VAP zvané Chest Echography and Procalcitonin Pulmonary Infection Score
(CEPPIS). Kromé hodnoceni infiltratt ultrazvukem zahrnuje také zhodnoceni klinickych
parametrd, hladiny prokalcitoninu a kvantitativni mikrobiologické analyzy endotrachealniho
aspiratu [62]. Samotné zachyceni infiltratd ultrazvukem ma pfijatelnou senzitivitu (85 %) ke
stanoveni diagnézy VAP, avSak nizkou specificitu (59 %). RozsSifenim o kvantitativni
mikrobiologickou analyzu se zvysi specificita tohoto skére (85 %) [63]. Dalsi moznosti je
VAP Lung Ultrasound Score (VPLUS). Jedna se o post-hoc testované skére, které Ize
snadno vypocitat u lizka nemocného. Doplnénim vySetfeni o barveni dle Grama ¢&i
kvantitativni mikrobiologické analyzy endotrachealniho aspiratu lze dosahnout vySsi
prediktivni hodnoty skore nez pomoci CPIS. Hodnoty VPLUS = 2 identifikuji VAP se

senzitivitou 71 % a specificitou 69 % [63]. Ukazuje se, ze nékteré znamky ultrazvukového
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vySetfeni hrudniku jsou specifické pro infekci a v kombinaci s jednoduchymi klinickymi

parametry mohou predikovat VAP.

Tab. 4: VypoCet CEPPIS (pfevzato z Lung ultrasound for diagnosis and monitoring of ventilator-
associated pneumonia [63])

Parameter CEPPIS

Temperature (*C)

=36.0 and <38.4 0
=>38.5 and <38.9 1
=39 and <36.0 2

Procalcitonin (ng/mL)

<0.5 0
=0.5 and <1 1
=1 2

Tracheal secretions

MNon purulent

Purulent 2
Oxygenation PaO./FiO,, mmHg

=240 or presence of ARDS 0

=240 and absence of ARDS 2
Infiltrates on LUS

MNegative 0

Paositive 2
EA guantitative culture

=10* CFU/mL 0

=10* CFU/mL 2

Vysvétlivky: PaO./FiO; - tzv. oxygenacéni index vyjadfujici zavaznost oxygenacni poruchy dany
podilem parcialniho tlaku arterialnino kysliku k inspiraéni frakci kysliku;
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Tab. 5: Hodnoceni VPLUS (pfevzato z Lung ultrasound for diagnosis and monitoring of ventilator-
associated pneumonia [63])

Parameter VPLUS
Purulent tracheal secretions 1
> Areas with subpleural 1

consolidations

= Area with dynamic linear/ 2
arborescent air-bronchogram

EA positive quantitative/ 1
qualitative culture™

Vysvétlivky: *dalsi parametry mohou byt pfidany v upravenych verzich skoére

2.4.4 Biochemické markery

Vyuziti prokalcitoninu (PCT) ¢&i jinych biochemickych markert (C-reaktivni protein,
CRP; soluble triggering receptor expressed on myeloid cells, sSTREM-1) k zahajeni inicialni
antibiotické IéCby neni v soucasnosti doporu¢eno [16]. Studie hodnotici vyse uvedené
biomarkery jsou zatizeny chybégjicim standardem k laboratorni diagnostice VAP. Gibot et al.
ve své studii porovnaval sSTREM-1 s klinickymi parametry [74], PCT bylo porovnano k mini-
BAL [75] a CRP k Johansonovym kritériim [76]. Biochemické markery Ize vSak vyuzit k hod-
noceni odpovédi na antibiotickou terapii a prognézy preziti nemocnych [77, 78]. Jiz zminéna
prace Povéda et al. hodnotila adekvatnost antibiotické terapie na zakladé rychlosti poklesu
CRP a také samotny klinicky pribéh onemocnéni [76]. Jina prospektivni studie Moreno et
al. hodnotila adekvatnost antibiotické terapie na zakladé namérenych dennich hodnot CRP.

Pacienti s neadekvatni terapii méli horsi outcome [79].

2.4.5 Mikrobiologické metody

Dolni cesty dychaci vétSiny ventilovanych pacientld jsou osidleny potencialné
patogennimi mikroorganismy. Mikrobiologickym vysetfenim Ize odhalit skuteéného plvodce
infekce. Etiologické agens Ize identifikovat pomoci pfimé Ci nepfimé metody. Pfi pfimém
prikazu se provadi mikroskopie a kultivaéni vySetfeni. Zakladem je barveni dle Grama,
které zvySuje senzitivitu i specificitu mikrobiologickych vysetfeni [80]. Pfi mikroskopii se

v preparatu hodnoti mnozstvi polymorfonukleart ke stanoveni pfitomnosti a aktivity zanétu.
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Jejich nepritomnost vyznamné snizuje pravdépodobnost infekce. AvSak urcité zastoupeni
intracelularnich bakterii (burky obsahujici fagocytované mikroorganismy) podporuje
diagnozu infekce. Studie Sirvent et al. uvadi pfi uziti mezni hodnoty nad 2 % zachycenych
bunék celkovou senzitivitu 80 % a specificitu 82 % této metody [81]. Hodnoceni mikroskopie
se udava semikvantitativne [82].

Nasledné se provadi kultivaéni vysetieni. Kultivaéni nalez obvyklych patogenu byva
dostupny do 24-48 hodin vcetné stanoveni citlivosti. Negativni kultivaéni nalez ma silnou
negativni prediktivni hodnotu (94 %) [80]. Nevylu€uje vsak jinou etiologii (viry, Legionella
spp.). Hodnoceni se nejcastéji uvadi kvalitativni €i semikvantitativni. Pfi tomto hodnoceni
vSak nelze spolehlivé odlisit infekci od kolonizace. Kvantitativni analyza mikrobiologickych
vzorkd umozni zvysSit specificitu diagnostickych kritérii a snizit tak pravdépodobnost falesné
pozitivni diagndézy VAP [83].

Z hlediska metody odbéru Ize nejCastéji provést neinvazivni odbér endotrachealniho
aspiratu (endotracheal aspirate, ETA). K invazivnim technikam fadime bronchoalveolarni
lavaz (bronchoalveolar lavage, BAL) provadénou v fadé modifikaci cilené bronchoskopicky
nebo tzv. naslepo nechranénymi nebo teleskopickymi chranénymi katétry, a tzv. chranény
kartacovy stér (protected specimen brush, PSB) [16, 84]. Pfi tzv. chranéném zpusobu
odbéru je cilem snizit riziko kontaminace odebiraného vzorku. Popis jednotlivych metod
presahuje ramec této prace. K odliseni kolonizace dychacich cest od infekce jsou vzdy
u jednotlivych metod stanoveny hraniéni hodnoty tzv. poétl jednotek vytvarejicich kolonie
na mililitr roztoku (CFU/mI). Diagndza plicni infekce na zakladé bakterialniho rustu odpovida
210% CFU/mI pro endotrachedlni aspirat, = 10* CFU/ml pro vzorek BAL a = 103 CFU/ml pro
vzorek PSB [16, 85].

Nejvyssi senzitivitu z vyse jmenovanych kvantitativnich metod ma ETA s hodnotou
76 % (95% CI, 52% —90%) a specificitou 68 % (95% Cl, 41%-87%). Nejvice specifickou
metodou je PSB a BAL s hodnotou 77 %, resp. 80 % pfi nizsi senzitivité 61 %, resp. 71 %
[65]. Torres et al. prokazali, ze predchozi uzivani antibiotik vede ke znaénému snizeni
senzitivity u vzork( BAL [86]. Sirvent et al. ve své studii hodnotici senzivitu a specificitu
zastoupeni intracelularnich bunék v mini-BAL prokazali, ze provedeni odbéru do 72hodin
od posledni zmény antibiotik vyznamné snizuje vypovédni hodnotu vysledk( [81]. Nasledna

prospektivni studie Linssen et al. vSak tento zavér nepotvrdila [87].

Vzorky je nutno vzdy odebrat pfed zahajenim antibiotické 1é€by [30, 40]. Porovnanim

metod nebyl dosud jednoznaéné prokazan pfinos pouziti invazivnich metod s kvantitativni
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analyzou oproti uziti neinvazivnich technik s kvantitativni ¢i semikvantitativni analyzou
vzorkll. Navic pouziti bronchoskopu u invazivnich technik vyzaduje zvlastni erudici
personalu a je zatizeno ur€itymi komplikacemi. V posledni letech tak dochazi k urcitému

odklonu od invazivnich technik.

V souCasnych doporuCenich je standardem semikvantitativni zpracovani
mikrobiologickych vzork( odebranych z dolnich cest dychacich neinvazivni technikou [16].
Torres et al. v mezinarodnim doporuceni preferuje kvantitativni analyzu mikrobiologickych

vzorkU pfi diagnostice VAP [11].

Na zakladé dostupnych vysledk( mikrobiologickych vzorki muizZeme stanovit
puvodce infekce véetné jeho citlivosti k antibiotikim, a poté zahdjit ¢ modifikovat

antibiotickou terapii, prip. rozhodnout o jejim ukonceni.

Nepiimy prikaz puvodce VAP se provadi stanovenim mnozstvi protilatek. Jedna se
o velmi rychlou a dostupnou diagnostickou metodu. Provadi se zejména u atypickych

puvodcl pneumonie /mykoplasmata, chlamydophily/ [82].

Vv

retézova reakce (polymerase chain reaction, PCR). Nejvice je uzivana pro nekultivovatelné
Ci obtizné a pomalu rostouci bakterie (legionely, mykobakteria, chlamydophily,
mykoplasmata) a viry. V rutinni diagnostice ma multiplexova PCR metoda fadu omezeni.
Poskytuje faleSné negativni i faleSné pozitivni nalezy. FaleSné pozitivni jsou dany
nasledkem amplifikace volné DNA uvolnéné z mrtvych bakterii a kvasinek [82, 88].
Dasledkem je zbyteéna aplikace Sirokospektrych antibiotik. Optimalni je spojeni PCR
s kultivaci. Zejména pfi detekci genll odpovédnych za rezistenci k antibiotikiim.

Slibnou technologii pro diagnostiku a Ié¢bu infekénich nemoci je hmotnostni
spektrometrie s laserovou desorpci a ionizaci za Uc¢asti matrice s prlletovym analyzatorem
(matrix-assisted laser desorption/ionization time-of-flight mass spectrometry, MALDI-TOF).
Princip metody presahuje obsah této prace - Dblize viz odkaz:
https://is.muni.cz/el/sci/podzim2009/Bi6700c/um/MALDI_TOF_MS. pdf

Uvedena metoda je schopna identifikovat, mimo jiné, i mykobakterie, coz jsou
mikroorganismy obtizné detekovatelné konvenénimi metodami [89]. Diky metodé je mozné

zkratit dobu od odbéru vzorku k ur€eni patogena na pouhych 24 hodin.

31


https://is.muni.cz/el/sci/podzim2009/Bi6700c/um/MALDI_TOF_MS.pdf

2.5 Terapie

2.5.1 Soucasna doporuéeni léEby ventilatorovych pneumonii

V roce 2016 bylo vydano IDSA/ATS Guidelines k diagnostice a Ié€bé nozokomialni

i ventilatorové pneumonie [16].

V nasledujicim roce 2017 byl vydan doporu€eny postup evropskych odbornych
spoleénosti European Respiratory Society (ERS), European Society of Intensive Care
Medicine (ESICM), European Society of Clinical Microbiology and Infectious Disease
(ESCMID) a Asociacién Latinoamericana del Térax (ALAT) k managementu VAP/HAP [11].

Oba tyto dokumenty si kladou za cil poskytnout véem lékaftim specialistim navod, zaloZzeny
na dukazech, na neju¢innéjsi zpusob diagnostiky a lééby VAP/HAP u pacientl bez
primarniho ¢i sekundarniho imunodeficitu. AvSsak s ohledem na rozdilné regionalni
zastoupeni MDR patogent a ucinnost k nékterym antibiotikim se mohou IiSit.
Imunokompromitovani pacienti ve vysSim riziku oportunnich infekci vyzaduji specificky
pfistup v diagnostice a |écbé téchto infekci. U téchto pacientl tak konkrétni doporuceni
chybi.

Ovérovani vedeckych dikazl probihalo v obou doporu¢enich pomoci metodologie
zvané Grading of Recommendation, Assessment, Development and Evalution (GRADE),
kde rozliSujeme 4 urovné kvality dikazl: vysoka, stfedni, nizka a velmi nizka. VSechny
souvisejici dotazy byly formulovany ve formatu PICO (Population-Intervention-Comparison-
Outcome). Vydana doporuceni se dle vahy déli na silné a slabé. Autofi véak nevychazi jen
z kvality dostupnych dikazu. Dal$imi jimi uvazovanymi faktory muze byt moznost vyhnout

se neumérné vynaloZzenym nakladim ¢&i poskozeni pacienta pfi intervenci [90, 91].

2.5.2 Zahajeni lé€by

Zakladem |écby ventildtorovych pneumonii je inicialni antibioticka terapie. Jeji naca-
sovani zavisi na zavaznosti klinického stavu. Opozdéna ¢i neadekvatni terapie VAP je
spojena se zvySenou mortalitou nemocnych. Kuti et al. v metaanalyze udava, ze
neadekvatni terapie signifikantné zvysuje riziko umrti u VAP (OR 2,34, 95% CI 1,51-3,63,
p = 0,001), coz potvrzuji i dalSi publikované prace [92, 93, 94].
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Obr. 9: Doporu€eny algoritmus pro rozhodovani k inicialni ATB 1é&bé HAP/VAP (pfevzato z Inter-
national ERS/ESICM/ESCMID/ALAT guidelines 2017 [11]).

HAP/VAP: assess risk for MOR pathogens and mortality

Low MDR pathogen risk and High MDR pathogen risk and/or
low mortality risk# =15% mortality risk
Mo septic shock Septic shock

e _ Single Gram-neagative
Antibiotic monotherapy: _ . .
ertapenem, ceftriaxone, agent [if acpve for :9.[]% Dual Gram-pseudomonal
cefotaxime. moxifloxacin Gram-negative bacteria in coverage
- the ICU] +MRSA therapy
or levofloxacin
+MRSA therapy

Vysvétlivky: #nizké riziko umrti je definovano jako pravdépodobnost umrti nizsi nez 15%

U pacientt s nizkym rizikem rezistence a mortality je mozno zah4jit Ié¢bu monoterapii
s uzsim spektrem ucinku. Naopak bylo prokazano, ze kombinovana terapie pfispiva k nizsi

mortalité pacientl s vy$sim rizikem rezistence ¢&i tézkém prlbéhu onemocnéni [95, 96].

2.5.3 Racionalizace ATB preskripce a lokalni mikrobiologicka surveillance

V posledni dekadé vzrista spotfeba antibiotik pro systémové pouziti k lécbé
komunitnich a nozokomialni infekci [97, 98]. Vlivem selekéniho tlaku dochazi k narlstu
podilu MDR patogent [25, 26, 27, 28]. S tim souvisi i vy$Si riziko selhani inicialni ATB &by
VAP. Horsi outcome pacientll u VAP komplikované sepsi a souc¢asna epidemiologie MDR

patogent nuti ke zlep$eni managementu antibiotické terapie v intenzivni péci [99].
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Tab. 6: Deset zasadnich bodU pfi uziti ATB terapie (upraveno z Ten key points for the appropriate
use of antibiotics in hospitalized patients [30])

10.

Prfed nasazenim antibiotik odeberte vhodné mikrobiologické vzorky a peclivé interpretujte jejich
vysledky. V pripadé chybéjicich klinickych pfiznakl infekce nevyzaduje kolonizace
antimikrobialni 1é€bu.

Vyhnéte se uzivani antibiotik k [€€¢bé horecky: Vzdy je nutné vysetrit hlavni pfi€inu horecky a Iécit
pouze vyznamné bakterialni infekce

Pokud je to indikovano, zahajte empirickou antibiotickou IéEbu po odebrani kultur, s ohledem na
misto infekce, rizikové faktory MDR patogent a lokalni zachyt moznych patogend s uréenim jejich
citlivosti.

Predepisujte |1éCiva v jejich optimalni davce, zplsobu podavani a po pfimérené dlouhou dobu
s ohledem na klinickou situaci a charakteristiku pacienta.

Pouzivej kombinace antibiotik pouze v pfipadech, kdy souasna doporuéeni naznacuji mozny
pFinos.

Pokud je to mozné, vyhnéte se antibiotikiim, u kterych je vy$si pravdépodobnost vzniku Iékové
rezistence nebo nozokomialnich infekci. Pouzivejte je pouze jako posledni moznost.

Kontrolujte zdroj infekce: Vypustte infikovana ohniska a odstrante vSechny potencialni i
prokazané infikované invazivni vstupy.

Vzdy se snazte deeskalovat IéEbu antibiotiky dle klinické situace a na zakladé mikrobiologickych
vysledkl. Co nejdfive se snazte prejit na peroralni zplisob podani.

Vysadte antibiotika, pokud je bakterialni infekce nepravdépodobna.

Sestavte lokalni tym odbornikii se specialisty na infekéni nemoci, klinickym mikrobiologem,
nemocniénim Iékarnikem a epidemiologem. Cilem by mélo byt nastaveni nemocnic¢ni antibiotické

politiky a dodrzovani smérnic osetrujicimi lékari.

Lokalni guidelines pro |é¢bu VAP by méla vychazet z doporuceni klinického

mikrobiologa a ze znalosti mistni mikrobiologické situace v daném zdravotnickém zafizeni,

pfipadné v regionu. Becher et al. prokazali, ze lokalné odvozena guidelines maji vyrazné

vy$Si ucinnost kryti patogena nez obecna doporuceni [100]. Vzdy totiz zohlednuji rizikové

faktory pro vznik VAP zplUsobenou MDR patogeny a zejména vysledky lokalni surveillance

bakteridlnich patogenu véetné jejich rezistence k ATB [16, 40].
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Obr. 10: Doporuceny postup pro inicialni Ié€bu VAP ve FNOL (upraveno ze Sm-L034 Antibioticka
Ié€ba pneumonii ve FNOL, platna od 5.8.2015, aktualizace 15.5.2018)

341  Uspésnost antibiotické lécby je podminéna predeviim:

a) adekvétnosti antibiotické Ié¢by podminéné dikladnou znalosti frekvence nejéastéjgich bakteridlnich plvodcd a jejich rezistence k
antimikrobnim pfipravkim v pfisludnych epidemiologickych jednotkach,

b) véasnosti antibiotické 1écby — antibiotikum je nutné nasadit ihned po zjisténi diagnaozy (do 1 hodiny),

c) optimalnim davkovanim.

MoZnosti antibiotické [é€by nozokomialnich pneumonii U dospélych pacientl jsou uvedeny v tabulce 2, NavrZené reZimy jsou platné pro
inicialni antibiotickou 1é€bu, kdy nejsou k dispozici vysledky stanoveni etiologického agens a jeho citlivosti/rezistence k antimikrobnim
piipravkam. Pokud jsou tyto Gdaje stanoveny, je nutna cilena antibioticka lécha.

Uvedené rezZimy neplati pro vysoce imunckompromitované pacienty s poruchami krvetvorby.

Tabulka 2: Inicialni antibioticka Ié€ba nozokomialnich pneumonii ve FNOL, véetné standardniho davkovani

Pneumonie / Klinicka forma Terapie

nozokomialni pneumonie €asna
(men&i riziko etiologické role
multirezistentnich bakterii}

amoxicilin/kys.klavulanova 3-4x1,2 g (event. + gentamicin 1x240 mag)
ampicilin/sulbactam 3-4x1,5 - 3 g (event. + gentamicin 1x240 mqg)

piperacilin/tazobaktam 3-4x4,5 g + gentamicin 1x240 mg
meropenem 3x1 g nebo imipenem 4x1 g + gentamicin 1x240 mg
ceftazidim 3x2 g + gentamicin 1x240 mg

v odivodnénych pfipadech kolistin (parenterdlné a inhalacné)
nozokomialni pneumonie pozdni
(vy33i riziko etiologické role Poznamka:

multirezistentnich bakterii} Po stanoveni etiologického agens je nutné antibioterapii deeskalovat. Pokud je potwrzena
citlivost na beta-laktamové antibiotikum - vysadit gentamicin.

V pripadé eticlogicke role enterobakterie s produkci Sirokospektrych beta-laktamaz (ESBL,
AmpC) je vhodné aplikace ertapenemu z divodu nizéiho selekéniho tlaku na vyvoj odolnosti
Pseudomanas aeruginosa ke karbapenem(m (pokud je aplikavdna kombinace meropenem
nebo imipenem + gentamicin — obé antibiotika vysadit a pokracovat aplikaci ertapenemu 1x1
a).

piperacilin/tazobaktam 3-4x4,5 g + gentamicin 1x240 mg

pneumonie souvisejici s aspiraci

(pozdni aspiraéni pneumonie) meropenem 3x1 g nebo imipenem 4x1 g + gentamicin 1x240 mg

Viz vyse uvedena poznamka.

Modifikaci ATB I|é¢by provadime pfi znalosti vysledk( kultivaci a citlivosti
pravdépodobného etiologického agens VAP k antibiotikim. Pfipadnou zménu ATB 1éCby je
vhodné provadét ve spolupraci s klinickym mikrobiologem. Diky konzultaci se vyhneme
aplikaci ATB, ke kterym je izolované agens primarné &i sekundarné rezistentni [82]. U&innost
ATB lécby se odviji i od adekvatni davky |éCiva pfi znalosti farmakokinetickych a farmako-

dynamickych vlastnosti antibiotik [16, 96].

Zvykla doba Ié€by je 7 dni u nekomplikovanych stavu a pfi dobré klinické odpovédi

na terapii. DelSi doba |é€eni zpravidla byva pfi neadekvatni inicialni ATB terapii. Dale by
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méla byt upravena pfi nedostatecné klinickeé Ci laboratorni odpovédi a zachytu specifickych
patogent (MDR patogeny, MRSA, VRE aj.) [11, 16]. Jinou alternativou v |é¢bé VAP je
doplikové inhalaéni podavani kolistinu. Na zakladé vysledkl retrospektivnich studii se
ukazalo, ze cilena aplikace tohoto antibiotika pfispiva k eradikaci gramnegativnich MDR
bakterii v dychacich cestach (zejména Acinetobacter baumannii, Pseudomonas aeruginosa).

Vliv na celkovou mortalitu VAP v8ak nebyl jednoznacné prokazan [101, 102].

Vzhledem k neustéle narustajicimu podilu MDR patogent VAP bychom méli u stabilnich
pacientl uvazovat o deeskalaci ATB terapie — tj. casné ukonéeni aplikace inicialni necilené
antibiotické terapie. Leone et al. ve své praci uvadi, ze i pfes delsi dobu hospitalizace
nezaznamenali zadny rozdil mortality nemocnych v obou |é¢ebnych rezimech [103]. V Sirsi
odborné spolecnosti je deeskalace povazovana za kvalifikovany pristup v antimikrobialni
lécbé a také jednim ze zakladnich pilifi racionalizace uziti antibiotik (Antimicrobial
Stewardship, AMS) [104].
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Obr. 11: Flow-diagram znazornuijici pfistup k deeskalaci ATB terapie nemocnicnich infekci (pfevzato
z Appropriate empirical antibiotic therapy in nosocomial infections [105])
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2.6 Prevence

Zavedeni preventivnich opatfeni, vychazejici z doporuceni Institute of Healthcare
Improvement (IHI) prispiva ke snizeni incidence VAP [50, 51]. Vice nez poloviné pripadu
VAP |ze predejit dodrzovanim aktualnich preventivnich doporuéeni zaloZzenych na dilkazech
véetné dopadu na mortalitu [106]. Nadale platnd zlstavaji doporuceni z roku 2014

Strategies to Prevent VAP in Acute Care Hospitals vydana Americkou spole¢nosti
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epidemiologie pro zdravotnictvi (Society for Healthcare Epidemiology of America, SHEA)
a Americkou spolecnosti infekénich nemoci (IDSA) [107]. Nejnovéjsi americka guidelines
managementu VAP konstatuji, ze neni nutné zarazovat preventivni strategie do svych

doporuceni s odkazem na vySe zminéna [16].

2.6.1 Zakladni opatieni

Mezi zakladni doporucovana preventivni opatfeni s prokadzanym vlivem na snizeni
incidence VAP ¢&i klinicky outcome pacientl patfi (upraveno z ISID Guide Bundles in
Infection Prevention Safety [5] a/nebo Strategies to Prevent VAP in Acute Care Hospitals
[107]):

e zvySena poloha hlavy 30° az 45°,

e optimalizace analgosedace, denné provadét test bdélosti (Spontaneous awakening

trial, SAT) a test spontanni dechové aktivity (Spontaneous breathing trial, SBT)

e U pacientl ventilovanych déle nez 48 hodin pouzivat endotrachealni kanyly se

subglotickym odsavanim

e Casna rehabilitace a mobilizace pacientt
Nezbytnou soucasti téchto doporuceni je také hygiena rukou personalu, pouzivani rukavic

pfi odsavani sekretu z dolnich cest dychacich a pravidelna dezinfekce a péce o dychaci

pristroje a jejich soucasti.

Obr. 12: Pét momentu hygieny rukou ve zdravotni péci (prevzato z WHO guidelines on hand hygiene
in health care: a summary [2])
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K dal$im obecnym opatfenim u pacientl v intenzivni péci patfi prevence stresového
viedu. Marik et al. ve své metanalyze z roku 2010 uvadi, ze by méla byt aplikovana pouze
u pacientu s rizikem gastrointestinalniho krvaceni bez moznosti ¢asného podavani enteraini
vyzivy. V jinych pfipadech mUze tato intervence riziko pneumonie a mortalitu pacientt
zvySovat. Dale Alhazzani ve své praci nezjistil statisticky vyznamny rozdil mezi inhibitory
protonové pumpy a antagonisty H2 receptord v riziku incidence nozokomialni pneumonie
[108, 109]. Nejpozdéji 24 - 48hodin od pfijeti je vhodné zahajit podavani enteralni vyzivy pfi
sledovani rezidua zaludec¢niho objemu [110]. U téchto opatfeni vSak nebyl prokazan
jednoznacny vliv na snizeni incidence VAP ¢&i mortalitu nemocnych, zkraceni doby UPV

a délky hospitalizace [107].

2.6.2 Specificka opatreni

Ke snizeni vyskytu infekénich komplikaci u pacientt na UPV byly navrzeny 2 hlavni
pfistupy antibiotické profylaxe. Pfi selektivni orofaryngealni dekontaminaci (SOD) se
antibioticka pasta ¢i antiseptikum aplikuje pouze na orofarynx. U selektivni digestivni
dekontaminace (SDD) se zavadi nevstfebatelné antibiotikum do orofaryngu ¢i sondou do
zaludku spolu s i.v. antibiotiky [11].

U téchto specialnich pristupl byl prokazan vliv na snizeni incidence VAP, avsak
nejsou k dispozici dostate¢né udaje o moznych rizicich jejich uziti [111]. V soucasnosti
doporucovana pravidelnd péce o dutinu Ustni s chlorhexidinem muze snizovat podil VAP,
chybi v8ak dostatecné udaje pro ureni dopadu na dobu trvani UPV, délku hospitalizace
a mortalitu nemocnych [112, 113]. Chlebicki et al. uvadi ve své metaanalyze snizeni rizika
VAP za pouziti modelu s fixnimi u€inky (relativni riziko 0,74, 95% interval spolehlivosti
0,56-0,96, p = 0,02). Obdobné vysledky jsou i pfi pouziti konzervativnéjsiho modelu
nahodnych efektl (relativni riziko 0,7, 95% interval spolehlivosti 0,47-1,04, p = 0,07), ale
nedosahly statistické vyznamnosti [114]. Pozn. Tyto vySe uvedené modely jsou zasadni pro
metaanalyzu. Model s fixnimi efekty se vyuziva pfi malém poctu studii [115]. Dalsi
metaanalyza Klompase et al. udava jednoznacény efekt na nizsi incidenci VAP za cenu
nesignifikantné vyssi mortality (relativni riziko 1,13, 95% interval spolehlivosti 0,99-1,29)
u nekardiochirurgickych pacientl [46]. Podobné zavéry predklada i metaanalyza Price R et
al. porovnavajici tyto pfistupy antibiotické profylaxe mezi sebou [116]. Tyto profylaktické
pristupy mohou zvySovat riziko antibiotické rezistence ¢i ovliviovat stfevni mikrobiom

pacienta. Nezadouci vlivy SOD nebo SDD byly hodnoceny v nékolika randomizovanych
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klinickych studiich. Daneman et al. ve své studii neprokazali zadnou souvislost mezi
pouzitim SDD nebo SOD a rozvojem antimikrobialni rezistence bakterialnich patogend na
JIP [117]. Oostdijk et al. ve své praci studovali dopad SOD a SDD na mikrobiom pacientu.
Prokazali, ze SDD sice pfispiva k niz§imu zachytu rezistentnich gramnegativnich bakterii Ci
mortalité nemocnych, nicméné negativné ovliviuje mikrobiom jedince postupnym
prerUstanim bakterii rezistentnich na aminoglykosidy [118].

Panel expertl A. Torres et al. International ERS/ESICM/ESCMID/ALAT guidelines
2017 uvadi, ze se rozhodl nevydat zavazné doporuceni k pouziti chlorhexidinu k provadéni
SOD az do ziskani dalSich udaji o bezpecnosti jeho uziti kvlli nejasnostem mezi
potencialem snizeni podilu VAP a potencialnim zvySenim mortality. Aplikaci SOD, avSak ne
SDD, Ize bezpeéné provadét jen v prostiedi s nizkym zastoupenim MDR patogenu a nizkou
spotfebou antibiotik na JIP tj. <1000dennich davek na 1000 pfijmovych dnl [11]. Jiz
samotna pravidelna péce o dutinu ustni pravdépodobné prispiva ke snizeni kolonizace
orofaryngu potencialnimi patogeny a jejich nasledné aspiraci do dolnich cest dychacich [119,
120].

K usnadnéni implementace a zlepseni spoluprace personalu pfi dodrzovani
preventivnich postupl se provadi strategické zmény v doporuéenych postupech v jednot-
livych zdravotnickych zarfizenich. Vytvari se edukativni materialy, probihaji pravidelna
vzdélavaci Skoleni ¢i sezeni pfimo u lizka. Nakonec se zavadi seznam kontrolnich bodu,
ktery zaroven slouzi ke kontrole dodrzovani téchto opatfeni. Je prokéazano, ze implementaci

a duslednym dodrzovanim téchto preventivnich opatfeni Ize postupem ¢asu dosahnout

.....
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Obr. 13: Preventivni opatieni vzniku VAP na KARIM JIP FNOL (pfevzato ze Smérnice Sm-L009
Lékarska a oSetfovatelska dokumentace, 9. vydani, platna od 2.5.2018)
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3. Cil prace

V pilotni fazi prace bylo primarnim cilem ur€eni vlivu pfedchozi antibakterialni by na
incidenci VAP. Ve finalni studii jsme sledovali vliv predchozi antibakterialni [ECby na 30denni

mortalitu a spektrum bakterialnich plvodcl véetné vyskytu MDR patogenu.

Ve specialni Casti prace bylo cilem potvrzeni predpokladu, zda se v etiologii VAP
uplatiuji etiologicka agens z bakterialni mikrofléry hornich cest dychacich vyraznégji, resp.
dochazi ¢astéji k vertikdlnimu Sifeni patogent nez k jejich horizontalnimu Sifeni mezi

pacienty.
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4. Material a metodika

4.1 Design studie

Tato observacni, retrospektivni studie byla schvalena etickou komisi FNOL (Cislo
jednaci 173/2018). Informovany souhlas byl ziskan od vSech subjektl zapojenych do studie.
V pfipadé, ze nebylo mozné ziskat informovany souhlas se zafazenim do studie pfimo od
pacienta vzhledem ke kontinualnimu podavani analgosedace v pribéhu UPV, byli o to
pozadani blizci pfibuzni a nalezité informovani. Pracovistém bylo [0zkové oddéleni Kliniky
anesteziologie, resuscitace a intenzivni mediciny (KARIM) FNOL, referen¢nim obdobim
leden 2018 az kveten 2020. Prvotni data pilotni epidemiologické studie VAP byla referovana
za obdobi listopad 2017 az fijen 2018.

4.2 Pacienti

Do této klinicko-mikrobiologické studie byli zafrazeni nemocni starsi 18let s respiracni
insuficienci vyzadujici napojeni na UPV bez znamek pneumonie. Jiny infekt (napf.

neuroinfekt, ranna infekce hluboka &i povrchova, uroinfekt) byl mozny.

Do studie nebyli zafazeni pacienti se znamkami pneumonie v okamziku napojeni na
UPV, s neutropenii, darci organu a pacienti, u kterych v dal§im prabéhu hospitalizace doslo
ke zméné kategorie IéCby na zadrzenou Ci paliativni péci. Pacienti s akutnim respiracnim
selhanim na UPV pri prokazané COVID-19 pneumonii nebyli zafazeni vzhledem k obtiz-
nému klinickému hodnoceni bakterialni superinfekce. Na nasem uzemi byl 1. potvrzeny
pfipad SARS-CoV-2 zachycen dne 1.3.2020.

Mezi sledované byli zarazeni pacienti spliujici klinicka kritéria VAP. Klinické pfiznaky
pneumonie jsou definovany jako pfitomnost novych nebo zhorSenych infiltrati na
rentgenovych snimcich hrudniku plus nejméné dva dalsi pfiznaky infekce dychacich cest:
teplota >38 °C, hnisavé sputum, leukocytdza (bilé krvinky, WBC >10 x 103/mm?3) nebo
leukopenie (WBC <4 x 10%/mm?3), znamky zanétu pii poslechu, kasel a/nebo respiracéni
insuficience s pomeérem paO2/FiO2 <300 mmHg. Definitivni potvrzeni VAP na zakladé
klinickych a laboratornich znamek bylo provedeno dodateénym skiagramem hrudniku.
Kontrolni skupinu pak tvofili pacienti vyzadujici UPV déle nez 48hodin bez znamek
pneumonie.

U vSech pacientl byla po klinickém stanoveni diagndézy VAP zahajena inicialni

empiricka ATB |éCba dle doporu¢eného postupu pro inicialni Ié¢bu VAP ve FNOL [Smérnice
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Sm-L034: Antibioticka IéCba pneumonii ve FNOL, platnd od 5.8.2015, aktualizace
15.5.2018]. Béhem hospitalizace byla antibakterialni terapie korigovana na zakladée
konzultaci s klinickym mikrobiologem Antibiotického stfediska FNOL s ohledem na
identifikovana etiologicka agens a jejich citlivost/rezistenci k ATB. V pfipadé, ze se nepo-
dafilo izolovat etiologické agens z endotrachealniho aspiratu (ETA), bylo prihlédnuto

k mikrobiologickému nalezu ve stéru z orofaryngu.

4.3 Odbér a zpracovani materialu

VV§em pacientlm byl pfi pfijeti a nasledné 2x tydné (vzdy v pondéli a ¢tvrtek) odebran
stér z orofaryngu a endotrachealni aspirat dle standardu oddéleni. Vzorky orofaryngealnich
stért (OS) byly odebrany ze zadni stény orofaryngu pomoci komeréné dostupné soupravy
pro odbér vzorkd s transportnim médiem (Copan Diagnostics). Vzorky endotrachealniho
aspiratu (ETA) byly odebrany aspiraci sekretu z orotrachealni rourky za pouziti sterilniho
uzavfeného sbérného systému s naslednym proplachnutim odsavaciho katetru 10 ml

sterilniho fyziologického roztoku a uzavrenim zkumavky sterilni zatkou.

Kazdy vzorek byl zpracovan béznymi mikrobiologickymi postupy. Identifikace
mikroorganismU byla provedena za pouziti MALDI-TOF MS (Biotyper Microflex, Bruker
Daltonics). Citlivost k antibiotikim byla testovana diluéni mikrometodou dle doporuceni
EUCAST [32]. Referencni kmeny Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 29213 a Enterococcus faecalis ATCC 29212
byly pouzity k protokolované kontrole kvality. Produkce Sirokospektrych beta-laktamaz typu
ESBL, AmpC a karbapenemaz byla detekovana diskovymi difuznimi testy pfislusnymi pro
dany typ enzymu [34, 35]. Pozitivni fenotypové vysledky byly ovéreny pomoci PCR
detekujici geny specifické pro dany typ beta-laktamazy [36, 37].

4.4 Genotypizace vybranych bakterialnich izolatu

Klonalni vztahy bakterialnich izolatd byly stanoveny porovnanim jejich
makrorestrikénich profill ziskanych gelovou elektroforézou v pulznim poli (PFGE).
Bakterialni DNA byla izolovana podle protokolu dfive popsaného ve studii HusiCkové et al.
[122]. Struéné feCeno, DNA byla izolovana z bakterialni kultury inkubované pfi 37 °C po
dobu 16 hodin v Mueller-Hintonové bujonu. Bunky byly tfikrat promyty promyvacim pufrem

s naslednym zfedénim bakterii na optickou hustotu 1,0-1,5 pfi 600 nm a nasledné smichany
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s 2% agardzou s nizkou teplotou tani (Bio-Rad, Hercules, CA, USA) za vzniku bloku.
Pfipravené agardzové bloky byly inkubovany pfi 37 °C v lyzacnim pufru obsahujicim
lysozym. Po 24 hodinach byly bloky preneseny do deproteina¢niho pufru s proteinazou K
a inkubovany pfi 55 °C dalSich 24 hodin. Ziskané bloky byly nakonec promyty v TE pufru
a skladovany pfi 4 °C. Podle pokynu vyrobce byly pro restrikci DNA pouzity enzymy Xbal
a Spel (New England Biolabs, Ipswich, MA, USA). Izolaty Escherichia coli byly stépeny Xbal,
zatimco genomova DNA stépena Spel byla pouzita pro ziskani restrikénich profill Klebsiella
spp. izolaty. Ziskané fragmenty DNA byly separovany pomoci PFGE, ktera byla provedena
v 1,2% agarézovém gelu pfi 6 V cm — 1 a pulznich ¢asech 2-35 s po dobu 24 hodin.
Thiomocovina (kone¢na koncentrace 50 yM) byla pfidana do elektroforetického pufru, aby
se zlepSila typovatelnost kmenl. Pro barveni gelu byl pouzit ethidium bromid, ziskané
restrikéni profily byly dokumentovany zobrazovacim zafizenim a porovnavany softwarem
GelCompar Il (Applied Maths, Kortrijk, Belgie). Dendrogramy byly konstruovany metodou
skupin nevazenych paru s aritmetickym primeérem v kombinaci s metodou hierarchického
shlukovani s Diceovym koeficientem. Tolerance optimalizace a pfizpusobeni pasma byla
nastavena na 2 %. Restrikéni profily dosahujici 97% podobnosti byly povazovany za

identické.

4.5 Klinické hodnoceni
Klinické hodnoceni obou skupin bylo provedeno na zakladé nize zvolenych kritérii:
1. demografické udaje (veék, pohlavi, APACHE Il skére, BMI),
2. aplikace ATB v pfedchozich 90 dnech,
3. doba vzniku VAP,
4. etiologické agens VAP,
5. mortalita (30denni),
6. ostatni parametry (doba UPV, délka pobytu na KARIM, délka pobytu v nemocnici).

Data byla ziskana ze zdravotnické dokumentace (nemocni¢ni informacéni systém,

zdravotnické zaznamy registrujicich praktickych Iékarl).
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4.6 Statisticka analyza

Ke statistickému zpracovani byl pouzit statisticky software IBM SPSS Statistics for
Windows, Version 23.0. Armonk, NY: IBM Corp. Soubor byl popsan pomoci absolutnich
a relativnich Cetnosti, kvantitativni veli€iny byly vyjadfeny jako median, minimalni a maxi-
malni hodnota, primér a smérodatna odchylka (SD). Shapiro-Wilkovymi testy normality bylo
ovéreno, ze veétsSina veli€in nema normalni distribuci (normalni distribuci mél jen vék).
Srovnani skupin pacientl v kvantitativnich znacich (vék, BMI, APACHE Il skére) bylo
provedeno vzhledem k malym velikostem vzork( pomoci Mann-Whitney U-testu. V kvali-
tativnich veliCinach (vliv ATB terapie, mortalita) byly skupiny porovnany Fisherovym presnym

testem. Za statisticky vyznamnou byla povazovana hladina signifikance p < 0,05.
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5. Vysledky
5.1 Pilotni studie

5.1.1 Hodnoceni souboru pilotni studie

V referenénim obdobi bylo napojeno na UPV 354 pacientl. Do studie bylo zafazeno
49 pacientl (29 muzl, 20 Zen). Pfedchozi ATB terapii uzivalo 32 pacientt (65 %). Obé
ramena se v demografickych udajich (vék, APACHE Il skére, BMI) statisticky vyznamné
nelisila.

Pacienti s pfedchozi ATB terapii méli delsi dobu hospitalizace (median 13, IQR, 5-90)
nez pacienti bez predchozi aplikace ATB (median 9, IQR 4-47), (p = 0,059). Doba UPV
i délka pobytu na KARIM se vyznamné neliSily (median 6 vs. 7 dni, resp. 8 vs. 7dni).
NejCastéji podavanymi antibiotiky v pfedchazejicich 90 dnech byly aminopeniciliny
s inhibitory bakterialnich beta-laktamaz (amoxicilin/kys. klavulanova, ampicilin/sulbaktam),
amoxicilin, ampicilin, azitromycin, piperacilin/tazobaktam, cefazolin, cefuroxim, ciprofloxacin,

kotrimoxazol, metronidazol, gentamicin a jejich pfipadné kombinace.

V prvotni studii se vysledky mortality souboru v zavislosti na pfedchozi ATB terapii
vyznamnéji nelisily (pfedchozi ATB terapie 22 % vs. bez predchozi ATB terapie 24 %,
p = 1,000).

5.1.2 Skupina VAP prvotni vysledky

Kritéria VAP splnilo 23 pacientl. Predchozi ATB terapii ve skupiné VAP mélo 11
pacient(l oproti 12 pacientim bez pfedchozi aplikace ATB. Cetnost VAP byla u pacient(
s pfedchozim podavanim ATB v souboru signifikantné nizsi (34 %) nez bez predchozi
aplikace antibiotik (66 %), (p = 0,02) /graf 2/. U pacientl s pfedchazejici ATB Ié¢bou doslo
¢astéji k pozdnimu nastupu VAP. Pfedchozi ATB terapie u pacientl s VAP prodlouzila dobu
UPV (median 9, IQR 5-44) oproti pacientim bez predchozi &by (median 7, IQR 4-31).
Statisticky vyznamny rozdil prokazan nebyl (p = 0,322). Délka pobytu na KARIM a zejména
délka pobytu v nemocnici, byla rovnéz delsi u pacientl s predchozi ATB terapii (median 13,
IQR 7-44, vs. median 9,5, IQR 4-36), (p = 0,164).

V prvotni studii byla mortalita VAP s pfedchozi aplikaci ATB nizSi, avSak bez
statistické vyznamnosti (18 %, n = 2 vs. 33 %, n = 4), (p = 0,640).

47



Graf 2: Vliv ATB na incidenci VAP v pilotni studii
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Legenda: VAP — ventilatorova pneumonie,
Kontroly — pacienti na umélé plicni ventilace vice nez 48 hodin bez znamek pneumonie,
ATB — ATB terapie podana v pfedchozich 90 dnech,
Bez ATB — absence ATB terapie v predchozich 90 dnech

5.1.3 Etiologicka agens, véetné MDR patogenu - prvotni data

NejCastéji izolovanymi etiologickymi agens byly enterobakterie, véetné kmenu
produkujicich Sirokospektré beta-laktamazy, a Pseudomonas aeruginosa. U pacientl bez
predchazejici ATB [éCby byl spise Casny nastup VAP. NejCastéji pak byly izolovany
Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus a Haemophilus influenzae.
Byl prokazan statisticky vyznamny vys$si podil MDR patogen u pacientl s pfedchozi
aplikaci antibiotik (p = 0,047), z celkového poctu 13 identifikovanych bakterialnich patogent
bylo 10 MDR (77 %). V pfipadé pacientll bez ATB byly pouze 4 bakteridlni kmeny z 12
klasifikovany jako MDR (33 %) /tab. 7/.
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Tab. 7: Vliv pfedchozi aplikace antibiotik na spektrum etiologickych agens VAP — data pilotni studie

Etiologickeé agens ATE Bez ATE | Celkem

Burkholderia multivorans
Pseudomonas aeruginoesa
Stenotrophomaonas maitophilia
Escherichia coli

Escherichia coli ESBL+
Kilebsiella pneumaniae ESBL+
Klebsiella pneumaoniae
NMorganella morganii

Serratia marcescens

Enterococcus faecalis

Staphylococcus aureus
Klebsiella aerogenes AmpC+
Enterobacter cloacae
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Vysvétlivky: ESBL+, AmpC+ — kmeny produkujici Sirokospektré beta-laktamazy,
MDR — multirezistentni
ATB - ATB terapie podana v pfedchozich 90 dnech
Bez ATB - absence ATB terapie v predchozich 90 dnech

5.2 Finalni studie

5.2.1 Hodnoceni souboru kompletni data

V referenénim obdobi bylo napojeno na UPV déle nez 48hodin 697 pacientl. Do
studie bylo zahrnuto na zakladé vy$e uvedenych kritérii 104 pacientl (66 muzu, 38 zen).
Predchozi ATB uzivalo 39 pacientl (38 %). Pfi porovnani demografickych udaji (vék, index
body mass, APACHE Il skore) se skupiny s pfedchozi aplikaci ATB vs. bez predchozi
aplikace ATB statisticky vyznamné nelisily /tab. 8/. Nejcastéji podavanymi antibiotiky byly
aminopeniciliny s inhibitory bakterialnich beta-laktamaz (amoxicilin/kys. klavulanova,
ampicilin/sulbaktam), ampicilin, piperacilin/tazobaktam, cefazolin, cefuroxim, ceftazidim,
ciprofloxacin, pefloxacin, klaritromycin, kotrimoxazol, meropenem, metronidazol, gentamicin
a jejich pripadné kombinace. Pacienti s predchozi aplikaci ATB méli delsi dobu hospitalizace

(median 17 dni, interquartile range, IQR 5-60) nez pacienti bez pfedchozi aplikace ATB
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(median 14, IQR 3-71), (p = 0,053). Doba UPV a délka pobytu na KARIM se vyznamné

nelisily (median 6 vs. 6 dni, resp. 12 vs. 11 dni).

30denni mortalita v souboru byla nizsi u pacientl s predchozi aplikaci antibiotik (15 % vs.

19 %), bez statistické vyznamnosti (p = 0,793).

Tab. 8: Demografické udaje kompletniho souboru

Soubor
ATB Bez ATE
Median Min Max| Mean sD Median Min Max] Mean 5D p
Vel 62 26 85 61,2 14,2 58 19 92 58 16,6 0,349
BMI 29 19 48 287 6.6 27 20 50 284 55 0,538
IAPACHE Il 23 12 40 243 7.3 24 12 39 24 5 6,3 0,593

Vysvétlivky: BMI — Index Body Mass, APACHE Il — Acute Physiology And Chronic Health Evalution

[l skore

5.2.2 Skupina VAP kompletni vysledky

Kritéria VAP splnilo 47 pacientl (14 pacientl s Udajem o predchozi ATB terapii, 33
pacient(l ne). Cetnost VAP byla u pacienttl s predchozi aplikaci ATB niz$i (36 %) oproti
skupiné bez predchozi aplikace ATB (51 %), (p = 0,159) /graf 3/. Bez statisticky vyznamného
rozdilu doslo ¢astéji k pozdnimu nastupu VAP (u 11 z 14 celkovych pacientl po predchozi
ATB vs. 20 z 33 celkovych pacientl bez ATB pred pfijetim, p = 0,241) /tab. 9 a 10/. U VAP
s pfedchozi aplikaci ATB méli pacienti statisticky vyznamné delSi dobu pobytu v nemocnici
(median 22 vs. 15 dni, p = 0,049) /graf 4/. Doba UPV a délka pobytu na KARIM se vyznamné
nelisily (median 10 vs. 9 dni, resp. 12,5 vs. 12 dni) /tab. 11/.
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Graf 3: Vliv ATB na incidenci VAP ve finalni studii
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Tab. 9: Den vzniku VAP u pacientll s predchozi ATB terapii — kompletni data

Den vzniku VAP
. Celkem

Pfedchozi ATB terapie 3-4dny | 5avice
Escherichia coli 1 0 1
Klebsiella oxytoca 1 0 1
Klebsiella pneumonie 0 2 2
Etiologické |[Klebsiella spp. ESBL+ 1 5 6
agens Burkholderia multivorans 0 1 1
Acinetobacter baumanii 0 1 1
Stenotrophomonas maltophilld 0 1 1
Pseudomonas aeruginosa 0 1 1
Celkem 3 11 14
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Tab. 10: Den vzniku VAP u pacientll bez predchozi ATB terapie — kompletni data

Bez prfedchozi ATB terapie

Den vzniku VAP

3-4dny

5avice

Celkem

Etiologické agens

Morganella morganii

Enterobacter cloacae

Enterococcus faecium

Escherichia coli

Klebsiella oxytoca

Klebsiella pneumoniae

Klebsiella spp. ESBL+

Enterobacter asburiae ESBLH

Pseudomonas aeruginosa

Serratia marcescens

Staphylococcus aureus

Haemophilus influenzae

Rlr|lo|lr|lolvkrlRr|lwlkRr]R]-

O|O|RP|WIRLINININ|IRPR|IR|FL|KF

R IRPJOJWIWIBSINININ
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Tab. 11: Klinické hodnoceni skupiny VAP — kompletni data

Skupina VAP
ATB | Bez ATB
Median [Min Max Mean [SD Median [Min Max Mean [SD p
Doba UPV 10 6 24 11,4 4,6 9 3 43 11,1 7.7 0,408
Délka pobytu na KARIM 12,5 6 45 18,9 12,4 12 3 44 14,8 9,7 0,294
Délka pobytu v nemochici 22 6 60 25,3 16 15 3 71 17,3 13,4 0,049
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Graf 4: Signifikantné del$i pobyt v nemocnici u pacienti s VAP po piedchozi aplikaci ATB.
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Graf 5: Vliv predchozi aplikace ATB na 30denni mortalitu u pacientd s VAP
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Legenda: Skupiny pacientl VAP bez ohledu na predchozi aplikaci ATB se v 30denni mortalité nelisi,
p = 0,688. Ovéfeno long-rank testem.

Tricetidenni mortalita VAP Cinila 23 %. Ve skupiné s predchozi aplikaci ATB byla nizsi (21 %
s pfedchozi ATB vs. 24 % bez pfedchozi ATB), bez statistické vyznamnosti (p = 0,688).

5.2.3 Etiologicka agens v¢. MDR patogent - kompletni data

Vliv pfedchozi aplikace antibiotik na spektrum etiologickych agens VAP ukazuje
tabulka 12. Nejcastéji izolovanymi patogeny byly enterobakterie, véetné kmenu
produkujicich Sirokospektré beta-laktamazy (ESBL, AmpC), a kmeny Pseudomonas
aeruginosa. Podil MDR patogenU se v zavislosti na pfedchozi ATB terapii statisticky nelisil
(MDR po pfedchozi ATB 71 % vs. MDR bez pfedchozi aplikace ATB 64 %, p = 0,742).
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Tab. 12: Vliv pfedchozi aplikace antibiotik na spektrum etiologickych agens VAP — kompletni data

Etiologické agens ATB Bez ATB Celkem

Burkholderia multivorans

Pseudomonas aeruginosa

Stenotrophomonas maltophilia

Escherichia coli

Klebsiella oxytoca

Klebsiella pneumoniae

Rl |lRL |0V |-

Klebsiella aerogenes AmpC+

=
=

Klebsiella pneumoniae ESBL+

Klebsiella varicola ESBL+

Morganella morganii

Serratia marcescens

Acinetobacter baumanii

Enterococcus faecalis

Enterobacter asburiae ESBL+

Enterobacter cloacae

Staphylococcus aureus
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5.3 Specialni €ast studie - vySetieni klonality

Do studie vysetreni klonality bylo zafazeno 20 pacientd (18 muzl, 2 zeny), u nichz
byla VAP vyvolana kmeny Kilebsiella spp. a Escherichia spp. Z demografickych Udajd mél
normalni distribuci jen vék (median 58, interquartile range, IQR, 23-83). Ostatni parametry,
index body mass (median 28, IQR 19-48) a APACHE Il skore (median 24, IQR 14-32)
nemely normalni rozvrzeni. Doba UPV i celkového pobytu na JIP méla median 11dni (IQR
5-43), resp. 13dni (IQR 6-44). 30denni mortalita byla u studované skupiny 20 %.

Celkem bylo ziskano 49 izolatl Klebsiella spp. a Escherichia spp. Z toho bylo 40 izo-
latt identifikovano jako Klebsiella spp. patfici 17 pacientim a 9 izolatl jako Escherichia spp.
ziskané od 5 pacientl. Z nich 4 izolaty Klebsiella pneumoniae patfily pacientim, od kterych

byla ziskéna také Klebsiella variicola nebo izolaty Escherichia spp.

5.3.1 PFGE analyza izolati Klebsiella spp.
Mezi 26 izolaty Klebsiella pneumoniae izolovanymi od 12 pacientt byly mezi pacienty

pozorovany rtzné restrikéni profily ziskané stépenim DNA Spel, cozZ vedlo k 16 pulsotyptum.
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Izolaty s identickymi restrikénimi profily byly dokumentovany mezi riznymi typy vzorku
odebranych pacientlim (obr. 14). Kromé toho byl pozorovan vice nez jeden klon mezi izolaty

pochazejicimi od pacientl s oznacenim PAT 8, PAT 9 a PAT 12.

Obr. 14: Dendrogram pro restrikéni vzory izolatl Klebsiella pneumoniae
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PT11  PATO ENDO 2020/02/24  2020/01/24
_{ PT11  PAT9 ENDO 2020/02/10  2020/01/24

PT5 PAT 5 ENDO 2019/06/19  2019/06/18

PT10 PAT9 THROAT  2020/01/20  2020/01/24

PT10 PAT9 ENDO 2020/02/03  2020/01/24

4{ PT10 PAT9 THROAT  2020/01/23  2020/01/24

PT12 PAT 10 THROAT  2020/02/05  2020/02/06

PT14 PAT 12 ENDO 2020/06/01  2020/05/26

PT14 PAT 12 ENDO 2020/06/03  2020/05/26

PT14 PAT 12 THROAT  2020/05/25  2020/05/26

PT13  PAT 11 ENDO 2020/05/11  2020/05/10

PTG PAT 6 ENDO 2019/07/10  2019/07/09

PT4 PAT 4 ENDO 2019/03/11  2019/03/08

| PT4 PAT 4 ENDO 2019/03/14  2019/03/08

] 4{ | pra PAT 4 THROAT  2019/03/07  2019/03/08
PT1 PAT 1 ENDO 2018/04/16  2018/03/28

| PT7 PAT 7 ENDO 2019/09/02  2019/08/31

I pT7 PAT 7 THROAT  2019/08/29  2019/08/31

PT3 PAT 3 THROAT  2018/10/07  2018/10/08

PT15 PAT 12 ENDO 2020/06/12  2020/05/26

1 PT16 PAT 12 ENDO 2020/06/04  2020/05/26
PT2 PAT 2 THROAT  2018/09/19  2018/09/20

PT8 PAT 8 THROAT  2019/09/21  2019/09/29

PT9 PAT 8 THROAT  2019/09/26  2019/09/29

| PT9 PAT 8 ENDO 2019/09/30  2019/09/29

| pr1o PAT 8 ENDO 2019/10/21  2019/09/29

Legenda: vodorovna osa — podobnost izolatl (%); vertikalni osa — typ pulsotypu, kod pacienta, typ
vzorku, datum odbéru vzorku, datum diagn6zy VAP; PT - pulsotyp, PAT — pacient, ENDO - vzorek
endotrachealniho aspiratu, THROAT - stér z orofaryngu. Svisld ¢ara oznacuje prah podobnosti
nastaveny na 97 %.

Shlukova analyza deviti izolatt identifikovanych jako Klebsiella variicola
pochazejicich od péti pacientl prispéla k nasemu zjiSténi, Ze mezi pacienty na Klinice
anesteziologie, resuscitace a intenzivni mediciny nedoslo ke klonalnimu Sifeni. Kromé toho

byl u pacienta PAT 2 pozorovan vice nez jeden klon (obr. 15).

Dendrogram vytvoreny pro pét izolatll Klebsiella oxytoca pochazejicich od 2 pacient(
podporoval klonalni diverzitu mezi riznymi pacienty (obr. 16). Nicméné fylogeneticky strom
zalozeny na profilech PFGE odhalil identické kmeny izolované z rtuznych typu vzork(

odebranych od kazdého pacienta.
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Obr. 15: Dendrogram pro restrikéni vzory izolata Klebsiella variicola
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Obr. 16: Dendrogram pro restrikéni vzory izolath Klebsiella oxytoca

8.%.9 8 8 8 8 2 ¢ 8388388
| PT24  PAT17  ENDO 2019/07/02  2019/07/01
| PT24  PAT17  THROAT  2019/06/29  2019/07/01
PT23  PAT16  ENDO 2018/1119  2018/11/18
‘ PT23  PAT16  THROAT  2018/11/15  2018/11/18
| PT2a  PAT16  ENDO 2018/11/22 20181118

5.3.2 PFGE analyza izolatl Escherichia spp.
PFGE identifikovala tfi pulsotypy mezi péti izolaty Escherichia coli patficich tfem

pacienttm (obr. 17), coz podporuje klonalni diverzitu mezi riznymi pacienty. Stejné vysledky
byly ziskany restrikcnimi profily DNA Escherichia hermannii, protoze Ctyfi izolaty byly

kategorizovany do dvou fylotyp odpovidajicim kédim pacientt (obr. 18).

Obr. 17: Dendrogram pro restrikéni vzory izolatl Escherichia coli

PT26 PAT 19 ENDO 2019/05/20 2019/05/16
PT26 PAT 19 ENDO 2019/05/19 2019/05/16
PT25 PAT 18 THROAT 2018/02/07 2018/02/08
| PT25 PAT 18 ENDO 2018/02/09 2018/02/08
PT27 PAT 6 THROAT 2019/07/04 2019/07/09

Legenda: vodorovna osa — podobnost izolatl (%); vertikalni osa — pulsotyp, kod pacienta, typ vzorku,
datum odbéru vzorku, datum diagnézy VAP; PT - Pulsotyp, PAT - pacient, ENDO - vzorek endotra-
chealniho aspiratu, THROAT - stér z orofaryngu. Svisla ¢ara oznacuje prah podobnosti nastaveny
na 97 %.
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Obr. 18: Dendrogram pro restrikéni vzorce izolatli Escherichia hermannii
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U 15 pacientl (75 %) byl zachyceny bakterialni patogen, jako etiologické agens VAP,
izolovan z hornich cest dychacich prfed rozvojem VAP, nebo bakterialni kmeny
identifikované ze vzorkl hornich cest dychacich a ETA vykazovaly identické restrikéni profily
u daného pacienta. U zbyvajicich péti pacientll jsme pfitomnost detekovaného patogenu
potvrdili pouze ve vzorcich ETA az po vzniku VAP.
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6. Diskuze

Tato monocentricka studie je prvni praci v ramci CR, ktera hodnoti vliv pfedchozi
antibakterialni |éCby na epidemiologii VAP.

Recentni prameny sice zminuji vliv pfedchoziho uziti ATB v souvislosti s 1é¢bou
komunitnich infekci na epidemiologii VAP [123], avSak nasim cilem bylo urCit vliv veskeré
aplikace ATB predchazejici vzniku VAP, a to v€etné profylaxe a Ié€by nozokomialnich infekci.

Predlozena prace se mezi epidemiologickymi daty soustfeduje zejména na incidenci
VAP, 30denni mortalitu a spektrum bakteridlnich plvodcl véetné vyskytu MDR patogenu

v souvislosti s pfedchozi aplikaci ATB.

Vysledky pfedkladané prace mj. potvrdily v souladu se zavéry napf. belgické studie
Depuydt et al., ze predchozi aplikace antibiotik pfispiva k narlstu rezistence bakterialnich
puvodcl VAP [47].

Aktualnost tématu je zvyraznéna i nedostatkem praci, které by pfinasely recentni data.
Jednou znich je napf. podobné designovana monocentricka retrospektivni prace
francouzskych autorli, porovnavajici vliv pfedchozi aplikace antibiotik na mikrobiologicky
zachyt etiologickych agens VAP v definovanych ¢asovych intervalech od posledni aplikace
ATB do vzniku VAP [124]. V nasi studii nebylo mozné tuto skuteCnost dostateéné ovérit
rozdélenim skupiny VAP na podobné definované podskupiny ve vztahu k pfedchozi aplikaci
ATB vzhledem k relativné malému souboru (104 vs. 230). Zminéna francouzska prace byla
navic publikovana v unoru 2018. V té dobg jiz byla nase studie designovana a probihal sbér
dat.

.....

Odhadovana incidence VAP bez ohledu na pfedchozi aplikaci ATB je vyssi, €ini 9-27 % [10,
42]. Prestoze Dudeck et al. poukazuje ve srovnavaci studii dat z NHSN na sestupny trend
incidence VAP, recentné publikovana data v klinickych doporu€enich spolecnosti IDSA/ATS
referuji stacionarni podil VAP (priblizné 10 %) u ventilovanych pacientl [16, 125, 1286].
Moznym vysvétlenim je dusledna aplikace preventivnich opatfeni k eliminaci rizikovych
faktort vzniku VAP [51]. Dal$i mozné vysvétleni Ize nalézt v zastoupeni antibakterialnich
pripravkl u predchozi ATB 1é€by. Nejcastéji podavanymi antibiotiky v pfedchozich 90 dnech
byly aminopeniciliny s inhibitory beta-laktamaz (ampicilin/sulbaktam ¢i amoxicilin/klavulanova),
které jsou zaroven i soucasti obecnych doporuceni inicialni ATB terapie tézce probihajicich

komunitnich pneumonii u rizikovych pacientt dle Fineho kritérii [15]. Nelze v§ak ani vyloucit,
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ze predchozi aplikace antibiotik mlUze vést k falesné negativnimu zachytu etiologickych
agens VAP v kultivaCnim materialu. Retrospektivni prace Llitjos et al. hodnotici vliv
predchozi aplikace antibiotik na zachyt etiologickych agens VAP uvadi nejnizsi podil
pozitivnich kultivaci zejména u pacientl se stavajici ATB terapii oproti predchozi antibiotické
lé¢bé a pacientim bez |éCby (42 %, 68 %, resp. 86 %) [124]. Aplikace Sirokospektrych
antibiotik u pacientl s respiraénim selhanim na UPV predstavuje riziko vzniku dalSich
nozokomialnich infekci. Bogdanova et al. ve své retrospektivni studii hodnoti vliv predchozi
aplikace antibiotik na riziko vzniku infekce zplUsobené Clostridioides difficile, resp.
Vankomycin-rezistentni enterokoky (VRE) u téchto pacientl. Toto riziko snizuji predevsim
prisna hygienicka opatreni a v€asna deeskalace antibiotické terapie [127].

V nasi praci byly nejcastéji izolovanymi patogeny (79 %) enterobakterie, vCetné
kmenU produkujicich Sirokospektré beta-laktamazy (ESBL, AmpC), a kmeny Pseudomonas
aeruginosa. Pfi porovnani s pfedchozimi vysledky z naseho pracovisté publikované v ramci
multicentrické studie Uvizl et al z roku 2017, ktera hodnotila optimalni nastaveni inicialni
empirické antimikrobialni terapie u nozokomialnich pneumonii je zastoupeni téchto
patogent pfiblizné stacionarni (88 %) [128]. Velmi podobné zastoupeni téchto etiologickych
agens VAP uvadi i Gupta et al. v indické prevalenéni studii [20]. OdliSné zastoupeni
uvedenych etiologickych agens VAP vsak referuji jiné nadregionaini studie [129, 130],
a zfejme tak odrazeji odliSnou regionalni mikrobiologickou situaci.

Kumulativni zachyt MDR patogenl po pfechozi aplikaci antibiotik byl v nasi studii
71 %, coz je podobné zastoupeni (72 %) téchto etiologickych agens VAP jako v prevalen¢ni
studii publikované Guptou et al. v roce 2017. Pokud vSak porovname podil kmenu
produkujicich ESBL u Klebsiella spp., pak je v naSem souboru toto zastoupeni nizsi (43 %
vs. 55 %) [20]. Zcela odli$né vysledky pak uvadi ve své praci Litjos et al. u pacientt s VAP
po predchozi aplikaci ATB. Celkovy podil MDR patogenu je nizsi (19 % vs. 71 %). Vyznamné
se li§i i v zastoupeni MDR patogent (kmeny produkujici ESBL 3 % vs. 43 %) [124]. Rozdily
jsou velmi pravdépodobné dany senzitivitou pouzité metody k analyze vzorkl (ETA vs. PSB).
Odbér ETAma vyrazneé vyssi cetnost zachytu patogent (93%), ve srovnani nejen s OS (59%)
a gastric aspiration (57%), ale zejména s protected specimen brushing (PSB, 36%) [131].
V souladu s vysledky metaanalyzy Fernando et al. ma PSB nejnizsi senzitivitu z invazivnich
technik odbéru, a proto jiz neni rutinné provaden [65]. Samotna predchozi aplikace antibiotik

vede k zna¢nému snizeni senzitivity u vzorkl odebranych invazivni technikou [86].
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Tricetidenni mortalita v souvislosti s VAP E&inila v nasem souboru 23 %. Melsen et al.
ve své meta-analyze uvadi nizSi udaj (13 %) [53]. Pokud vSak porovname srovnatelné
podskupiny pacientd (APACHE Il skére 20-29), byla mortalita v nasi studii nizsi (23 % vs.
36 %). Porovnani udajl o mortalité v jednotlivych studiich je vSak limitovano také rozdilnou
metodikou jejiho vyjadreni. Forel et al. stanovili 28denni mortalitu u pacientl s VAP na
hodnoté 27 % a 90denni na 42 % [130]. Werarak dokumentuje 46 % 30denni mortalitu a Litjos
et al. mortalitu na Urovni 32 % Casové nespecifikuje vibec [124, 132]. V multicentrické studii
Herkel et al. hodnotili autofi 30denni mortalitu v zavislosti na adekvatnosti, resp.
neadekvatnosti empirické antibiotické terapie (27 % vs. 45 %) [94]. Mortalita pacientl VAP
s predchozi aplikaci ATB byla jen mirné nizSi. Moznym vysvétlenim je zohlednéni
predchozich mikrobiologickych nalezi. Nasledna ATB terapie jiz byla cilené zamérena

a pfiznivé ovlivnila celkovou mortalitu.

Toto tvrzeni jsme ovéfili v nasledné studii klonalit. VV patogenezi VAP hraje hlavni roli
mikroaspirace bakterii ze sekretll v prostoru nad manzetou endotrachealni rourky nebo
orofaryngu. Méné casto je infekce zpUsobena exogenné ziskanymi patogeny. Vétsina
pfipadld VAP je tedy endogenniho puvodu [43, 133]. Zavedeni rutinniho hodnoceni
bakterialni fléry v hornich i dolnich cestach dychacich nam umoznilo v€asnou identifikaci
bakterialnich patogent odpovédnych za VAP [131]. Llitjos JF et. al. ve svém doporuceni
uvadi, ze je vhodné v dalSich studiich ovéfit viiv periodického hodnoceni mikrobiologickych
nalezl z plic na vedeni antibiotické Ié¢by u pacientl na UPV [124]. Podle nasich vysledk

je frekvence odbért OS a ETA 2x tydné vyhovuijici.

Studie klonalit je jednou z mala dosud publikovanych praci, ktera srovnava klonalitu
izolatl Klebsiella a Escherichia spp. z rznych typu vzorkd u kazdého konkrétniho pacienta
s VAP. Mezi 20 pacienty jsme pozorovali celkem 29 pulsotypl PFGE. Restrikéni profily
ziskané z 26 izolatu Klebsiella pneumoniae odhalily 16 pulsotypl u 12 pacientl. Izolaty
Klebsiella variicola také vykazovaly vysokou variabilitu klonl, protoze bylo ziskano 6
pulsotypl z izolatl patficich 5 pacientim. V pfipadé izolatl Klebsiella oxytoca, Escherichia
coli a Escherichia hermanii, analyzovanych pomoci PFGE, pocet pulsotypl vzdy odpovidal
poctu pacientl, coz dokazuje, Ze mezi hospitalizovanymi pacienty nedochazi k cirkulaci
patogenl. Srovnani pulsotypl PFGE ziskanych v této studii také ukazalo vysokou variabilitu
bakteridlnich klont mezi riznymi pacienty, coz koreluje s vysledky studie Hanulika et. al.
demonstrujici klonalni diverzitu mezi 23 izolaty Klebsiella pneumoniae s pouze tfemi pary

klonU patficich Sesti rGznym pacientim [134]. Pozdéjsi studie Pudové et al. uvadi jedine¢né
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restrikéni profily analyzovanych izolatl (74 %) od pacient s HAP, coz naznacduje pouze
omezené klonalni Sifeni bakterialnich patogent HAP mezi jednotlivymi pacienty [135].
K odliSnému zavéru potvrzeném PFGE analyzou vedlo sledovani multirezistentnich izolatt
Klebsiella pneumoniae zpUsobujicich VAP v Egypté. Studie Mohameda et al. zahrnovala
19 klinickych izolatl od rlznych pacientt a étyfi environmentalni izolaty, coz vedlo k uréeni
17 pulsotypu. Restrikéni profily klinickych a environmentalnich izolatl byly v této egyptské
studii podobné, coz naznacuje exogenni plvod infekce VAP [136]. Identické klony Klebsiella
pneumoniae byly také detekovany u 29 % pacienti s VAP v Cin&. Klonalni vztah kmen(
Klebsiella pneumoniae byl studovan nahodné amplifikovanou polymorfni DNA (RAPD)
a typizaci multilokusovych sekvenci, pficemz bylo odhaleno 21 rGznych RAPD vzor(
a 25 typl sekvenci (ST) mezi 49 izolaty Klebsiella pneumoniae. Nej¢astéjsi klon, ST23
(42,8% prevalence) odpovidajici hypervirulentni Klebsiella pneumoniae (hvKP), prokazal
identicky RAPD vzorec pro vsechny analyzované izolaty, coz naznacuje jejich epide-
miologicky vztah [137]. Podle studie Tabriziho et al. byl hvKP izolovany u pacientd na UPV
s otravou drogami pfibuzny ST23 se stejnym pulsotypem PFGE, coz také zdlraznuje jeho
epidemiologicky vyznam [138]. Na zakladé nasich vysledkd PFGE analyzy nebyl mezi
vySetfovanymi pacienty detekovan zadny epidemiologicky kmen.

U 75 % pacientl byl identifikovany bakterialni patogen nejprve izolovan z hornich
cest dychacich jako soucast bakterialni flory. Nasledné byla potvrzena jeho pfitomnost
v endotrachealnim sekretu pacienta s klinicky manifestovanou VAP. Toto zjisténi potvrzuje
rozvoj VAP nejcastéji v dusledku bakteridlni mikroaspirace, tedy endogenni cestou. K po-

dobnému zaveéru dospéla i studie Pudové et al. [135].

Limitaci studie je jeji retrospektivni design, hodnoceni pouze dvou nejCastéji

zastoupenych bakterialnich kmenu a relativné maly soubor pacientl.
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7. Zaveér

.....

vyskytem MDR bakterialnich kment. 30denni mortalita pacientll VAP s predchozi aplikaci
ATB je mirné nizsi. Vysoka variabilita bakteridlnich patogenl izolovanych od rlznych

pacientl svédci pro prevazujici endogenni plvod infekce VAP.

Znalost predchozi aplikace antibiotik a vysledkl mikrobiologickych nalezli muze
¢asné modifikovat antibiotickou 1é¢bu VAP a priznivé ovlivnit 30denni mortalitu pacientU.
Dalsi studie by mély prozkoumat, zda je tento rozdil spojen s prokazatelnym ucinkem na

mortalitu pacientu.
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8. Souhrn

DisertaCni prace je zamérena na zhodnoceni vlivu predchozi ATB Ié€by na incidenci
VAP, 30denni mortalitu a spektrum etiologickych agens VAP, vcetné vyskytu MDR
bakteridlnich patogenu. Recentni prameny zmiriuji vliv pfedchoziho uziti ATB zejména
v souvislosti s Ié€bou komunitnich infekci na epidemiologii VAP. Cilem nasi studie vSak bylo
urcit vliv veskeré aplikace ATB predchazejici vzniku VAP, a to v€etné profylaxe a [éCby

nozokomialnich infekci.

V pilotni ¢asti studie jsme nejprve ovéfili samotny vliv pfedchozi ATB terapie na
incidenci VAP. Cetnost VAP byla u pacientl s pfedchozim podavanim antibiotik v souboru
signifikantné nizSi nez bez predchozi aplikace. Predchozi aplikace antibiotik tak byla
spojena s nizSi incidenci VAP (7 %). Mozné vysvétleni |ze nalézt v zastoupeni
antibakterialnich pfipravkll u pfedchozi ATB I|é¢by. NejCastéji podavanymi antibiotiky
v pfedchozich 90 dnech byly aminopeniciliny s inhibitory  beta-laktamaz
(ampicilin/sulbaktam ¢&i amoxicilin/klavulanovd). Nejcastéji zachycenymi patogeny byly
enterobakterie, véetné kmenu produkujicich Sirokospektré beta-laktamazy (ESBL, AmpC),
a kmeny Pseudomonas aeruginosa. U pacientl s pfedchozi aplikaci antibiotik jsme evidovali
statisticky vyznamny podil MDR patogent (77 %).

Ve finalni studii dané hodnoty jiz tak presvédcivé nebyly. Predchozi ATB uzivalo méné
pacientl (38 % vs. 65 %). Pri porovnani demografickych Udajl (vék, index body mass,
APACHE Il skére) se skupiny s prfedchozi aplikaci ATB vs. bez pfedchozi aplikace ATB
nelisily. Cetnost VAP byla u pacienttl s pfedchozi aplikaci ATB nizsi (36 %) oproti skupiné
bez predchozi aplikace ATB (51 %), (p = 0,159). NejCastéji zachycenymi patogeny byly
nadale enterobakterie, véetné kmenu produkujicich Sirokospektré beta-laktamazy (ESBL,
AmpC), a kmeny Pseudomonas aeruginosa. Podil MDR patogenlt se v zavislosti na
predchozi aplikaci antibiotik vsak statisticky nelisil (MDR po predchozi ATB 71 % vs. MDR
bez predchozi aplikace ATB 64 %, p = 0,742). 30denni mortalita VAP s predchozi aplikaci
ATB byla nizsi, bez statistické vyznamnosti (p = 0,688).

V nasledné studii klonalit byla ovéfena hypotéza, zda se v etiologii VAP uplathuji
etiologicka agens z bakterialni mikrofléry hornich cest dychacich vyraznégji, resp. dochazi
Castéji k vertikalnimu Sifeni patogend nez k jejich horizontalnimu $ifeni mezi pacienty. Do
studie vySetreni klonality bylo zafazeno 20 pacientl, u nichz byla VAP vyvolana kmeny
Klebsiella spp. a Escherichia spp. Celkem bylo ziskano 49 izolatl. Klonalni vztahy

bakteridlnich izolatl byly stanoveny porovnanim jejich makrorestrikénich profilG ziskanych
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gelovou elektroforézou v pulznim poli (PFGE). Restrikéni profily dosahujici 97% podobnosti
byly povazovany za identické. U 75 % byl zachyceny bakterialni pathogen, jako etiologické
agens VAP, izolovan z hornich cest dychacich pred rozvojem VAP nebo bakterialni kmeny
identifikované ze vzork( hornich cest dychacich a endotrachedlniho aspiratu (ETA)
vykazovaly identické restrikéni profily u daného pacienta. U zbyvajicich péti pacientll jsme
pritomnost detekovaného patogenu potvrdili pouze ve vzorcich ETA az po vzniku VAP. To

bylo spojeno i s nizsi 30denni mortalitou u studované skupiny (20 %).

.....

vyskytem MDR bakterialnich kment. 30denni mortalita pacientll VAP s predchozi aplikaci
ATB byla mirné nizsi. Vysoka variabilita bakterialnich patogent izolovanych od riznych
pacientl svédgei pro prevazujici endogenni plvod infekce VAP. Znalost prfedchozi aplikace
antibiotik a vysledkd mikrobiologickych nalezli mlze ¢asné modifikovat antibiotickou [é¢bu
VAP a pfiznivé ovlivnit 30denni mortalitu pacientl. Dals$i studie by mély prozkoumat, zda je

tento rozdil spojen s prokazatelnym ucinkem na mortalitu pacientU.
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9. Summary

This dissertation focuses on evaluating the effect of previous antibiotic therapy on the
incidence of ventilator-associated pneumonia (VAP), 30-day mortality and the spectrum of
etiologic agents casing VAP, including multidrug-resistant (MDR) bacterial pathogens.
Recent literature mentions the effect of previous antibiotic therapy on VAP epidemiology
mainly in association with community-acquired infections. Our study, however, aimed to
determine the effect of all antibiotics used in the pre-VAP period, including prophylaxis and

healthcare-associated infection therapy.

The pilot phase of the study started with our verifying the very effect of previous
antibiotic therapy on VAP incidence. The frequency of VAP was significantly lower in a group
with previous antibiotic use compared to a group without the therapy. Thus, previous
antibiotic use was associated with lower VAP incidence (7%). This may be explained by the
selection of antibacterials used for previous therapy. In the previous 90 days, the most
frequently administered antibiotics were aminopenicillins with beta-lactamase inhibitors
(ampicillin/sulbactam or amoxicillin/ clavulanic acid). The most frequently identified
pathogens were enterobacteria, including strains producing broad-spectrum beta-
lactamases (ESBL, AmpC), and Pseudomonas aeruginosa strains. There was a statistically

significant proportion of MDR pathogens (77%) in the group with previous antibiotic therapy.

The final study failed to yield such convincing results. Previous antibiotic therapy was
noted in fewer patients (38% v. 65%). There were no significant differences between the
groups with or without previous antibiotic therapy in terms of demographic data (age, body
mass index, APACHE Il score). The frequency of VAP was lower in the group with previous
antibiotic therapy (36%) compared to the group without the therapy (51%; p = 0.159). Once
again, the most frequent pathogens were enterobacteria, including strains producing broad-
spectrum beta-lactamases (ESBL, AmpC), and Pseudomonas aeruginosa strains. However,
there was no statistically significant difference in the proportion of MDR pathogens between
the group with previous antibiotic therapy (71%) and the group without the therapy (64%,; p
= 0.742). The 30-day mortality was lower in the group with previous antibiotic therapy, but

no statistical significance was shown (p = 0.688).

Subsequently, clonality was studied to verify a hypothesis that bacteria originating
from upper respiratory tract flora play a more prominent role in the etiology of VAP, or that
vertical pathogen transmission is more frequent than horizontal transmission among

patients. The clonality study comprised 20 patients whose VAP was caused by Klebsiella
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spp. and Escherichia spp. strains. Atotal of 49 bacterial isolates were collected. Their clonal
relationship was determined by comparing their macrorestriction profiles obtained by
pulsed-field gel electrophoresis. Restriction profiles reaching 97 % similarity were considered
identical. In 75% of cases, bacterial pathogens causing VAP had been isolated from the
upper airways before the onset of VAP or bacterial strains identified in upper airway and
endotracheal aspirate (ETA) samples showed identical restriction profiles in the patient. In
the remaining five patients, we were able to detect the pathogen in ETA samples only after
the onset of VAP. This phenomenon was associated with lower 30-day mortality in the
studied group (20%).

Previous antibiotic therapy is associated with lower incidence of VAP and slightly
higher frequency of MDR bacterial strains. The 30-day mortality was slightly lower in VAP
patients with previous antibiotic therapy. The wide variety of bacterial pathogens isolated
from different patients is suggestive of predominantly endogenous etiology of VAP infection.
The knowledge of previous antibiotic therapy and microbiology test results may contribute
to early modification of VAP therapy and more favorable 30-day mortality. Future studies

should aim to prove the effect this difference has on patient mortality.
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10. Seznam zkratek

ALAT - Asociacién Latinoamericana del Torax

AMR - antimikrobialni rezistence

AMS — Antimicrobial Stewardship

APACHE Il — Acute Physiology and Chronic Health Evaluation |l

ARDS - Acute Respiratory Distress Syndrome, Syndrom akutni dechové tisné
AST — Antimicrobial susceptibility Testing, testovani antimikrobialni citlivosti
ATB - antibioticka

ATCC - American Type Culture Collection, USA

ATS — The American Thoracic Society

BAL - bronchoalveolarni lavaz

Bl — tzv. bakterialni index

BMI — Index Body Mass, index télesné hmotnosti

CAP — Community-Acquired Pneumonia, komunitni pneumonie

CDC - Centers for Disease Control and Prevention

CEPPIS - Chest Echography and Procalcitonin Pulmonary Infection Score
CFS - Clinical Frailty Scale

CFU - colony-forming unit

Cl — Confidence Interval, interval spolehlivosti

CLSI — Clinical Laboratory Standards Institute

CPIS - Clinical Pulmonary Infection Score

CRP - C-reaktivni protein

CT - vypocetni tomografie

CPFS — Ceska pneumologicka a ftizeologicka spole¢nost

DNA — Deoxyribonucleic acid, Kyselina deoxyribonukleova

EARS-Net — European Antimicrobial Resistance Surveillance Network
ECDC — European Centre for Disease Prevention and Control

ERS - European Respiratory Society
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ESBL, AmpC — Extended Spectrum Beta-Lactamase, kmeny produkujici Sirokospektrou

betalaktamazu
ESCMID — European Society of Clinical Microbiology and Infectious Disease
ESICM - European Society of Intensive Care Medicine
EA, ETA — endotrachealni aspirat
EUCAST - European Committee on Antimicrobial Susceptibility Testing
FDA - United States Food and Drug Administration
FNOL - Fakultni nemocnice Olomouc
GNB — Gram-negativnimi bakterie
GRADE - Grading of Recommendation, Assessment, Development and Evalution
HAI — Healthcare-Associated Infection, nozokomialni infekce
HAP — Healthcare-Associated Pneumonia, nozokomialni pneumonie
HME filtry — heat-moisture exchanger filtry
HRCT - vypocetni tomografie s vysokym rozliSenim
CHOPN - Chronicka obstrukéni plicni nemoc
IDSA - Infectious Diseases Society of America
IHI — Institute for Healthcare Improvement
ISID - International Society for Infectious Disease
JIP — Jednotka intenzivni péce
KARIM - Klinika anesteziologie, resuscitace a intenzivni mediciny
Kys. — kyselina
LUS — Lung ultrasound, ultrazvukové vySetieni plic

MALDI-TOF — Matrix-Assisted Laser Desorption/lonization Time-Of-Flight mass

spektrometry
MDR — MultiDrug-Resistant, multirezistentni
MIC — minimalni inhibiéni koncentrace
MRSA - Methicillin-rezistentni kmeny Staphyloccus aureus
NHSN — National Healthcare Safety Network
O.P.S. — obecné prospésna spolecnost

OR - Odds Ratio, vyjadfuje miru rizika urcité udalosti €i jevu
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OS - orofaryngealni stér

PaO:2/FiO2 —tzv. oxygenacni index vyjadfujici zavaznost oxygenacéni poruchy
PCR — Polymerase Chain Reaction, polymerazova fetézova reakce

PCT - prokalcitonin

PDR - PanDrug-Resistant, panrezistentni

PEEP - Positive End-Exspiratory Pressure, pozitivni tlak na konci exspiria
PICO - Population-Intervention-Comparison-Outcome

PSB - Protected Specimen Brush, tzv. chranény kartaovy stér

RAPD - Random Amplification of Polymorphic DNA, nahodné amplifikovanou polymorfni
DNA

RTG - skiagrafie, diagnosticka metoda vyuzivajici rentgenové zareni
SDD - Selektivni digestivni dekontaminace

SHEA - The Society for Healthcare Epidemiology of America

SOD - Selektivni orofaryngealni dekontaminace

STREM-1 — Soluble Triggering Receptor Expressed on Myeloid cells
TRALI - Transfussion-Associted Lung Injury

TT — télesna teplota

UPV — uméla plicni ventilace

VAE - Ventilator-associated events, stavy Ci udalosti spojené s UPV
VAP - Ventilator-Associated Pneumonia, ventilatorova pneumonie
VAT - Ventilator-Associated Tracheobronchitis, ventilatorova tracheobronchitida
VPLUS - Ventilator-associated Pneumonia Lung Ultrasound Score
VRE - Vancomycin-Resistant Enterococci

WBC - White Blood Cell, leukocyty

WHO - World Health Organization, Svétova zdravotnicka organizace

XDR - eXtensively Drug-Resistant, extenzivné rezistentni
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Vliv predchozi antibiotické terapie na epidemiologii
ventilatorovych pneumonii
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2Ustav mikrobiologie, Lékarskd fakulta Univerzity Palackého v Olomouci a Fakultni nemocnice Olomouc

SOUHRN
Papajk J., Uvizl R., Kolai M.: Vliv pfedchozi antibiotické terapie na epidemiologii ventilétorovjch pneumonif
CAl préce: Ventildtorova pneumonie (VAP) je nejéastéj§i nozokomiélni infekci u pacientii v intenzivni pééi. Cilem této prace bylo ur-
¢€eni vlivu piedchozi antibakterialni lé¢by na incidenci VAP, mortalitu a spektrum bakterialnich ptvodci.
Materisl a metody: Do retrospektivni, observaéni studie byli zafazeni nemocni stari 18 let spliiujici klinické kritéria VAP a déle kon-
trolni skupinu tvofili pacienti vyZadujici umélou plicni ventilaci déle nez 48 hodin bez znamek pneumonie. Obé ramena byla stratifi-
kovana dle ordinace ¢&i absence predchozi aplikace antibiotik (ATB). Stéry z orofaryngu a endotrachedlni aspiraty (ETA) odebrané
u viech pacientii byly zpracovany standardnimi mikrobiologickymi postupy. Citlivost k ATB byla stanovena dle doporuéeni European
Committee on Antimicrobial Susceptibility Testing (EUCAST). V souboru byla hodnocena 28denni mortalita, 90denni mortalita
a frekvence multirezistentnich (MDR) bakterialnich patogeni.
Vysledky: Celkem bylo zafazeno 49 pacientii (32 s piedchozi aplikaci ATB, 17 bez predchozi aplikace). Cetnost pfedchoziho podani
ATB u pacientii s VAP byla signifikantné nizsi (34 %) nez u kontrolni skupiny bez VAP (66 %), (p = 0,02). Kritéria VAP splnilo 23 pa-
cient (11 s pfedchozi aplikaci ATB, 12 bez pfedchozi aplikace). Jako etiologicka agens byly nejcastéji izolovany enterobakterie, viet-
né kmenu produkujicich Sirokospektré beta-laktamazy, a Pseudomonas aeruginosa. Byl prokdzan statisticky vyznamné vy3si vyskyt
MDR patogenti u pacientii s pfedchozi aplikaci antibiotik (77 % vs. 33 %, p = 0,047). 28denni mortalita byla niZii u pacienti s pred-
chozi aplikaci ATB (18 %, n = 2) neZ bez pfedchozi ATB terapie (33 %, n = 4), (p = 0,640). V 90denni mortalité byl rozdil jesté vyraz-
néjsi, aviak na nizké hladiné statistické vyznamnosti (18 %, n = 2, resp. 58 %, n = 7), (p = 0,089).
Zavér: Piedchozi aplikace ATB je spojena s nizsi incidenci VAP a soucasné s vysiim vyskytem MDR bakterii. Antibioticka lé¢ba VAP
modifikovana znalosti predchozi aplikace antibiotik a vysledky mikrobiologickych nalezi prispéla k niz8i 28denni i 90denni mortali-
té pacienti.

Klicova slova: ventildatorova pneumonie, predchozi antibioticka terapie, incidence, multirezistentni bakterie

SUMMARY
Papajk J., Uvizl R., Kolai M.: Effect of previous antibiotic therapy on the epidemiology of ventilator-associated
Objectives: Ventilator-associated pneumonia (VAP) is the most common nosocomial infection in intensive care patients. The aim
of the study was to evaluate the effect of previous antibiotic therapy on the incidence of VAP, mortality and spectrum of bacterial pa-
thogens.
Material and methods: The retrospective, observational study comprised patients over 18 years of age meeting the clinical criteria of
VAP. Controls were patients requiring mechanical ventilation for more than 48 hours with no signs of VAP. Each group was divided
into two arms according to previous antibiotic therapy. Tracheal aspirates and oropharyngeal swabs were taken from all patients.
Cultured isolates were identified using standard microbiological techniques. Antimicrobial susceptibility testing was performed accor-
ding to the European Committee on Antimicrobial Susceptibility Testing guidelines. In both groups, 28-day mortality, 90-day morta-
lity and multidrug-resistant (MDR) bacterial pathogen frequency were evaluated.
Results: The study included 49 patients (32 patients with previous antibiotic therapy, 17 antimicrobial-naive patients). The proportion
of individuals with previous antibiotic therapy was significantly lower in VAP patients (34%) than among controls group (66%; p = 0.02).
The VAP criteria were met by 23 patients (11 with previous antibiotic therapy, 12 without the therapy). The Enterobacteriaceae inclu-
ding extended-spectrum beta-lactamase-producing strains and Pseudomonas aeruginosa were the most common pathogens isolated.
MDR pathogens were statistically significantly more frequent in patients with previous antibiotic therapy (77% vs. 33%; p = 0.047).
In patients with previous antibiotic therapy, 28-day mortality was lower (18%, n = 2) than in antimicrobial-naive patients (33%, n = 4;
p = 0.640). The difference was more pronounced in 90-day mortality, albeit with low statistical significance (18%, n = 2 vs. 58%, n = 7;
p = 0.089).
Conclusions: Previous antibiotic therapy was associated with a lower incidence of VAP and a higher frequency of MDR bacterial pa-
thogens. VAP antibiotic therapy modified according to knowledge of previous antibiotic therapy and cultured isolates was correlated
with lower 28-day and 90-day mortality rates.

Keywords: ventilator-associated pneumonia, previous antibiotic therapy, incidence, multidrug-resistant pathogen
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Uvod

Ventildtorovd pneumonie (ventilator-associated pneumo-
nia, VAP) je nejcastéjsi nozokomidlni infekci v intenzivni
péci. Az polovina aplikovanych antibiotik (ATB) v inten-
zivni péci souvisi s 1é¢bou VAP [1]. VAP je nozokomidlni
pneumonii, kterd se projevi po vice neZ 48 hodindch od na-
pojeni na umélou plicni ventilaci (UPV). Je definovina pfi-
tomnosti nového Ci zhor§eného infiltrdtu na skiagramu
hrudniku, systémovymi pfiznaky infekce (horecka, leukocy-
t6za), hnisavou tracheobronchidlni sekreci a zichytem etio-
logického agens [2]. Samotny vznik VAP prodluzuje dobu
UPV i hospitalizace, a navySuje tak celkové ndklady na 1é¢-
bu [3]. Jako ¢asnou VAP ozna¢ujeme pneumonii s ndstupem
do 4. dne od napojeni na UPV. Zpravidla byvi zpusobena
kmeny citlivéj§imi k ATB. Naopak pozdni VAP (od 5. dne)
emi [1,2]. Etiologickd agens VAP a jejich citlivost k ATB
mohou byt pfedchozi aplikaci ATB vyrazné modifikovany
[4]. Riziko incidence VAP je nejvySsi v prvnich péti dnech
UPV, a poté se postupné sniZuje [5]. Zavedeni preventivnich
opatfeni vychdzi z doporuceni Institute for Healthcare Im-
provement (IHI), jako jsou napfiklad zvySend poloha hlavy,
omezeni profylaxe stresového viedu, profylaxe hluboké 7il-
ni trombdzy, dstni hygiena a odsdvani sekreti ze subglotic-
kého prostoru, a pfispiva tak k celkovému sniZeni incidence
VAP [6,7].

V soucasné dob¢ dochdzi k celosvétovému ndriistu nozo-
komidlnich infekei zpusobenych MDR bakteriemi, a to se
tykd i VAP [8]. K této skute¢nosti pfispivaji nckteré spe-
cifické faktory, pfedeviim predchozi aplikace ATB, acute
respiratory distress syndrome (ARDS) pfedchézejici VAP,
septicky Sok v okamZiku vzniku VAP, hospitalizace 5 a vi-

ce dni pfed vznikem VAP aj. [9]. V nali prici jsme se za-
méfili na epidemiologii VAP s ohledem na vliv pfedchozi
antibakteridlni terapie. Ddle byl hodnocen vliv na 28denni
1 90denni mortalitu a frekvenci zdchytu MDR bakteridlnich
patogenu.

Materiél a metody

Studie byla schvdlena etickou komisi Fakultni nemocnice
Olomouc (&islo jednaci 173/2018). Pracovistém bylo liZko-
vé oddéleni Kliniky anesteziologie, resuscitace a intenzivni
mediciny Fakultni nemocnice Olomouc (KARIM), referen-
¢nim obdobim listopad 2017 azZ fijen 2018.

Do této klinicko-mikrobiologické, observacni, retrospek-
tivni a srovndvaci studie byli zafazeni nemocni starsi 18 let
s respiracni insuficienci vyzadujici UPV, kdy v okamZiku
napojeni nevykazovali klinické zndmky pneumonie. Jiny in-
fekt (napf. neuroinfekt, rannd infekce hluboka ¢i povrchova,
uroinfekt) byl moZny. Do studie nebyli zafazeni pacienti se
zndmkami pneumonie v okamziku napojeni na UPV, s neu-
tropenii a pacienti, u kterych béhem hospitalizace doslo ke
zméné kategorie 1éCby na zadrZzenou ¢i paliativni péci.
Zcela pak byli vylouceni orgdnovi dérci. Kontrolni skupinu
pak tvofili pacienti vyZadujici UPV déle nez 48 hodin bez
znamek pneumonie.

Viem pacientim byl pfi pfijeti a ndsledné 2x tydné (vzdy
v pondéli a ¢tvrtek) odebrn stér z orofaryngu a endotra-
chedlni aspirdt (ETA) dle standardu oddéleni. Kazdy vzorek
byl zpracovidn béZnymi mikrobiologickymi postupy.

Identifikace mikroorganismi byla provedena za pouZiti
MALDI-TOF MS (Biotyper Microflex, Bruker Daltonics).
Citlivost k antibiotikim byla testovdna dilu¢ni mikrome-

Tabulka 1
Demografické Gdaje pacientl souboru
Skupina
ATB bez ATB
medifn  min max mean SD medidn min max mean SD P

Vek 6.5 26 80 83 156 59 2 92 598 192 0842
BMI 29 19 48 297 63 28 20 35 214 45 0264
APACHEN 26 i 40 265 17 2 9 34 241 55 0343

*ATB — pfedchozi ATB terapie, bez ATB — bez piedchozi ATB terapie, BMI — Body Mass Index, APACHE II skére
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todou dle doporuc¢eni EUCAST [10]. Referen¢ni kmeny
Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 29213 a Ente-
rococcus faecalis ATCC 29212 byly poutzity k protokolova-
né kontrole kvality. Produkce Sirokospektrych beta-lakta-
mdaz typu ESBL, AmpC a karbapenemdz byla detekovana
diskovymi difuznimi testy pfislusnymi pro dany typ enzy-
mu [11,12]. Pozitivni fenotypové vysledky byly ovéfeny po-
moci PCR detekujici geny specifické pro dany typ beta-lak-
tamazy [13,14].

Bé&hem hospitalizace byla antibakteridlni terapie kori-
govdna na zdkladé konzultaci s Antibiotickym stiediskem
Fakultni nemocnice Olomouc s ohledem na identifikovana
etiologickd agens a jejich citlivost/rezistenci k ATB. V pfi-
padg, Ze se nepodafilo izolovat etiologické agens z ETA, by-
lo pfihlédnuto k mikrobiologickému ndlezu ve stéru z oro-
faryngu.

Definitivni potvrzeni VAP na zdkladé klinickych a labo-
ratornich zndmek bylo provedeno dodate¢nym skiagramem
hrudniku. Nésledovalo klinické hodnoceni obou skupin na
zdkladé zvolenych kritérii:

» demografické udaje (vék, pohlavi, APACHE II skére, in-
dex body mass),

« aplikace ATB v pfedchozich 90 dnech,

* doba vzniku VAP,

« etiologické agens VAP,

« mortalita (28denni, 90denni),

* ostatni parametry (doba UPV, délka pobytu na KARIM,
délka pobytu v nemocnici).

Data byla ziskdna ze zdravotnické dokumentace (nemoc-
ni¢ni informaéni systém, zdravotnické zaznamy registruji-
cich praktickych 1¢kaii).

Statistické zpracovén{

Ke statistickému zpracovéni byl pouZit statisticky software
IBM SPSS Statistics for Windows, Version 23.0. Armonk,
NY: IBM Corp. Soubor byl popsdn pomoci absolutnich
a relativnich Cetnosti, kvantitativni veli¢iny byly vyjadieny
jako medidn, minimdlni a maximdlni hodnota, primér
a smérodatnd odchylka (SD). Srovndni skupin pacienti
v kvantitativnich znacich (vék, BMI, APACHE) bylo prove-
deno vzhledem k malym velikostem vzorki pomoci Mann-
Whitney U-testu. V kvalitativnich veli¢indch (vliv ATB te-
rapic, mortalita) byly skupiny porovniny Fisherovym
pfesnym testem. Za statisticky vyznamnou byla povaZovina
hladina signifikance p < 0,05.

Vysledky

V referen¢nim obdobi bylo napojeno na UPV 354 pacien-
ti. Do studie bylo zafazeno 49 pacienti (29 muzu, 20 Zen).
Predchozi ATB terapii uZivalo 32 pacientu (65 %). Obé ra-
mena se v demografickych udajich (vék, APACHE II skére,
index body mass) statisticky vyznamné neliSila (tabulka I).

Pacienti s predchozi ATB terapii méli delsi dobu hospita-
lizace (medidn 13, interquartile range, IQR, 5-90) neZ pa-
cienti bez predchozi aplikace ATB (medidn 9, IQR 4-47),
(p = 0,059). Doba UPV i délka pobytu na KARIM se vy-

Graf 1
Rozdéleni pacientu souboru

ATB

bez ATB

soubor
l] skupina VAP l] skupina kontroly

*VAP - ventilator-associated pneumonia

ATB — ATB terapie v predchozich 90dnech pfed pfijetim
na KARIM

Bez ATB — bez ATB terapie v intervalu 90dna pfed pfijetim
na KARIM

znamné neliSily (medidn 6 vs. 7 dni, resp. 8 vs. 7 dni). Nej-
Castéji poddvanymi antibiotiky v predchézejicich 90 dnech
byly aminopeniciliny s inhibitory bakteridlnich beta-lak-
tamdz (amoxicilin/kys. klavulanovd, ampicilin/sulbaktam),
amoxicilin, ampicilin, azitromycin, piperacilin/tazobaktam,
cefazolin, cefuroxim, ciprofloxacin, kotrimoxazol, metroni-
dazol, gentamicin a jejich pfipadné kombinace. 28denni
mortalita byla niZ8i u pacientii s predchozi ATB terapii
(22 % vs. 24 %, p = 1,000). Statisticky vyznamny rozdil
nebyl zaznamendn ani u 90denni mortality (22 % vs. 41 %,
p=0,193).

Kritéria VAP splnilo 23 pacientii. Pfedchozi ATB terapii
ve skupiné VAP mélo 11 pacienti oproti 12 pacientim bez
predchozi aplikace ATB. Cetnost poddni ATB u pacientii
s VAP byla v souboru signifikantné niZ8i (34 %) neZ u kon-
trolni skupiny bez VAP (66 %), (p = 0,02) (graf 1). U pa-
cientil s pfedchézejici ATB 1é¢bou doslo ¢astéji k pozdnimu
nastupu VAP. Nejcastéji izolovanymi etiologickymi agens
byly enterobakterie, v&etné kment produkujicich Siroko-
spektré beta-laktamézy, a Pseudomonas aeruginosa. U pa-
cienti bez predchéazejici ATB 1é¢by byl spiSe ¢asny ndstup
VAP. Nejastéji byly izolovany Escherichia coli, Klebsiella
pneumoniae, Staphylococcus aureus a Haemophilus in-
fluenzae. Byl prokdzan statisticky vyznamny vys§i podil
MDR patogenti u pacientii s predchozi aplikaci antibiotik
(p = 0,047), z celkového poctu 13 identifikovanych bakte-
ridlnich patogenii bylo 10 MDR (77 %). V pfipadé pacienti
bez ATB byly pouze 4 bakteridln{ kmeny z 12 klasifikovdny
jako MDR (33 %) (tabulka 2). Pfedchozi ATB terapie u pa-
cienti s VAP prodlouzila dobu UPV (medidn 9, IQR 5-44)
oproti pacientim bez predchozi 1é¢by (medidn 7, IQR 4-31).
Statisticky vyznamny rozdil prokdzin nebyl (p = 0,322).
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Tabulka 2

Cetnost zachytu etiologickych agens VAP v zavislosti na predchozi ATB terapii

jicich komunitnich pneumonii u rizi-
kovych pacienti dle Fineho kritérii

[15]. V souladu s klinickymi guideli-

Etiologické agens ATB Bez ATB Celkem nes managementu nozokomidlni a ven-
Burkholderia multivorans 1 1 2 tildtorové pncumonic vydanych Vv roce
- , — 2016 spole¢nostmi Infectious Diseases
Pscudomonas acruginosa 1 1 2 Society of America a American Tho-
Stenotrophomonas maltophilia 1 0 1 racic Society se tak podafilo ovéfit
I}ffhcrichia oli ° " 7 1 ;:::‘_ :J{]L:;h[(;zix ATB terapie na inci-
Escherichia coli ESBL 2 1 3 Odhadovana prevalence VAP u viech
= ; o 2 = nemocnych napojenych na UPV ¢ini
S 5 4 > A w*li S 77»_5 ————— 9-27 % [1,2]. V nasem souboru ¢inila
Klebsiella pneumoniae 0 2 2 pouze 7 %. MoZnym vysvétlenim je
Iférgancﬂa morganii 1 0 1 mald velikost souboru, event. relativné
- — — - kratkd doba UPV. Incidence VAP ko-
Serratia marcescens 1 2 isd0d 2,0 do 6,4 na | 000 ventildtoro-
Enterococcus faecalis 1 0 ] vych dni v zdvislosti na podilu intubo-
@B;l(;c;cc S 5 — ppw: vanych pacienti na JIP [16]. Incidence
: n - .~ VAP v nasi studii byla 3 pfipady na
Klebsiella aerogenes AmpC 1 0 1 1 000 ventildtorovych dni.
""" ) - T Nejcastéji izolovanymi bakteridlni-
Emembacw et = 2, . 444_3., mi puvodci VAP jsou Pseudomonas
Haemophilus influenzae 0 1 1 acruginosa, Staphylococcus aureus,
Celkem 13 12 25  Kiebsicella pneumonic a Escherichia
coli [16]. V naSem souboru byly nej-
Pocet MDR bakterii 10 4 14 Casté&ji izolovany enterobakterie, véet-

ESBL. AmpC - Sirokospektré beta-laktamazy
ATB — ATB terapie v intervalu 90 dnu pied pfijetim na KARIM

Bez ATB — bez ATB terapie v intervalu 90 dni pied pfijetim na KARIM

MDR - multirezistentni

Délka pobytu na KARIM a zejména délka pobytu v nemoc-
nici byla rovnéZ del3i u pacienti s pfedchozi ATB terapii
(medidn 13, IQR 7-44, vs. medidn 9,5, IQR 4-36), (p = 0,164).
Niz8i 28denni mortalita byla zaznamendna u pacientl
s predchozi ATB lécbou (18 %, n = 2 vs. 33 %, n = 4)
(p = 0.640). U 90denni mortality byl rozdil jeSté vyraznéjsi,
avSak na nizké hladiné€ statistické vyznamnosti (18 %, n =2,
resp. 58 %.n =17), (p = 0,089).

Diskuze

PredloZend prace hodnoti vliv pfedchozi antibakteridlni
terapie (v intervalu 90 dni) na incidenci VAP, bakteridlni
etiologickd agens, vcetné jejich citlivosti ¢i rezistence
k ATB, a mortalitu.

Cetnost predchoziho podéni ATB u pacientii s VAP byla
v souboru signifikantné niZ§i neZ u kontrolni skupiny bez
VAP. MoZné vysvétleni Ize nalézt v zastoupeni antibakte-
ridlnich pfipravki u pfedchozi ATB 1écby. Nejcastéji podd-
vanymi antibiotiky v pfedchozich 90 dnech byly aminope-
niciliny s inhibitory beta-laktamdz (ampicilin/sulbaktam ¢i
amoxicilin/kys. klavulanovd), které jsou zdroven i soucasti
obecnych doporuceni inicidlni ATB terapie téZce probiha-

né kment produkujicich Sirokospekiré
beta-laktamazy, a Pseudomonas aeru-
ginosa. Nepodafilo se prokdzal statis-
ticky vyznamnou souvislost mezi etio-
logickym agens, dobou vzniku VAP
a piedchozi ATB terapii. U pacienti
s predchdzejici ATB 1é¢bou viak do-
§lo ¢asté&ji k pozdnimu ndstupu VAP.

K diileZitym parametrum hodnoceni
1é¢by VAP patii mortalita. Atributivni
riziko umrti v souvislosti s VAP se v soucasnosti pohybuje
kolem 9 % (3-17 %) [17]. V nasi studii bylo toto riziko
12 %. 1 pres niZz§i hladinu statistické vyznamnosti
(p = 0,089) vysledky naznacuji, Ze pacienti s VAP a pred-
chozi ATB terapii maji niZ8i nejen 28denni, ale zejména
90denni mortalitu.

U pacienti s predchozi aplikaci antibiotik byly castéji
prokdziany MDR bakterie, ale mortalita je niZsi. Pravdé-
podobné u téchto pacientii byly vzaty v uvahu pfedchdzeji-
ci mikrobiologické ndlezy a antibiotickd 1é¢ba. Naslednd
ATB terapie jiz byla tedy cilenéji zaméfena. U pacienti bez
pfedchozi aplikace antibiotik a znalosti pfedchoziho anti-
biogramu tak mohlo castéji dojit k selhdni inicidlni ATB
terapie z divodu bakteridlni rezistence. V t€éto souvislosti
price Planquette et al. hodnotila prediktivni faktory reku-
rence VAP zplisobené Pseudomonas aeruginosa s ohledem
na predchozi antibakteridlni terapii [18]. UZiti fluorochino-
lonii v predchozi 1€¢bé bylo jednozna¢né rizikovym fakto-
rem rekurence VAP. Antibakteridlni 1é¢bu je tedy nutné mo-
difikovat s ohledem na pfedchozi ATB terapii a vysledky
pfedchézejicich mikrobiologickych vySetfeni, ¢ili aplikovat
individualizovanou 1é¢bu. Pokud vysledky nejsou k dispo-
zici, je vhodné postupovat podle obecnych doporuceni ini-
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cidlni antibiotick¢ terapie VAP, které vSak musi vychdzet
z vysledku lokdlni surveillance bakteridlnich patogend a je-
jich rezistence k ATB [19].

Nejvyraznéj§im limitem studie je nizky pocel pacienti,
nicméné jednd se o pilotni studii, jejimZ dkolem bylo ovéfe-
ni metodiky pro ndslednou klinickou studii.

Zavér

Pfedchozi podavani ATB je spojeno s niZ3i incidenci VAP,
soucasné viak s vy$§im vyskytem MDR bakterii. ATB lé¢ba
VAP modifikovand znalosti pfedchozi aplikace ATB a vy-
sledky mikrobiologickych nélezl pfispéla k niZ8i 28dennf{
1 90denni mortalité pacientu.

Price byla podpofena grantem IGA_LF 2019 _21.
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Abstract: Ventilator-associated pneumonia (VAP) is one of the most severe complications affect-
ing mechanically ventilated patients. The condition is caused by microaspiration of potentially
pathogenic bacteria from the upper respiratory tract into the lower respiratory tract or by bacterial
pathogens from exogenous sources such as healthcare personnel, devices, aids, fluids and air. The
aim of our prospective, observational study was to confirm the hypothesis that in the etiology of
VAP, an important role is played by etiological agents from the upper airway bacterial microflora.
At the same time, we studied the hypothesis that the vertical spread of bacterial pathogens is more
frequent than their horizontal spread among patients. A total of 697 patients required mechanical
ventilation for more than 48 h. The criteria for VAP were met by 47 patients. Clonality of bacterial
isolates from 20 patients was determined by comparing their macrorestriction profiles obtained by
pulsed-field gel electrophoresis (PFGE). Among these 20 patients, a total of 29 PFGE pulsotypes of
Klebsiella spp. and Escherichia spp. strains were observed. The high variability of clones proves that
there was no circulation of bacterial pathogens among hospitalized patients. Our finding confirms
the development of VAP as a result of bacterial microaspiration and therefore the endogenous origin
of VAP.

Keywords: ventilator-associated pneumonia; Klebsiella spp.; Escherichia spp.; pulsed-field gel elec-
trophoresis (PFGE); clonality; endogenous infection

1. Introduction

Ventilator-associated pneumonia (VAP) is one of the most severe complications affect-
ing mechanically ventilated patients. VAP has a considerable impact on patient prognosis
due to longer ventilation time and higher mortality. The incidence of VAP is reported to
be 9-27% [1]. The risk of developing VAP is highest in the first five days of mechanical
ventilation and then gradually decreases [2]. Mortality associated with VAP is 33-50%,
depending on the bacterial pathogen, adequacy of the antibiotic therapy and comorbidities
of the patient [1]. With strict preventive measures in place, the death rate may decrease
to approximately 9-13% [3]. The incidence of VAP is influenced by a range of risk fac-
tors contributing to undesirable microaspiration of potentially pathogenic bacteria into
the lower respiratory tract. Microaspirations occur not only due to respiratory invasive
procedures, including intubation or bronchoscopy, but also passively due to leakage of
pooled secretions (from the paranasal sinuses, nasopharynx, oropharynx or stomach) from
the space above the endotracheal tube cuff. Even insertion of the tube itself disrupts the
natural barrier protecting the airways [4] and a biofilm forming on its surface may become
a source of bacterial contamination of the lower respiratory tract [5]. All these mechanisms,
individually or together, participate in the endogenous origin of VAP. The independent risk
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factors for VAP are mainly previous administration of antibiotics and patient comorbidi-
ties [1]. The exogenous sources of bacterial pathogens responsible for VAP in the intensive
care setting may include healthcare personnel, devices, aids, fluids or air [6].

The study aimed to confirm the hypothesis that in the etiology of VAP, an important
role is played by etiological agents from the upper airway bacterial flora, and that vertical
spread of bacterial pathogens is more common than their horizontal spread among patients.

2. Results

Patients over 18 years of age hospitalized at the Department of Anesthesiology, Re-
suscitation and Intensive Care Medicine, University Hospital Olomouc, Czech Republic,
between 11 January 2018 and 22 May 2020 were involved in this prospective, observa-
tional study.

Over the study period, a total of 697 patients required mechanical ventilation for more
than 48 h. The criteria for VAP were met by 47 patients. The clonality study included 20
patients (18 males, 2 females) whose VAP was caused by Klebsiella spp. and Escherichia spp.
As for demographic data, only age was normally distributed (median 58, interquartile
range, IQR, 23-83). The other parameters showed non-normal distribution. The mean body
mass index was 28 &+ 5 (median 28, IQR 19-48). The median Acute Physiology and Chronic
Health Evaluation II (APACHE II) score on admission was 24 (IQR 14-32). The median
duration of mechanical ventilation and intensive care unit (ICU) stay was 11 days (IQR
5-43) and 13 days (IQR 6-44), respectively. The patients had a 30-day mortality rate of 20%.

A total of 49 Klebsiella spp. and Escherichia spp. isolates were obtained from 20 pa-
tients. Of those, nine Escherichia spp. isolates came from five patients and 40 Klebsiella
spp. isolates from 17 patients; the latter included four isolates from patients from whom
Klebsiella variicola or Escherichia spp. isolates were also obtained.

2.1. PFGE Analysis of Klebsiella spp. Isolates

For 26 Klebsiella pneumoniae isolates from 12 patients, different restriction profiles
obtained with Spel digestion of DNAs were observed, resulting in 16 pulsotypes. Isolates
with identical restriction profiles were documented among different types of samples
collected from the patients (Figure 1). Additionally, more than one clone was observed
among isolates coming from patients referred to as PAT 8, PAT 9 and PAT 12.

Clustering analysis of nine isolates identified as Klebsiella variicola coming from five
patients contributed to our finding that there was no clonal spread among patients in the
Department of Anesthesiology, Resuscitation and Intensive Care Medicine. Furthermore,
more than one clone was observed in the patient PAT 2 (Figure 2). A dendrogram con-
structed for five Klebsiella oxytoca isolates coming from 2 patients supported clonal diversity
among different patients (Figure 3). Nevertheless, the phylogenetic tree based on PFGE
profiles revealed identical strains isolated from different types of samples collected from
each patient.
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Figure 1. Dendrogram for restriction patterns of K. pneumoniae isolates. Legend: horizontal axis—similarity of isolates (%);
vertical axis—pulsotype, patient code, type of sample, date of sample collection, date of VAP diagnosis; PT pulsotype, PAT
patient, ENDO endotracheal aspirate sample, THROAT throat swab. The vertical line indicates the similarity threshold set

at 97%.

Figure 2. Dendrogram for restriction patterns of K. variicola isolates. Legend: horizontal axis—similarity of isolates (%);
vertical axis—pulsotype, patient code, type of sample, date of sample collection, date of VAP diagnosis; PT pulsotype, PAT
patient, ENDO endotracheal aspirate sample, THROAT throat swab. The vertical line indicates the similarity threshold set

at 97%.
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Figure 3. Dendrogram for restriction patterns of K. oxytoca isolates. Legend: horizontal axis—similarity of isolates (%);
vertical axis—pulsotype, patient code, type of sample, date of sample collection, date of VAP diagnosis; PT pulsotype, PAT
patient, ENDO endotracheal aspirate sample, THROAT throat swab. The vertical line indicates the similarity threshold set
at 97%.

2.2. PFGE Analysis of Escherichia spp. Isolates

PFGE identified three pulsotypes among five Escherichia coli isolates belonging to three
patients (Figure 4), supporting clonal diversity among different patients. The same results
were obtained by restriction profiles of Escherichia hermannii DNA as four isolates were
categorized to two phylotypes corresponding with patient codes (Figure 5).
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Figure 4. Dendrogram for restriction patterns of E. coli isolates. Legend: horizontal axis—similarity of isolates (%); vertical
axis—pulsotype, patient code, type of sample, date of sample collection, date of VAP diagnosis; PT pulsotype, PAT patient,
ENDO endotracheal aspirate sample, THROAT throat swab. The vertical line indicates the similarity threshold set at 97%.
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Figure 5. Dendrogram for restriction patterns of E. hermannii isolates. Legend: horizontal axis—similarity of isolates (%);
vertical axis—pulsotype, patient code, type of sample, date of sample collection, date of VAP diagnosis; PT pulsotype, PAT
patient, ENDO endotracheal aspirate sample, THROAT throat swab. The vertical line indicates the similarity threshold set
at 97%.

In 15 patients (75%), the bacterial pathogen that caused VAP was isolated from the
upper respiratory tract before the development of VAP, or bacterial strains identified from
the upper respiratory tract and endotracheal aspirate (ETA) samples showed identical
restriction profiles in the same patient. In the remaining five patients, we confirmed the
presence of the detected pathogen only in ETA samples after VAP had occurred.

3. Discussion

Over the study period, the incidence of VAP in the Department of Anesthesiology,
Resuscitation and Intensive Care Medicine reached 7%, a lower rate compared to long-
term reports [1]. The incidence was compared to 2018 data (1 January-31 December
2018) showing 20 cases of VAP among 291 patients mechanically ventilated for over 48 h
(unpublished data). The 2018 rate was also 7%, suggesting a stable incidence of VAP in
the department. In their comparison of data from the National Healthcare Safety Network,
Dudeck et al. reported a downward trend in the incidence of VAP [7,8]. However, recent
guidelines by the Infectious Diseases Society of America and the American Thoracic
Society state a stable VAP rate (approx. 10%) in mechanically ventilated patients [9].
The present study found a mortality rate of 20% among VAP patients. A meta-analysis
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by Melsen et al. reported lower overall mortality (13%). However, the opposite was
true for comparable patient subgroups (APACHE II score 20-29), with rates of 20% and
36%, respectively [3]. Mortality rates in different studies are also difficult to compare
due to various methodologies. According to Forel et al., 28-day and 90-day mortality
of patients with VAP was 27% and 42%, respectively [10]. While a study from Thailand
documented 30-day mortality of 46% [11], Tejada et al. reported a rate of 44% without time
specification [12]. A multi-center study by Herkel et al. assessed 30-day mortality with
regard to adequate or inadequate empirical antibiotic therapy (27% vs. 45%) [13].

In the pathogenesis of VAP, microaspiration of bacteria from secretions in the space
above the endotracheal tube cuff or the oropharynx plays the major role. Less frequently,
the infection is caused by exogenously acquired pathogens. Thus, most VAP cases are of
endogenous origin [6,14]. The risk factors for the development of VAP are mainly urgent
tracheal intubation, reintubation, bronchoscopy and intolerance of enteral feeding, that is,
situations representing a higher risk of microaspiration [15]. The introduction of routine
assessment of the bacterial flora in both the upper and lower respiratory tract has allowed
early identification of bacterial pathogens responsible for VAP. ETA sample collection
results in more frequently detected pathogens (93%) compared to not only oropharyngeal
swab (OS) and gastric aspiration samples (59% and 57%, respectively), but especially to
protected specimen brushing (36%) [16]. The latter approach has the lowest sensitivity of all
invasive techniques and is therefore not routinely performed, as stated in a meta-analysis
by Fernando et al. [17]. Our results suggest that taking OS and ETA samples twice a week
is sufficient.

To the best of our knowledge, this is the first study comparing the clonality of Kleb-
siella and Escherichia spp. strains isolated from different types of samples in each patient
with VAP. Among 20 patients, a total of 29 PEGE pulsotypes were observed. Restriction
profiles obtained from 26 K. pneumoniae isolates revealed 16 pulsotypes among 12 patients.
K. variicola isolates also showed high variability of clones, as six pulsotypes were obtained
from isolates belonging to five patients. Where K. oxytoca, E. coli and E. hermannii isolates
were analyzed by PFGE, the number of pulsotypes always corresponded with the number
of patients, proving that there was no circulation of pathogen among hospitalized patients.

Comparison of PFGE pulsotypes obtained in this study also showed high variability
of bacterial clones among different patients, which correlates with a study by Hanulik et al.
demonstrating clonal diversity among 23 K. pneumoniae isolates with only three pairs of
clones belonging to six different patients [18]. A later study by Pudova et al. observed
unique restriction profiles of analyzed isolates (74%) from hospital-acquired pneumonia
(HAP) patients, suggesting only rare clonal spread of HAP bacterial pathogens among
individual patients [19]. Unlike our study, circulation of multidrug-resistant K. pneumoniae
isolates causing VAP in Egypt was confirmed by PFGE analysis. A study by Mohamed et al.
included 19 clinical isolates from different patients and four environmental isolates, re-
sulting in 17 pulsotypes. The restriction profiles of clinical and environmental isolates
were similar, suggesting the exogenous origin of VAP infection [20]. Identical clones of
K. pneumoniae were also detected in 29% of VAP patients in China. Clonal relationship of
the K. pneumoniae strains was studied by random amplified polymorphic DNA (RAPD)
and multilocus sequence typing, revealing 21 different RAPD patterns and 25 sequence
types (ST) among 49 K. pneumoniae isolates. The most frequent clone, ST23 (43% prevalence)
corresponding to hypervirulent K. pneumoniae (hvKP), evinced an identical RAPD pattern
for all analyzed isolates, suggesting their epidemiological relationship [21]. According
to a study by Tabrizi et al., hvKP isolated from mechanically-ventilated drug-poisoning
patients was related to ST23 with the same PFGE pulsotype pattern, also underlining its
epidemiological importance [22]. Based on our PFGE results, no epidemiologic strain was
detected among the investigated patients.

In 75% of patients, the identified bacterial pathogen was first isolated from the upper
respiratory tract as part of the bacterial flora. Subsequently, its presence in the endotracheal
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secretion of a patient with clinically expressed VAP was confirmed. This finding confirms the
development of VAP resulting from bacterial microaspiration as reported by Pudova et al. [19].

The study limitations are its retrospective design, evaluation of only two bacterial
species, and inclusion of only one center.

4. Materials and Methods
4.1. Patients and Clinical Material

All patients over 18 years of age who required mechanical ventilation for more than
48 h at the Department of Anesthesiology, Resuscitation and Intensive Care Medicine
over the study period were involved in the study. Biological samples for microbiology
testing, collected as described below, were a routine part of standard care for mechanically
ventilated patients.

4.2. Sample Processing

The study included patients who met the clinical criteria for VAP caused by strains of
Klebsiella spp. and Escherichia spp. The clinical signs of pneumonia are defined as the pres-
ence of newly developed or progressive infiltrates on chest radiographs plus at least two
other signs of respiratory tract infection: temperature > 38 °C, purulent sputum, leukocyto-
sis (white blood cell, WBC > 10 x 10%/mm?3) or leukopenia (WBC < 4 x 103/mm?), signs
of inflammation on auscultation, cough and/or respiratory insufficiency with a PaO,/FiO,
ratio of <300 mm Hg that develop after more than 48 h of mechanical ventilation.

Excluded were patients with signs of pneumonia at the time of initiation of mechanical
ventilation or with neutropenia, organ donors, those who later switched to withhold
therapy or palliative care, and patients with VAP caused by bacterial pathogens other than
Klebsiella spp. and Escherichia spp.

4.3. Collection of Samples for Microbiological Culture and Identification of Isolated Bacteria

In all patients, OS samples were taken on admission and then twice weekly, and
ETA samples were taken twice weekly following the initiation of mechanical ventilation.
OS samples were collected from the back wall of the oropharynx using a commercially
available sample collection kit with a transport medium (Copan Diagnostics, Murrieta, CA,
USA). ETA samples were collected by aspiration of secretions from an orotracheal tube
using a sterile closed collecting system, with subsequent rinsing of the suction catheter with
10 mL of sterile saline and closing of the test tube with a sterile stopper. The identification of
bacteria was performed by MALDI-TOF MS (Biotyper Microflex, Bruker Daltonics, Bremen,
Germany) [23]. The study analyzed all Escherichia spp. and Klebsiella spp. strains isolated
from OS and ETA collected from the enrolled patients. Table S1 in Supplementary data
summarizes isolated bacterical species, dates of sample collection and VAP diagnosis of
the enrolled patients.

4.4. Genotyping of Selected Bacterial Isolates

Clonal relationships of bacterial isolates were determined by comparing their macrore-
striction profiles obtained by pulsed-field gel electrophoresis (PFGE). Bacterial DNA was
isolated according to a protocol previously described in a study by Husickova et al. [24].
Briefly, DNA was isolated from a bacterial culture incubated at 37 °C for 16 h in Mueller—
Hinton broth. The cells were washed three times with washing buffer followed by dilution
of bacteria for optical density of 1.0-1.5 at 600 nm. The cells were subsequently mixed with
2% low melting point agarose (Bio-Rad, Hercules, CA, USA) to form blocks. The prepared
agarose blocks were incubated at 37 °C in lysis buffer containing lysozyme. After 24 h,
the blocks were transferred into deproteination buffer with proteinase K and incubated at
55 °C for another 24 h. The obtained blocks were finally washed in TE buffer and stored
at 4 °C. According to manufacturer’s instructions, enzymes Xbal and Spel (New England
Biolabs, Ipswich, MA, USA) were used for DNA restriction. Escherichia spp. isolates were
digested by Xbal while Spel-digested genomic DNA was used for obtaining restriction
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profiles of Klebsiella spp. isolates. The obtained DNA fragments were separated by PFGE,
which was carried out in 1.2% agarose gel at 6 V. cm ™! and pulse times of 2-35 s for 24 h.
Thiourea (final concentration 50 uM) was added to an electrophoresis buffer in order to
improve the typeability of the strains. Ethidium bromide was used for staining the gel, the
obtained restriction profiles were documented by an imaging device and compared by the
GelCompar II software (Applied Maths, Kortrijk, Belgium). Dendrograms were constructed
by the unweighted pair group method with arithmetic mean combined with a hierarchical
clustering method with Dice’s coefficient. Optimization and band matching tolerance was
set at 2%. Restriction profiles reaching 97% similarity were considered identical.

4.5. Statistical Analysis

Data were analyzed with IBM SPSS Statistics for Windows version 23.0 (IBM Corp.,
Armonk, NY, USA). Quantitative variables are presented as means and standard deviations
(SD), minimum and maximum values and medians. The Shapiro-Wilk test for normal-
ity was used to verify that most data are not normally distributed (the only exception
being age). Qualitative data (males/females, 30-day mortality) are presented as counts
and percentages.

5. Conclusions

The results of this study, namely unique profiles confirming high variability of bac-
terial pathogens isolated from different patients, led us to conclude that the isolates did
not spread among the hospitalized patients, suggesting that all VAP infections were en-
dogenously acquired. At the same time, the results prove that strict adherence to hygiene
and epidemiological precautions and careful surveillance of bacterial pathogens causing
VAP, including assessment of the upper respiratory tract microflora, in clinical practice,
may effectively prevent the horizontal spread of bacterial pathogens among mechanically
ventilated patients. The observations of the study also indicate that bacterial microflora
of the upper respiratory tract might predict the pathogens implicated in VAP. Thus, reg-
ular screening of a patient’s oral microflora might guide empirical antibiotic treatment
when the patient subsequently develops VAP, possibly increasing the rate of appropriate
antibiotic treatment.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article /10
.3390/ antibiotics10060674 /s1, Table S1: ENDO endotracheal aspirate sample, ESCO E. coli, ESHE E.
hermannii, KLOX K. oxytoca, KLPN K. pneumoniae, KLVA K. variicola, PAT patient, THROAT throat swab.
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Volna sdéleni jsou ¢asto zatlacovana do pozadi
vyzvanych pfednasek eminentnich expertd oboru.
Priznejme si, Ze ne zcela opravnéné. Volna sdéleni,
pfipravena vét§inou mladymi a jisté nadéjnymi
autory, do spektra aktivit jakéhokoli kongresu
bezesporu patfi. PfinaSeji nam zasadni informa-
ce o tom, jaky vyzkum se dé&je ,,v podhoubi“, co
nas mozna v budoucnu ¢eka a v neposledni fadé
také - koho budeme poslouchat na vyzvanych
pfednaskach za nékolik let. Posluchaci volnych
sdéleni maji mozZnost se také naprosto volné
a skute¢né ,horizontalné“ pobavit o zajimavych
kazuistikach nebo auditech svych pracovist. To vse
dava kongresu dalsi rozmér - nikoli se jen pobavit,
poslechnout si nékoho, kdo je etablovana autorita,
ale také interagovat s jinymi 1ékafi o tématech,
kterda mohou ,,palit“, a jsou feSena vsude - od po-
sledniho malého oddéleni az po nejvétsi kliniku.

Z tohoto a mnoha jinych divodf jsme radi,
Ze volna sdéleni jsou nedilnou soucasti kongrest
CSARIM a Ze se jejich pocet a kvalita kazdorotné
zvySuji. V tomto roce pocitadlo automatického ¢islo-
vani pifhlaSenych abstrakt piekrocilo osmdesatku -
skutecné ,volnych sdéleni“, tedy nevyzvanych pied-
nasek 1ékatské sekce bylo 45 a nelékatti1 29. Védecky
vybor kongresu mél tedy diky vam a vasim kolegim
skutecné obtiZny ukol vybrat ta sdéleni, kterd maji
vice co Tici, kterd jsou lep$i nez jina. Z 1ékatskych
abstrakt byla po zaslepeni a vylouceni konfliktu
zajma vybrana Sestice nejlep$ich - téch, ktefi své
prace méli Sanci pfedstavit nikoli u e-posteru, ale
prednaskou spojenou s hlasovanim publika o nej-
lep§i volné sdéleni. Tento rok si toto ocenéni odnesla

Anest intenziv Med. 2019;30:195-224

Tereza BartoSova a tym Kliniky anesteziologie, re-
suscitace a intenzivni mediciny 1. 1ékaiské fakulty
Univerzity Karlovy a VSeobecné fakultni nemocnice
v Praze za praci Chirurgické podminky pfi pouZiti rokuronia
versus sukcinylcholinu u cisafského fezu: randomizovand studie.
Vedle toho méli posluchaci bloku volnych sdéleni
moznost vyslechnout vysledky péti dalsich exce-
lentnich pfednasek, na kterych se podileli autofi
z celé republiky. V nelékafich byla ocenéna prace
Lenky Skardové a Pavly Tfiskové z tymu Kliniky
anesteziologie, resuscitace a intenzivni mediciny
Lékatské fakulty v Plzni a Fakultni nemocnice Plzeri
Adenosin, vyuZiti pfi operacnim feSeni aneurysma v neurochi-
rurgii z pohledu anesteziologickeé sestry.

Covic: rostouci pocet abstraktli jasné poukazuje
na to, Ze nas obor se ¢im dal tim vice emancipuje
a vedle ,,poskytovani servisu“ zde zac¢ina rist to,
co bychom mohli nazvat ,akademickou aneste-
zii“ - obor, ktery se neboji vlastniho samostatného
vyzkumu, roz8ifuje hranice poznani a na pod-
kladé vlastnich dat kultivuje své dalsi poc¢inani.
V pristim roce, kdy se podafilo do Cech dostat
Svétovy kongres anesteziologi (WFSA), budou mit
autofi volnych sdéleni jeSté tezsi tkol. Kongres
CSARIM bude probihat jako integralni soucast
WTESA, proto budou i volna sdéleni probihat nikoli
v konkurenci ¢eskych (a slovenskych) luhti a haja,
ale v konkurenci svétové. K nasi - Ceské - verzi se
vratime opét za rok.

Na zavér nam dovolte, abychom podékovali
vSem autorfl, ktefi nalezli odvahu a pfihlasili se
letos o slovo formou aktivni - volné Gcasti. I diky
nim byl nas kongres v Brné o néco pestte;jsi!

2019,30,¢.5  ANESTEZIOLOGIE A INTENZIVNI MEDICINA

195



diskomfortu. Vysledky jsou vyjadfeny jako prameér
+ smérodatna odchylka, median (IQR), nebo jako
procenta.

Vysledky: Ve skupiné C byla zjiSténa vySsi inici-
alni hloubka zavedeni trachealni rourky (22 (21;
23) vs. 21(20; 22) cm, P = 0,010) a vys$$i vyskyt zna-
mek endobronchidlni intubace (15,6 % vs. 0,0 %,
P =0,012) ve stovnani se skupinou V. Mezi skupina-
mi C a V nebyly pozorovany rozdily ve vyskytu po-
operacni bolesti krku (20,0 %, vs. 17,8 %, P=1,000),
chrapotu (31,1 % vs. 24,4 %, P = 0,488). Skupiny se
nelisily vyskou (172,7 + 10,3 vs. 173,5+ 8,7 cm, P =
0,692) ani zastoupenim Zen ve skupiné (24/45 vs.
19/45, P = 0,165).

Zavér: Pouziti videolaryngoskopie bylo spojeno
s men3i inicidlni hloubkou zavedeni trachealni
rourky a niz§im vyskytem nechténé endobronchi-
alni intubace.

Modifikuje pfedchozi antibioticka terapie epide-
miologii ventilitorové pneumonie?

Papajk]., Uvizl R}, Koldf M .2

Klinika anesteziologie, resuscitace a intenzivni medici-
ny, Fakultni nemocnice Olomouc

*Ustav mikrobiologie, Lékafskd fakulta Univerzity
Palackého v Olomouci a Fakultni nemocnice Olomouc

Uvod: Spektrum bakteridlnich plivodcil ventilato-
rové pneumonie (VAP), jejich citlivost k antibioti-
kim (ATB) a epidemiologie VAP muZe byt ovlivnéna
pfedchozim podanim ATB.

Cil a metody: Cilem této prace bylo hodnoceni
vlivu pfedchozi aplikace ATB na incidenci VAP,
etiologicka agens VAP v¢. frekvence multirezis-
tentnich (MDR) bakteridlnich patogenfi a 28denni
mortalita. Do retrospektivni observa¢ni studie byli
v obdobi 11/2017 - 10/2018 zafazeni dospéli nemocni
spliiujici klinicka kritéria VAP, Kontrolni skupinou
byli pacienti vyzadujici umélou plicni ventilaci
(UPV) déle nez 48 hodin, bez znamek pneumonie.
ODbé ramena byla stratifikovana podle ordinace ¢i
absence predchozi aplikace ATB. Stéry z orofaryngu
a endotrachealni aspiraty (ETA) byly zpracovany
standardnimi mikrobiologickymi postupy.
Vysledky: Bylo zafazeno 49 pacientl. Pfedchozi
ATB terapii uzivalo 32 pacientl (65 %). Obé rame-
na se v demografickych adajich (vék, body mass
index, APACHE II skére) statisticky vyznamné ne-
ligila. Cetnost pfedchoziho podani ATB u pacien-
tl s VAP byla signifikantné nizsi (tab.). Kritéria
VAP splnilo 23 pacientli. Nejcastéji izolovany byly
enterobakterie véetné kment produkujicich §i-
rokospektré beta-laktamazy (ESBL) a Pseudomonas
aeruginosa. Statisticky vyznamné vySsi byl vyskyt
MDR patogentl u pacientli s pfedchozi aplikaci ATB

ABSTRAKTY

(77 % vs. 33 %, p = 0,047). 28denni mortalita byla
niz8i u pacientd s pfedchozi aplikaci ATB (18 % vs.
33%, p=0,640).

Zavér: Predchozi aplikace ATB je spojena s nizsi
incidenci VAP a soucasné s vy$§im vyskytem MDR
bakteridlnich kment. Antibioticka lé¢ba VAP mo-
difikovana znalosti pfedchozi aplikace antibio-
tik a vysledky mikrobiologickych nalezi pfispély
k nizsi 28denni mortalité pacientfi.

=002 CSkwpina |
VAP 1 12 23
Soubor
Kontroly 21 5) 26
Total 32 17 49

ATB - antibioticka terapie podana v predchozich 90 dnech; bez
ATB - absence antibiotické terapie v predchozich 90 dnech; kon-
troly - pacienti na umélé plicni ventilaci vice nez 48 h bez znamek
pneumonie; VAP - ventilator-associated pneumonia, ventilatorova
pneumonie

Korelace mezi hemodynamickou i¢innosti kardio-
pulmonailni resuscitace a mirou komprese srdec¢-
nich komor méfenou transtorakalni echokardio-
grafii - experimentalni studie

Pakostovd B., Skulec R."3, Pafizek T."*, Astapenko D.%3,
Cerny V.16

Klinika anesteziologie, periopera¢ni a intenzivni me-
diciny, Univerzita J. E. Purkyné v Usti nad Labem,
Masarykova nemocnice v Usti nad Labem
2Zdravotnicka zachranna sluzba StfedocCeského kraje,
Kladno

3Klinika anesteziologie, resuscitace a intenzivni me-
diciny, Univerzita Karlova, Lékafska fakulta v Hradci
Kralové, Fakultni nemocnice Hradec Kralové
4Zdravotnicka zachranna sluzba Usteckého kraje, Usti
nad Labem

SCentrum pro vyzkum a vyvoj, Fakultni nemocnice
Hradec Kralové

‘Department of Anesthesia, Pain Management
and Perioperative Medicine, Dalhousie University,
Halifax, Nova Scotia

Uvod: Optimalizace kardiopulmondlni resuscita-
ce (KPR) pomoci monitorovani hemodynamické
ucinnosti v redlném Case mliZe zlep$it prognézu
pacientfi [1]. Neniznamo, jestli pro toto monitoro-
vani mtze byt pouZito Point-of-Care transtorakalni
echokardiografické vySetfeni (POC-TTE).

Cil a metody: Provedli jsme experimentalni ob-
servacni studii, abychom zhodnotili, jestli mira
komprese levé (LV) a pravé komory (RV) indukovana
nepiimou srde¢ni masazi béhem experimentalni
srde¢n{ zastavy stanovena POC-TTE koreluje s ko-
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Modifikuje predchozi antibioticka terapie epidemiologii
ventilatorové pneumonie?

Papajk J.!, Uvizl R.!, KolaF M.2

', o, 'Klinika anesteziologie, resuscitace a intenzivni mediciny, Fakultni nemocnice Olomouc
" G 2Ustav mikrobiologie, Lékafska fakulta Univerzity Palackého v Olomouci a

vod

Podavani antibiotik je jednim z faktort, ovliviujicich epidemiologii ventilatorové pneumonie (VAP, Ventilator-
associated pneumonia) [1]. Prace hodnoti viv pfedchozi aplikace antibiotik (ATB) na incidenci VAP, spektrum
etiologickych agens véetné frekvence multirezistentnich (MDR) bakterialnich patogenu a 28denni mortalitu

Material a metody

St

udie byla schvalena etickou komisi Fakultni nemocnice Olomouc (&islo jednaci 173/2018). Klinickym

pracovistém bylo luZkové oddéleni Kliniky anesteziologie, resuscitace a intenzivni mediciny Fakultni
nemocnice Olomouc (JIRP KARIM)

Do retrospektivni, observaéni studie byli v obdobi 11/2017 — 10/2018 zafazeni dospéli nemocni s respiraéni
insuficienci vyZadujici napojeni na umélou plicni ventilaci (UPV) déle nez 48 hodin bez klinickych a rg
znamek pneumonie v okamZiku napojeni. Nebyli zafazeni pacienti se znamkami pneumonie pfi napojeni na
UPV, s neutropenii, organovi darci a pacienti s naslednou zménou kategorie &by na zadrzenou & paliativni
péti. Kontrolni skupinou byli pacienti, vy2adujici UPV déle nez 48 hodin, bez znamek pneumonie po dobu
UPV

Véem pacientum byl pfi pfijeti a nasledné 2x tydné odebran stér z orofaryngu a endotrachealni aspirat (ETA)
dle standardu oddéleni. Vzorky byly zpracovany béZnymi mikrobiclogickymi postupy dle doporuéeni
EUCAST [2]. Konfirmace VAP na zakladé klinickych a laboratornich znamek byla provedena dodate&nym

sk
Si

jagramem hrudniku

edované (daje

demografie (vék, pohlavi, APACHE |l skére, index body mass)

aplikace ATB v pfedchozich 90dnech,

doba vzniku VAP,

etiologické agens VAP, frekvence MDR kmenu

mortalita (28denni)

ostatni parametry (doba UPV, délka pobytu na JIRP, délka pobytu v nemocnici)

Vysledky

v

referenénim obdobi vyZadovalo UPV 354 pacientu. Do studie bylo zafazeno 49 pacientl (29 mu2d

20 Zen). Pfedchozi ATB terapii uivalo 32 pacientl (65 %), bez ATB 17 pacientu (35%) (tab. 1). Nejéastéji
podavanymi antibiotiky v pfedchazejicich 90 dnech byly aminopeniciling s inhibitory bakterialnich
beta-laktamaz (amoxicilin/kys. klavulanova, ampicilin/sulbaktam), amoxicilin, ampicilin, azitromycin
piperacilinitazobaktam, cefazolin, cefuroxim, ciprofloxacin, kotrimoxazeol, metronidazol, gentamicin a jejich

pi

ipadné kombinace

Obé ramena se v demografickych (dajich (vék, APACHE |l skére, index body mass) statisticky vyznamné
nelidila. Pacienti s pfedchozi ATB terapii méli delsi dobu hospitalizace (median 13, interquartile range, IQR

5-

90) nez pacienti bez pfedchozi aplikace ATB (median 9, IQR 4-47), (p = 0,059). Doba UPV i délka pobytu

na JIRP se vyznamné nelidily (median 6 vs. 7 dni, resp. 8 vs. 7dni)

VAP
Kritéria VAP spinilo 23 pacienty, z nich 11 mélo pfedchozi ATB
terapii, 12 nikoli

Cetnost pfedchozi aplikace ATB byla u pacienti s VAP nizsi (34 %)
neZ u kontrolni skupiny (66 %), (p = 0,02) (tab. 1). U pacientlu

Lékafska
Fakultni nemocnice Olomouc fakulta
Tab. 1 Rozdéleni pacientl souboru
Skupina
p=0020 Total
ATB Bez ATB

VAP 1 12 23
Soubor

Kontroly | 21 5 26
Total o 17 49

*VAP = ventilalor-associated pneumonia, ventilatorova pneumonie
Kontroly — pacienti na umélé plicni ventilaci vice nez 48 hod. bez znamek

pneumonie

ATE = ATB terapie podana v pfedchozich 90 dnech
Baz ATE - absence ATB terapie v pfedchozich 80 dnech

Tab. 2 Spektrum eticlogickych agens VAP v zavislosti na pfedchozi

ATE terapii

=5 “E_t-|ologlcké agens

ATB |[Bez ATBJ_Ceikem

\Burkholderia multivorans

1

|
T

- |

] 2
\Pseudomonas aeruginosa

Stenotrophomonas maltophilia

\Eschenchia coli

Escherichia coli ESBL+

\Klebsiella pneumoniae ESBL+

\Klebsiella pneumoniae

Morganella morganii

Serratia marcescens

IEnterococcus faecalis

Staphylococcus aureus

Klebsiella aerogenes AmpC+

IEnterobacter cloacae

Haemophilus influenzae

Clo|=|O|=|=|=|O|a|N|O|=]|=]=

alm|olalolalo|p|alalale]~

alplalalalplalpjon|jw|a|ls]no

Celkem

Pocet MDR bakterii
*ESBL, AmpC - Sirokospekiré beta-laktamazy

ATB - ATB terapie podana v piedchoz

w

ich 90 dnech

=
LS

Bez ATB - absence ATB terapie v pfedchozich 80 dnech

Ll
o

Tab. 3 Sledované parametry u pacientl s VAP

s pfedchozi ATB léébou dodlo Zastéji k pozdnimu nastupu VAP Skupina VAP
(8 z celkovych 11 pacientd), naopak u pacientu bez pfedchazejici T
ATB I6éby prevazoval &asny nastup VAP (8 z celkovjch 12 pacientd). - st BexATH johR
Viiv pfedchozi aplikace antibiotik na spektrum etiologickych agens | IMedian| Min | Max |Mean| SD [Median) Min | Max | Mean | SD |
VAP ukazuje tab. 2. Nejtastéji byly izolovany enterobakterie | haE e

¢ : ba UPV | 4 1 14 T T |
véetné kmenu produkujicich Sirokospektré beta-laktamazy (ESBL) pobe L) 1 0 2 a 8 ! L 4 ) 8.4 il 10,902
a Pseudomonas aeruginosa. Byl prokazan statisticky vyznamné Délka pobytu na JIRP| 9 7 44 144 | 108 | 85 4 3 106 | 73 | 0,165
vy$si podil MDR patogent u pacientu s pfedchozi aplikaci ATB Délka pobytu | |
(77 % vs. 33 %, p = 0,047) L namocnic 13 7 44 | 17,6 1.5 9,5 4 36 131 101 . 0,164 |

Pi

tak délku pobytu na JIRP a zejména délku pobytu v nemocnici
(tab. 3). Byla viak zaznamenana niz8i 28denni mortalita (18 % vs
33 %) 4p = 0,640)

edchozi ATB terapie u pacientl s VAP prodlouZila jak dobu UPV,

ATEB - ATB terapie podana v pfedchozich 90

Diskuse

Pfedchozi aplikace antibiotik je spojena s ni28i incidenci VAP MoZné vysvétleni lze nalézt v zastoupeni
antibaktenalnich pfipravku pfedchozi ATB lécby. Nej¢astéji podavanymi antibiotiky v pfedchozich 90 dnech byly
aminopeniciliny s inhibitory beta-laktamaz (ampicilin/sulbaktam & amoxicilin/klavulanova), které jsou zaroven
soucasti obecnych doporuceni inicialni ATB terapie téZce probihajicich komunitnich pneumonii u rizikovych pacientd

dle Fineho kriténi [3]

U pacientu s pfedchezBaplikaci ATB byly astéji prokazany MDR bakteriaini kmeny, avéak moralita byla ni2si
Vysvétlenim muze byt t@) Ze u téchto pacientu byly vzaty v Uvahu pfedchazejici mikrobiologické nalezy a antibioticka
lééba. Nasledna ATBMerapie jiz byla cilenéji zaméfena. U pacienti bez pfedchozi aplikace antibiotik a znalosti

pfedehozino antibiog tak mohlo &astéji dojit k selhani inicialni empirické ATB terapie [4]. Pokud mikrobiologick

vysledky nejsou

kieré viak musi vychazet z visledku lokalni surveillance bakteridinich patogend a jejich rezistence k ATB [5)
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Epidemiologie ventilatorovych pneumonii s ohledem
na pfedchozi antibiotickou terapii

Papajk Jan"
Uvizl R.Y, Kolai M.?

1) Klinika anesteziologie, resuscitace a intenzivni mediciny, Fakultni nemocnice Olomouc
2) Ustav mikrobiologie, Lékar'skd fakulta Univerzity Palackého v Olomouci a Fakultni nemocnice Olomouc

Uvod

Pfedchozi aplikace antibiotické (ATB) terapie se muizZe uplatnit ve zméné spektra etiologic-
kych agens ventilatorové pneumonie (VAP), jejich citlivosti k antibiotikiim ¢&i samotné epide-
miologii VAP. Nejvy3si riziko vzniku VAP je v prvnich péti dnech umélé plicni ventilace (UPV),
a poté se postupné sniZuje. Samotna VAP vyznamné zhorsuje prognozu pacienta. Nepfiznivé
ovliviiuje délku UPV, celkovou dobu hospitalizace a mortalitu.

Cil a metody

Cilem prace bylo zhodnoceni vlivu pfedchozi perhospitalizacni aplikace antibiotik na inciden-
ci VAP, 30denni mortalitu a spektrum etiologickych agens vietné vyskytu multirezistentnich
(MDR) patogen. Do klinicko-mikrobiologické, observacni, retrospektivni studie byli v obdobi
1/2018 ai 5/2020 zafazeni dospéli pacienti splAujici kritéria VAP. Kontrolni skupinu tvofili
nemocni s respiracnim selhanim vyZadujici UPV déle nez 48hodin bez znamek pneumo-
nie. Obé skupiny byly porovnavany dle aplikace antibiotik za hospitalizace v pfedchozich
90 dnech. Viem pacientim byly odebrany stéry z orofaryngu a endotrachealni aspiraty (ETA)
a nasledné zpracovany béznymi mikrobiologickymi postupy.

Vysledky

Do studie bylo zarazeno 104 pacientt (66 muii, 38 Zen). Pfedchozi ATB uzivalo 39 pacienti
(38 %). Pfi porovnani demografickych udajd (vék, index body mass, APACHE Il skore) se
skupiny s pfedchozi aplikaci ATB vs. bez predchozi aplikace ATB nelisily. Kritéria VAP spinilo
47 pacientl. Cetnost VAP byla u pacientl s pfedchozi aplikaci ATB nizsi (36 %) oproti sku-
piné bez predchozi aplikace ATB (51 %), (p = 0,159). Nejcastéji izolovanymi patogeny byly
enterobakterie véetné kmenl produkujicich Sirokospektré beta-laktamazy (ESBL, AmpC)
a kmeny Pseudomonas aeruginosa. Podil MDR patogend se v zavislosti na pfedchozi ATB te-
rapii statisticky nelisil (MDR po pfedchozi ATB 71 % vs. MDR bez piedchozi aplikace ATB 64 %,
p = 0,742). 30denni mortalita VAP s pfedchozi aplikaci ATB byla nizsi (21 % s predchozi ATB
vs. 24 % bez prfedchozi ATB), bez statistické vyznamnosti (p = 1,000).

Zaver

Pfedchozi podavani ATB je spojeno s nizsi incidenci VAP a souCasné mirné vy3sim vyskytem
MDR bakteridlnich kment. 30denni mortalita pacientd VAP s pfedchozi aplikaci ATB byla
mirné nisi. Antibioticka lecba VAP modifikovana znalosti predchozi aplikace antibiotik a vy-
sledky mikrobiologickych nalezii pfiznivé ovliviiuje 30denni mortalitu pacientd.

Podporeno projektem CZ—DRO FNOL, 00098892.
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Abstract: Broad-spectrum antibiotics administered to patients with severe COVID-19 pneumonia
pose a risk of infection caused by Clostridioides difficile. This risk is reduced mainly by strict hygiene
measures and early de-escalation of antibiotic therapy. Recently, oral vancomycin prophylaxis (OVP)
has also been discussed. This retrospective study aimed to assess the prevalence of C. difficile in
critical COVID-19 patients staying in an intensive care unit of a tertiary hospital department of
anesthesiology, resuscitation, and intensive care from November 2020 to May 2021 and the rates
of vancomycin-resistant enterococci (VRE) after the introduction of OVP and to compare the data
with those from controls in the pre-pandemic period (November 2018 to May 2019). During the
COVID-19 pandemic, there was a significant increase in toxigenic C. difficile rates to 12.4% of patients,
as compared with 1.6% in controls. The peak rates were noted in February 2021 (25% of patients),
immediately followed by initiation of OVP, changes to hygiene precautions, and more rapid de-
escalation of antibiotic therapy. Subsequently, toxigenic C. difficile detection rates started to fall. There
was a nonsignificant increase in VRE detected in non-gastrointestinal tract samples to 8.9% in the
COVID-19 group, as compared to 5.3% in the control group. Molecular analysis confirmed mainly
clonal spread of VRE.

Keywords: COVID-19; Clostridioides difficile; oral vancomycin prophylaxis; vancomycin-resistant
enterococci; molecular typing of VRE; ICU

1. Introduction

For coronavirus disease 2019 (COVID-19) patients with critical pneumonia requiring
high-flow oxygen therapy (HFOT), mechanical ventilation, or even extracorporeal mem-
brane oxygenation (ECMO), broad-spectrum antibiotic therapy is recommended by the
World Health Organization (WHO) [1]. However, the role of antibiotic therapy in these
most severe patients remains unclear. Studies published so far suggest that the incidence
of secondary bacterial infections is lower than originally expected based on previous res-
piratory disease epidemics (severe acute respiratory syndrome, Middle East respiratory
syndrome, HIN1 influenza) [2,3]. Questions persist as to whether antibacterial therapy
should be immediately initiated in COVID-19 inpatients requiring invasive oxygen therapy,
mechanical ventilation, or ECMO.

Administration of broad-spectrum antibiotics, often necessary in critical COVID-19
patients suspected of bacterial superinfection, poses a high risk for Clostridioides diffi-
cile infection (CDI), with some antibiotic classes being more strongly associated with
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CDI [4]. Several reports have already been published concerning CDI occurrence dur-
ing the COVID-19 pandemic with contradictory findings: a decrease or stable number of
cases [5-9] as opposed to a minor [10] or significant [11] increase in the incidence of CDL
Some authors also admitted or warned against the possibility of underdiagnosing CDI
during the COVID-19 pandemic, as the gastrointestinal symptoms and diarrhea typical for
CDI could have been attributed to COVID-19 [8,11].

CDI is growing in incidence in Europe and USA and contributes to morbidity and
mortality [12,13] despite the efforts to reduce this healthcare-associated infection, mostly
by effective antimicrobial stewardship and strategies that are necessary to prevent the
spread of bacterial spores. However, the main CDI risk factor, administration of antibiotics,
remains necessary for patient treatment. Another possible strategy for preventing CDI,
antibiotic prophylaxis such as the application of oral vancomycin, has been evaluated
in several studies with mixed results [14]. The use of oral vancomycin prophylaxis may
also be seen as controversial, as it can potentially lead to the selection of vancomycin-
resistant enterococci (VRE) and gut dysmicrobia that by itself increases the risk of C. difficile
and other multidrug-resistant (MDR) bacteria colonization even weeks after vancomycin
administration [15].

The present study aimed to analyze detection of C. difficile and VRE in hospital patients
with severe COVID-19 requiring HFOT or mechanical ventilation.

2. Materials and Methods
2.1. Study Design, Population and Setting

The study was designed as observational and retrospective and performed in the inten-
sive care unit (ICU) of the Department of Anesthesiology, Resuscitation and Intensive Care
(KARIM), University Hospital Olomouc and Faculty of Medicine and Dentistry, Palacky
University Olomouc. The study group comprised patients hospitalized over a 7-month
period during the COVID-19 pandemic. Individuals staying in KARIM ICU over the same
seven months before the pandemic were used as controls. Ethics committee approval was
not needed as all patients underwent standard diagnostic and therapeutic procedures.

The University Hospital Olomouc is a 1200-bed tertiary medical center with a 10-bed
general KARIM ICU providing the highest level of intensive care. The unit consists
of one suite with four private beds and six in an open space. During the COVID-19
pandemic, the capacity of the department was extended to as many as 4 to 5 adjacent
suites with up to 35 beds (350% of the normal capacity), mostly (approximately 70%) in
the open-space arrangement, connected by doors or hallways with shared staff changing
and equipment rooms.

2.2. Inclusion Criteria

The study group comprised patients admitted to KARIM ICU between 1 November
2020 and 31 May 2021 for critical COVID-19 with acute respiratory failure and need for
HFOT or mechanical ventilation, receiving initial antibiotic treatment based on combination
cefotaxime or amoxicillin/clavulanic acid with clarithromycin. The control group included
patients with acute respiratory failure and need for HFOT or mechanical ventilation
admitted to KARIM ICU between 1 November 2018 and 31 May 2019, that is, before the
COVID-19 pandemic. Patient data were obtained from electronic medical records.

2.3. Detection of C. difficile (Positive Cases)

Stool samples, or deep rectal swabs in the case of patients with gastrointestinal tract
(GIT) paralysis, were tested for C. difficile antigen (glutamate dehydrogenase) and toxins
A/B (Rapid-VIDITEST, Vidia, Vestec, Czech Republic). Positive cases were patients with
positive C. difficile antigen and /or toxin. Due to the increasing frequency of positive cases,
most ICU patients were tested for the presence of C. difficile after 1 March 2021.
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2.4. Isolation of VRE

Clinical samples (tracheal aspirate, urine, blood) were collected from all patients
staying in KARIM ICU to isolate potential pathogens, including VRE. All samples were
inoculated onto culture agar plates (TRIOS, Praha, Czech Republic) and processed by
standard procedures. Starting from April 2021, patients tested for C. difficile were parallelly
tested for VRE colonization. Stool and rectal swab samples were collected and inoculated
onto selective media for the isolation of VRE (Brilliance VRE Agar, Oxoid, Brno, Czech
Republic). Species identification of isolates was carried out by MALDI-TOF MS (Biotyper
Microflex, Bruker Daltonics, Billerica, MA, USA). From each patient, only one isolate
identified as the first one from one type of clinical sample was included. Resistance to
vancomycin was detected by the microdilution method according to the European Com-
mittee on Antimicrobial Susceptibility Testing (EUCAST). Enterococcus faecalis ATCC 29212
reference strain was used for quality control. Resistance to vancomycin was confirmed by
detecting the relevant resistance genes as described by Hricova et al. [16]. Isolated strains
were stored in cryotubes at —80 °C (Cryobank B, ITEST, Hradec Kralove, Czech Republic).

2.5. Molecular Typing of VRE

Molecular typing of all isolated VRE was performed using pulsed-field gel elec-
trophoresis (PFGE) as described by Hricov4 et al. [16]. The coefficient of similarity (CS)
was calculated using the Dice algorithm. Individual clusters were analyzed with the
unweighted pair group method with arithmetic mean algorithm and the results were inter-
preted using criteria defined by Tenover et al. [17]. Optimization and band matching toler-
ance was set at 1.5%. Restriction profiles reaching 95% similarity were considered identical.

2.6. Vancomycin Consumption Assessment

For the two study periods, the data on vancomycin use were extracted from hospital
electronic records. Data are expressed as defined daily doses (DDDarg) according to
the criteria of the WHO Collaboration Centre for Drug Statistics Methodology—the 2020
ATC/DDD system [18] (WHO).

2.7. Statistical Analysis

Qualitative data were compared using the x? test. The Mann-Whitney U-test was
used to compare ages in the groups. Statistical analyses were performed with IBM SPSS
Statistics for Windows, version 23.0 (Armonk, NY, USA: IBM Corp.).

3. Results
3.1. Patient Data Analysis—The Study and Control Groups

During the COVID-19 pandemic, the number of patients staying in KARIM ICU was
nearly double (196.8%) the average. There were no statistically significant differences in
age, gender, primary and secondary admissions, or mortality between the COVID-19 group
(2020-2021) and pre-pandemic controls (2018-2019). The characteristics of both groups
including statistical data are shown in Table 1.

Table 1. Characteristics and statistical analysis of the pre-pandemic and COVID-19 groups.

. Control Group COVID-19 Group
Variable 2018-2019 (n = 189) 2020-2021 (n = 372) p-Value
Gender—males (%) 136 (72) 241 (64.2) 0.087

Age (median, range, IQR) 65,18-97, 20 67,22-90, 16 0.753
Admission up to 48 h after admission to hospital (%) 82 (43.4) 186 (50) 0.138
Transfer from another hospital or department 107 (56.6) 186 (50) 0.138
No. of patients on mechanical ventilation only 180 (95.2) 78 (21.0) <0.0001
No. of patients on HFOT only 3(1.6) 112 (30.1) <0.0001
No. of patient on both mechanical ventilation and HFOT 6(3.2) 182 (48.9) <0.0001
No. of patients on ECMO 0(0.0) 24 (6.5) 0.004
ICU mortality 74 (39.2) 158 (42.5) 0.450

HFOT: high-flow oxygen therapy; ECMO: extracorporeal membrane oxygenation; IQR: interquartile range.
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3.2. C. difficile Detection

The results of C. difficile detection and statistical analysis are shown in Table 2 and
Figure 1, respectively. Over the pre-pandemic period (1 November 2018 to 31 May 2019),
CDI was clinically suspected and tested in 20 out of 189 hospitalized patients (10.6%).
In five cases (2.6%), the presence of C. difficile was confirmed and toxin production was
found in three patients (1.6%). There was a significant increase in the number of C. difficile
detection tests performed (p < 0.0001) during the pandemic (1 November 2020 to 31 May
2021)—192 out of 372 patients (51.6%) were tested for the presence of C. difficile, with
102 cases (27.4%) being positive. Toxin production was detected in 46 patients (12.4%).
Both positive cases of C. difficile detection and toxin detection were significantly higher
compared to the control group (p < 0.0001). Taking into consideration all risk factors and
the possibility of higher exogenous spread of bacterial spores, the frequency of C. difficile
examination increased considerably. The proportion of patients tested rose to 62.5% in
February and more than 80% in the following months (March to May 2021). A time analysis
(Table 2) revealed that the detection rates of toxigenic C. difficile started to elevate in January
(14.4% of patients) and peaked in February 2021 (25% of patients).

Table 2. C. difficile antigen and toxin detection and number of tests performed before and during the COVID-19 pandemic.

Control Group 2018-2019 COVID-19 Group 2020-2021
No. (%) of No. (%) of CD No. (%) of No. (%) of CD
Month No. of No. (%) of CD-Positive Toxin-Positive No. of No. (%) of CD-Positive Toxin-Positive
Admitted CD-Tested Cases among Cases among Admitted CD-Tested Cases among Cases among
Patients Patients Admitted Admitted Patients Patients Admitted Admitted
Patients Patients Patients Patients
November 23 2(8.7) 0 0 55 8 (14.5) 3(5.5) 2(3.6)
December 28 2(7.14) 0 0 56 7 (12.5) 5(8.9) 3(5.4)
January 30 4(13.3) 1(3.3) 1(3.3) 64 20 (31.2) 15 (23.4) 9 (14.1)
February 35 5 (14.3) 1(2.9) 1(2.9) 40 25 (62.5) 16 (40) 10 (25)
March 28 3(10.7) 1(3.6) 0 84 71 (84.5) 40 (47.6) 13 (15.5)
April 2 2(9.1) 2(9.1) 1(4.5) 52 44 (84.6) 16 (30.8) 7 (13.5)
May 23 2(87) 0 0 21 17 (81) 7 (33.3) 2(9.5)
Total 189 20 (10.6) 5 (2.6) 3(1.6) 372 192 (51.6) 102 (27.4) 46 (12.4)
CD: Clostridioides difficile.
60 p <0.0001
50
40
2 p <0.0001
% 30
8
20 p <0.0001
10
0 | RS
CD-tested patients CD-positive cases among admitted  CD toxin-positive cases among admitted
patients patients
B Control group W COVID-19 group

Figure 1. C. difficile statistical analysis. We compared the numbers of performed C. difficile detection tests and the numbers
C. difficile positive cases (antigen-positive) and C. difficile-toxin positive cases among hospitalized patients. We detected a
significant increase (p < 0.0005) in COVID-19 compared to the control group in all three aspects (number of performed tests,
number of CD positive cases, and number of positive CD-toxins). CD: Clostridioides difficile.
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As a result, apart from therapeutic doses of oral vancomycin 125 mg four times daily
(also occasionally combined with metronidazole 500 mg three times daily intravenously)
given to patients positive for C. difficile toxin or suspected of CDI, prophylactic doses of
oral vancomycin 125 mg once daily were administered to the other hospitalized patients.
Moreover, organizational precautions were implemented in the department and initial
broad-spectrum antibiotics were more rapidly de-escalated as suggested by newly devel-
oped guidelines on antibiotic therapy of COVID-19 patients. Subsequently, the C. difficile
rates dropped to 30.8% in April and 33.3% in May 2021. Similarly, the percentages of
toxigenic strains decreased to 13.5% and 9.5%, respectively.

3.3. VRE Detection

Table 3 documents the development over time of the frequency of VRE detected in
various clinical samples obtained from critical COVID-19 patients compared to the pre-
pandemic period, without VRE isolated from the GIT. Figure 3 shows statistical analysis. If
VRE were detected in various clinical samples collected from a single patient, that patient
was counted as one only.

Table 3. VRE detected in various clinical samples, excluding GIT samples, collected from the pre-pandemic and COVID-19

groups. The absolute numbers do not include repeatedly detected VRE (VRE detected in multiple clinical samples from a

single patient were counted as one only).

Control Group 2018-2019 COVID-19 Group 2020-2021
No. of No. of Absolute no. No. of No. of Absolute no.
Month Admit-  Do- of VREin No. of (%) of Admit- - of VREin No. of %) of
VRE in VRE in I VRE in VRE in P
ted ETA Blood Urine VRE-Positive ted ETA Blood Urine VRE-Positive
Patients Cultures Patients Patients Cultures Patients
November 23 2 0 1 3(13.1) 55 2 0 1 3(5.5)
December 28 0 0 0 0 56 1 0 0 1(1.8)
January 30 1 1 0 2(6.7) 64 0 0 1 1(1.6)
February 35 0 0 0 0 40 0 0 1 1(2.5)
March 28 3 1 0 4(14.3) 84 5 0 5 10 (11.9)
April 22 0 0 0 0 52 6 1 4 11 (21.2)
ay 23 0 1 0 1(4.3) 21 4 0 2 6 (28.6)
Total 189 6 2 1 10 (5.3) 372 18 1 14 33 (8.9)

VRE: vancomycin-resistant enterococci; ETA: endotracheal aspirate.

In the pre-pandemic period, a total of 10 VRE were isolated from endotracheal aspirate,
urine, and positive blood cultures (Table 3). During the COVID-19 pandemic, 33 VRE
were detected in non-GIT samples and 25 in samples obtained from the GIT (Table 3 and
Figure 2). From November 2020 to March 2021, the positive VRE detection was mainly from
endotracheal aspirate and urine. In March 2021, the rate of VRE detection was considerably
higher than in the previous months. Therefore, a decision was made to start active VRE
screening using patient stool and rectal swab samples during April and May 2021. The
increase in VRE detection in April and May was mainly attributable to positive samples
from the GIT. However, even after excluding the GIT-VRE positivity, the proportion of
VRE-positive patients was 21.2% and 28.6% in April and May, respectively. Only 7 out of
21 patients admitted in May were not infected or colonized with VRE.

Because VRE screening was not performed in the control group, only non-GIT VRE-
positive cases were compared to the COVID-19 group and statistically evaluated (Figure 3).
There was a slight, nonsignificant increase in VRE incidence between the control and
COVD-19 groups (p = 0.132).
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Figure 2. VRE cases between 1 November 2020 and 31 May 2021. For April and May, when the VRE screening was
performed, the total number of detected VRE is shown, including VRE detected in both GIT and non-GIT samples collected
from the same patient.

Number of VRE in ETA, blood cultures and urine

p=0.132
10

% of patients

Control group COVID-19 group

Figure 3. Vancomycin-resistant enterococci (VRE) statistical analysis. We performed the statistical analysis of VRE detected
in non-GIT: endotracheal aspirate, blood cultures, and urine. According to our findings, there was no statistically significant
increase in the COVID-19 group compared to the control group (p = 0.132). VRE: vancomycin-resistant enterococci; ETA:
endotracheal aspirate.
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3.4. Molecular Typing of VRE

VRE for molecular typing were collected from January to May 2021. In all VRE-
positive patients hospitalized during the COVID-19 pandemic, a strain of Enterococcus
faecium was isolated; the vanA gene was found in all isolates while the vanB gene was not
detected. Similarity or identity was assessed in 50 isolates of VRE; three isolates could
not be cultured again. Comparison of whole-genome DNA restriction profiles revealed
identical or very similar restriction profiles, suggestive of clonal spread. In five patients,
identical VRE isolated were obtained from various samples; therefore, only one isolate
from each patient was included. In one case, a VRE strain isolated from a rectal swab
was different from that detected in sputum so both were included. Only six (12%) out of
50 isolates had unique restriction profiles; the remaining 44 were divided into five groups
based on comparison of their macrorestriction profiles. PFGE revealed various sizes of
the clonal groups, with 12, 12, 11, 6, and 3 isolates. The results of strain comparison by
PFGE are shown in Figure 4. Twelve, six, and three identical isolates showed a CS of 100%,
whereas 12 and 11 isolates showed a CS exceeding 95% and were thus considered identical
as well. The timeline of the prevalence of VRE clones throughout the study duration is
shown in Figure 5.
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Figure 4. Dendrogram of 50 vancomycin-resistant Enterococcus faecium isolates.
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3.5. Vancomycin Consumption

Vancomycin consumption was shown to increase from 103 DDDjtp in the pre-
pandemic period to 169 DDD g during the COVID-19 pandemic. However, the percentage
of vancomycin among all antibacterials administered remained roughly the same (2.9%
and 2.3%, respectively).

4. Discussion

Intensive care patients have several risk factors for the development of CDI, namely
antibiotic therapy, intestinal dysmotility, immobility, older age, stress ulcer prophylaxis
with proton pump inhibitors resulting in low stomach acid, and comorbidities. Their level
of mucosal immunity may also play a role [19]. According to Zuo et al. [20] SARS-CoV-2
infection results in gut microbiome disruption with an increase in opportunistic pathogens
and depletion of beneficial commensals persisting even after clearance of virus.

The present study aimed to analyze the presence of C. difficile and VRE in patients
with severe COVID-19. Compared with pre-pandemic controls, there was a significant
increase in detection of C. difficile that started in January 2021 and peaked in February
(40% of patients) and March 2021 (47.6% of patients). Toxigenic strains of C. difficile were
detected in 25% and 13.3% of patients in February and March 2021, respectively. In the
following months, C. difficile rates slowly decreased; at the end of the study in May 2021,
the toxin was confirmed in 9.5% of patients. With the increasing prevalence of C. difficile,
numerous measures were implemented in the department, namely faster de-escalation of
antibiotic therapy, hygiene measures, and primary prophylaxis with oral vancomycin at a
dose of 125 mg once daily.

Infections caused by C. difficile during the COVID-19 pandemic have been investigated
by many authors [5-11,21]. Some, for example, Allegretti et al. [9] and Hazel et al. [21],
reported lower rates of CDI, attributing them to the implementation of strict hygiene
precautions as well as to the isolation of patients with CDI, which was impossible in
our department during the COVID-19 pandemic. A study by Lewandowski et al. [11]
is one of few to describe a significant increase in CDI, stressing that the disease may be
underdiagnosed. In the aforementioned studies, CDI tests were performed due to repeated
diarrhea. However, gastrointestinal symptoms are also present in COVID-19 and CDI may
not always have been suspected.

While most symptomatic COVID-19 patients present with fever, cough, shortness
of breath, and/or loss of the sensation of taste and smell, according to Up-To-Date [22],
up to one-third of patients present with gastrointestinal complaints, including critical
patients with acute respiratory distress syndrome (ARDS) requiring intensive care. Pub-
lished systematic reviews suggest that diarrhea is seen in 11.5% to 12.5% of COVID-19
patients [23,24]. Another systematic review found high variability of diarrhea prevalence
in COVID-19 patients, ranging from 2% to 50% [25].
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Although the most prominent and frequent clinical sign of CDI is diarrhea, the symp-
toms may range from mild gastrointestinal discomfort to severe pseudomembranous colitis
and to toxic megacolon with paralytic ileus [26]. Gastrointestinal motility disorders which
include gastroparesis, ileus, and acute colonic pseudo-obstruction are common in critically
ill ICU patients [27], another possible reason for CDI underdiagnosis among these patients.
The issue of underdiagnosing C. difficile was highlighted by Davies et al. [28]. As in the
present study, GIT paralysis was found in the majority of patients, the diagnosis of CDI
could not rely on the presence of diarrhea as the main symptom of the disease; on the
contrary, paralysis had to be considered as a potential symptom and these patients had to
be examined. This was also one of the reasons for an increase in the number of tests per-
formed (over 80% in the last three months of the study). From patients with GIT paralysis,
samples were collected by deep rectal swabs. We must admit that more frequent detection
of C. difficile resulted from the greater numbers of tests.

A known risk factor for the development of CDI is the use of broad-spectrum antibi-
otics. In COVID-19 patients, it is recommended to administer antibiotics when bacterial
coinfection is suspected and then de-escalate antibiotic therapy as early as possible based
on microbiology tests [29,30]. This approach stems from concerns about delayed antibiotic
therapy with potentially serious consequences including the development of sepsis and
death [31-33].

Opinions on antibiotic therapy in patients with critical COVID-19, that is, with ARDS
or sepsis or septic shock, have gradually developed. However, according to recent data,
only 3% to 7% of patients with COVID-19 staying in general wards have community-
acquired bacterial coinfections [34-39]. In ICUs, the proportion is reported to be higher,
ranging from 14% to 28% [40,41]. It seems that while community-acquired coinfections are
not so common in critical COVID-19 patients, the risk for bacterial nosocomial superin-
fection is increased due to many factors (prolonged hospital stay, mechanical ventilation,
inserted invasive devices, but also immunosuppression with frequent lymphopenia).

Despite these results, many studies have documented the administration of antibiotics
to more than 50% of hospitalized patients. The lowest proportion (43%) was reported by
Aggarwal et al. [42]. Most studies, however, state that antibiotics are administered to 60%
to 90% of patients [43—48] or even all patients [49-51]. Two meta-analyses [35,36] found
that on average, 72% of patients received antibiotics. The duration of antibiotic therapy is
rarely specified in studies [49,52,53]. The above studies mention the use of cephalosporins,
fluoroquinolones including moxifloxacin and macrolides, mostly azithromycin. Other
antibiotics were less frequently administered.

Recommendations from both international and national societies are rather general.
For example, the Surviving Sepsis Campaign statement entitled “Guidelines on the manage-
ment of critically ill adults with Coronavirus Disease 2019 (COVID-19)” [54] recommends
that in mechanically ventilated patients with COVID-19 and respiratory failure, empiric
antimicrobials/antibacterial agents should only be administered if bacterial coinfection is
suspected. However, no specific antibiotic regimen is stated there. According to German
National Guidelines, empiric broad-spectrum antibiotic therapy should be started as soon
as possible in patients suspected to have bacterial superinfection [55]. Some national soci-
eties suggest that the approach should be identical to that in common community-acquired
pneumonia [29,30].

In the present study, the group of critical COVID-19 patients comprised 50% of pri-
mary admissions (hospital stay of less than 48 h). Here, a small proportion of bacterial
coinfections could surely be expected. In these clinically very complicated cases, however,
intensive care clinicians have a very hard time initially recognizing whether bacterial
superinfection is present, without knowing microbiology test results. In that situation, the
recommendations are consistent. Antibiotic therapy is initiated when bacterial pneumo-
nia is clinically suspected and discontinued if microbiology tests yield negative results.
Therefore, nearly all our patients were initially treated with antibiotics. This could have
been one of the factors contributing to the increased detection of C. difficile. In this group



Life 2021, 11, 1127

10 of 15

of patients, the incidence of common bacterial pathogens was low but atypical pathogens
were more frequent. The other half of the patients, those transferred to our department
after staying in another department or hospital for more than 48 h, were already at risk
for healthcare-associated pneumonia and thus received appropriate care. Changes in the
spectrum of pathogens causing healthcare-associated pneumonia and their resistance to
antibiotics in critical COVID-19 patients are addressed in another original article.

Recommendations for initial therapy of COVID-19 patients including critically ill
individuals in ICUs were gradually updated as more evidence was available. This resulted
in, among others, shorter duration of antibiotic therapy and earlier de-escalation which
may have contributed to the later decrease in C. difficile rates.

Another important factor contributing to increased detection of C. difficile was the
overall situation in the KARIM ICU and hospital alike. During the COVID-19 pandemic,
bed transformation was performed at all levels of care. The capacity of ICU beds was
increased, partly by transforming other wards and units and partly by creating new ones.
Day-to-day adjustments to the construction and equipment of the units could not be made
so it was impossible to provide enough private beds necessary for the isolation of patients
with C. difficile. The staff of the extended ICU consisted of professionals working in ICUs,
an emergency department, or general wards, as well as medical students and temporary
external workers. During the pandemic, the number of KARIM ICU beds rose 3.5-fold
compared to the usual capacity. At that time, the situation was unique in that all patients
were admitted for coronavirus positivity and the overwhelming majority (97.5%) were
those with critical COVID-19 manifestations as defined by the WHO [1], that is, severe
course of the disease with clinical manifestations of ARDS, sepsis, or septic shock.

The higher numbers of both patients and staff members meant increased movement of
people throughout the department. The staff comprised workers from other departments
not completely acquainted with their new workplace. Working in protective equipment
was considerably more difficult, potentially leading to unnoticed contamination of coveralls
or other aids. Under such circumstances, sterility is difficult to maintain during all invasive
procedures, infusion preparation, and other activities. Moreover, one of the key therapeutic
procedures provided to patients with critical COVID-19 pneumonia is regular prone and
supine positioning. This maneuver is performed twice daily and requires approximately
six health workers directly touching the patient and devices.

Once the rise of C. difficile positive cases was noticed, an inspection was performed by
workers from the hospital hygiene department and the regional public health authority,
followed by implementation of the following measures. Efforts were made to reserve one
unit for this group of patients due to a lack of cubicles. All premises were treated with
sporicidal agents. The staff were re-trained in hygiene issues, focusing on the prevention
of C. difficile transmission. The workers wore an additional piece of protective clothing, a
disposable plastic apron. The frequency of surface cleaning was increased, and disinfectants
were replaced with agents active against C. difficile spores. After contact with each patient,
the staff wiped their coveralls with soapy water and dried them thoroughly, as stated in
general recommendations [56].

Given the significant increase in toxigenic strains of C. difficile in February (25%),
primary oral vancomycin prophylaxis (OVP) was implemented in the department, with a
dose of 125 mg once daily being administered to all patients not receiving oral vancomycin
at a therapeutic dose of 125 mg four times daily or other anti-C. difficile antibiotics. The
administration of OVP has been investigated in numerous studies. It was reported as
effective by Johnson et al. [57] and Ganetsky et al. [58]. In those two retrospective studies,
no CDI was detected in patients receiving OVP. Similarly, a meta-analysis by Babar et al. [59]
documented a reduction in CDI in high-risk patients following OVP administration. In
their meta-analysis, Tariq et al. [14] suggested a positive effect of vancomycin to prevent
CDI recurrence (secondary prophylaxis). However, there was no benefit for primary
prevention. Another issue is the dosage of OVP; the most common dose was 125 mg
twice daily, but doses of 125-250 mg four times daily or 125 mg once a day were also



Life 2021, 11, 1127

11 of 15

administered [57,58,60-65]. Our decision was to administer 125 mg once daily, assuming
that the dose would ensure sufficient vancomycin concentration in stools, with minimum
damage to the intestinal flora and subsequent reduction of the resistance of the GIT to
colonization with multidrug-resistant bacteria including C. difficile [66-71].

We were aware of the risk of selection pressure affecting the prevalence of VRE. Prior
to the initiation of OVP, we detected six VRE strains in endotracheal aspirate and urine
samples, a rate similar to that in the pre-pandemic period (5 VRE strains). In March 2021,
when OVP administration was started, slightly more VRE (10 strains) were detected in
extra-intestinal samples, which prompted active screening for VRE in samples collected
from the GIT. In April and May, 17 and 23 VRE were detected in non-GIT and GIT samples,
respectively. When compared to the control group, the VRE numbers in non-GIT materials
were slightly, but not significantly, elevated in the COVID-19 group. Similarly, three of the
above studies on OVP monitored newly detected VRE but none reported their significant
increase [57,58,64].

It may be stated that the present study found an increase in VanA phenotype VRE of
Enterococcus faecium, particularly in GIT samples. When calculating isolates obtained from
the GIT only, as many as 66.7% of patients were identified as VRE carriers in May 2021.
However, this was mainly due to the clonal spread of VRE. PFGE revealed several groups
of isolates with identical profiles or very high coefficients of similarity (>95%), suggesting
very likely clonal spread and transmission of VRE among patients. As the difference in
restriction profiles between the tree largest clusters was very small (CS > 91%), isolates in
these groups may be assumed to be closely related, similar to a study by Tenover et al. [17].
Genetically related VRE isolates in COVID-19 patients in the ICU were also reported
by Kampmeier et al. [72]. Their study describes the genetic relationship of VRE isolates
collected from patients and several strains isolated from the environment, stressing possible
surface contamination. The important role played by the environment in VRE transmission
in hospitals was noted by Correa-Martinez [73] and others.

There are several limitations to our work. The character of the study is retrospec-
tive. There was considerable heterogeneity between the control and COVID-19 groups
of patients. As already mentioned, the situation in KARIM ICU was constantly evolving
during the COVID-19 pandemic, including changes in antibiotic therapy, hygiene strategies,
and frequency of C. difficile and VRE detection tests performed, so the conditions of the
study were highly variable. We were also unable to perform any kind of VRE follow-up
of discharged patients. This could have led to an underestimation of VRE colonization.
Moreover, only the number of VRE detected in non-GIT samples in the COVID-19 group
could be weighed against the control group because of the absence of screening performed
at that time. In the case of C. difficile, we did not isolate the bacterial strains for molecular
typing to further investigate clonal similarities, which could have possibly allowed us
to assess whether the source of C. difficile infection/ colonization was mainly exogenous
or endogenous.

5. Conclusions

During the COVID-19 pandemic, there was a significant increase in C. difficile in
KARIM ICU. This was likely due to not only the initial administration of broad-spectrum
antibiotic agents but also, unfortunately, the limited possibility to adhere to strict hygiene
measures in that situation. The highest rates of toxigenic C. difficile, noticed in February 2021,
started to decline in March. This may be attributed to several factors: earlier diagnosis of C.
difficile (screening), adjustments and adherence to hygiene and epidemiological measures,
earlier de-escalation of broad-spectrum antibiotic therapy, and prophylactic administration
of vancomycin. The exact contribution of individual measures to C. difficile reduction cannot
be defined accurately. During the administration of oral vancomycin prophylaxis, higher
VRE rates were noted, mainly due to the clonal spread of these strains. It may be assumed
that vancomycin prophylaxis caused the selection of VRE already present in the GIT and
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their subsequent clonal spread. However, it cannot be definitely concluded that vancomycin
prophylaxis alone results in an increased prevalence of vancomycin-resistant enterococci.
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