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EYXAPIXTIEX

H moapodoa owaktopikr] dwrppn ekmoviOnke oto Ilavemomuoxkd Nocokopeio
Hpaxieiov og cvuvepyacio pe tnv Movdoa Evtatikng Oepaneiag tov ITAI'NH.

Apywcd Ba n0ela va gvyaploTom Tov emPAETOVTO KaONYNTH oL Kot dtevbuvth Tov
gpyaoctnpiov KAWIKNG pikpoProroyiag kot tatpikng maboyéveong tov ITATNH
kafnynt k. XopnAo IM'opyo yio v EUTIeTosUV TOL LoV Oeiyvel O aLT TO POV
NG GLVEPYOGING LLOGC.

Opeih® va ek@plo® TNV €LYVOUOGUVI] Kol TIC EVYXOPIOTIEG HOV GTOV KoOnynt
EVTOTIKNG WTPIKNG K. ['empyOdmovio Anuntplo kot TV avomAnpaTplo. Kadnynqrpla
evtatikng Oepamneiag k. Bamopion Awkatepivn yio Ty UmIGTOGUV KoL TV KoBodnynon
TOVG OTNV SIEKTEPAUIMOT TNG UEAETNG.

Oa Nnbera va ekQpAo® TIC EVYOPLETIES OV TPOG TOVG 1TPoLS TG ME® pe toug omoiovg
popdotnko TV idto aymvia yio 10 KaAHTEPO dVVATO ATOTEAEGO TNG LEAETNG OGS TTPOG
ToV¢ acfeveis.

Emumiéov Ba nBeha va ek@pdcm v €0YVOUOGUVI] HOL GE OAO TO TPOCOMIKO TOL
ppofroroyucov epyactiplov tov ITAI'NH ywa t dyoyn cuvepyacio kot vrootpién
oA QVTA TOL XPOVIOL TG TOPELOG [LOV.

[dwaitepa BEA® va EKPPACH TIG EVYAPIOTIEG OV 6T S1ELOVLVTPLA TOV HKPOPLOAOYIKOV
epyaotnplov k. Mapdkn Zoeia yio Tnv onuovtikny fondeia ko kabodniynon g 6Aa
avtd ta xpovia, aAdd Kot 6toug dtevbuvtég Neovakm lodvvn ko Mnvaodkn ['edpyo,
Kot 6Tovg cLVAdeAPovs pov Kaowdtn Avva, Hlaxn Evayyelio, Xat{nooomoupiddkn
Evayyeiio, Kovtevtakn Anuntpro, Mopait [Hoavoyidm xor Topyopdtn Mopia ot
omoiotl cuvetéhecay KaHOPLOTIKA TNV VAOTOINGT) TG HEAETNG.

TéNog vo evYOPIOTAC® TNV OIKOYEVELD [LOV, TNV UNTEP LOV Y10 TNV VTOSTNPLEN TG
oA AV TA TOL POV KOl PLGIKEA TOV GVLVYO oL AvdpokAn Kot Tig kOpes pog Eppéieta
kot Awkatepivn-Mapia yio tnv oyémn Kot Katovon o Toug.
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IHEPIAHYH

Ewaymym

H rtoyeio e&dmhoon avOektikdv Paxtnpiov omotelel (o cofopr amedny yuo
onuocla vyela Toykoopimg. Ot VOGOKOUEINKEG AOUMDEELS Kol 1O10HTEPA GTO YDPO TNG
Movéadag Evtatikng Oepaneiog (ME®) amotehovv €va SVOKOAN OVTIUETOMIGILO
TPOPANLLQ, LE TIG AOTUDEELS TOV KATMTEPOV OVOTVEVGTIKOD CLGTNUOTOC Vo oYeTIlovTan
HE emMTAOKEG TOCO MG TPOG TNV KAviKN €kPacmn tov acBevn (LeyaAdTEPOS YPOVOG
TOPOUOVIG, AOUMEELS, OVTOYXES, KATAVOAMOT avTIPLOTIKGV, BvnTdtTnTa) OAAG KOl ©C

TPOG TO KOGTOG VOOTMAELNG.

To chyypovo epyactplo KAVIKNG HKpoPlodoyiog EVIAGGEL KOvoTopeG HeBOSOVS e
oKomd Vv taxeia Kot Eykopn pikpoPloroyikn| didyvaon. H cupfoin twv cuvdpopukmv
HopLoKdV HeBOS®V KATOTLY TPOTOKOAAWV 0pOTG EMAOYNG VTOV EMPEPEL T PEATIOTA
otV Owyeiplon TV VOCOKOUEWKOV Aotudéemv. H yvodon 1ov  attioAoyikov
TapAyovTa NG AOIHMENG G€ XpoviKo Odotna Ayov opodv Kabdg Kot 1 duvatdTTa
TPOCOETOV TANPOPOPIOV OYETIKA HE TIG HKPOPLOKEG OVTOYEG GLVIEAOVV GTNV
KaAvtepn Owyeipion Tov acbevav péca amd T otoyevuévn  BepamevTikn

OVTILETOTION.

YKxomdg G mapovoag HEAETNG eivan va a&toloynBel n cvopfoAn TG GLUVIPOIKNIG
poprakng peboddov (Multiplex-PCR .BioFire FilmArray - Pneumonia plus Panel) oty
dwxelpton TV AOUMOEEMY TOL KOTAOTEPOV OVATVEVGTIKOV GLGTAUATOS 6TV Movada

Evtatikng O¢gpanciog tov [Havemiommuokod [Nevikod Nocsokopeiov Hpakieiov.



Mé£0odor

Y pehétn pog evrayOnkav ocbeveig g MEO® pe Aolpwén tov KOTOTEPOL
avamvevotikov ocvotiuotoc (SCAP, HAP, VAP) xotd tv detio 2018-2020.
AvalnmOnkav avtioctoya teptotatikd Eva ypovo mpv v Evapén g perétg (2017-
2018) oto mloicio ovykpitikng afoloynong. To kpurhpla Eviang ot ueAétn
AmOTEAECOY  KAWIKA Kol  €pyaoTnplokd evpriuote  evOoslkTikd  Aoipuwéng Tov
TVEVHOVIKOD TOPEYYVUATOS, VD G OAOVE TOLG aobevelc €ywve Kataypoen ToV
OMUOYPAPIKAOV Kot KAVIK®V dedopuévmv. Katd tnv ypovikn oty KAVIKIG d1dyvmong
AOTHMENG, OEly Lo EVOOTPAYELOK®DY EKKPICEWV ATOGTEALOVTAY GTO EPYOCTIPLO KAMVIKNG
piKpoPloroyiag yio EAeYY0 TOGO LE TNV GUUPATIKT KOAAEPYELD OGO KOl [LE TNV LOPLOKT|

pébodo.

Amnoteréopata,

H perém pog agordynoe 79 acBeveig (PCR group) xotd v otetio 2018-2020 woun 40
acBeveic (Control group) éva ypovo mpv. H mheloynoeio tov mEPIGTATIKOV apopd
howéelc mov oyetilovran pe tov avamvevompa (VAP) eved dev vanpéov dopopés
AVAUEGO OTIG OLO OUAOES MG TPOG TO SNUOYPAPIKA KO KAVIKA YOPOKTNPICTIKG TOVG

Ommg emiong Kot g mTPOg TNV KAVIKY £KPoo).

H epappoyn g poprakng peddoov £dmaoe v duvotdtnTa Yo Tayeio kpoBlodoyikn
duyvmon péoa o Myeg opeg (3.5h vs 72h, P <0.0001) cvykpitikd pe v copPotikn
KoAMEPYNTIKY HEBOJO, VD 1M GVUYKPIoT TV dV0 PeBOOMV MG TPOS TOV OITIOAOYIKO
napdyovta £0eiée oe mocootd 40% cvppovio petatd avtdv. Emmiéov 6 mocooto
49% m poprokn péEB0d0g E0GE CNUAVTIKEG EMTAEOV TANPOPOPIEC GE GYéon Ue T
ovpPatikn koAAEpyew, eved o€ mocootd 11% mn poplaxny péBodoc amétvye va
aVLYVEDCEL TO AOHOYOVO aiTio (EAAELYT TOV AVTIGTOLYOV HOPLOKOD GTOYOL GTO TAVEL
tov mofoyovov TG HeBOSov). Tuykpltikh  a&loAdYNoN  TOV  KOTOVOADGE®V
avTIPOTIKOV TPV KOl HETE TNV €Qappoyn NG Hoplokn pnebddov oavédelEe po

ONUOVTIKY] Helwon otV KotavdAmorn ovTIPloTiKOv TeAeLTOiog YPOUUNG OV



YPNOUOTOIOVVTOL GTNV AVTIILETOTION avOekTIKOV otehey®v (MDR/XDR), mbavotnta
MOy amokApdkmong g ayoyng (de-escalation) oto mAaicio pag otoyxgvpuévng

0epUTEVTIKNG OVTILETOTIONG.

YopTEPACNOT,

Av ko givar onpovtikd va toviebel 6tt 1 ovuPotikn koAAépyeia amotedei tnv Gold
standard pé6odo pikpoPlodoyikng S1dyvmong Thg TVELUOVIOG, 1 EVTOEN GUVOPOUIK®OV
poplakmv pefddwv oe acbeveic pe cofopn Tvevpovia kat avaykn voonieiog ot ME®
EVOEYETOL VO EMTAYVVEL ONUAVTIKG KOl VO BEATIGTOTOMCEL TV GUTIOAOYIKT S1Ayvmon
TOV AOUOEEMV QVTMOV, 0ONYOVTAG GTNV KOADTEPT dtayeipton g xpnong aviPlotTik®v

TPOG OPEAOG TV ACHEVMOV KOl TOV GLGTNUATOS VYELXG.

10



SUMMARY
Introduction

Lower respiratory tract infections remain a leading cause of death worldwide.
Furthermore, ventilator associated pneumonia (VAP) is a major cause of prolonged
length of stay and poor outcome of patients in the Intensive Care Unit (ICU). Timely
initiation of appropriate antibiotic therapy is the most critical determinant of the
outcome of patients with severe community acquired pneumonia (CAP), health care
associated pneumonia (HAP) and VAP. Nonetheless, empirical selection of
antimicrobial therapy and optimal management of severe CAP, HAP and VAP is
challenging, because of the emergence of multi- and/or pan-drug resistant (MDR/PDR)
nosocomial pathogens. Molecular syndromic platforms are increasingly utilized in
diagnosis of infectious diseases as a mean to improve etiological diagnosis and reduce
antibiotic consumption through pathogen-guided empirical antimicrobial therapy.

The present study evaluated the performance of a molecular syndromic platform
(BioFire FilmArray -Pneumonia plus Panel) in the management of lower respiratory
tract infections caused by MDR/XDR pathogens in the ICU.

Methods

Eligible for enroliment to the study were all patients admitted in the ICU of University
Hospital of Heraklion, Crete between June 2018 and June 2020 with severe CAP/HAP
or those who developed VAP during ICU stay. Inclusion criteria were 1) age > 18 years,
2) presence of clinical and radiological criteria for pneumonia according to the IDSA
guidelines: new lung infiltrate on a chest X-ray and evidence that the infiltrate was of
an infectious origin, i.e., at least two of three clinical features (fever greater than 38°C,
leukocytosis or leukopenia, and purulent secretions), and 3) severe respiratory failure
requiring ICU admission and mechanical ventilation. The following exclusion criteria

were included (i) ICU patients with fever of another etiology, (ii) colonization of the
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lung or ventilator associated tracheobronchitis (VAT), (iii) patient already enrolled in

the study, and (iv) patients on palliative care.

Endotracheal aspirates were obtained from all the patients at the time of clinical
indication of pneumonia and tested simultaneously, using conventional microbiological
techniques and the PCR BioFire FilmArray Pneumonia Panel (bioMérieux S.A.,
France). Clinical and demographical characteristics were retrospectively obtained from

the electronic medical records of each patient.

Results

We enrolled 79 consecutive critically ill patients diagnosed with different type of
pneumonia (SCAP/HAP or VAP) in the ICU and compared them with an historical
control group (n=40) of patients with pneumonia in the ICU during the year before the
study (2017-2018). VAP comprised almost 2/3 of cases of pneumonia in both study
groups. There were no significant differences in demographic and clinical
characteristics of the patients, including median age, co-morbidities, and severity of
illness as evidenced by APACHE Il and SOFA score (on day 1). Importantly, we found
no significant differences in the outcome, including mean number of days of
hospitalization in the ICU and mortality rates, between the two groups of patients.
Compared the results of syndromic PCR versus conventional culture of tracheal
aspirates in the PCR group, we found that the syndromic PCR test was in agreement in
40 % of the cases, improved diagnosis in 49% of the cases and in11% of the cases the
pathogens were identified only in culture, because the corresponding microbial targets
were not included in the syndromic PCR panel.

In regard to the impact of syndromic PCR on antibiotic usage (expressed in DDD/100
BD) we found a significant reduction in the use of antimicrobials targeting MDR/XDR
pathogens, including colistin, tigecycline, and carbapenems in the study group versus
the historical control group. Additionally, the molecular syndromic test significantly

improved time to diagnosis versus conventional culture (3.5 h vs 72 h, P <0.0001).

12



Conclusions
The implementation of syndromic molecular diagnosis in critically ill patients with

pneumonia is associated with timely and improved diagnosis and has significant impact

on reduction of antibiotic consumption.

13



1. FTENIKO MEPOX
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1.1 Noooxopgwoxi) Ilvevpovia
1.1.1 Opwopog - Emonporoyia

H vocoxopeaxn mvevpovio (HAP - Hospital Acquired Pneumonia) opiletor og M
TVELUOVIKY Aoiuwén mov ekdnAmvetar petd amnd 48 dpeg 1 mEPLGGOTEPO OO TNV
ELG0Y®YT 6TO VOGOKOEID o€ aiobeveic mov dev ypnlovv unyovikng vroothpiEng [1,2].
H HAP amoteAel o amd TIc GLYVOTEPEG VOCOKOUEIONKES AOTUMEELS e ONUOVTIKES
KMVIKEC KOl OIKOVOLUKEG ETMTMOGELS OC OMOTELEGLLOL TNG AOENONC G POVO Kol KOGTOG
voonieiog, voonpotntog kot Bvntoétrag. H enintowon e HAP kvpaivetatl and 5 émg
neprocdtepes and 20 nepurtooelg avd 1000 eicaywyéc 010 vosokopeio kot omd 2,5 £mg
neplocdtepec anod 6,1 mepintmoelg avd 1000 acbeveig mov dev el6dyovTol 6T Lovada
evtotikng Oepomeiog (ME®) [3-6]. Avvntikd 6Aot ot voonievopevol acbeveic £xovv
avénuévo kivovuvo yuoo HAP. O kivovuvog autdg av&dvetar Kuplog 6€ NAMKIOUEVOVS
aclevelc oAAG kou oe oaobevelg pe emiPoapuopévo ATOUIKO 1GTOPIKO  GoPapmv
vrokeipevov voonudtov onwg mvevpovikov mabnceov (XAIL, dobua, o1dueon
TVELHOVOTAOEL), KOPSIOKNG KL VEPPIKNG VOGOV, NTOTIKNG Kippwong, HETAPOMKOV
voonudtwv, kakonbewng, vevporoywk®v mabnocewv, onuovtikng vmobpeyiog kot
0VOGOKOTAGTOANG. EmumAéov, m ovappdédenon, n SCOANVOOT KOL O HNYOVIKOC
agpiopog (MV) ovykataréyovtar 6tovg mapdyovieg kvdovov yuoo HAP [7,8]. Zta
TA{GI0. TG VOGOKOUEWONKNG TVELHOVIOG €VTAGOETOL TAEOV KOl 1) TVELHOVIK OV
oyetiletar pe v vyglovouikn tepiBoiym kot agopd v AoipmEn ToV AVATVELGTIKOV
TOPEYYOUATOC GE TPOGPATO VOGNAELOUEVOLS 0oBeVEiS, atpokaborpopevous 1 acBeveig
dwpévovteg og oiko guynpiog 1 Hovado LakpoypovViag povTidags.

Yoven®d¢ évo GOVOAO mapayOvimv GUUPBEAALOVY KOTOALTIKG GTNV EKONAMOT NG

VOGOKOUELNKTG TVELHOVING OmG paivetal oty ekova 1.
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Ew.1 Comprehensive risk assessment for hospital-acquired pneumonia [3].

1.1.2 ITaBoyéveon

O xoprog unyoviopds maboyéveong NG VOCOKOUEWNKNG mvevpoviag oyetileton
TPOTICTMOC LE TOV ATOIKIGUO TOV OVATEPOV AVATVEVGTIKOV OTO LUKPOOPYAVIGHOVS TNG
evo0YeEVOUG YAmpidag oAl kol omd eopopnoclg exkpicewv. H pukpofroroyio g
Aotpwéng kabopiletor and tov ypdvo EvapEng mc. Ot Aopoyovol Tapdyovieg 6TV
TpOUN Evapén g vocou givar kupiwg maboydva tng KovoTnTog, Vo N Oyiun Evapén
NG VOGOL OPEILETAL GE VOGOKOUELNKA TOAVAVOEKTIKA GTEAEYM TTOL gite amotkilovv Tov
OTOLOTOPAPLYYO €ITE TPOEPYOVTAL OO TOAVOPOUNCT] YAGTPIKOD TEPIEXOUEVOV
(ewopoenon) 10 omoio péow TOvV oTOMOTOPAPLYYa Bo KATOANEEL OTO KOTAOTEPO
avamvevotiko. H emiPimon kot 0 ToAAAmAaGIOGHOG TV TaBoydvev guvoeitat and TV
aAlayn tov pH tov otopdyov kvpiowg oe acbevelg mov Aaupdvovv avtioéva M
napevtepikn Opéyn. Télog ot pkpoopyavicpol puropodv va elcEABoLV HEGm E16TVOT|G
HOAVGHEVOL a€pal 1] POPUOKEVTIKOD OLEPOAVUATOS KOOMS Kol amd U oMot THPNoN

KOVOVOV DYLIEWVAG TOV XEPIOV amd Tovg epyalopévoug [9].

16



1.1.3 Artwohoyia

H pikpoproroyikn didyvmon g vocokouetokng mvevpoviog (HAP) mepthopfaver éva,
obvoro maBoydvemv mov extdg amd kowvd Poaktpla meptlapuPdvel 100¢ akdpo Kot
wokntec. H mapovoio voocokopelakdv maboyovov oteheydv ommg Pseudomonas
aeruginosa, Klebsiella spp., Enterobacter spp., Escherichia coli, Acinetobacter spp.,
Stenotrophomonas maltophilia ot Staphylococcus aureus amotedei oe peydlo
TOGOGTO TNV KOPLL OTLO AVTAV TOV AOUDEEDV TOYKOGUIMG, [LE TNV TOPOLGIN 1OV OO
mv Kowotnta omwg Respiratory Syncytial Virus (RSV), Influenza virus aAld o
uokntov ontmg o Aspergillus Spp oe 181aitepec KaTYOPiEG AVOCOKATEGTAAUEVMV
acBevav. Idwitepa avnovynTikd givar 1o yeyovog g paydaiog avénong avoekTikmv
oteley®v pkpoPiov yvmotd miéov pe 1o axpovopo “ESKAPE” (Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa kou Enterobacter spp) o€ Pacikég katnyopieg aviiBlotikdv
anoteA®vtog Eva peilov TpoPfAnua oty OEpamTELTIKY] AVTILETOMIOTN TOV AOUOEEMV

[9-11].

1.1.4 Aweyvootikn [pocéyyion

H 61dyvoon g voookopelakng mvevpoviag omotelel TpOKANGN Y10 TOV KAVIKO 10TPO
OKOLLOL KOL GTOL O KOAG OOUNUEVE GUGTIHLATO VYELOVOUIKNG TEPIBaAYNG. ZOUPOVA LLE
115 katevbovripieg odnyieg g IDSA (Infectious Diseases Society of America /
American Thoracic Society 2016) m dwdyvoon otpiletor oT0v  GLVOVAGUO
OMEIKOVIOTIKOV KOl KAMVIKOV EUPNUATOV OV Guvnyopodv vrep Aoiuwéng [12].
Neotepeg TEXVIKEG QMEWKOVIONG KOl OITIOAOYIKNG Oldyveong kabmg Kot 1 xpnon
BlodeKTAOV Kol KOWVOTOU®MV TEYVIKOV HOPLoKNG PloAoyiog cuVIEAOVV oIV ToyVTEPN
Kol €yKopn Olyvewon TNng MVELUOVING, HE OKOMO GTNV GTOXELUEVN OepamevTikn
OQVTILETOMION UECH OO TNV OLCPAALCT] TNG YOPTYNONG KOTAAANANG ay®yNg Ko TV
OTOKALAK®ON HECH TNG O10KOTNG TNG AGKOMNG YOPNYNOTNG EMTAEOV AVTIPLOTIKAOV.
O1 amekoviotikég pébodot mepiiappavovv v aktvoypaeio Odpakog (Chest X-ray)
eV TEYVIKEG Ommg M afovikn topoypapio yauning oaktvoBoiiog (LRCT) kot moAw
younAng aktvoporiog (ultra LRCT) kabBmg kot to S100@paKikd vmepnyoypapr Lo
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nvevpovov (LUS) ypnotpomotovvror 6A0 Kot Teptocotepo otn owdyvmon e HAP
[13,14].

H oktwvoypoaeio Odpaxog oamotedel v @0 evpéwg Owbéoyun kot €OKOAo
TPOYLLOTOTOGIUN aKOMO Ko 6€ KAV peLg acBeveic ametcoviotikn pébodo. Tlpdkettan
v un eneppotikn eE€taom, YoUNANG axtivoBoiiag kot younAod KOGTOLG Yo TNV
Oyveon NG TVELUOVIAG, T OTolol UTOPEl VO OOTPEYEL TEPOUTEP® OTMEIKOVIGTIKO
éleyyo. H ovpfoin g dev mepropiletar povo oty apykn didyvmorn oAl Kot otV
extiunon e£EMENG g vOGoL, TNV avAdElln VE®V EVPNUATOV 1] OKOUO Kol VE®V
Slyvmoemy, TV oviamokpion otnv Oepomeio kKo v kobodynon emeuPatikdv
SYVOOTIKGOV dtadtkaotdv [15]. Zuykpirikd pe v axtvoypaeio 0dpakoc, 1 aEovikn
topoypagio (CT) mapéyel AeTTOUEPEGTEPT AMEIKOVIGT TOV TVEVIOVIKOD TOPEYYVUOTOC
[16]. TTapd dpwg v vynAn evarsbnoio g a&ovikng TOHOYPAUPING TNV SLPOPIKT|
JWyveoon TV TVELUOVIKOV Tabncemv €01KA o€ Popémg macyovteg acbeveic, o
evpruata pmopet givarl pn edkd yo mapovoio Aoipméng. H petapopd tov acbevov
OTOV E01KO YDOPO EKTEAECTG TNG AEOVIKNG TOHOYPOLaG ALEAVEL TOV KIVOLUVO ETUTAOK®V
[17], evéd n éxbeon omv aktivoPolia amoteAel évo akdua TPOPANHO KA dTav
YPNOLOTOIEITOL POPNTOG AEOVIKOS TOUOYPEPOG KO ATOLTOVVTOL ETOVUANTTIKEG ANYELS
omv &&EMEN g vooou[18]. Xtoug vedtepng teyxvoroyiog a&oViKoHS TOUOYPAPOVS
omwg M yopunAng (LRCT) kot moAd youning 66ong (ultra LRCT) a&ovikn topoypaeio
n ékBeon oy axtvoPoria teivel Ty d6om g amAng aktivoypaiog Odpakog [19,20].
Av kol to dbwpakikd vrepnyoypaenuo mvevpovov (LUS) dev avtikabiotd tnv
aktvoypagioc M v afovikn  Topoypagios  OdpaKoc  SMICTAOVETOL M|
QMOTEAEGLOTIKOTNTA TOV oTnV Oldyveon g mvevuoviog [21]. H C-avtidpooa
npoteiv (CRP) xor n mpoxoicitovivny (PCT) mopapévovv ot mAéov gvupéwmg
YPNOLOTOOVEVOL PlOdelKTEG, TTAPE TOVG MEPLOPIGLOVS TTOV TTALPOLGLALOVY, LE TO
EVOLOPEPOV VOL GTPEPETOL GTNV AVOLTNON TEPICCOTEPO EOTKADV OEIKTAOV O1AYVMOONG Kol
eEéMENc g mvevpoviag. EmimAéov n epoappoyn koavotoOpwmv poplokav puebodmv

TapExouy Tayeio Kot £yKupn HIKpololoyikn dtdyvoon .
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1.1.5 OgpomevTikny AVTIHETOTION

H emiloyn g xatdAAning avtifrotikng Bepaneiog anotedel Pacikd mapdyovia otV
ékPaon g mvevpoviog [22-24]. H amotuyio TG EUTEPIKNG AY®YNG O ATOTEAEGLOL TNG
AVENUEVNG GLYVOTNTOG OVOEKTIKMOV VOCOKOUEIOKDOV oTeleydV [25] kabiotd avaykaio
™V avalTNon Kot xprnon VEmV d1ayvVOoTIKOV Kot OEPATEVTIKMOV TPOCEYYICEDV IKOVMOV
va Egmepdcovv avtd to TpoPAnua. Ta tehevtaio ypodvia Ta vedtepa avTiPloTIKA TOV
Exouv AGPel £YKPLomn Yol TNV AVTIHETMOTICT TOV GOPUPAOV AVOTVEVSTIKMY AOUMEEDV
napovotdlovtal otov wivaka 1, eved peketdton 1 mpokewwor vo peretnBel 1
dpaotikdéTTa. mapayoviov onwg Tedizolid [26], Ceftaroline-Avibactam [27],
Plazomicin [28], Aztreonam—Avibactam [29] Cefoperazone—Sulbactam [30]
Eravacycline, Murepavadin, kot Iclaprim [31]. [Siaitepo evolapépov amotelel | yprion
avTIBloTIKOV TopayOvVIov VIO TNV HOPPY] GEPOADUOTOS GE GLVOLAGUO HE TNV
cvotnuatikn Oepameio AALL KOl GE TEPMTAOGELS OmOTVYIOG AV TG, Ot apltvoyAukocideg
KOl 1] KOAGTIVI aoTeA0VV TOVG KOPLOLG VTITPOCOREVTIKOVG Tapdyovteg [32] pe 1o
EVOLPEPOV VO GTPEPETOL GTNV OvoLTNON Kol LEAETT VEOTEP®V OTTMC 1 AMITOCMOIOKN
owmpopro&acivn (liposomal Ciprofloxacin), o cuvdvooudg agporduatog Amikacin-
Fosfomycin inhalation system (AFIS), o cuvdvaoudg Aztreonam - Tobramycin, o
napdyovtag Arbekacin kaBdg kot 1 xpnon Paktprodywv oty dtoyeipton SVoKoAN

avtipetonicuev Aopumnéewnv [33].
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ITw.1 New molecules FDA and EMA approved for the treatment of hospital-acquired pneumonia and

ventilator-associated pneumonia.

Drug

Spectrum

Ceftobiprole

Nonextended spectrum B-lactamase, non-AmpC and non-carbapenemases-
producing Enterobacterales, P. aeruginosa, MRSA

Ceftolozane-tazobactam

ESBL-producing Enterobacterales, MDR P. aeruginosa, some anaerobes,
Streptococcus spp., MSSA

Ceftazidime-avibactam

ESBL, KPC, AmpC, and some OXA (e.g., OXA 48) producing
Enterobacterales, MDR P. aeruginosa, MDR A. baumannii

Meropenem- ESBL, KPC, AmpC-producing Enterobacterales, non-MDR P.

vaborbactam aeruginosa, non-MDR A. baumannii, Streptococcus spp.
MSSA

Cefiderocol ESBL, CRE (class A, B, and D enzymes), CR P. aeruginosa, S.

maltophilia, A. baumannii, Streptococcus spp.

Imipenem-relebactam
cilastatin

ESBL, KPC-producing Enterobacterales, MDR P. aeruginosa,
Streptococcus spp., MSSA
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1.2 TIlveopovia Tov Avamvevotipo

1.2.1 Opwopog - Emonporoyia

H nvevpovia mov oyetileton pe tov avamvevompa (VAP) anoteiel vokatnyopio tov
VOGOKOUELNKDOV AOUDEEMV Kol 0pileTatl ™G 1 AOTU®EN TOV TVELHOVIKOD TOPEYYVUATOG
o€ 0o0eveig VO PNYovIKS aepiopd Yo TovAdyLoTov 48 dpeg. Amoterel TNV cLYVOTEPN
nope1 mvevpoviag otnv Movada Evtatikng Oepanciog (ME®) [34]. H mapovoio g
elval yvooTn €0M Kot TOAAEG OEKAETIEC MG EMMTAOKN TNG OLUCOANVOCNG UE EKONAWON
Tvevpoviag Tov amodidoviay 160 o Taboyova Kotd kKupto Adyo Gram- apvnTikd oAAG
Kot oTov 1610 tov e€omAiouo [35].

H VAP pmopel va ekdnimbBel e mocooto and 5-40% twv acbevav mov Aappdvovv
UMY OVIKT] VTOGTNPEN Y10 TEPIGGATEPES OO 2 NUEPES, EVD EMNPEALETAL CIUAVTIKE ATt
TNV YEOYPOPIKT KATOVOUN, TOV TOTO HOVASNG KOl TO, KPLTHPLO TOV YPTGLULOTOOVVTOL
v TV S1dyveon me. MeAiéteg mov £xouv yivel avadeikvbouv 6Tt ot Evpomaikég yopeg
VIEPTEPOVV GE T0000TH ekdAmong e VAP (18.3 emeicodio ava 1000 muépeg
LUNYOVIKOD aEPIopov) o€ oyéon pe avtiotolyeg g Apepikng (1.9-3.8 enciodda ava
1000 nuépeg unyovikov aepiopov) [36]. Evod peléteg oe ovykekpiuéveg mAnbvopiokég
opadeg deiyvouv 6Tt £vo GHVOLO TOPAYOVTMV KIVOLVOL LLE YOPAKTNPLOTIKE TOV acOevn
Omm¢ M MAkia, cvvvoonpdtTeS (STAPUYES TOL AVOGOTOINTIKOD GLGTNHOTOG,
KPOVIOEYKEPUAKES KOKAOOELS, KOKONOEES, TA GUVIPOLO TNG YPOVIOS OTOPPOUKTIKNG
nvevpovondOeiag (COPD) kot g o&elag ovamvenoTIKNG SVOYEPELNG, EYKADIOTO), N
TOPOLOVY] Y10 HEYOAO YPOVIKO SLUGTNUO GTOV OVOTVELGTNPO, TPONYOVUEV AWM
avTIPLOTIKNG aywyNns, voonieio oe doun vyeiog 1 emepPatikol xEPIGHOTL GUVETIKOVPOVV
oV avénon g enintoong g [37].

Ocov agopd v BvntdTd TG £vOl GUVOAO KOTOCTAGEWDV ONMG 1| TOPATETOUUEVN
UNYoviKn Voot PIEn, 0 KaBLGTEPNUEVOS OTOYOANKTIGHOG, I QVENUEVT] KOTAVAAMOT)
avTIPOTIKOV, 1 HEYUAVTEPT OLUPKEW VOONAElDG oLVIEAODV oTnv ovénorn g

Bvntomtog og T060otd 10% emiPopivovtag otkovopkd Kot Tig douéc vyeiog [38].
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1.2.2 lTaBoyéveon
To xoT®TEPO OVOTVELOTIKO CUOTNUO QPLGIOAOYIKA givar oteipo maboydovev. H
TAPOLGIO SLUPOPETIKMY UNYOVICU®V  Gpuvag ouuPailel KaboploTikd otnv un

EKONA®OT AolpmENg OTTMG 1 CVOTOUIN TOV OEPAYOYDV, TO AVIOVOKANGTIKO TOL Py,

N mopoywyn PAEVVAC, TO KPOoow®TO emONAL0, TO KLYEMOIKAE pokpoedya k.o (TTv.2).

ITw.2 Normal Host Defenses for Prevention of Pneumonia.

Anatomy of airways Alveolar macrophages
Cough reflex Leukocytes

Mucus Immunoglobulins
Mucociliary clearance Complement
Lactoferrin Basement membrane

2mv gpedvion s VAP cuvenikovpolv molhotl mapdyovies Tpokelévon va eméA0eL 1)
AOON TOV APLVTIKGOV UNYOVICUOV Kol 1) €16000G dvvnTikd mafoyovev oTeAey®V
TPOKOADVIOG  TPOMOMOMGELS NG  Paxtnplokng  yAowpidag  yvootd g
“transcolonization” (Ew.2) [39]. [Ipwtictmg 0 id10g 0 EEVIGTAG TOL 0TV TAEIOYNPia
TOV TEPUTAOCEDV Eival Bapémg TAGY®V, 01 GLVVOCNPOTNTEG, TPONYOVUEVT] VOOAEl
Kot ANyn avTiPotikayv, wrpikés enepPatikés kabog kot n e n dredkacio ™G
SLICOAMVOONG UE TNV TOPOUOVI] TOV UNXOVIKOD OEPIGHOL Yo HEYAAO O1ACTNHQ
wpodlaféTovy v ekdNAwon ¢ Aoipméng n omoia Bo propovce Vo LETOVOUOCTEL GE
«mvevpovia mov oyetTileTon pe EVOOTPOYELKT OLOCOAVOGT).

Ot odol pécm TV omoiwv ol HiKpoopyovicpol omoktohv mpdsPacrn o610 oTEipO
nePPEALOV TV TVELUOVOV PTTOPEL VoL gfvol HEGH UIKPO-LLOKPO ELGPOPNCGEDV LE TNV
EUTAOKN TPOTIGTOG HKPOOPYAVICUDY TNG EVOOYEVOLS YAmPidag mov amokilovv To
OVAOTEPO OVOTVEVGTIKO KOl OEVTEPOYEVMG TOV TENTIKOV ANV, Ot eKKpioelg avTég
TpogpyOeveS €ite omd TOV  GTOHOTOPAPLYYO €iTe OmO TOV GTOUOXO HECH
TaAvOpOUNoNG Ba KataANEOVY GTO KOTMTEPO OVATVEVSTIKO GUGTN LA, TPOSPAALOVTOG

TO TVELHOVIKO TOPEYYLUO KOl EVEPYOTOIDOVTAG TNV OLOOIKAGIN TNG PAEYLOVMOOLS
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eEepyocioc. EmmAéov o 1010¢ 0 evOOTPOYEIOKOG COANVAG UTOPEL VO AEITTOVPYNGEL OG
YN OKOUO KOl TOAVOVOEKTIKOV OTEAEYMV €ITE e TNV TOPOLOVY] EKKPICEOV GE
TULOTO TOL TTOL Ba emekTafovV younAotepa, gite pe TOV oYNUOTICHO Bropepppavng
YOopw and 10 EEvo cwpa. H dnuovpyia g PropepPpdvne tpoodidet avlektikdtnta
otV O0pdon TV avTPlOTIK®OV KOl GTOVG OULVTIKOVS UNYOVIGHOVG Tov Eevioth,
ELVOOVTOG TOPGAANAL Kol TNV aVATTUEN TOALAVOEKTIKOV OTEAEXDV, KOOIGTMOVTAG
eapeTikd dvokoAn v Oepanevtikn avtipetonion tovg [40].

Y10 mlaiow g evonuikng VAP m mpooPoAn umopel va ovuPel ¢ eméktaom
TopokeineVNg AOTU®ENG KATA GLVEYELD 16TOV Y TOL VIELOKOTIKOV YMPOL, E1T€ HECH
OLILOTOYEVOVS OGTIOPAS UIKPOOPYOVICU®MY ®©¢ Poaktnploipios amd Kofetnploopo.
[Tépav Opmg Tov HKPOPLOUATOG TOL EEVIOTH TOV KAT® atd GUYKEKPIUEVES GUVONKEC
o cvumeppepBel ®g Aowwoydévog mopdyovtog, Mo AOIH®EN TOL  KATMOTEPOL
OVOTVELGTIKOD GUOTNUOTOG UTOpel vor yivelr amd HIKpoopyoviopovs eEmyevolc
TPoEAEVONG, OO TO TEPIPAALOV TNG LOVASAG OTTMOC 1) U1 CMGTH SL0YEIPIOT ATOMK®V
HETP®V TTPOoTOGioG, 10Tpkoy €£OmMAIoHOD KaOMC Kol 1 €6TVON EMUOAVGUEVOV

WTPIK®OV AePOALUATOV, aépa Kot vepo (Ewk.3).

Transcolonization

(modification of bacterial flora during invasive mechanical ventilation)

1 | Face sinuses
' |
Oral cavity
© Modification of local flora l<

@® Bacteria from the digestive tract
® Bacteria from the sinuses

) i
Subglottic area |< -

Feme

-~ .
A =

»

TR
.p®

Lungs
@ Modification of local flora
@® Inhalation throught cuff, from :
-  Oral and pharyngeal flora
- Digestive tract

- < {} Stomach
e © pH modification

- VAP ® Reduction of peristalsis
® Reflux / retograde colonization

Ew.2 Transcolonization” as a nosological entity playing a central role in ventilator-associated

pneumonia [39].
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Exogenous organlisms Endogenous organlsms

L LA Inhalation
+ Upper airway (oro- and
nasopharynx) The healthcare environment:

« Healthcare workers

- Equipment (e.g. ventilator
circuits and nebulisers)

« Biofilms

« Trachea
« Paranasal sinuses
- Gastric contents

Bloodstream

= Bacteraemia
‘ﬁ:and VAP infection

—

— Bacteraemic spread

Pathogenic organisms commonly associated with HAP and VAP

Gram-negative bacteria

Pseudomonas aeruginosa

Acinetobacter baumannii

Enterobacteriaceae, such as Escherichia coli, Klebsiella, Enterobacter, Proteus and Serratia spp.
Stenotrophomonas maltophilia

Haemophilus influenzae

(These are the most common causative organisms)

Gram-positive bacteria
Staphylococcus aureus (MSSA and MRSA)
Streptococcus spp. (including Streptococcus pneumoniae)

Other pathogens

Anaerobic bacteria, such as Prevotella, Fusobacterium and Veillonella spp.
Candida and Aspergillus spp.

Other

Ew.3 The most common sources and pathogenic organisms associated with hospital-acquired and

ventilator-associated pneumonia [41].

1.2.3 Awtwohoyia

H pwpofroroyia tg mvevpoviag mov oyetiCetan pe tov avomvevotipa mowkiiel. ‘Eva
oLUVoro Tapaydvtov emmpedlel kot telkd opilel éva M aKOUO Kol TEPLGGOTEPQ
Aowoydva oteréyn veevBuva T AoTH®ENC. TOVG TaPAyOVTEG AVTOVS TEPLOULPAvETOL
N YPOVIKN OEPKELD TOVL PUNYOVIKOV GEPIGHOV, O GUVOAIKOG YPOVOG VOOT|AEING GE OOUES
vyelag N otV povada gvtatikng Bepaneiog, Tponyodpevn AMyn avTiPloTikng aymyng
KOl 1| TOTKT emdnuoroyio g povadas. H mhetoyngio TV PIKPOOPYOVIGU®OV TOV
eumiékovrar omv VAP mepihapfaver kvpiog Gram-apvntikd moaboyoéva Ommg

Pseudomonas aeruginosa, Escherichia coli, Klebsiella pneumoniae, kot Acinetobacter
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Spp.,.eved amd tovg Gram-BeTiKovg HKpoopyavicpovs vreptepel o Staphylococcus
aureus [42-45]. Mehletdvtog tnv artioroyia tng VAP og oyéon pe Tov xpovo UPAvVIcNS
™G eaivetal OTL Ol LIKPOOPYOVIGHOT TOV EUTAEKOVTOL GTNV TPOIUN EUPAVIoT TG VAP
(early-onset VAP), dnlodn otig té00epic mpmdTeg NUEPES VOONAEING, TPOEPYOVTIL
Kupimg amd Vv YAwpida TOL OVOTEPOV OVATVELCTIKOD, €V avtiOEoT e TNV OYiun
enpavion g VAP (late-onset VAP), mov ypovikd opileton petd tnv méumm nuépa
voonieiog, 6mov amodideTol GTNV TAPOLGIN OKOUO KOl TOAVOVOEKTIKOV CTEAEYDV.
Duokd 1 TOPOLGIN TETOLMV CTEAEXDV LE OVTOYEC OE APKETEC KATNYOPieg avTIBloTIKMV
dgv UTopel VoL AMOKAEIGTEL OVTE GTIV TPOIUT ELPAVIOT) TNG TVEVUOVING ETL TOPOVGIOG
TApoyOVTOV KIvdivov, Ommg AMym Tpdseata avTiBloTiKig ay®wyng, 0 OmOIKIGHAS 1o
amd TOAVAVOEKTIKG GTEAEYT], L0 ELUEVOVCO, TVEVULOVIO, TOV OVOTTVELGTIPOL OKOLLOL KO
onntikn katanAn&io. Ymépyovv BEPora Kot o1 peAéteg oTig omoieg dev dameTOON KOV
dwpopés oty  atoroyio ¢ VAP ota  avtictorya  ypovikd SocThpoTO
[34,46]. Emnpocbeta 1 eppavion avlektikdv otedeydv tomov ESBL, AmpC -
Aoktapdon, carbapenemase-producing K. pneumoniae (KPC-Kp) xofd¢ «at
nolvavOektikov Pseudomonas aeruginosa (MDR Pa) kot Acinetobacter baumannii
(MDR-AB) amotehei £va maykdouio tAéov TpdPAnua dwayeiptong tov Aowbéemy [47-
50].

1.2.4 Avayvootikn IIpocéyyion

Aappavovtog vroyv Tig onUavTikég emmAoKES ™S VAP ¢ mpog v voonpotta Kot
v BvntoémTa, ToV ¥POVO TUPAUOVIG, TNV KATAVAAMGT EVPEMS PAGUOTOS AVTIPLOTIK®V
Kol TNV avAadelln ovOEKTIKOV GTEAEXDV KpiveTol amoapaitntn n toxeio kot oAndm
dwryvoon G Aoluwéng Tov TvELHOVIKOD TOPEYYLUOTOS akoAovBouEVn amd
OTOYELVUEVT OEPOTEVTIKNY OVTILETMOTION.

H d1édyvoon ¢ mvevpoviog mpofAnpotilel diaitepa Tov KAMVIKO 10tpd 6To TAOIG1H TNG
Swpopkng ddyvoong pwg mpaypoatikng VAP, and tov omowicpd M v
tpoxeloPpoyyitida. H didyvoon g VAP wg eni 1o mheiotov mepucheiet v cuvimapén
KMVIKOV eVOEIEEWV, OKTIVOLOYIKAOV EVPNUATOV Kol TNG HKPOPLOAOYIKNG d1byvewong
OV TPOKVITEL ALd TNV KOAMEPYELX OEIYUATOC TOV KATDTEPOL AVATVEVCTIKOV [22,46].

Evpiuata kivikng vroyiog g VAP amotehovv 1 dvodoc tng Oepuokpaciog, n
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AEVKOKVLTTAP®OT, 1] QALAYT TOV EKKPICEDV (TVMOELG EKKPIGELS), 1 QVENUEVT] OVAYKN
o&uyoévmong ta omoia GLVOLALOVTOL LE OKTIVOAOYIKE EVPALLATA VEWV 1| EEEMCCOUEV®V
dMONCEDV PHECH OTMEIKOVIGTIKAOV TEYVIKOV OTTMG 1] AAN akTvoypapiog Ompakog (chest
X-rays) eite evaAloktikd 1 a&ovikn topoypagpio (Computed tomography / CT) axoua
Kol av 0gV amoteAobV ta péoa dtdyvoong g VAP, pe v ypnion teievtaio Tov
dtbmpakikod vrepnyoypdonuatog tvevpdvov (LUS) va arotehel éva péco mboavig
dyvoons. Amod ta Pacwkdtepa kprtiplo. Oidyvoong amotedel 1n pkpoPloloyikn
TOCOTIKN]  KOAAEPYEW TOL VIELVOOVOL Aowoyovov mopdyovra (ITw.3) [51].
AmodetkvheTOL OTL 1) KAAAEPYELD OETYIATOG OO TO KOTOTEPO OVOTVELSTIKO GLUUPAALEL
onuovtikd oty Péltiotn  kKhMvikn  ékPoaon  [52] moAd mepiocdtepo  Otav
wpaypoatonroleiton wpv v EvapEn g aviiProtikng Oepameiog, n omoio pmwopet va
EMNPEAGEL CNUOVTIKA TO OTOTEAEGLO TNG KPOPLOA0YIKTG KaAAEpyeLas. Ocov apopd
v Gram ypdon 1 evarcOncio Kot 1 EVKOTNTA TNG OEV LTOPOVV VO TEKUNPLOCOVY THV
VAP pe to evdopépov va otpépetar omv avolitnorn Plodeiktdv koabmg Kot
KOWVOTOU®V TEXVIKAOV TTov o mapéyovv v tayeia didyvoor| e VAP. Xta mlaicio
emitevéng peyaddtepng Swyvootikng axpifeiag tg VAP €xovv emiong mpotabel
Babporoywég khipakeg (scores) 6mmg to Clinical Pulmonary Infection Score (CPIS)
Baon KAWVIKOV, OKTWVOAOYIK®OV KOl HIKPOPLOAOYIK®OV TOPOUETP®V TO  OTOin
GUVETIKOVPOVV 0TIV dtdyvmon g vooov [53,54]. 1o 610x0 avtd cuyKOTOAEYETAL |
xpnon kol perét Prodeiktov 6mog 1 C-avidpoco mpwteivn (C-reactive protein /
CRP), n mpokoAcitovivny (PCT) kabmg kot o €dwkdg vmodoyéag (soluble triggering
receptor expressed on myeloid cells, STREM-1) [55-57]. Xvvend¢ n peyardtepn
Swyvootikn  okpifelo kot OgpamevTIK)  AVIOTOKPION OMOTEAEL O  TOPOATAVE®

cvvdvacuog [58].
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ITw.3 Diagnostic criteria requested for VAP [51].

New or progressive Present
persistent infiltrate on
chest radiograph

Clinical observation At least two of the following:

suggesting infection New onset of fever

Purulent endotracheal aspirate

Leukocytosis or leucopenia

Increased minute ventilation

Arterial oxygenation decline

Need for increased vasopressor infusion to maintain blood

pressure
Microbiological At least one of the following:
culture results Positive blood culture not related to another infection

Positive pleural fluid culture
Positive quantitative culture from minimally
contaminated LRT specimen (e.g. BAL >104 CFU/mL)
Positive quantitative culture from endotracheal aspirate
specimen (e.g. ETA >105 CFU/mL)
>5 % BAL-obtained cells contain intracellular bacteria on
direct microscopic exam
Histopathologic exam shows one of the following:
Abscess formation or foci of consolidation with intense
PMN accumulation in bronchioles and alveoli

Positive quantitative culture of lung parenchyma

‘Eva. and 1o Pacwucd petovektpoto g ovuPatikng kaAMépyslog givar o xpovog
UIKPOP1oAoyIkng d1byvwong o omoiog kvupaivetol and 24-48 dpeg Kot KATOLES POPES
aKOUOL TEPIGCOTEPO GTNV MPOCTADEID TOVTOTTOINONG Kol EAEYYOL gvousOnciag Tov

vrevbvvov Taboydvov (Ew.4) pe 01t avtd cvverdyetar and v Evopén EUTEIPIKNG
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avTIPLOTIKNG Oy®mYNG HEYPL TOL OPLOTIKOV OamoTEAEGHOTOS. Ta TeEdevTaion ypovia 1
EMITAKTIKY AVAYKT Yo TNV KOAVTEPT dlayeipion Tov AoudEewv emPBarietl v éviaén
Kowvotopwv puefddov vyning evaiotnoiog kot edwottog. Moplakéc TeVIKES
EMTPEMOVY TNV OVIYVELOT] YEVETIKOV DAKOV TOO0YOV®V GTEAEXDV GUVIVAGTIKA LLE TNV
aviyvevon yovidiwv avioyng anevbeiog amd to kKhviko detypa [59,60] yopic puoikd va
OTEPOVVTOL KOl TEPLOPICUMV (VIEPEKTIUNON N UN aviyvevon Taboyovev, amokiopog,
Kk6010G). H poaouatoperpioa palog MALDI-TOF (Matrix Assisted Laser Desorption
lonization Time-of-Flight) technology, evtdooeton TAéov 610 KAMViKO HKpoBloAoyiko
EPYAOTNPO TOPEYOVTOS TOXDTATN TOVTOMOINGN of emimedo €idovg, YEvoug Kot
OWKOYEVELNG, POKTNPIOV KOl HUKATOV OAAG Kol oviyveLong OVOEKTIKOV GTEAEXDV
[61,62]. H dwayeipion tov Aodéemv pe v ypfon vedtepmv pebddov tayesiog
SWyveoonGg Kol GTOYELUEVNG OEPOUMEVTIKNG AVTILETOMIONG G€ GLVOLAGUO e
TPOYPALLOTO AVTIPLOTIKNG EMTNPNONG SIKALOAOYOVV TN GYECT) KOGTOVG-0PEAOVS LECH
NG OTOKAMUAK®OONG TV OVTIPLOTIKGV Kot EVOEYOUEVMG NN Ppedlovv OETIKA TNV KAVIKY

ékPaon tov acbevav pécm g £ykaipng xoprynong katdAining Oepaneiog [63].

Potential future
workup process

| TIME | Microbiological sampling

Current workup process

Miciooco R Empiric treatment Multiplex
< 1hour e M  guided by direct PCR
examination v x
examination
Empiric treatment
Culture +/- P

| guided by culture +/-
MALDI - TOF MS

MALDI - TOF MS

Specific, targeted
PCR

Antimicrobéal
susceptibility fests

Ew.4 Current and potential future workup processes for identification of pathogens responsible for
VAP [34].
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1.2.5 Ogpomevtikny AVTIHETOTION

Eivor yevikd amodekto o6tin €yxoipn Evapén g katdAAnAng aviiprotikng Oepameiog
kabopiler onuoviikd v khvikr ékPacn [64]. Exi tov mapodvtog n emioyn g
eUmEPIKNG aymyng otnv VAP amoteiel mpoxkAnon eEoutiog g paydaiog avEnong
TOAAVOEKTIKOV 1 akdpo Kot movavOekTik®y vocokopstakmv oteheydv (MDR/PDR)
[65], ®g pavopevo va ekONADVETOL GE TOYKOGHLO ETITESO YOPOV HETAED TV OTOIMV
ko 1 EAAGSa [66].

O xpovog Evapéne Ko 1 ETA0YT TOV KATAAANAOL BepamenTiKoy oynuotog kabopileTon
and TV ocoPapotnta TG KAMVIKNG KOTAoTOoNG TOLv 000evovg, TNV Tapovcio
OTNUOVTIKOV GLVVOCTPOTHT®V, TNV VIOPEN Topaydvimv KIvovvoy yio TOAVOVOEKTIKA
OTEAEYN KOl PUGIKE TNV TOMIKY| EMONUOAOYI0 EMKPATNONG GTELEXDV LLE TO AVTIGTOLYO
TPOPIA OVIOYDV. XTOVG TAPAYOVTEG KIVOUVOL EUQAVIONG OVOEKTIKOV GTEAEYDV
OLYKATOAEYETOL 1) AWM OVTIBLOTIKYG Ay NG TIG Tponyoveves 90 nuépes, n mpdopatn
voonieia, To onmTiKd 6ok, T0 cVvoporo ARDS, | apokdBapon o amokicGog non arxd
avOeKTIKA oTEAEYN Kal £vOL LYNAO TOGOGTO AVOEKTIKMV GTEAEYMV GE TOTIKO EMIMEDO
[67]. Zvvernmdg N emhoyn TG EUTEPIKNG OVTIBLOTIKNG OY®YNG EIVOL TOAVTOPOYOVTIK
onmg aivetarl otov Tivaka 4 [46,68].

To maykocuIo TPOPANUO OTN AVTIUETOTICN TV AOIUOEEMV ATOTEAODV Ol UNXAVIGHOL
avtoyev tov Gram apvntikov maboyovov émwg extended-spectrum beta-lactamases
(ESBL), ampicillinase C (AmpC) ka1 kvping 1 e&dmimon tov Carbapenem-resistant
enterobacterales (CRE) [69]. Néot Oepanevtikoi Tapdyovieg Kabmg Kot cuvovacuoi B-
AOUTOUIKOV LE avaoTOAES TV B-AokTapac®v sivor mAéov dabéoipol kabmg elval
OPKETA ATOTEAEGLOTIKOL KOl AYOTEPO TOEIKOL GTNV AVTIUETOTIGT TOV AOUDEEDV OO
avbektikd otehéyn [70-72]. Ov ocvvdvaouoi Ceftazidime-Avibactam, Imipenem-
Relebactam ka1 Meropenem-Vaborbactam sivat 1dioutepa amoteAecpatiKol EVavtt Tov
CRE a1 xvpimg ¢ Klebsiella pneumoniae, 6nwg ko ot mapdyovieg Ceftazidime-
Avibactam, Ceftolozane-Tazobactam, Imipenem-Relabactam kot Cefiderocol évavtt
avhektikdv oteleymv Pseudomonas aeruginosa pe to Cefiderocol va avtipetonilet o
Acinetobacter baumannii pali pe Plazomicin ko Eravacycline.

AvoAvTiKOTEPO, O VEOG OLVOLOGUOG OVTIPOTIKOV KePTAlWOiUN - ofumaxtéun

TePAOUPAVEL o MUGVVOETIKT KEQAAOGTOPIVT TPITNG YEVIAG KO £VOV VEO OVOGTOAEN
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un B-Aaktopukng/B-Aoaxtapudons 0 0moiog TapEYEL TPOGTOGIO EVOVTL TNG VOPOAVTIKNG
dpaong PB-raktapacodv taéewv A (m.y ESBL kot K. pneumoniae KPC), C (r.y AmpC)
kot D (m.y OXA-48 enzymes) ue ehdewn dpaon évavtt g taéng B kot peiopévn mg
npog to A. baumannii, ta avoepofra. Gram-apvnrikd Baktipro kot tovg Gram-0etikong
Kokkovg [73,74]. O ovvdvacpog keptoroldvn — talouroktaun (keporoomopivn pali
pe B Aoktopkd ovooctorén) amotedel éva dpaoTikd mapdyovto €vovit ESBL-
evtepoPaktnprokov kot MDR/XDR oteheydv P. aeruginosa, pe ehdeunn opaor mpog
11§ kapPonevepdoeg, o A. baumannii ko tv S. maltophilia [75,76]. H kepivtepokoin
WG GLOMNPOPAOPOG KEPAAOGTOPIVY] TAPUUEVEL OPACTIKY EVAVTL B-AaKTOUACOV TAEE®V
katd Ambler A, B, C, D evtepofaktnplokdv kot alvudTikdv otedey®v [77,78] evd o
oLVOLOOUOG TNG HepomevéUNG e PoaumopPaktaun meplopiler v dpdon TV
Aoktapacodv taéng A kot C [79]. H yurevéun poli pe tov avaotoléa peAeUmaKTaun
amoKaOoTd TNV dPACTIKOTNTA NG YWIMEVEUNG EVOVTL B-AUKTOUACOV TAEEWV KOTA
Ambler A kot C [80], évavtt avBextikdv otedeydv Pseudomonas aeruginosa kot KPC-
EVTEPOPAKTNPLOKOV UE aveETOPKN dpaon Evavtt Tov Acinetobacter baumannii kot g
Stenotrophomonas maltophilia [81,82]. Apaoctikotnta évavtt ToV KopPanevepocov
ta&ewv A, C xar D B-lactamases, metallo-B-lactamases (MBLs) mapovoidlet kot o
oLVOLOOUOG alTpeovaung e aftumaKtdun 1 0pacn Tov omoiov pmopel vo emektabel
[83]. H mhalopkivn avikel 6ty Katnyopic TV apivoyAvkocidmy pe avaloyn dpaon
KLPlOG oTIS PakTnplonpies Ko TG OVPOAOIUMEELS LE OVETAPKT] OEQOUEVO (G TTPOG TNV
nvevpovia [84]. Téhog n epafokvidivy o amd TIg VEOTEPES TETPAKVKAIVEG TO QAL
¢ omoiag mephapPdvel toco Gram- Oetikd 6co kot Gram- apvntikd otedéyn
emekteivetal akopo Kot oto Acinetobacter baumannii arokAgiovtog amd tnv dpdomn G
oteréyn Pseudomonas aeruginosa [85,86] (Ew.5).

Kotolyovtag, n mopovsio tov eyKEKPUEVOV VEOTEP®V OEPATEVTIKOV EMAOYDOV
amoteAel VoL GNUOVTIKO UNYOVIGUO GULVOG GTNV OTEIAT TV AOUOEE®V amd avOEKTIKA
oteAéyn. Meléteg Oelyvouv TNV OAMOTEAECUATIKOTNTO OVTAOV TOPEAANAQ UE TNV
pkpotepn to&kdTnTo AAL®V Bepamevtik®dv Tapayoviwv. [lpokeévou va amopevydei
N ELEAVIOT OVOEKTIKOV GTEAEX®V amarteitanr opBoroyIKy ¥p1oN TOV VEOTEPMOV QLTAOV
TOPAYOVIOV GE GUVOLACUO HE TPOYPAUUOTE ETLTHPNONG KOL YVAOON TNG TOTIKNG

emdnuoroyiag mote va. emtedeiton ) BéATIoT Bepamevtikyg avtipetonion [87,88].
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ITw 4 Suggested initial empirical antimicrobial treatment of ventilator-associated pneumonia

Situation

Therapeutic class

Agent

Early VAP (<5 days),
without MDR bacteria risk
factor*

Non-antipseudomonal f3-

lactam

Amoxicillin/clavulanic acid®
OR
Third generation cephalosporin

Late VAP (>5 days), OR
Risk factors for MDR

bacteria

B-lactam active against
Pseudomonas aeruginosa
AND

Non B-lactam

antipseudomonal agent

Cefepime2gq8h

OR

Ceftazidime2gg8h

OR

Piperacillin-tazobactam 4 g q 6 h
OR

Meropenem 2 g q8h

Amikacin 25 mg/kg/day

OR

Ciprofloxacin 1200 mg/day

Known MRSA colonization,
or high (>20%) MRSA

prevalence in the unit

Agent active against MRSA

Vancomycin 30-45 mg/kg/day OR
Linezolid 600 mg/12 h

Known colonization with
carbapenem-resistant
Enterobacteriaceae or
Pseudomonas aeruginosa
susceptible only to new

beta-lactam agents

New p-lactam agent

Ceftolozane—tazobactam 3 g q 8 hi
OR

Ceftazidime—avibactam 2.5 g q 8 hi
OR

Meropenem—vaborbactam 4 g q 8 hi
OR

Imipenem-relebactam 1.5 g q 6 hi

*This situation and the corresponding antimicrobial agents are not mentioned in IDSA/ATS guidelines
[46]

tAccording to [68]

1The empirical use of these agents should be restricted to patients colonized by specific pathogens
(carbapenem-resistant Enterobacteriaceae or extensively drug-resistant Pseudomonas aeruginosa),

according to previous susceptibility testing showing that the pathogen is susceptible to the agent
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Enterobacterales

Class A Class B ClassD i tretol h
Carbapenemase Carbapenemase Carbapenemase Pseudomonas Acinetobacter | Stenotrophomonas

(e.g. KPC) (e.g. NDM) (e.g. OXA-48) aeruginosa baumannii maltophilia

Ceftobiprole

Ceftolozane-
tazobactam

Ceftazidime-avibactam

Cefiderecol

Meropenem-
vaborbactam

Imipenem-relebactam

Aztreonam-avibactam

Plazomicin

Eravacycline

Ew.5 Activity of new agents against Gram-negative pathogens. Grey shading: variable activity; red

shading: non-activity; green shading: activity. KPC: Klebsiella pneumoniae carbapenemases; OXA:

OXA-B-lactamases; NDM: New Delhi metallo-p-lactamase [88].
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2.1 Evoayoyn

Ot Lo®EELG TOL KATMTEPOV OVOTVELSTIKOD GLOTNUOTOS (TVELHOVIES) OmOTEAOVV
dwypovikd v tétaptn owtic Oavdtov maykoopiog copeove pe tov [Haykoouio
Opyaviopo vyeiog (Ewc.1,2). Tmyv ydpa pog v televtaio dekoetio mapatnpeitol po
ONUOVTIKN avENomn TV avaTomv amd AOIUDEEIS TOL KATAOTEPOL AVATVEVCTIKOV, LE TO

UEYAADTEPO APIOUO OLTOV VO KOTOYPAPETOL OTIG NAIKiES dve Tov 75 etodv (Ewk.3).

O unyovikodg aeptopog ov Kot amotelel cotplo Oepamevtiky mapéufaocn yuoo v
VITOGTNPLEN TNG AVOTVEVLGTIKNG AEITOVPYiag o€ acheveic LYNAOD KIvOHVOL LE avAYKN
vy voonAeia oe povado evtatikng Oepaneiog (ME®), cuvodevetor and avénuévn
TOavOTNTO EKONAMONG KAMVIKOV ETMUWTAOKAOV HE KUPLOTEPY] TNV TVELUOVIOL TOV
oyxetiletoan pe tov avomvevotinpoa (VAP), mov ocvyvéd koataAnyer ce ofym, oeia
avamvevotikny dvoyépeta (ARDS), mvevpovikn epfoln, mvevpovikd oidnpa 1 akdpa
kot Odvaro. EmmAéov, 1 VAP gmunkidvel onuoviikd v SdpKe TOL UNyoviKov
OEPIGLOV, TOV XPOVO TOPOUOVNG OTn povada evtotikng Oepaneiog (ME®) kot oto

VOGOKOWELD TO 07010 emPEPeL aENUEVO KOGTOG VYEIOVOIKNG Ttepifaiyng [1-3].
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Leading causes of death globally

[ 2000 @ 2019

1. Ischaemic heart disease

2. Stroke

3. Chronic obstructive pulmonary disease
o
4. Lower respiratory infections

O

5. Meonatal conditions
o ™
-
6. Trachea, bronchus, lung cancers
7. Alzheimer’s disease and other dementias
Ly

-

8. Diarrhoeal diseases

@ O

9. Diabetes mellitus
O—9
10. Kidney diseases
O—@
L] 2 4

NMumber of deaths (in millions)

@ Noncommunicable @ Communicable @ Injuries

Source: WHO Global Health Estimates,

10

Ew.1.Lower respiratory infections remained the world’s most deadly communicable disease, ranked as

the 4th leading cause of death [WHQ].
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The World's Leading
Causes Of Death

Total number of people who died from
the following conditions (in millions)

® 2000 @ 2019

6.8 8.9
Ischaemic heart disease o o

Stroke ‘ .

Chronic obstructive ‘@
pulmonary disease

Lower respiratory
infections

Neonatal conditions ® o

Trachea, bronchus,
lung cancers

Alzheimer's diesease and ® ©
other dementias 5

Diarrhoeal diseases ® ©o

Source: World Health Organization

Ew. 2. The top global causes, in order of lives lost, are associated with three broad conditions -
cardiovascular (ischaemic heart disease, stroke), respiratory (chronic obstructive pulmonary disease,
lower respiratory infections) and neonatal conditions (birth asphyxia and birth trauma, neonatal sepsis
and infections, as well as preterm birth complications) [WHO].
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Ew.3.Trends in cause-specific mortality by all age-groups for a selected country and sex [WHO].
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O Toaykéoog Opyaviepodg Yyelag (ITOY) yopaxtnpiler por opdda Paktmpiov o
“Critical-priority bacteria” n onoio mweptlopfdver pio opdado anetAntik®v yio ™ (on
VOGOKOUEWKOV Tafoyovav yvootd pe 1o akpovopo “ESKAPE”. O 6pog avtdg
VIOJEIKVOEL TO OVOpLOTO. aVTMV TV Baktnpimv (Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa
kou Enterobacter spp) kol TV KavOTNTE TOVS VO, ATOPEVYOLV TNV OVTIUIKPOPLOKY|
opdon TV avTIBOTIKOV pHe TOKIAOVE TPOTOLG OTMG 1 TPOTOMOINCT TOV GTOHYOL
dpdiong, n adpavonoincn Tov OepameLTIKOL TAPAYOVTA, 1) EKPPUGCT] AVTALIOG EKPOTG KO
o oynuatiopdg PopeuPpavav (biofilm) [4] (Ewk.4). Qg amotéheopa, 1 ovOekTikOTTAL
TNV 01010 AMOKTOUV TO GTEAEYT] AVTA EMLTPEMEL TNV TOPULOVI] TOVG Y10l LEYAAO YPOVIKO
SLIOTNO. GTO VOGOKOUELNKO YMDPO, SIEVKOAVVEL TNV €EATAMOT TOVG Kot 0d1yel otV

eKONA®OT SVGKOAN OVTIUETOTICIU®OV AOUDEEMV.

ESKAPE

Mechanisms facilitating antimicrobial
r_e%tance in ESKAPE pathogens

= |
/

/

Reduced Enterobacter

Enterococcuy

antibiotic
i accumulation
I Bacterial
tareet site
modification : on
Staphylococcus Psendomonas

R

Klebsiella Acinetobacter

- 48

Ew.4 Mechanisms of antimicrobial resistance in ESKAPE pathogens [4]

Yoppova pe Tig 01ebvelg katevBuvtipleg odnyieg yw v opbBoroyikn ypron TV
avTIBlOTIKOV KOl TNV CMOTH OVTIUETOTION TOV AOW®EEmV mov mepthapfdvovton
Heta&d GA®V, oTNV EKOTPOTEiN OvVTIHETOTIONG oy g Surviving Sepsis Campaign [5]

N 1§ Mo TPOGPATES EVPOTAUIKEG KATELOLVTIPLEG OONYIES YO TNV OVTIUETOTION TNG
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TVELLOVIOG TG KOWVOTNTOG OGO KOl TMV TVELHOVI®V 00 VOooKouElakd Taboyova [6],
1N GTOXELUEVT] AVTIPLOTIKY Oy®YN Yo TNV BEPUMEVTIKY] AVTILETMOMTION TG TVEVHOVIOG
¢ kowotntag (CAP), g vosokopetaxkng mvevpoviag (HAP) 660 kot g mvevpoviag
mov oyetileTon pe tov avamvevotpa (VAP) mpénet va Eexvael dueca kabmg amotelet
Baowkn mapdpetpo ¢ KAMVIKAG £kPaong tov acbev) [7]. Emmpdobeta n cwot
dweipon meprotatik®dv s Movadag Evtatikng Ospaneiog amotedel pio emmiéov
TPOKANoN Yo Tov KAvikd yiatpd. H coPapdtta g Aoipwéng mov anethel v (mn
TOV 060EVOVG OmALTEL TV GLEST XOPNYNOT EUTEPIKNG AVTIPLOTIKNG OYy®YNG TOL AOY®
™G avénuévng mbavotnTag AoIH®ENG omd TOALOVOEKTIKA 1 Kol TavavOeEKTIKG
vocokopelokd otedéyn (MDR/PDR), dvokoAevel T om0 €MAOYH KATOAANA®V
avTBloTik®V avEdvovtag TV ThavoTnTo EMTAOK®V e£01TIOG TNG AVAYKNG XOPNYNONG
GLVOLOGHOV EVPEMS PACUATOG avTIKpOPlak®y apaydviwv. EmmAéov, 1 yopnynon
TEAEVTOIOG YEVIAG OVTIBOTIKOV GE CYNUOTO EUTEPIKNG OVTIUIKPOPLOKNG Oy®YNS
odnyel oe éva eavAo KOKAO eEeMKTIKNG Tieong mov odnyel oty Toyeia avamTuén
avtipikpofloknig avioxns [8]. Aaupdavovtag vedoyn to mAéov maykdoulo mTpdPAnUQ
vyelog  mov  mpokaieitow pe NV gpedvion  Gram-ovOekTIK@®V  GTEAEYDV
ovumeplappavopévov tov avlektikdv oty kopParevéun (CR) Enterobacerales
(CRE, blaKPC, blaNDM, blaOXA-48), CR- 1 MDR/XDR-Pseudomonas aeruginosa
(VIM, IMP 7 NDM), Acinetobacter baumannii (OXA-23, OXA-58) «w
Stenotrophomonas maltophilia kobictator Wwaitepa dOokoAy m  Oepamevtivn
OVTILETMMIGN TOVGS, £Eo1TiOG TOL TEPLOPIGHOD GTNV EMAOYN TNG AVTIPLOTIKNG Oy®YNG
[9,10]. To yeyovog avtd odnyel o LYNAG TOG0GTA BVvnGIUOTNTOG KOOMG 1 ap)IK)
OVTILETOTIGT TOVS OKOUM KO e GLVOVACHOVS TapayovTemV umopel va Exel aféfota
arotedéopata. [Ipoceata apketol véor mapdyoveg govv AaPet £ykpion 1 Ppiokovrat
oTNV TEAELTOLO PAOT £YKPLONG Y10 TNV OVTILETOTION EWIKG GTEAEYDV LE AVTOYN OTIG
kapPomevéuec. H Aioto ovtdv meploufdvel tovg ovvdvacuovg Ceftolozane-
Tazobactam, Meropenem-Vaborbactam, Imipenem-Cilastatin-Relebactam aAlo xat
tovg mapdyovteg Plazomicin, Eravacycline kot Cefiderocol. Kafdg ot véeg avtég
Oepamevticég emhoyég eivar dwabéotpeg kpivetar avaykaio n cwot dayeipion Ko
opBoroywn ypnon avtdv oe po Tpoomdbela va emPBpadvuviel n avdmtuén avioyng

0TOVG TEAELTALOG YEVEAS avTipkpoPlakovg mapdyovteg [11].
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Q¢ ek TOVLTOVL, amoLTOHVTOL YPNYOPES Kol evaicOnteg péBodol mov Ba emtpémovy v
Tayelo Kot £yKupr) TAVTOTOINGT TOV AOHOYOVOV TApaydVTOV, TNV aviYveLoTn Yovidimv
avToNG He oKomd TV BEATIOTN dloelplon TOV AOIUDEEDV KoL TNV ATOPVYY| ACKOMTNG

YPNONG TEAEVTOING YEVEAS avTIKpolak®dv Tapayoviwy [12].

To o¥yypovo egpyaotnplo KAVIKNG pikpofroroyiag kot maboyéveong evidoosl TAov
KOVOTOUEG TEYVOLOYiEG oTa TAaiolo TNG ToElnG ddyvmong Kol TNnG OTOYELLEVNG
OepATEVTIKNG OVTIUETOMIONG, TAPEYOVTING TOAVTIUEG TANPOPOpieg oto Oepdmovra
wTpd. H ovpPatiky koAAiépyelo tov KAVIKOV OEypdTOV HECH KOAMEPYNTIKMV
VMKAV, BOyNUKOV 1010THTOV KOl QVTOUATOTONUEVOY GUGTNUATOV OTOTEAEL TV
Gold standard uéfodo pikpoPlorloyikng Sidyvmong pe Kuplo OU®E UELOVEKTHLLOTOL THV
dvokoiio amopdvmong, TNV ovAYKN EKAEKTIKOV DAIK®OV KOl TOV GUVOMKO YpOVO TOL

amoteitatl péypt Tnv Aym tov anoteréopatog [13].

Ot popraxég péBodot aviyvevong moAlamAmv 6tdywv Bewpovviar o¢ ‘game-changer’
omv Odyvoorn Aoudéemv O0nmg 1 Paktnploupio, ot AOWWMEES TOL AVAOTEPOL Kot
KOTMOTEPOV OVOTVEVGTIKOU GUGTNHLOTOG, TOV YOGTPEVIEPIKOV, TOV KEVTPIKOD VELPIKOV

GLOTNLOTOG KO TOV opOpdGE®V.

H dueon eopappoyn tovg amevbeiog amd 10 KAwvikd Ogtypo eloyiotomotel v
emayyehatikn €kfeon o€ AOWOYOVOLG TAPAYOVIEG €V T £yKoipn Kot £yKvpn
aviyvevon ouyKeKPIUEVOV TaoyYOVEOV oKOHO Kol U1 KOAAEPYNGIU®OV e CUUPOTUIKES
TEYVIKEG KAODG Kol YOVIdIV avToynNg TOL EUTAEKOVTOL GTIS TOPOTAVED AOYMEELS
EMUIPENEL TNV OWOOTY Olyelplon Kot OePAmEVTIKY] OVTIUETOMION TOVG HE TNV
OMOTEAECLOTIKOTNTA TOV GLVOPOUIKDOV 0VT®OV TECT Vo Paciletor oty opdn epappoyn

KOl TPOGEKTIKN EpUNVEiR TV omoteleopdtov [14].

H ocvveymg Bertioon tov poploakdv pedddmv 6e GuVILAGUS e VEOTEPES TEYVOAOYIES
BlomAnpoopikng £xovv 00N YNOEL GTNV SLOOOYIKT OVATTUEN KAVOTOUWV HeBOO®V oTNV

dbyvoon tov otpunéenv (Ewk.5).
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Ew.5 Currently used methods for antimicrobial susceptibility testing [4]

Eekvavtog amd v texvoroyia evioyvong vovkieikmv o&éwv [NAATS] n PCR ftav n
mpa™ HEBodog evioyvong DNA, mov sonydn amd tov Mullis 10 1985 pe moliég
TOPOAAAYEG EKTOTE VO, OTOGKOTOVV GTOV TAO 6TOY0 TowTOToiNoNg Kat avtoydv [15].
Mo amd TIG MO €VPEMG KO KAVIKA YPNCUYLOTOIOVUEVES TEXVIKEG Yol TN Odyvemon
amoteAel ko n Real time PCR [16].Ta tedevtaia ypovia vedtepeg eEerilelc odynoav
o  onuovpyle oG  TOWKIAING  TEYVIKOV  1000epkng  evioyvomng,
coumepthapfavopuévng g evioyvong pe pecordpnon Bpdyov (LAMP), g evioyvong
mov e€aptatan amod v ehkdon (HDA), g evioyvong Pdoet aAiniovyiog VOLKAETKOD

o&éoc (NASBA) kat evioyvon péom petaypaeng (TMA) [17-19] (Ew.6).
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Ew.6 Timeline of major molecular techniques for the diagnosis of bacterial infections [4]

Yvvdpouikég poplakég pébodot dmwe to cvotnua Film Array to omoio amotéleoe Kot
NV HEOB0J0 TOL YPNGIUOTOMGOUE KOl 6TV 01K Hog HeAéTn divel Ty duvatdTnTa yio
TOVTOYPOVN aviyvevorn mafoydvev Kot Yovidlov ovioxng. ZVYKEKPEVE O 0OKOG
e&étaong Film Array Pneumonia Panel plus sivat éva kle1otd cvotua pioag xpnong
omo¥ amofnkevovior OAC TO OTOPOITNTO OVTIOPACTAPLO. Y10 TPOETOUACIO TOV
delypatog, avtiotpoen petaypaen, aAvcdot] avtidpacn moivuepaons (PCR) kot
aviyvevuon e GTOX0 TNV OMOUOVOOT), TNV €VIoYLON Kol TNV OVIYVELGT VOUKAEKOD
0&€0G amd moALATAN TOBOYOVA TOL KATMTEPOL AVATVELGTIKOD GUGTHOTOS EVTOG EVOG
pHepOVOUEVOL Ogtypatog tOmov Ppoyyoxvyelduod ekmAvpotog (BAL) 1 tomov
ntvélov. Katd v didpketo evog tpeipotog ektedeitat apyikd evodatmon (Hydration
solution) kot to detypa ovvdéetar pe pvOotikd ddAvua (Sample Buffer). Oa
axolovOnicel Avom tov delypatog pécm avadsvong (Bpavor pe cpapidta) ekyOALoN
Kol KaBapiopdg OA®V TV VOUKAEIK®OV 0EEMV amd TO delypal e TN (p1om TEXVOLOYinG
HOYVNTIKOV — GQUIPOIMV. 2T  GULVEYEWD TPAYUOTOTOLEITAL O ELQMOAUGUEVN
noAvmhektiky PCR apykd pHEGm ovTioTpOONG HETAYPOENG KO HIOG UELOVMOUEVNC
polikd  molvmhektikng avtidpaong peydhov oOykov (PCR1) kot ot ovvéyeln
Aappdvovv yopo TOAMATAEG povomhekTikég avtidpacelc PCR dgvutépov otadiov
(PCR2) ywo v evioyvon tov akolovdidv oto mhaicto tov npoidoviov e PCR1. H

aviyvevon kot 1 dnovpyio Tov amoTeAESHATOG Yoo KAOE 6TOYO YiveTal e TN ypN oM
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dedopévev  kaumdAng méng telMkov onueiov. Emiong ypnoomoteitoan  éva
nocotikomomuévo tomikd vikd Quantified Standard Material (QSM) ywa v Tapoyn
HOG  EKTIHOUEVNG  TWNG  YOVOIOUOTIKOV — avIlypa@®Vv ovl  YIMOGTOMTPO

(avtiypaga/ml) yio tovg Baktnprokohe ovaAvTES.

ApKETEC HeAETEG AmOdEIKVOOVY TNV oNpovTikn oo g Film Array multiplex PCR
OLYKPITIKA e AAAES LEBOSOVG GTNV SLAYVMOT), SL0EIPLOT KOl GTOYEVILEVT BEPUTEVTIKT
OVTILETOTION TOV AOUOEE®V KaBMG emMTPENEL GE GUVTIOUO YPOVIKO SLACTNUO TNV
aviyvevon molhamidv otoywv [20-22]. O cvvdvaouds tov amoteleopdtov pali pe
npoypappato  oviiprotikng  Swyeiptong (antimicrobial stewardship) empépovv
BéATioto amoteléopata OG0 TNV KMVIKT éKPacn 060 Kol 6TO0 KOGTOG VYEIOVOUIKNG
nepibolyng (KatdAANAn aymyn, didpkela voonAeiag) [23,24] pe peléteg va avalntobv
TO OIKOVOUIKO OQELOG TTOL UTTOPEL VO TPOKDYEL LE TNV Yprion Tétotmv pebddmv [25].

Etvar onpovtikd va avoaeepBohv Kot o1 TEPLopIoHOT TV GUVOPOLUKDV AVTOV HeBddmV
ot omoiol meptapfdvovy, Ty EAAetyn aviyvevong yia taboydvo ektO¢ 6TdYOL, TNV
TEPLOPIGUEVT] LVATOTNTA AVIXVEVOTG YOVIST®V OVTOYNG OTO OVTIBLOTIKE, TO KOGTOG TNG
e&étaong 10 omoio pepovopéva givor LYNAO, cLVERAOC dgv Umopel vor OmOTEAECEL
e&étaom povurtivag Ko puoikd 1 aglomotio TG €£ETAONG EAATTOVETAL OTO TO YELONDG
Oetikd  omoteAéopota Kou TNV amovcio. pebddwv  emainBevong. Ewdwdtepa m
dUVATOTNTO TNG TOAVTAEKTIKTG LOPLOKNG HEBOSOV VO aviyVeEVEL VOUKAETKAE 0EEa amd
vekpad mafoydva mov dev TPoKaAovv gvepyn Aoipwén Ba pumopodce vo 0dNyNoEL G
vrepPorikn Oepaneio un POCIUOV PIKpPoOopYaVIGUOV pe emPAaPeic cuvETELES Y100 TN
pikpoPiaxn avroyr. EmumAéov éva yevdadg Betikd amotélespo pmopel va gival to
OTOTEAEGLOL LLLOG KOKNG Oty elplomg TOL SelyaToG. 26 €K TOVTOL Ol LOPLUKES TEXVIKES
dlevepyolvIal 6 £EEIOIKEVUEVO EPYOCTNPLL, GE EOKA SIAUOPPMUEVOLS YDPOLS OO
KOTOAANAOQ EKTOOEVUEVO TPOCMTIKO, TPOKELUEVOD VO EKTEAECTEL GMOTA KOl Vol
amopevyfel kaBe dvvarr empodivvon pe eEwyevég YeveTikd LAIKO. Amouteiton m
EPAPLLOYT TPOTOKOAA®MVY Kol KATELOLVINPLOV YPUUUDVY Y10l TNV OTOTEAEGLOTIKT ¥PION
TETOWOV JOKIU®V, KaBMG Kot 1 afloAdynorn vémv dedopéVEOV OV GLUVOLOCTIKE LE

avotnpd oproBetnuéva kprmplo Odyvoong mvevpoviog poll pe mpoypOappoTo
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dwyeipiong aviyuxkpoPlokmv Ba amotpémer TV abpdo ¥pnon TOV HOPLOK®V
dayvooTtikedv uebddmv [26].

Tig televtaieg odekoetieg eivor €pkty kKot M oviilvon G aAAnAovyiog Tov
YOVIOLOUOTOG €iTE e TPOCIOPIGUO TNG AAANAOLYIOG OAOKANPOL TOV YOVIOIMUOATOS
(WGS) Whole-Genome Sequencing, eite pe tnv 1teyvoloyia Next-Generation
Sequencing (NGS) pe mpocsdiopicpud ariniovyiog endupevng yevidg (NGS) og o
ToyElD KOL OIKOVOUIKG OtOd0TIKN TEYVOAOYio HalIKNG TOPpAAANANG aAAnAovyiog Le
advvapio EQUPUOYNG TNV £PYACTNPLOKY KAVIKN Tpdén. Ev avtiBeon n teyvoloyia
MALDI TOF — MS (Matrix-Assisted Laser Desorption/lonization Time-of-Flight Mass
Spectrometry) amotekei TAéov péBOSO avapopds oty TavToToinon mafoyovov Kot
otov €Aeyyo evaicOnciog ota avtiPloTikd 6Ta EpYacTNPLL KAVIKNG HiKpoPloAoyiag.
[Ipdkertor yoo poe ypnyopm, €0KOAn Kot youniov kdécotovg pébodo oe Béomn va
TovTomolel €vol peydlo oaplBud oTeEAEYOV TNV MUEPO TOL OMOUOVAOVOVTOL oo
SLPOPETIKA €10M SEYUATO®V OTIMG QiLa, OVOTVEVOTIKO, 00pa, TOOV ,K.0 [27].

Av ka1t m pébBodog omnpiletal 6T0 TPOTEIVIKO OTOTOTOUO TOV GTEAEYOLG HECH
QoopdTOV To omoio. avoivovtol kot avalntodvior ce o avtictoyn Piprodnkm
QOCUATOV Yo KAOe OTELEYOG VILAPYOVV APKETEG TPOKANGELS OMG O EVIOMIGUOG TMV
naboyovav amegvbeiag amd ta deiypota, ol TEPMTMOGEIS TOAVKPOPLUK®V SEIYUAT®V
KaO®G Kat 1 aviyvevon avioyng ota avtiPlotikd [28]. H dvvatdtntd tov mpog to mapov
EMKEVIPOVETAL GTNV OVIYVELGT] TNG OPAGTIKOTNTO TNG - AUKTOUAGN S, GTNV AViXVELOT|
E0IKNG KOPLONG OV GYETILETOL e QVTIPLOTIKY OVTOYN M KOl EWDIKOV KOPLOADV Yo
TPOTEIVEG TOV ocvveKPpdlovtar e TNV avTIPlOTIKY avToyn] HEG® GUYKPLONG TNG
TEPLOYNG KAT® ATd TNV KOUTOATN TOV QUSHATOV Paktnpiov mTov enmaloviot pe 1 yopig

avtyukpoPlokd eapuoaka[4,29].

2.2 YKkomOG TNG HEAETNGC

YKomOg NG mOpovcoc HEAETNG elval M aEOAOYNON TNG GLVOPOUIKNG €EETOOMG
Multiplex PCR BioFire FilmArray-Pneumonia plus Panel (bioMérieux S.A., France),
oV  HIKpoProroyikn ddyveoon kot dayeipton  AOUMOEE®Y  TOL  KOTAOTEPOL

OVOTVELGTIKOV  GUOTNHOTOS VOonAevdpeveoy oclevav oty Movdada Evtatikng
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O¢panciog Tov IMavemommuoakod I'evikod Noocokxopeiov Hpaxieiov Kpnmg. H
nepiBodiyn omnv ME® amotelel éva 0OGKOAS YDPO GTNV OVTILETAOTIOT TOV AOIUOEEDV
eCartiag ™G poaydaiog avENONG OVOEKTIKOV VOGOKOUEINK®MY GTEAEXDV ONMOC TO
Acinetobacter baumannii, n Pseudomonas aeruginosa, n Klebsiella pneumoniae, to
Enterobacter spp, o Enterococcus faecium, xaz o Staphylococcus aureus. H tapovca
HeAETN amoTedel TNV TPAOTN HEAETN a&lOAGYNONG TNG TOAVTAEKTIKTG LOPLUKNG LEBOSOV
otov EAladikd ydpo kol cvykekpipuéva otov yopo g ME®, mpokeyévov va
a&oroyn0el 1 amdd0o™ 6TV UIKPOPLOAOYIKN O1yVMGT TNG TVELLOVING, VO EKTIUNOel
0 XPOVOG HOPLOKNG SLAYVMOONG KOl TO OPEAOG TOL TPOKVLTTEL OO TNV GTOYELUEVN
OepamevTIK  AVTILETONION PACT TOL ONMOTEAEGUOTOS OTIS KOTOVOAMDGES TOV

avTIBLOTIK®V.

2.3 AcoOgveig ka1 péBooor

And tov Tovvio 2018 émg tov lovvio Tov 2020 6rot o1 acbeveig mov elonydncav otV
ME® 1tov [Movemotuiakod Nocokopeiov Hpdidewov pe cofopn mvevpovia
kowotnrag (Severe-CAP), voocokopetakn mvevpovio (HAP) ©1 mov ekdfimoay
nvevpovia ov oxetileton pe tov avanvevotipa (VAP) cuopueteiyav oty perét (PCR
group). Ta kpirfiplo évtaéng otnv peAét eivar n niwio >18 etdv, KAVIKE Kot
OKTIVOLOYIKG  €VPNUOTO. OV  GLVNYOPOUV VIEP  AOIHMENG TOV  TVEVLUOVIKOV
TOPEYYOUATOC SOLPOVA LE TIG KatevBuvtnpieg oonyieg g IDSA (Infectious Diseases
Society of America) (ITwv.1) 6mwg vmobeppia, Agvkomevia, véa dmBApoTo oTNV
axtvoypagio 0MPOKOc Kot GoPapn avamvevoTikn dvoyépela N omoia emPBAALel TV
eloayoyn otmv ME® kot tov pmyoavikd oepiopd. Amd v peAétn omokAsiotnKov
acBeveic g ME® pe mopetd ayvootov artioroyiog, tpaysoppoyyitida (VAT) 1 ue
EIKOVA ATOIKIGHOV KaBdG Kot avtoi Tov glyav Non eviaydel oy peiétn. Emmpdcbeta
avalnmoope avtioToryo TEPIOTUTIKG £va XpoOvo mpv v €vapén ng UeAETNG

TPOKELUEVOD VA YiVEL 1] GVYKPLoN TV arnotedecudtov pag (Historical control group).

57



ITw.1.Inclusion criteria.

Table 1. 2007 Infectious Diseases Society of America/American Thoracic Society Criteria for Defining Severe

Community-acquired Pneumonia

Validated definition includes either one major criterion or three or more minor criteria
Minor criteria
Respiratory rate = 30 breaths/min
Paga/Fipz ratio < 250
Multilobar infiltrates
Confusion/discrientation
Uremia (blood urea nitrogen level = 20 mg/dl)
Leukopenia* (white blood cell count <4,000 cells/pl)
Thrombocytopenia (platelet count<100,000/pl)
Hypothermia (core temperature < 36°C)
Hypotension requiring aggressive fluid resuscitation
Major criteria
Septic shock with need for vasopressors

Respiratory failure requiring mechanical ventilation

*Due to infection alone (i.e., not chemotherapy induced).

H cofoapn mvevpovia kowdtmrag (SCAP) amoterel v mo ametintiky ywoo ™ Com
popon mvevpoviag tng kowvotnrag (CAP) mov cuvodevetat amd vynin voonpotnTa Kot
OvnootTo, HE TO EVPEWMG OMOJEKTA KPITHPLO. OPIGHoD TG va divovtal amd v
Infectious Disease Society of America (IDSA)/American Thoracic Society (ATS)
(TTw.1) [31]. Q¢ vocokopetaxn vevpovia (Nosocomial pneumonia 1) hospital-acquired
pneumonia, HAP) opiletou n mvevpovia mov gppaviCetar 48 dpeg 1 TePIocoTEPES PETA
TNV €100Y®YN GTO VOGOKOUEIO M omoie 0Ev NMTOV GE ENAMOCT KATO TNV GTIYUN NG
gloaymyng kot stvor oveEdptntn omd tov unyovikd aepiopd. H mvevpovio mov
oyetileTol [Le TOV AVOTVELGTNPO 1] TOV UNYOVIKO 0ePIGHO OpileTal MG 1) TVELLOVIKN
Aolpwén mov Ba ekdniwbel 48 dpeg M mePlocOTEPO amd TNV EVOOTPOYELKN
SlICOANVOO™N Kol TNV EVOPEN TOL UNXAVIKOD aeplopol ywpic evoeiEelg mvevpoviog

KOTA TNV XPOVIKN GTIyUn TG dtacmAnvoong [32,33].

Kotd v ypovikn otiyun mov KAWVIKG Kol €PYOCTNPLOKE EVPTLOTO VITOSEIKVOOLV

AOTH®EN TOL TVELHOVIKOD TTaPEYYVLUATOS 0 VITELOVVOC TP TG MEB emkotvavel pe
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TO HKPOPLOAOYIKO €PYOCTNPLO TPOKEUEVOD KOl €POCOV TANPOVVIOL TO KPITHPLOL
évtagng otV pekétn vo mpaypoatonombei n eE€raor. AkolovBel derypotoinyio amod
TO KOTMTEPO OVOTVEVCTIKO OTMOC PPoyyikés ekkpioelg 1 Ppoyykd EKTALUO KOl TO
Oelylo omOGTEAAETOL GTO EPYACTAPIO TO OMOI0 GLUVOOEVETOL OO TOPOUTEUTTIKO LE
YeVIKEG TANpoQopieg Yoo Tov acBevr] (ovouatem®vupo, nAkio, KoKOG acOevn)),
KPUNPLoL €1G0YOYAG OTNV UEAETN Kol EMTAEOV KAWIKEG TAnpogopiec (Muépeg
voonieiog ommv ME®, nuépeg oe unyovikd oepiopd, TpEYOV Kot vEO avTIloTIKO
oynua). Axoiovbel o yeplopdg Tov Tov TEPIAAUPAVEL TOGO TNV CLUPOTIKY

UIKPOPLOAOYIKT KOAMEPYELDL OGO KO TV GLVOPOUIKT] LOPLOKT] EEETOGT] TOV.

A&iler va onuewwbBel OtL mpwv TV Evapén NG UEAETNG  TPOYLOTOTOMONKE
TAPOLGIOCT)/EKTAIOEVON TG HOPLOKNG TEXVIKNG OTO OIPIKO TPOCHOTIKO TOV
EPYOOTNPOL pHoG KaBdS divetar 1 duvatdTTa EKTEAEONG TG O€ Kobnuepwn Pdon
efdopadiaing and tic 8:00 £wc tic 20:00. AxolovOnoe evnuépmon/tapovciocn 6To
wtpwkd mpoownmikd e ME® v T 0QéAN NG HOPLOKNG OdyveoNng Kol Tnv
duvatdmta Tov gpyacstnpiov pog oty tayeion kot £ykvpn odyvemon kot dtoyeipion
coPopdOV AOUOEEDV TOV KATAOTEPOV OVATVELGTIKOV GUGTILLOTOG EVA 0 KAVIKOS 10.TPAG
elxe v ovvatdtTa ancvbeiog emkovoviag pe tov veevbovvo g HeEAETNG Yoo TNV
epunveia tov anoteréoparog. EmmAiéov pe Bdon v tomikn emdnuioroyio g ME®

KO TO OMOTEAEGLOL TNG LOPLOKTG LeBOOOL TPOTAOTKE TOUVY EUTEPIKT AY®YN.

Mukpoproroywkn) dwdyvoon

H odwyeipion tov delypatoc oto pukpofroroyikd epyactiplo EeKvder amd tnv
KATOAANAOANTA TOV SElYUATOG MG TPOS TNV GMGTH AYN, TNV TOGOTNT KOl TOOTNTA
tov. H Gram ypmon Bewpeiton amapaitntn TpoceEpovtag SNUAVIIKESG TANPOPOPIES Yo
TNV TOLOTNTA TOL OElYHaTOG, TPocsdlopilovtag Tov apliud Tov emOniokodV KVTTépmV,
TOV OVOETEPOPIA®Y TOAVLOPPOTUPNVOV OKOLO Kot TNG mapovsiog pkpofiov. ‘Eva
amodeKTod pKpofroroykd delypa yio kadiiépyeia mepiéyel <10 emBniiokd koTTOpA KOt
>25 ovdetepopiro. molvpoppondpnve [34]. H oamoudvoon evog M mepiocotépmv

nafoyovov yivetow pe TV (PNON KOAMEPYNTIK®OV GTEPEMV OPEMTIKOV LVAIKOV GE
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ENMACTIKOVG KMPAvoug yia 18-24 dpeg og Bepuoxpacio 37°C kabmg kol og cuvOnKeg
5% CO2. Yk 6mmg to apatovyo (Columbia agar plate, COS) kot 10 6oKOAATOYP®LLO
dyap (Chocolate agar PolyViteX, PVX) enttpénovv v avantuén toco Gram Oetikov
600 Ko Gram apvntikov Bokmpiov. Exiextikd vAkd avantuéng eviepofaktnplokmv
Copovviov Kou pn v Aaktoln ommg to Drigalski Agar kabmdg kot eKAEKTIKE LAIKA
avantuéng poknTev 0nwmg to Sabouraud Dextrose Agar ypnowonotovvton eniong. H
ocvoppotikn KoAAEpyelo Tov delypatog mpocsdopilel mocotikd oe cfu/ml (colony
forming units/milliliter) Tov aitioAoyikd mapdyovto g Aoipwéng pue v uébodo tmv
apoarwocewv. H mocotikn aglohdynon tov detypartog yapoaktnpilet Eva apBpd anokiov
<10* wg omowiopd, evd apduoc amowimv >10% >10%ml xar opdudg >10°/ml
aflohoyeitor otic AMyels PBpoyykoh eKTAVUOTOS KOl EVOOTPAXELONKADV EKKPIGEWV
AVTIOTOYO G TPOYHOTIKOG Aoyoyovog moapdyovtag [35,36]. H tovtomoinon tov
naboyovev otekey®v mov oyetilovror pe v Aolpwén kobog kot o €Aeyyxog
evaoOnciog oto avtiPloTiKg Yivetal Pe TNV ¥PNOT OVTOUATOTOMUEVOV GUGTNUATOV
VITEK 2 system (bioMérieux S.A., France) [37,38]. H mponyuévn xpouUatopeTpikn
TEYVOLOYIO EMTPETEL TV AGPAAT] AVOYVAPLOT] TV ELODV EVD 1) GOVOTVTKT OViYVELON
Baon mpotdmewv MIC (Minimum inhibitory concentration) mopéyst nAnpopopieg wg

TPOG TNV GTOYELVIEVT] OEPOTEVTIKN OVTILETMOMION TNG AOTHMENG.

To cvomua BIOFIRE® FILMARRAY® givar pia katoyvpopévn (FDA-cleared kot
CE-marked) moAvmiektikny e&étacmn voukAelkov o0&Eog M omolo emiTpémel TNV
TAVTOYPOVY  OVIYVELON KOl TOVTOMOINGN TOAAOTAMY UK®OV Kol PoKTnploK®V
VOUKAEIKOV 0&EMV, KOOMDC Kol EMAEYUEVOV YOVIOI®V OVTOYNG oL oyetTilovtan pe Tig
AOMEELS TOL KATATEPOV AVOTVEVGTIKOD GLGTHHOTOC. EmmAéov divetan ) dvvatotnta
TOV MNUITOGOTIKOY TPOGOIOPICUOD GTO. GLYVOTEPO POKTNPL GE SCTAUOTO TOV
AVTUTPOCSHOTEVOLY YOVIOLOUATIKE ovTiypago PakTnplokod VOUKAEIKOV 0&Eog avd
yhoctoMTpo (avtiypapo/mL). Zuvoiikd aviyvevovion 18 Baxtipio ek TV onoiwv 11
Gram apvntikd, 4 Gram Oetikd Kot 3 dtoma, 7 yovidio avtoyns kKabadg kot 9 10l mov

oyetilovtar pe Aoip®én tov katdTePoL avamnvevotikov [39,40] (ITwv.2).
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ITw 2. The BioFire PN Panel identifies 33 clinically relevant targets.

Bacteria (semi quantitative)

Antibiotic Resistance Genes

Acinetobacter calcoaceticus-baumannii
complex

Enterobacter cloacae
Escherichia coli
Haemophilus influenzae
Klebsiella aerogenes
Klebsiella oxytoca

Klebsiella pneumoniae group
Moraxella catarrhalis
Proteus spp.

Pseudomonas aeruginosa
Serratia marcescens
Staphylococcus aureus
Streptococcus agalactiae
Streptococcus pneumoniae
Streptococcus pyogenes

ESBL
CTX-M

Carbapenemases
KPC

NDM

Oxa48-like

VIM

IMP

Methicilin Resistance
mecA/mecC and MREJ

Atypical Bacteria Viruses

Legionella pneumophila Influenza A
Mycoplasma pneumoniae Influenza B
Chlamydia pneumoniae Adenovirus

Coronavirus

Parainfluenza virus

Respiratory Syncytial virus

Human Rhinovirus/Enterovirus

Human Metapneumovirus

Middle East Respiratory Syndrome Coronavirus
(MERS-CoV)

Khvika kar dnpoypo@ika yopoKTnpLoTika

Ta KAvikd kot SNUOYPAPIKE YOPOKINPICTIKA TV acOeVOV TOV GUUUETEIYAYV OGNV

perét avalnmonkav omd to epyoctmplokd tpdypappa LIS (laboratory information

system) kot To OAOKANP®UEVO GUGTNHA WTPIKNG TapaKoAovOnong acBevav g MEO
CRITIS MEDICAL SYNERGY. H «kataypoaen €ywve ce Pdon dedopévav yior GA0VG

tou¢ acBeveic Tov eviayOnkav oy peAétn t6co Eva ¥pdvo mpv Vv Evapén g 060

Ko Katd TV 01T d1dpKeld Te. AvaAvTikd Yo kdbe acBevn Kataypdenke o Koo,

TOL OPYLKA TOV, M NAKiA, TO OAO, | NUEPpOUN VIR Elcay®YNG Kot €£6d0v and v ME®
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kaBmg emiong n ypovikn odpkela voonieiog kal 1 attio. 10600V Tov. Emumpdcheta
vroloyiomkay pe Paon to KAVIKOEPYASTNPLOKE EVPNUOTO TOV 0CHEVOV KATH TO
TPMTO EIKOGLTETPAMPO EIGAYDYNG TOVG KAlpakeG a&loAdynong Papvtntog vosou Ommg
SOFA (Sequential Organ Failure Assessment) kot APACHE II (Acute Physiology and
Chronic Health Evaluation 11). AkoAovOnoe KaTaypa@n TOL ATOUKOD 1GTOPIKOD TMV
acBevAdV G TPOG TIC GLVOCTPOTNTES Kol TNV ANYN QUPUOKEVTIKNG ay®YNS. ATd v
YPOVIKY] oTtypn €vopéng g Aolpuméng Kot yio Tig emdpeveg OeKaTECOEPIS MUEPES
voomnAeiog éywve kataypagn tov tomov Aoipwéng (sCAP, possible VAP, VAP, HAP)
KaBmg Kot TANpoPopL®Y oL oyeTilovTol pE TNV KOAMEPYELWD TOV OEIYUATOS, TTOV
€0TOAN OTO LUKPOPLOAOYIKO £PYOOGTNPLO, CYETIKA LE TO OMOTEAEGUO TNG MG TPOS TO
naboyovo otéheyog (100G Kot TOcOTNTA), TOV EAEYYO vacOnciog ota avTPloTiKa avd
Katnyopia Kot tov xpovo HkpoPloroyikng didyvoons. Opoimg Kot yio v Hoplokn
péBodo £yve Kataypoaen TOL AMOTEAEGUOTOS TO 0ol TPOKLATE Omd TV Aviyvevon
OLYKEKPILEVDVY 0TOYV (Paxthpla o€ avtiypapo/mL, dtoma faktipla, 100¢ Kot yovidia
avToync) kabmg kot o ypdvog poplakng dtdyvoons. H kataypagn cvveyiotke pe v
pkpofroroyikn duayvwon (maboyovo, avtoyéc) axdpa Kot yro. AomEelg mov mbavov
eKOMAOONKaV HEGO OTO GLYKEKPYEVO YPOVIKO SIoTNUO OTMOC OilATog, OVP®V,
KOOETNP®V KOl  OVOTVELOSTIK®V  OElypndtwv. AxkolobOnce  katoypoapr NG
QOPUOKEVTIKNG OYy®YNG G€ avTIBLOTIKOVS Ko avTUKOLG Topdyovteg mov Aafe o Kabe
acBevn|g Y10 TO YPOVIKO SLAGTILA TOV SEKOTECTAPMOV NUEPADV OO TNV YPOVIKT GTLYUN
™G KMVIKNG dtdyvaong T Aolpnméne. Avaroya pe to €id0g kot TNV TocoTNTo TOL KAOE
QOPUOKEVTIKOD TOPAYOVIO VTOAOYIOTNKE ¢ O&ikINg KATOVOA®ONG 1 MUEPN O
kabopiopévn d6on (Daily Defined Dose - DDD) ka1 DDD per 100 bed days [41]. H
KOTNYOplomoinon twv ovtiflotikdv £ywve coppwvoe pe to ovommuo ATC/DDD
(Anatomical TherapeuticClassification) tov WHO yia 660 avtiiotikd £xovv kmdikd
oto ovotmuo ATC (ATC/DDD classification). Télog xotaypaenke mn éxfaon
voonhieiog (loom, Peitioon, otacipudmta, emdeivoon, Odvatog) kabag &ywve kot
GUYKPLON TOL OMOTEAEGHOTOC LETOED TNG GLUPOTIKNG KAAMEPYNTIKNG HEBOIOV KOt TNG

poplokng pebodov (agreement, improved diagnosis, missed cases, not applicable).
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YTOTIOTIKY avdivon

H otatiotikyy avdivon OAmv TV 0£00UEVOV TNG UEAETNG £YIVE HE TO AOYIGHIKO
GraphPad Prism (version 8.0.2). AvoAvOnkov OAeg 01 TAPAUETPOL OTMOS ONUOYPOUPIKA
KO KAWVIKA YOPOKTNPIOTIKA TOV 600 OpAd®mV 0cOEVOV TOL GUUUETELYOY GTNV HEAETT
KaOADG emiong KOl Ol KOTAVUADGELS TOV OVTIPLOTIKMOV Y10l TOV EVTIOMIGHO GTOTIGTIKA
onuavTik®v petofoidv. H otatiotikn chykpion tov mopapétpov OTme 1 nAkio, ot
KMpokeg Bvntottog, o povog voonieiog Kot o xpovog dtdyvoong £ywve pe v uébodo
tov unpaired t-test. [Tapdpetpotl dnwg o OAO, 1| artio. EL6AI0V, 01 GVLVVOGNPOTNTEG, O
TOMOG AOTUMOENG, 01 KOTAVOANDGELS OVTIBLOTIKAOV, 1) cVYKPLoN TV HEBOdWV Kl 1 kPaon
voonAeiag availvdnkav pe v péBodo Contingency Chi-squared (and Fisher’s exact)
test. Ztatiotikd onuovtikég petaforéc Bewpndnkay 006G amd TIG TAPAUETPOVS eV

P<0.05.

2.4 Anoteréopata

Yuvolkd otV Otetn ypovikn ddpketo g perétng (2018-2020) or voonievopevol
acBeveic e MEO pe Aoluwén tov KaTdTEPOV AVATVELGTIKOV GLGTHHOTOG NTaV 79
(PCR-group) eved m ovadpopkn perétn avalntnong éva ypoévo mpwv avédeiEe 40
acbeveic (historical control group). To nAkiakd 0pog kat yio. Tig dV0 OpAdES AcOEVOV
(PCR-group / control group) ntav amd 22-87 £t pe péon niikia to 69 £t kot o6 20-
86 pe péon nixia ta 68 £t avtiotoryo. H micioynoeio tov acbevodv kol 6T dvo
opdodeg Nrav dppeveg o mocootd 67,1% won 82,5%. O 1Omog AoipmEng mov emkpoatel
etvar n mvevpovia mov oyetiCeton pe tov avamnvevotpa (VAP) o mocootd >50%, pe
v tvevpovia g kowvotntog (CAP), v mvevpovia Tov 10pLUATOV TOPOYNS ITPIKNG
epovtidag (HCAP) kou v vocokopetokr) mvevpovio(HAP) oe pukpotepa mocootd.
Ymoloyilovrag Tig kKApakeg agloAdynong Bapdtntog voocov SOFA kot APACHE 11 ko
Yy Tig 6vo opdodeg acBevdV dev TPOKVMTEL GTATICTIKG CNUOVTIKY Ol0popd Hetalld
avTdV. O1 GLVOCNPOTNTEG TOL EMKPATOVV EIVOL 1 APTNPLOKT) VITEPTAGCT), O CAKYOPDING
daPNne, N KapdaKy AVETAPKELN KO 1] YPOVIL OTo@PaKTIKN Tvevpovorddsio (TTv.3).

Emnmiéov €ywve katoypagn TOL OTOUIKOD 10TOPIKOV KOl TNG ANYNG QOPUOKEVTIKNG
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aymyne (KopTIKooTePOEdN / aVOGOKOTAGTAATIKA) G& OAOVE TOVG GUUUETEXOVIEG OTIV
perétn. H outio €66d0v ommv ME® dSopéper avaueoa otig dvo opddsc. H
avamvevotikny avemdpkeln  (37%),ta vevporoywd voonuata  (15%) wor m
ueteyyelpntikn voonieio (15%) vreptepodv otnv opdda poplokng didyvoong (PCR-
group) GVYKPLTiKd pe v opdada eréyyov (historical control group) 6mov ot Tpav HOTIKES
Kak®oels (35%), n avarvevotikny avendpketo (17,5%) ko 1 HETEYXEPNTIKY VOO Al
(15%) amotedov T1g KOpLES attieg E1GOO0V. LVVOAIKA 1) LITIOAOYI0 E1GOJ0V AVaADETL

otov mivaka 4.
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ITw 3. Demographics, clinical characteristics and outcome of patients and historical group.

Characteristic Contr(il group Syndromic_PCR P((\)/gétée Analysis
(n=40) group (n=79) ratio) Method
Age 68 (20-86) 69 (22 - 87) 0.62 Unpaired t-test
Sex
Male | 82.5% (n=33) 67.1% (n=53) 0.08 Contingency
Female | 17.5% (n=7) 32.9% (n=26) 0.08 Contingency
Type of Pneumonia
VAP | 57,5% (n=23) 69,62% (n=55) 0.22 Contingency
CAP | 27.5% (n=11) 17.72% (n=14) 0.24 Contingency
HCAP 10% (n=4) 2.53% (n=2) 0.18 Contingency
HAP 5% (n=2) 10.13% (n=8) 0.49 Contingency
Apache |1 26 (10-41) +6.5 26 (7-45) + 7.8 0.78 Unpaired t-test
SOFA 11 (6-14) +2.8 11 (7-21) + 2.9 0.77 Unpaired t-test
a?s’; i‘zglizaﬂon 17 (1392230) * | 17(354)+114 | 031 | Unpaired t-test
Outcome
Improvement | 67.5% (n=27) 78.48% (n=62) 0.26 Contingency
No change | 12.5% (n=5) 1.27% (n=1) 0.02 Contingency
Death 20% (n=8) 20.25% (n=16) >0.99 Contingency
Underlying disease
COPD 20% (n=8) 21.52% (n=17) >0.99 Contingency
Acrterial Hypertension | 42.5% (n=17) 56.96% (n=45) 0.17 Contingency
Diabetes Mellitus | 22.5% (n=9) 29.11% (n=23) 0.52 Contingency
Heart Failure 20% (n=8) 31.65% (n=25) 0.2 Contingency
Liver Disease/Failure 7.5% (n=3) 5.06% (n=4) 0.69 Contingency
Renal Disease/Failure 7,5% (n=3) 15,19% (n=12) 0.38 Contingency
Hemag):;)g;;::! 0 5.06% (n=4) 0.3 Contingency
Cancer 7.5% (n=3) 10.13% (n=8) 0.75 Contingency
Neurological Diseases | 22.5% (n=9) 15.19% (n=12) 0.32 Contingency
Drug Abuse 0 1.27% (n=1) >0.99 Contingency
Alcohol 5% (n=2) 2.53% (n=2) 0.6 Contingency
Obesity 5% (n=2) 1,27% (n=1) 0.26 Contingency
No other comorbidity 30% (n=12) 10.13% (n=8) 0.0092 Contingency
HIV 2,5% (n=1) 0 0.34 Contingency
Unknown 0 3.80% (n=3) 0.55 Contingency
Immunodeficiency 0 5.06% (n=4) 0.3 Contingency
Bed-days 14(2-14) + 2.83 9(1-14) + 4.13 0.001 | Unpaired t-test
Time to diagnosis 72(10.88- | 5505 92.42)+0.3 | <0.0001 | Unpaired t-test

169.07) + 38.26
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ITw.4 Cause of Admission.

Cause of Admission Control TOTAL PCR
Pulmonary Diseases 17,5% (n=7) 36,71% (n=29)
Neurological Diseases 12,5% (n=5) 15,19% (n=12)
Cardiovascular Diseases 7.5% (n=3) 6,33% (n=5)
Liver Diseases 0 1,27% (n=1)
Sepsis 12,5% (n=5) 10,13% (n=8)
Trauma 35% (n=14) 12,66% (n=10)
Hematological Diseases 0 2,53% (n=2)
Post Operative Admission 15% (n=6) 15,19% (n=12)

H ovpPatikny kodhepyntikry pébodog kot otig 6vo opddeg acHevdY avadEIKVIEL MG
Bacuovg aTlohoykohg TopAyovtes TG AOILMENS TOV KATMTEPOL OVATVEVGTIKOV
kupiog Gram oapvnrikd maboydova Ommg Acinetobacter calcoaceticus-baumanii
complex, Pseudomonas aeruginosa, Klebsiella pneumonia group, xot iAo
evtepofaktnplokd ko un kabmg kot Gram Ogtikd maboydve ommg Staphylococcus
aureus kou Streptococcus pneumoniae. H amopdvoon poknitov Dempeitar tepiocotepo
OG ATOKIGUOG Ywpig va amoterel mpaypatikd aitio Aoipwéng. H avalvtikn kataypoaen
OA®V TOV CTEAEYMOV TOL amOUOVAOONKAV amd TNV KOAMEPYEWD TOV OElyUATOG TOL
E0TAATN GTO UIKPOPLOAOYIKO EPYAGTNPLO OTMG KOl O1 TEPIMTMOCELS OOV 1 KAAAEPYELDL
Nrav oteipa 1 a&lohoynOnke o apvnTIKn AOY® NG TOPOVGIOS PLGLOAOYIKNG YAMPIONG

TOV OVAOTEPOL OVATTVELGTIKOV GUGTHOTOS POIVETOL GTOV TTivaka.S.
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ITw.5 Results of microbiological cultures of control and syndromic PCR group of patients.

Bal Culture Pathogens MICROBIOLOGY CHART

Control Group

PCR Group

Acinetobacter calcoaceticus- baumanii

32,5% (n=13)

10% (n=10)

complex
Escherichia coli 10% (n=4) 5% (n=5)
Klebsiella oxytoca 5% (n=2) 1% (n=1)
Klebsiella pneumoniae group 10% (n=4) 5% (n=5)
Pseudomonas aeruginosa 22,5% (n=9) 6% (n=6)
Proteus mirabilis 7,5% (n=3) 3% (n=3)
Enterobacter aerogenes 2,5% (n=1) 1% (n=1)
Enterobacter cloacae complex 5% (n=2) 5% (n=5)
Haemophilus influenzae 2,5% (n=1) 2% (n=2)
Stenotrophomonas maltophilia 7,5% (n=3) 1% (n=1)
Serratia marcescens 5% (n=2) 0
Staphylococcus aureus 12,5% (n=5) 11% (n=11)
Streptococcus pneumoniae 5% (n=2) 3% (n=3)
Candida albicans 7,5% (n=3) 6% (n=6)
Candida tropicalis 2,5% (n=1) 0
Candida parapsilosis 0 1% (n=1)
Xteipa 0 16% (n=16)
Apvntikn 0 21% (n=21)
Burkolderia gladioli 0 1% (n=1)
Serratia rubidae 0 1% (n=1)
Burkolderia mallei 0 1% (n=1)
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Total=195

Koatémv €yve xataypoa@n Tov amoTeAEGHATOS G TPOG TO TaBoyOVo GTEAEXOG TOV
TOVTOTOONKE TOGO Omd TNV CLUPATIKY KOAAEPYELD OGO KOt Omd TO AMOTEAEGLO TG
poptokng uebddov (Ewc.7). H avédAvon tov arotelecpdtov £6eiée 6Tt 6€ 1060610 40%
vpée amdALTN CLUP®VIA HETAED TV OVO PLEBOOMV GYETIKA LE TNV TAVTOTOINGCT TOV
o1TIoA0YK0D  mopdyovta, OpMc o€ mocootd 49% mn poprokn péBodog avédeite
TEPLOCOTEPO AOHOYOVO GTEAEYN CLYKPITIKA WE TNV KoAMEPYew. YmNpée kot €va
1060016 11% 6mov maboydva dnwg Stenotrophomonas maltophilia, Burkolderia spp.
kau Serratia spp tavtomonkay amOKAEIGTIKA Kot udvo amd TNV oLUPOTIKY
KOAAEPYEWD Kol 00TO YTl dgv mePAouPavovTor 6Tovg GTOYOVS aviyvevong g

poptokng pebodov (ITiv.6, Ewc.9C).

Ewk.7 Summary of the results of syndromic PCR with culture of tracheal aspirates or BAL.

Syndromic PCR Microbiological culture

W A calcoaceticus- baumanii complex
W Escherichiacoli

[ Klebsiella oxytoca

M Kilebsiella pneumoniae group
@ Pseudomonas aeruginosa

W Proteus mirabilis

[ Enterobacter cloacae complex
W Haemophilus influenzae

W Staphylococcus aureus

W Streptococcuspneumoniae
O Candida parapsilosis

@ Culture negative

3 Respiratory flora

Total=151

B Escherichiacoli

I Klebsiella oxytoca

W Klebsiella pneumoniae group
B Pseudomonas aeruginosa

3 Enterobacter cloacae complex
@ Haemophilus influenzae

3 Staphylococcus aureus

B Coronavirus

3 Streptococcuspneumoniae
O Influenza A

‘ W A calcoaceticus- baumanii complex

B Not detected(PCR) B Serratia rubidae

O Legionella pneumophila O Burkholderia gladioli
3 Klebsiella aerogenes O Burkholderia mallei

W Serratia marcescens [ Serratia marcescens
B Moraxella catarrhalis O Citrobacter freundi

3 Cor.striatum

Wl Enterobacter aerogenes

W Stenotrophomonas maltophilia
B Candida albicans

B Proteus mirabilis
[ Streptococcus agalactiae
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ITw.6 Comparison PCR vs Culture result.

Diagnostic Method Comparison
PCR vs Culture TOTAL PCR
Agreement 40,00%
Improved Diagnosis 49,41%
Missed Cases 0,00%
NA 10,59%

AvaAivtikotepa mposkuye OTL T0 amotélecua TG poplakng uebddov multiplex PCR

elval oe CLHEOVIN [LE TO OTOTELECUO TNG KOAMEPYELQG O 34 TEPIMTMOELS LOPLOKNG

e&étaong (40%).XZvykexpuéva vapéav 15 neputtwcelg yopic maboydva otehéym Kot

19 mepTAOGEIS AMOAVTNG CLUPOVIOG MG TPOG TO. AOLOYOVO, OUTIOL TTOV OVIYVELTNKOAY

KOl OTOLOVAOON KOV avTioTOW O £1TE MG LOVOKOAALEPYELD E1TE KOl OG TOAVUIKPOPBLoKN

Aoipwén. Emmdéov n mocotikn extipmon peto&d twv dvo pefddmv av kot dev eivar

amoAvta cvykpioés (Gene copies/mL, Colony Forming Units/milliliter) dev dwapépet

ONUOVTIKA 6TNV TAEOYNeia TV teptotatikdv (93%) pe eEaipeon 2 mTepuTTAOGEIS TOL

N noplakt e&€taon vroektiunoe v Pakmplokn cvykévipoon (ITw.7).

ITw.7. Agreement between culture result and syndromic PCR result.

No CULTURE RESULT (CFU/mL) PCR RESULT (Bin Copies/mL)

1 Staphylococcus aureus (2x1075) Staphylococcus aureus (1076)

2 Escherichia coli (14*10"7) Escherichia coli (>10"7)

3 Acinetobacter calcoaceticus- baumanii | Acinetobacter calcoaceticus- baumanii
complex (18*1077) complex (>10"7)

4 Pseudomonas aeruginosa (4*1077) Pseudomonas aeruginosa (>10"7)

. Enterobacter cloacae complex (2*1077), | Enterobacter aerogenes (10”4), Klebsiella
Klebsiella pneumoniae group (2*1077) | pneumoniae group (10"6)

6 Pseudomonas aeruginosa (107) Pseudomonas aeruginosa (>10"7)

7 Haemophilus influenzae (>1079) Haemophilus influenzae (>10"7)

8 Staphylococcus aureus (6*1075) Staphylococcus aureus (1076)
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complex (1015)

o Acinetobacter calcoaceticus- baumanii | Acinetobacter calcoaceticus- baumanii
complex (>10"7) complex (>10"7)
Acinetobacter calcoaceticus- baumanii | Acinetobacter calcoaceticus- baumanii

10 complex  (3*10"5), Pseudomonas | complex (1075), Pseudomonas aeruginosa
aeruginosa (4*10”6) (1076)

11 Staphylococcus aureus (>10"9) Staphylococcus aureus (>10"7)
Staphylococcus aureus (1075), | Staphylococcus aureus (=10"7),

12 Enterobacter cloacae complex (1075), | Enterobacter cloacae complex (1075),
Proteus mirabilis (10/\5) Proteus mirabilis (10"5)

13 Staphylococcus aureus (1017) Staphylococcus aureus (>10"7)

14 Acinetobacter calcoaceticus- baumanii | Acinetobacter calcoaceticus- baumanii
complex (1015) complex (1076)

15 Pseudomonas aeruginosa (2*1077) Pseudomonas aeruginosa (10°4)

16 Staphylococcus  aureus  (5*1077), | Staphylococcus aureus (>10"7),
Pseudomonas aeruginosa (1075) Pseudomonas aeruginosa (>10"7)

17 Staphylococcus aureus (>10"7), | Staphylococcus aureus (>1077),
Enterobacter cloacae complex (>1079) | Enterobacter cloacae complex (>10"7)

18 Escherichia coli (>10"9), Enterobacter | Escherichia coli (>10"7), Klebsiella
aerogenes (25*1077) aerogenes (1015)

19 Acinetobacter calcoaceticus- baumanii | Acinetobacter calcoaceticus- baumanii

complex (1076)

H pelémn avédeiEe Ot n poplokn e€é€taon oe 1060610 49% TV TEPMTOGEDV £00CE

TEPICCOTEPEG TANPOPOPIEG CULYKPITIKA LE TO OAMOTEAECUO. TNG KOAALEPYELOGS.

Aviyvevtikoyv 44 onuoavtikd Baxtnplakd waboyova ta oroio eV amopovodnkay orxd

™V KeAMEPYELR OTmg emiong Kot 1006 Tov epmiékovtal otic Aotuméelg (ITw.8, Ew.9B).
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A B Additional pathogens identified by syndromic PCR
» Tracheal aspirate Cx

Syndromlc PCR B Acinetobacter calcoaceticus- baumanii complex
dekekk B Parainfluenza Virus
o) ) 1921 B Klebsiella pneumoniae group
~ 5 168 ° BE Escherichia coli
L 5 1441 3, B3 Human enterovirus/rhinovirus
£ = B Respiratory Syncytial Virus
5 » 120+ \ B8 Influenza A
o) X7%) 96 Wl Klebsiella oxytoca
© 8 724 B Haemophilus influenzae
[CINS)) 48 B Staphylococcus aureus
2 © Bl Pseudomonas aeruginosa
o 244 3 Moraxella catarrhalis
Total=50 B3 Enterobacter cloacae complex
=3 Coronavirus
3 Serratia marcescens
= Legionella pneumophila

C Performance of syndromic PCR vs. tracheal aspirate Cx

Bl Agreement (40%)
B Improved diagnosis (49%)
B Not detected by PCR (11%)

Ew.9 Comparative analysis of performance of syndromic PCR platform versus conventional culture of
tracheal aspirates or BAL related to (A) time to diagnosis, (B) new pathogens identified (C) performance

in diagnosis.

ITw.8 Analysis of additional pathogens identified by syndromic PCR panel.

Cases Culture result Syndromic PCR result

Acinetobacter calcoaceticus- baumanii
1 No Pathogen
complex

) _ Klebsiella pneumoniae group, Parainfluenza
2 Klebsiella pneumoniae group

Virus
3 No Pathogen Klebsiella pneumoniae group
Acinetobacter calcoaceticus- Acinetobacter calcoaceticus- baumanii
) baumanii complex complex, Escherichia coli
Acinetobacter calcoaceticus- Acinetobacter calcoaceticus- baumanii
° baumanii complex complex, Parainfluenza Virus
6 No Pathogen Human enterovirus/rhinovirus
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7 No Pathogen Respiratory Syncytial Virus
8 No Pathogen Respiratory Syncytial Virus
9 No Pathogen Influenza A, Respiratory Syncytial Virus
10 | No Pathogen Klebsiella oxytoca
11 | No Pathogen Haemophilus influenzae
12 | No Pathogen Haemophilus influenzae
13 | No Pathogen Staphylococcus aureus
14 | No Pathogen Pseudomonas aeruginosa
15 | No Pathogen Escherichia coli
Staphylococcus aureus, Klebsiella _
) ] Staphylococcus aureus, Klebsiella
16 | pneumoniae group, Burkolderia ) o
o pneumoniae group, Haemophilus influenzae
gladioli
Staphylococcus aureus, Klebsiella
17 | Staphylococcus aureus _
pneumoniae group
18 | Proteus mirabilis Proteus mirabilis, Haemophilus influenzae
) Streptococcus pneumoniae, Staphylococcus
19 | Streptococcus pneumoniae )
aureus, Streptococcus agalactiae
) Streptococcus pneumoniae, Staphylococcus
20 | Streptococcus pneumoniae
aureus
Escherichia coli, Acinetobacter
o ) calcoaceticus- baumanii complex,
21 | Escherichia coli
Staphylococcus aureus, Pseudomonas
aeruginosa
Enterobacter cloacae complex,
22 | Enterobacter cloacae complex
Staphylococcus aureus
23 | No Pathogen Staphylococcus aureus
24 | Escherichia coli Escherichia coli, Moraxella catarrhalis
25 | No Pathogen Enterobacter cloacae complex
26 | No Pathogen Pseudomonas aeruginosa
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Staphylococcus aureus, Acinetobacter

27 | Staphylococcus aureus calcoaceticus- baumanii complex, Klebsiella
pneumoniae group, Legionella pneumophila
Acinetobacter calcoaceticus- baumanii
28 | No Pathogen
complex
29 | Staphylococcus aureus Staphylococcus aureus, Influenza A
Acinetobacter calcoaceticus- ) ] .
y Acinetobacter calcoaceticus- baumanii
baumanii complex, Pseudomonas )
30 ) ) ) complex, Pseudomonas aeruginosa,
aeruginosa, Klebsiella pneumoniae ) ) )
Klebsiella pneumoniae group, Coronavirus
group
Escherichia coli, Proteus mirabilis,
31 | Escherichia coli, Proteus mirabilis Acinetobacter calcoaceticus- baumanii
complex
2 Klebsiella pneumoniae group, Klebsiella pneumoniae group, Klebsiella
Klebsiella oxytoca oxytoca, Staphylococcus aureus
33 | No Pathogen Haemophilus influenzae
34 | No Pathogen Serratia marcescens, Klebsiella oxytoca
Acinetobacter calcoaceticus- baumanii
.- Acinetobacter calcoaceticus- complex, Escherichia coli, Klebsiella
baumanii complex pneumoniae group, Haemophilus influenzae,
Pseudomonas aeruginosa
Streptococcus pneumoniae, Haemophilus
36 | Streptococcus pneumoniae influenzae, Moraxella catarrhalis, Proteus
mirabilis
Staphylococcus aureus, Haemophilus
37 | No Pathogen )
influenzae
Acinetobacter calcoaceticus- baumanii
38 | No Pathogen
complex
] ) Enterobacter cloacae complex, Escherichia
39 | Candida albicans

coli
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Acinetobacter calcoaceticus- baumanii
40 No Pathogen

complex
a Haemophilus influenzae, Burkolderia | Haemophilus influenzae, Moraxella
mallei catarrhalis
42 | No Pathogen Legionella pneumophila

Ymp&av 9 nepurtdoeig (11%) poprakov eréyyov 6mov n multiplex PCR dev aviyvevoe
10 Aowoyovo aitio ¢ Aolpwéng kabdg ta maboydva mov amopovaOnKav Kot
tavtomomOnkav and v keAlépyeia dnwc Stenotrophomonas maltophilia, Serratia,
rubidiae kou Bukholderia gladioli dev mepthopfBavovial 6Tov 6TOXOVG AViYVELONG TNG
puefodov, OmMmG Kot M OmOUOVMOOT HLKNTOV and TIG KoAMEpyeleg Bewpeitar o¢

OTOIKIGHLOG.

H odvvatomra g multiplex PCR vo aviygveder yovidw avioyng mopovctdlet
TEPLOPIGHOVS OTIC TEPMTMOGELS ToAvavOekTikOV oteleydv (Acinetobacter spp,
Pseudomonas aeruginosa) pe moADTAOKOLG pnyaviopovg avtoyns. H avdivon tov
OTOTEAEGUATOV NG HOopLoKNg eEETaomg avédelte 12 mepmtdoelg yovidiov avtoyng.
Avolotikd oviyvevtikov 5 tepurtdoeig Staphylococcus aureus pe yovidio, avtoyng
mecA/C kouw MREJ, 2 nepurtdoeig Escherichia coli CTX-M, 1 nepintwon Escherichia
coli KPC «xou 1 mepintwon Klebsiella pneumonia KPC oe ovugwvia pe tnv
eowvotumikn péBodo eréyyov evarsOnociog tov avilotikdv tov gpyactnpiov. e 3
TEPMTMOOELS AVIYVELTHKAY ETITPOGOETO YoVidia avtoyng oto e€nc taboyova Klebsiella
pneumonia CTX-M, Staphylococcus aureus mecA/C kot MREJ kot Escherichia coli
VIM.

[Swoitepa onpovTiky amodekvieTal 1 EAATTIOON GTOV XPOVO  HKPOPLOAOYIKNG
dlyvoong oty opdda acbevav g poplokng e&étaong amd T 72 ®pec TG
ovpPatikng KoAEpyelag o 3.5 mpeg pe tnv multiplex PCR (IMTw.9, Ew.9A).
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ITw.9.Time to diagnosis.

Time to Diagnosis Control TOTAL PCR

Culture (Hr) 73,57 (38,23-196,08) + 37,58 | 72 (10,88-169,07) + 38,26
PCR (Hr) NA 3,5(2,92-4,2) + 0,3
Decrease NA 95,14%

[Tpokeévov va a&toloyndet n cupPoAn ¢ poplokng HeBOdOL GTNV GTOXELUEVT
Oepamevtikny avtipetdnion £ywve vmoAoyloudc tov DDDs/100 Bed days wc dgiktn

KOTOVAAW®ONG OVTIBLOTIKMV.

O vmoloyiopdc oe DDD (Defined Daily Dose) €ywve oe d0Alovg tovg acBeveic g
HEAETNG L€ TOGOTIKN KATOYPOPT TNG OEPUTEVTIKNG AY®YNS TOVS KATA TNV YPOVIKY
OTLYUN ™G KAWIKNG ddyvoons ¢ Aolpnméng kot ywo tig emopeves 14 muépec.
2uyKpivovtog To OMOTEAEGLOTO TPOKVTTEL IOl CTLLOVTIKY LEIOT GTNV KOTOVAA®GT
avTIBlOTIKOV OV  YPNOCULOTOOVVIOL GTNV  OVIIUETOTION OVOEKTIKOV OTEAEYDV
(MDR/XDR) o6mwg m koMotivn, M TiyekvkAivip ko 1 pepomevéun. Avtifétag
Kataypaeetor adENCN OtV (PNoN CLVOVACUADV TOPAYOVI®V P-AOKTOUIK®OV LE
OVOOTOAELG TV P-AOKTOLOCOV OT®S 0l GLVOCUOL AUTIKIAAYVY - GOLAUTOKTOUY
(Ampicillin—sulbactam), mumepaxiliivn-talopmaktaun (Piperacillin-tazobactam) ko
kepTalipn-apipoktaun (Ceftazidime—avibactam) xobd¢ kol 6TV KATOVAAOGN TNG
Aefoorotacivng (Levofloxacin). EmmpdcOeta 1 dad0yik| avénon oty KoTavoAmon)
napayovtov 0nmg 1 damtopvkivny (Daptomycin), n Bavikopvkivn (Vancomycin) ko 1
MveloAion (Linezolid) oyetiletor pe v mapovcio Aotudéewv amd Gram Oetikd

oteléyn (ITw.10, Ew.10).
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ITw.10. Comparative analysis of antibiotic consumption in control and syndromic PCR group of patients
expressed as DDD/100 bed days (BD) values.

Antibiotic Control Syndromic PCR 5 valle
DDDs/100BD DDDs/100BD

Ampicillin-sulbactam 6.7 13.22 | 0.1177
Piperacillin-tazobactam 11.96 33.02 | 0.0003
Ceftazidime-avibactam 3.14 13.23 | 0.0091
Ceftazidime 2.6 N/A
Ceftriaxone 2.49 0.52 | 0.9999
Cefepime 14.97 16.63 | 0.5875
Meropenem 67.22 23.61 | <0.0001
Levofloxacine 5.3 17.64 | 0.0027
Ciprofloxacine 4.99 2.67 0.728
Colistin 94.86 5191 | 0.0011
Vancomycin 10.91 16.63 | 0.1772
Tigecycline 69.44 32.36 | 0.0008
Gentamycin 5.13 1.14 | 0.2203
Daptomycin 32.74 50.49 | 0.0137
Amikacin 2.08 3.13 | 0.6718
Clindamycin 0.69 0.65 | >0.9999
Linezolid 11.54 12.37 | 0.8373
Tirimethoprime-
sulfamethoxazole 1218 /A
Metronidazole 4.44 2.69 | >0.9999
Rifampicin 1.25 1.41 | >0.9999
Itraconazole 0.21 498 | 0.0234
Fluconazole 0.73 1.3 | >0.9999
Isavuconazole 1.62 N/A
Amphotericin B 4.65 N/A
Micafungin 2.29 16.41 | 0.0004
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Anidulafungin 4.99 5.73 | 0.7639
Oseltamivir 1.75 N/A
Ceftolozan tazobactam 1.04 1.56 | 0.6057
Tobramycin 0.65 N/A
Acyclovir 1.06 N/A
Azithromycin 0.26 N/A
Isoniazid 0.85 N/A
Ceftraolin fosamil 2.34 N/A
Voriconazole 0.13 N/A
Moxifloxacin 0.13 N/A

M Before PCR (2017-2018) B Before PCR (2017-2018)

M After PCR (2018-2019) B After PCR (2018-2019)

B After PCR (2019-2020) B After PCR (2019-2020)
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Ew.10 Trends in consumption of antibiotics against Gram negative (left panel) and Gram positive (right
panel) bacterial pathogens in control and syndromic PCR group of patients over the study period.
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Ta tapoandveo aroteAéopato amotelovv EVOEIEN g ovuPoAing ¢ multiplex PCR oty

TPOTOTOIN T KOl TEPIGGOTEPO CTOXEVUEVT] OEPATEVTIKN AVTIYLETMLION TOV AOUDEEDV

TOV KOTMOTEPOL OVOTVEVCTIKOD GLGTNUATOG OTMG TPOKVITEL GE SLOOOYIKA YPOVIKA

Lo THUATA.

Onwg avaeépbnke kot otnv apyn, 0 KAVIKOG 10Tpog elxe v dvvatotnta omevdeiog

EMKOWVOVIOG LE TOV VTTEVOVVO NG UEAETNG TPOKEEVOL VO TAPOVVTOL TO, KPLTHplol

Eviaéng otV HeEAETN Yo KAOE TEPIGTOTIKO, OAAG ETITALOV KOl Y10 TV EPUNVEID TOV

ATOTEAEGLOTOC TNG HOPLOKNG HEBOSOV, KaBMG elyav TAPOVGLOGTEL GTOVS 1TPOVS TNG

MER® ypantég 0dnyieg kabodrynong (diagnostic stewardship) yia tig mbavég emhoyég

otV xpNnon aviukpoPlakdv évavit tov kvptdtepov ortiov g VAP (ITw.11), ue

Baon avérvon g VAP otmv ME® ©g mpog Tov Aotoydvo mapdyovia Kot 10 GAGua

avtoyov tov (Ew.11, 12).

.11 Emhoyn epmepikng ayoyng pe féon v tomkn emdnporoyio Kot to anotéecpa g M-PCR

[HaBoyovo MBavi] epmerpkn ayoyn
E. coli Mukpn <1% mBavotnta yio Carbapenem R
e Severe sepsis: Carbapenem. X¢ ka0 arin nepintoon Carbapenem

sparing (m.y. cefepime, ciprofloxacin)

Proteus Mukpn <1% mBavotnta yio Carbapenem R, Pip/Tazo 100% S

mirabilis e XYg kaG0c nepintoon Carbapenem sparing: (m.y. Cefepime, Piperacillin-
Tazobactam)

Enterobacter Muwpny <1% mbavotta yio Carbapenem R, Cephalosporin Inducible R, Pip/Tazo:

spp. 30% R. Epmepucniy ayoyn Carbapenem og ka0¢ nepintmon

Serratia Mukpiy <1% mOavétnta yra Carbapenem R, Pip/Tazo 100% S.

marscecens Carbapenem sparing (r.y. Piperacillin-Tazobactam)

Pseudomonas Colistin 0%R, Cipro 17% R, Ceftaz: 26% R

spp e Auth avryukpofroxi Kaivymn

e Y& cofapn eyn npocHnkn kolotivng eumelpka (colistin + ciprofloxacin
or ceftazidime)
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o Y& fmiag Boapvnrog Aoipmén ceftazidime + cirpofloxacin

Acinetobacter

e Eumeipwn Oepomeio pe faon Colistin + Tigecycline

Spp
Klebsiella Carbapenem Resistance (.., aviyvevon KPC)
pneumonia e Colistin + Tigecycline +/- gentamicin (cofapn onyyn)

Carbapenem Susceptible

e Carbapenem sparing (Pip/Tazo, Cefepime) 1| Carbapenem (severe sepsis)

Staphylococcus

Ayoyn e Baon avtoyn otn pebiciddivi (MSSA 1 MRSA)

(Gram negative
bacilli, PCR

negative)

Yrowia Stenotrophomonas 7 dAio gram negative nosocomial pathogen

e  Epmepwd Bactrim ce cuvdvacud pe eupémg eaopotog kaivyn (m.y.

Carbapenem +/- aminoglycoside in severe sepsis)
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Hoboyovo {epipdc ~ Kopfo- Kolywip Toypee Tere Apwooty  Zwpogle-  Ofmal-  Bavop  Nronme-

OTEREJY) TEVEjIE; Kokl v Eaat L Kiv Ly |
Escherichia 1% 03% 04% 3% 4% 5% 138%
coli (1317)

Pratens 14% 109% 43% 19.9%

mirabilis (111)

Hebsiella 8% 4% 165%  1L1% 36.8% 41.5% 16.7%
penmonia (468)

Enterabacter 6.2% 1.1% b 1.7% 4% 5.6%

spp (I7T)

Acinefobacter 80 5% 1 3% 55%

banmannii (323)

Pseudomonas 26.1% 0.6% 15.8% 26.9%

aerugiosa (332)

Staphylococcns 25.8% 0.8% - 0%
urens (493)

Enteracoccns 0,5% (% 1%
faecalis (5304)

Enterococcus 28% - %
faecimm (197)

Ew.11 Avdivon dedopévov pikpoProroyikod epyactnpiov ITATNH ywr 10 m0c0ootd avOektikmv

oteleydVv oto avtiprotikd (1/2017-12/2017).
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Ew.12 Mwkpoforoyio VAP (ME® evniikov ITAI'NH).

80



Xapoxtplotikd  mapadeiypoto  omokAMpdakmong (De—escalation) tg  ayoyng
OTTOTEAOVV TTEPIOTOUTIKA OLOKOTNG TNG KOAMOTIVIG KOl ETAOYNG OL0POPETIKNG Oy YNG LE
Baon to amotéAecpa TG HOPLOKNG HeBASOL MG TPOG TOV AITIOAOYIKO TOPAYOVTO KOt
NV aviyveuon yovidlov avtoyns, Onmg teptoTotikd mvevpoviog Adym MRSA (S.aureus,
mecA/C-MREJ), Enterobacter cloacae ka1 Enterobacter aerogenes nali pe Klebsiella
pneumoniae. Avaloyn tpomonoinot £Yve Kot 6Tig TepmT®oclg Omov n multiplex PCR
avédelEe mg Aoyoyovo aitio dtvro maboyova onwmg 1 Legionella pneumophila i woyevn
aitia 6mwg Influenza A kot 0 avanvevoTikog cuykvuTiokog 10¢ (Respiratory Syncytial

Virus, RSV).

2.5 Xviqmon

H mapodoa perétn eiye og otoéy0 va ektunoet v cupPfoin g poplokng pebddov
BioFire FilmArray - Pneumonia plus Panel og éva 1dwaitepa 606K0A0 YOPO avOEKTIKOY
oteleyov (XDR, MDR, PDR) o6mw¢ eivar n Movéada Evtoatikng Oegpomeiag tov
[Movemotuoakod Nocokopeiov Hpaxdieiov, omv dwyelpion tov Aoudéewv Tov

KOTMOTEPOV AVATTVEVGTIKOV GLGTHHOTOC.

H o1t ypovikn mepiodog g perétng (2018-2020) avédei&e v opada eréyyov (PCR
group) voomnievopeveov ocBevov ommv ME® pe Aolpwén tov  mveLHOVIKOD
TAPEYYOLOTOS EVO O OYeOGUOG NG HeAéTNG pog meprélafe v avalnnon
avtiotoywv weptotatikdv (Control group) éva ypdvo mpv v ypHoN TS HLOPLOKNG
uebodov (2017-2018). H voonieia oty ME® agopd o€ coPapn Tvevpovia KovotnTog
(sCAP), oe voookouewokn mvevpovio (HAP) 1 mvevpovia mov oyetiletor pe tov
avorvevotipa (VAP) 1 omoio omotédece Kot to ueyaldtepo m060otd acbevmv. A&l
va onuelwfel 6TL N pKkpoProroyikn d1dyveon aeopd T AoipnmEn kot oyt T AO®ON
vOG0, emopéveg €xel tepdotion allo M epoppoyn oe acBeveic pe vymid pretest
probability Swapopetikd 0o avénbei Spopatikd M euEAvion Yevddv OeTikdv

arotedeopdtov. Kpumpa  évtaéng oty  pedémn  pog  omotéAecav  KAWVIKA,
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EPYOOTNPLOKA KOU OTEIKOVIOTIKO gvupfjuato mhavig Aoluméng tov KotdTeEPOL

OVOTVELGTIKOV GLGTHLLOTOC.

H xatoypagn Tov OnUoypaeik®y Kot KAVIKOV YapoKTPIGTIKOV TOVG OEV TOPOVGINGE
SPOPES AVAIESO OTIC dLO OUAOEG EVED TO LKPOPLOAOYIKE dEGOUEVO KATEGTNOOV TIC
V0 opadeg cvykpioyes HeTa&h TOVG, YEYOVOG TOL EMETPEYE TNV UEAETT TNG GVUPOANG

¢ multiplex PCR otnv daygipton g avtiBlotikng oyoync.

SOUTEPACUATIKA 1 GVUPOAN TNG HoploKng HeBdOoL Edmoe TV duvatdHTNTO Y10, ToElo
pikpofroroyikn didyvmon péca oe AMyeg opeg (3.5h vs 72h, P <0.0001) cvykprrikd pe
v ovpPatikny keAlepyntikny pébodo. Xe mocootd 40% vmnpEe cvpemvia Twv 6vo
nebodmv g Tpog 10 TaBoydvo 6TEAEY0G TG AoipnmEng, eved 6€ 1060610 49% 1 poprokm
néBodoc aviyvevoe mepiocdtepa maBoydvo o GYECT LE TNV GLUPATIKN KOAAMEPYNTIKNY
néB0d0, KabmG £xel TNV SVVATOTNTA VO AVIXVEVEL EKTOG Omd To GLYVOTEPA PoKTHpLO
Jatoma. Paktpla KaBdG kol 100¢ Tov EUTAEKOVTOL OTIS AOIUMEEIS TOV KATMTEPOL
OVOTTVELGTIKOD GUGTHUOTOC. YTNPEV Kol TO TEPIGTATIKO GTO OTOI0 O OTIOAOYIKOC
Tapayovtag ™ AoIHmENG Tpodkuye omd TV UIKPOPLoAOYIKT KOAMEPYELD KABmG OV

nePAaUPAVETOL GTOVG GTOYOLG aviyvELONG TNG LOPLaKNG LEBOSOV.

Emunpdobeta, n aviyvevon cvykekpyévav yovidiov mov tpocdidovy avOeKTikdT T
ot oTeAéyn Ko meplopilovy Tic OepamevTikéc eMAOYEC 68 cLuVOLOCUO Kol HE TNV
tomikn emonpioroyia g ME® odnynoce tov kAvikd 10tpd, fAcn TOL amoTEAEGHATOS
¢ Multiplex PCR, va tporonomcet Thv aywyr cuppdAioviog £T61 GTOV TEPLOPICUO
™G ELEAVIONS avOEKTIKOTNTAG KOl TOEIKOTNTOG OV GYETICETOL Le TNV XPNOT EVPEWC

QAacpaTog avTIPloTiK®VY Ywpic va ennpeactel | ékfaocn g voonieiag Tov actevn.

Q¢ YvoOOTOV Kol OTMG GAVIKE KOt oo TV OKN HoG LeAETN Ta cuyvotepa madoydva
TOV GUYKEKPWEVOV AotudEemv givar kupimg Gram apvnrikd PBoktple. Ewdwdtepa
Oumg o maboyova pe TOAITAOKOLG UNYOVIGHOLS avtoyng ommg to Acinetobacter
baumannii ka1 1 Pseudomonas aeruginosa n poptokr pédodog améTuye Vo aviyvenoel

TOVG UNYOVIGLLOVS OVTOYNG.

IMpokeévov va a&oroyndei n ocvuPoin g Multiplex PCR oty Bepamevtikg

dlyeiplon TV MEPIOTATIKOV VTOAOYIGTNKE O OEIKTNG KATAVAAW®GONG aVTIPLOTIKMDV
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DDDs/100BD. ‘Eywve kataypagn g QOPUOKEVTIKNG ay®yns Y 14 nuépeg and v
Nuépa TG KMVIKNG O1dyvmong ¢ Aoipméng kot vroroyispudc oe DDD Bdon tov
ocvotiuatog tov WHO ATC/DDD.

H pelém avédeite onuovtikég oAAayég oV KOTOVIA®OTN POCIKOV OepamevTik®v
TapoyOVTOV Ol OToiol amoTeEAOLV TNV Bepomeion EKAOYNG OTNV OVTIUETOTION TOV
roudéemv amd aviektikd oteléyn (MDR/XDR) oty ME@. Idwitepo evotapépov
wopovotdlel N otadlokny peimon mov mapatnpnnke oe Poacikods avtiroTikong
TAPAyovTEG Yo TV avtipetdnion Gram apvntikev nafoydvev Ormg 1 KOAGTivn, M
TryekukAivn kan ot kapPamevépes. TlapdAinia tpoékvye odENon 6TV KOTAVIAMOT)
avTIBOTIKOV OTMC Ol GLVOVOCUOT TV P-AUKTOUIKOV HE OVOCTOAElS TV P-
AOKTOHOOMV  OT®OG Ol oLVOLOCUOL  aumKIAAivn-covAuraxtdun  (Ampicillin—
sulbactam), muepakiAdivn-talopmaktaun (Piperacillin-tazobactam) kot ke@taltdiun-
afpoxtaun  (Ceftazidime—avibactam) «kobmdg Kot oMV KOTAVAA®GN NG
Aefooro&acivng (Levofloxacin). Ocov apopd mapdyovteg yio tnv avtipetonion Gram
Oetikdv otereydv mapatnpndnke adénon oty KatavAA®on ovIBloTiKaOv OTmg 1
doamtopvkivn (Daptomycin), m Pavkopvkivn (Vancomycin) kot 1 AwveloAiom

(Linezolid).

H mopovca perétn mapovotdler meploptopods mov oQeiAovpe Vo avopEPOVLLE.
[Ipoxertan ylo por avadpoptky HEAETN Katoypagns pe tov aplud tov achevov mov
eviayOnkav Baon kprmpiov va givar teplopiopévos. EmmAéov ot mbavéc adhayég otov
ELEYXO TOV AOWMMOEEMV KOl EMAOYNG NG aviyukpoPlokng Oepameiog péow g
OAANAETIOpAoNG TOL KAWVIKOD LKPOPLOAGYOL KOt TOV KAVIKOV Yiatpoy ¢ ME® dev
umopel va amodofel. H advuvapia aviyvevong onUovIiK®v VOGOKOUEINKOV ToHoyOvVeV
6mwc 1 Stenotrophomonas maltophilia xobotd  avaykaioo v avalntnon
CUUTAN POUOTIKOV SL0yVOOTIK®OV HEBOdwV, 0TS aviyvenon evog evpiog UkpoPlako
o10yov O6mw¢ to 16S RNA, 1o va vrodeiel v mapovsion evOg Un avoyvopioHEVOL
nafoyovov TPOKEWEVOL Vo eEAcPOMOTEL I BEATIOTN PpovTida Tov acBevolc. Akoun
KO 0V Ol TTOGOTIKES EKTIUNOELS TV dVO peBddmV dev givar amolvta cvykpiouéc (Gene
copies/mL, Colony Forming Units/milliliter) amotteiton mepartépw perétn xat

a&loAdynon TG KAMVIKNG ONUOGIOS TOV GUYKEVIPOGE®V EKEIVAV TTOL OEV OV VELOVTOL
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and v PCR pe 11¢ avtiotoryeg 1004 CFU/mI g xaAlépyeiac. To mepropiopévo
QACLLO. OVIXVELONG OVIOYMV NG HOPloKNG HeBddov kol 1M advvapio oviyvevong
TEPLOCOTEPO GLVOETOV PINYOVICUDV UTopEl v 0dnNynoel o AavBaouévn Bepamevtikn

EMIAOYY).

Evd otoug apyikods pog otdyovg ftay Kot 1 ovaltnon eAEYHovad®V BlodeikT®v ard
™V oudoa cOevdv TOL HOPLIKOD EAEYYOL, YO TOLG OMOIOVG OlTNPOVUE 0P,
PUL000E0VE GE oL LEAAOVTIKT) LEAETT TNV LAOTOINGT awToD TOV GTOYOV UE TV
évtaln peyoAvtepov aptBpod achevodv avalnTOviog Kol ovaADOVTOS SLOPOPETIKES
napopétpovg. A&ilet emiong va avaeepel OTL TO 0OKOVOUIKSO OQELOG ATt TV XPYOT TNG
HOPLoKN G LeBdO0oL dev €xel avarvbel otny mapovoa pLeAET. Ziyovpa a&ilel vo ovarvOel
¢ Eexwplot TOPAUETPOG G HEAETN KOGTOVG — 0PEALOVGS, OVAPOPIKE LLE TO KOGTOG TNG
poplakng nefddov g e££T00NG KoL TO OIKOVOUIKO OPELOG TO OTTOI0 TPOKVTTEL LE TNV

EQAPUOYN TNG.

Avatpéyovtag oty BiAoypapio apKeTEC HEAETEG AMOJEIKVOOLV TNV GNUOVTIKY|
ovuPorn poprokmv uefddmv otnv mvevpovia g kowottag (CAP) [42-46], g
voookopelakng mvevpoviag (HAP) kot g mvevpoviog mov oyiletatl pe tov unyoviko

agpopd (VAP) [47-50].

Ot peréteg avtég vroypoupilovv pe axpifetor T TOAG 0QEAN Kol TIG OYVPES
OAANAETIOPAOELS TOV AmalTOVVTOL HETAED HOG OPAOOS KAVIKOV HKPOPLoAdymy Kot
WTPOV Y10l TV EQAPLLOYT| KO EPUNVELR TOVG COLPOVAL LLE TO KAIVIKO Kot ETONUIOA0YIKO
mlaiclo, pe otoéyo v Pértiom éxPaocm TV acBevdv, TV €lUYIGTONOINGTY NG
avamTuEng avtoydv Kot T peimon 1ov k66Tovg voonieiog. Ot Hoplokég GUVOPOUIKES
pébodol or omoieg €VIAGGOVTOL GTO KAWIKO EPYOCTNPIO TOPEYOLY 0L YPIYOPN
TANPOEOPNON TOV AUTIOAOYIKOV TOPAyovTo TNG AOIMMENG Kot TNG OVTOYNG oTo
avTloTiKd, pe oKomd vo eATidcovy ) Bepameia kot TV avtipkpofioxn dwoyeipion
oT1G povades evrotikng Oepanciog (ME®). Arapaitntn npodmdbeon yio va yivel avtd
elval n emkowvovio Kol eUMGTOoLVN HETAED TOV 10TPOV TOV UIKPOPLOAOYIKOV
gpyaoctnplov kot s ME® oyetikd pe Ta kpitipla eTAoyng Tov acfevdv mov Ba Exouvv
69eA0g amd TN doKIpacio oV, He TIG dSuVATOTNTES TG HOPLaKNG HeBOOOV Kot TOVG

TEPLOPICUOVE QDTG KOl QLGIKA TN 6MOTH OEWOAOYNON TOL OTOTEAEGULOTOS TNG
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puefooov. EmmAéov 10 puKpoPloloyikd €pyacTtnplo mOPEXOVTAS TIS TANPOPOPIES
OVOQOPIKA HE TNV TOMIKN EMONUIOAOYIOL EMTPEMEL EUUECH TNV  GTOYXEVUEVN
Oepanevtiky mpocéyyion. @uowd Olo avtd pali pe éva opyavouévo TpdypapLio
emnpnong ovtiPlotikav o umopodoe va €xEl ONUAVIIKA OQEAN Kupiwg oTnVv
EMATTOON TNG KOTAVAAMONG avTIPOTIKOV, TOV TEPLOPIGUO TNG XPNONG TEAELTAIOG
YEVEAS avTILIKPOPLOK®V Kol TNV eAdtTtmon TG todkdTnToS amd TV gupeior xpnon
avTykpoPlokdv kabmg 1 tayeio eEdmiwon aviextikmv oteleydv (MDR/XDR/PDR)

amotelel Lo cofopr) ameln Yo T ONUOGLO VYELN TOYKOGHIMC.

Qc ex TtoOTOVL VvedTEPEG KOvOoTOHES MEBOOOL TopoynNg Toyelog Kot  £yKvupng
UIKPOPLOAOYIKNG O1yV®ONG GUVOVACTIKG UE TPOYPAULOTO EMITHPNONG Om0dId0vLV
ONUOVTIKA 0QEAN TOGO Yo Tov acfeviy 060 KOt Yoo TO GUGTNU TOPOYNG VYELOGC.
[MoAadtepeg [51] addd ko mpdopateg peréteg [52] avadewkvbovv ) onpacio g
EYKOPNG KOl OTOYELUEVNG OEPOMEVTIKNG OVTILETMOMIONG OMEMNTIKOV Yoo T Com
AoaEewv cupaiiovtag onuavtikd ot peiowon g Ovntotroc. H epappoyn tayxéwov
SyvOoTIK®OV HeBddmv péca otig mpateg 12 dpeg g AoipnmEng cupuParel onpavTiKA
omv koAvTtepn €kPacn Tov acbevolg 11aiTEPO GE MEPWMTMOELS AOWUDEEWV MO
nolvavOektikd oteléyn [53]. Eivor onpovtikd va avorvdei oe pelhoviikéc peréteg to
TOGOOTO  KOTAAANANG  ovTIfloTikNG  oywyng wiaitepa ot AOM®EELS  amd
TOALOVOEKTIKA oTEAEYM Kot KOoTd TOG0 M Toyeld poploky didyvwon pmopel vo

Bertidoetl v ékPaon ToV acOevov.

2.6 Xopumepdopora

H xaAMépyeia mov dievepyeitor 610 £pyactiplo KAVIKNG pikpoPloloyiog amotelel tnv
péB0d0 eKAOYNG otV UIKPOPLOAOYIKT O1dyvewon Kot OEPOmTEVTIKY] AVIILETOTICN TWV
cofopdv PaKTnploKOV AOUMOEE®Y TOL KATATEPOV OVOTVELCTIKOV GuoThpatog. H
E100YMYN LOPLOKADOV GUVIPOUKADOV LEBOOWV TPEMEL VO GUYKOTOAEYETOL GTO. OTLLOVTIKA
SlyvoOoTIKG péco e okomd TNV Toyelo kot £ykvpn pkpoProloyikn didyvmon
Baktpiov, dtontov PBoakmpiov Kol 1wv Kobdg Kol TG oTOXEVUEVIS BEPameEVLTIKNG

avTipeTdnone. H peiétn pog mopovciocse v cLUPOAN TG TOAVTAEKTIKNG LOPLOKNG
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uebodov Film Array multiplex PCR system wg éva xpioipo péco oty daygipion tomv
AOWOEEDMV TOL KOTOTEPOV OVATVELGTIKOV GLGTHUATOG otV Movédodoa Evtatiknig
O¢panciog Tov Tlavemomuiakod Nocokopeiov Hpaxieiov. Ziyovpo omortodvion
TEPAUTEP® UEAETEG OELOADYNONE TNG EPOPUOYNG CVTAOV TOV HEBGOMV d1dyvmONg 6TV
Tpay Lotk KAvikn Tpdén (real life experience) yio va Katovon0el 1o cuvoiikd 0¢peAog
10 omoio dev mepropiletar poévo oty Péltiom dwyeipton TV AOUDEEDV OAAL

emnpealel CNUAVTIKG Kol TO GUVOAKO KOGTOG VOGN AETi0G.
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XYMIIAHPQMATIKH AIXTA EIKONQN

Ew.1,2 Types of LRTI at Control and PCR group. Ventilator associated pneumonia
comprise almost 2/3 of cases in both study groups.

HAP
5,00%
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PCR group

VAP (possible)
69,62%
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Ew.3. Underlying diseases of Control group.
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Ew.5 Cause of Admission at Control group.
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Ew.6 Cause of Admission at PCR group.
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Ew.7 Control group Bal culture pathogens.
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Ew.8 PCR group Bal culture pathogens.
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®OPMA KATATPA®HX AEAOMENQN AXOGENQN ME® ME VAP / XOBAPH

ANAIINEYZXTIKOY.
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ANTIBIOTIKH AI'QIr'H: OXI [] NAI[] (MPOPYAAKTIKH AI'QI'H, AOIMQZEH,
IMYPETOX ATNQXTOY AITIOAOI'TAY)
MIKPOBIOAOI'IKH AIAI'NQYXH AOIMQEHX:
YYI'KENTPQXH
HMEPOMHNIA ITA®OI'ONO ANTOXH XPONOZX ATATNQXHE (Hr)
(cfu/ml)
1)
2)
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MOPIAKH ATAI'NQXH AOIMQEHX:

SYTKENTPQZH Bin
HMEPOMHNIA IMAGOT'ONO ] ANTOXH XPONOZ AIATNQEZHZ. (Hr)
(copies/mL)
1)
2)
3)
BAKTHPIAIMIA : NAI[] oXI []
AAAH AOIMQZEH: NAI [] OoXI []
SYTKENTPQZH
HMEPOMHNIA I[TAGOT'ONO (cfu/mi) ANTOXH XPONOZ AIAINQEHE (Hr)
ctu/m
1)
2)
OEPAIIEIA:
ANTIBIOTIKH AI'QI'H AOZOAOTIA AIAPKEIA
1)
2)
3)
EKBAXH NOXHAEIAX:
[J1AZH [] BEATIQ=H [JXTAZIMOTHTA [ EIIAEINQZH

[1 AIAKOMIAH ITPOZ

[J®ANATOZX
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MAPAITEMIITIKO MOPIAKHX AIAI'NQXHY IINEYMONIAX XE
AXQOENEIX THX ME®O (VAP severe /CAP)

YnevOvvog emkovoviag: Anquntpae Xto@uidkn (Tni.)

ATOOGTOAM] OElYNOTOS TPUYEWNKOV eKKPipotog oto Epyactiipro Mikpofroroyiog

tov [TAT'NH (kaOnpepva, 08:00 — 20:00)

I'evikég mAnpogopicg acBevn:

ONOMA: EITQNYMO: HAIKIA:

AM amed: Critis Ep. ID: Huepounvia:

Kpwmpw Ewoayoyng: Xofapn Ilvevpovia pe avaykn voonieiogc oe MEO 1

Khwvucn vroyia VAP (epocov Ttinpovvtal 0Ao To TapokaT® KprTipro 1+2+3)

NAI | OXI
. Yndpyet ioyvpn vroyia VAP kot amovcio GAANG epeavodg
eotiog
5 1. Tlvpetog > 38°C 1y
2. WBC > 12000/mm? 3 < 4000/mm?
3 1. Abvénon M odhayn ekkpicemv 1
2. Emdeivoon omv avtodiayn aepiov
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Emumléov kKMvikéc manpoopieg:

Mépeg voonieiag oe ME®

Mépeg o€ pnyoviko aepiopod

Tpéyov avtifrotikd oynua

Néo gumelpikd oynuo

Néo 1ehikd oynuo

TO AEI'MA TOY AXOENH NA XYNOAEYETAI ME ENA KOKKINO
PIAAIAIO AIMATOX

O O¢gpanmv latpog
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ENTYIIO AIIOTEAEEMATOX MOPIAKHX MEO®OAOY

FilmArray i
LRTI Panel - lUO B'°$F'“

A BIOMERIEUX COMPANY

www._BioFireDx.com

Run Information

73252 26 Jul 2018 8:46 AM
LRTI Panel v2.0 Passed

Completed BAL v3.3

14395318 123 123 (123)
892118 2FA05657

Bacteria
Bin (copies/mL)
Bin 1074 | 1075 | 1046 | 21047
(copies/mL)
v Detected 210"7  Acinetobacter calcoaceticus-baumannii complex TN T
Not Detected Enterobacter aerogenes
Not Detected Enterobacter cloacae complex
Not Detected Escherichia coli
Not Detected Haemophilus influenzae
4 Detected 10°5 Klebsiella oxytoca TN
Not Detected Klebsiella pneumoniae group
Not Detected Moraxella catarrhalis
Not Detected Proteus spp.
Not Detected Pseudomonas aeruginosa
Not Detected Serratia marcescens
v Detected z10°7  Staphylococcus aureus VT
Not Detected Streptococcus agalactiae
Not Detected Streptococcus pneumoniae
Not Detected Streptococcus pyogenes

Antimicrobial Resistance Genes
Not Detected CTX-M
Not Detected  IMP
Not Detected KPC
v Detected mecA/C and MREJ
Not Detected NDM
Not Detected OXA-48-like
Not Detected VIM

Note: Antimicrobial resistance can occur via multiple mechanisms. A Not Detected result for the FilmArray antimicrobial
& resistance gene assays does not indicate antimicrobial susceptibility to the resistance drug class. Culture is required for
species identification and susceptibility testing of isolates.

Atypical Bacteria
Not Detected  Chlamydia pneumoniae
Not Detected  Legionella pneumophila
Not Detected  Mycoplasma pneumoniae
Viruses
Not Detected  Adenovirus
Not Detected  Coronavirus
Not Detected  Human Metapneumovirus
Not Detected = Human Rhinovirus/Enterovirus
Not Detected  Influenza A
Not Detected  Influenza B
Not Detected  Parainfluenza Virus
Not Detected  Respiratory Syncytial Virus
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EAAHNIKH AHMOKPATIA
MNANENIIXTHMIO KPHTHX

l ENITPOITH HOIKHE KAI AEONTOAOTIAS
N THZEPEYNAX(E.H.AE)

AITIO®AYH

EIIITPOITHYX HOIKHX KAI
AEONTOAOI'TAX THX EPEYNAX (E.H.A.E.)
TOY HANEHNIXTHMIOY KPHTHX

I'TA

EI'KPIXH
EPEYNHTIKOY MTPQRTOKOAAOY

A piipoc Mpotokoiiou Emrpormg HOumg kut Asoviohoyiag e Epsovac (E H.AE.)
158/16.072020

A pBpocd Huepopnvia A noguons Emrpomig Hbuajg ko Azovrokoyiog mg Epsvvag (EH AE))
158/03.08.2020
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EUROPEAN SOCIETY OF CLINICAL
MICROBIOLOGY AND INFECTIOUS DISEASES

PURPOSE / OBJECTIVES

The impact of targeted molecular diagnosis in the
management of nosocomial infections caused by MDR
pathogens has been incompletely characterized. We
evaluated the performance of a molecular syndromic
platform such as Multiplex PCR (Biofire FilmArray -
Pneumonia plus Panel) in diagnosis and management of
pneumonia in the ICU.

MATERIAL & METHODS

We implemented a protocol of molecular syndromic
diagnosis of pneumenia in consecutive patients in
the ICU of a University Hospital over a two years
period, which included evaluation by an expert
microbiologist and an algorithm for guidance on
antimicrobial therapy. ICU patients with diagnosis of
pneumonia the year before initiation of the study (n
= 40) served as control group.

RESULTS
We enrolled 63 and 16 patients with VAP with CA-PNA,
respectively. These included XDR (n = 10) bacteria, such
as Acinetobacter spp (n = 10) and Kiebsiella pneumoniae
KPC (n = 1). We found an excellent agreement (89.4%
76/85 cases) of molecular diagnosis with tracheal
aspirate cultures. There was a significant decrease in the
average time to diagnosis of syndromic test as compared
to culture result (3.5h vs 85h).

Implementation
FilmArray-Pneumonia plus Panel in

of a syndromic Biofire

ICU

patients with VAP or severe CA-PNA resulted

in a significant decrease time
diagnosis,

information and

on

resulted in a

reduction in antibiotic consumption.

PCR vs CULTURE

Culturable pathogens
Missed Cases of

true pathogens
0%

Agreement
40%

Improved Diagnasis

to

provided new microbiological
significant

RESULTS

Furthermore, in 49% of the cases of pneumonia, PCR
identified new pathogens not detected by conventicnal
cultures such as S. aureus 15%, Acinetobacter spp 13%,
Haemophilus influenzae 13%, Legionella spp 4% and
16% respiratory viral pathogens. In 2 cases of
pneumonia the causative pathogen was not included in
the panel such as Stenotrophomonas maltophilia (n=1)
and Serratia rubidaea (n=1). Importantly, there was a
significant reduction in antibiotic use during the study
period as compared to the historical control group
presented in Fig.1.

“Antibiotic Consumption

SUMMARY / CONCLUSION
In the setting of ICUs with a broad spectrum of CA- and
MDR nosocomial pathogens, implementation of
syndramic molecular diagnosis in conjunction with expert
opinion improves accuracy in diagnosis of pneumonia
and reduces antibiotic consumption.
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Impact of Molecular Syndromic Diagnosis of Severe Pneumonia
in the Management of Critically Ill Patients

Dimitra Stafylaki,2 Sofia Maraki,2 Katerina Vaporidi,” Dimitrios Georgopoulos,” Dimitrios P. Kontoyiannis,® Diamantis P. Kofteridis,®

Georgios Chamilos?

aDepartment of Clinical Microbiology and Microbial Pathogenesis, University Hospital of Heraklion, Heraklion, Crete, Greece

ICU Department, University Hospital of Heraklion, Heraklion, Crete, Greece
cInternal  Medicine  Department, University —Hospital of Heraklion, Heraklion, Crete, Greece

dDepartment of Infectious Diseases, The University of Texas, MD Anderson Cancer Center, Houston, Texas, USA

ABSTRACT The impact of syndromic molecular diagnosis in the management of nosoco-
mial infections caused by multidrug-resistant (MDR) and extensively drug-resistant (XDR)
pathogens has been incompletely characterized. We evaluated the performance of a molec-
ular syndromic platform (BioFire FilmArray-Pneumonia plus Panel) in patients with pneumo-
nia in the intensive care unit (ICU) of a University Hospital in Greece over a 2-year period.
We evaluated 79 consecutive patients diagnosed with pneumonia in the ICU (2018-2020),
including 55 patients with ventilator associated pneumonia (VAP). We included 40 control
patients diagnosed with pneumonia in the ICU the year before the study (2017-2018). We
identified 16 cases of VAP due to XDR bacterial pathogens. We found an excellent agree-
ment (89.4% 76/85 reported results) between the results of syndromic platform and con-
ventional cultures of tracheal aspirates. The molecular syndromic test significantly improved
time to diagnosis versus conventional culture (3.5 h vs 72 h, P, 0.0001), and identified
new pathogens not detected by cultures in 49% of the cases. However, three cases of
pneumonia with targets not included in the molecular platform, were not detected.
Implementation of the molecular syndromic facilitated treatment modification from
broad to narrow spectrum antimicrobial therapy, resulting in significant reductions in antibi-
otic consumption in the study group compared to the control group, without a negative
impact in patient outcome. The implementation of syndromic molecular diagnosis in
critically ill patients with pneumonia is associated with timely and improved diagnosis
and has significant impact on reduction of antibiotic consumption.

IMPORTANCE The impact of syndromic molecular diagnosis in the management of noso-
comial infections caused by MDR/XDR pathogens has been incompletely characterized.
We evaluated the performance of a molecular syndromic platform (BioFire FilmArray
-Pneumonia plus Panel) in 79 patients with pneumonia in the intensive care unit (ICU) of
a University Hospital in Greece over a 2-year period (2018-2020) compared to 40 control
patients diagnosed with pneumonia in the ICU the year before the study (2017—-2018).
Importantly, implementation of syndromic pneumonia panel improved time to diagnosis,
identified new pathogens not detected by cultures in 49% of the cases and resulted in a
significant reduction in antibiotic consumption compared to the year before initiation of
the study without a negative impact in mortality of patients. Collectively, our study dem-
onstrates the positive value of PCR syndromic testing in the management of pneumonia
in ICUs high rates of MDR/XDR nosocomial pathogens.

KEYWORDS ICU, severe CAP, syndromic testing, VAP, multidrug resistance, pneumonia

ower respiratory tract infections remain a leading cause of death worldwide (1).
Furthermore, ventilator associated pneumonia (VAP) is a major cause of prolonged length
of stay and poor outcome of patients in the Intensive Care Unit (ICU) (2). Timely initiation of
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appropriate antibiotic therapy is the most critical determinant of the outcome of patients
with severe community acquired pneumonia (CAP), health care associated pneumonia (HAP)
and VAP (3). Nonetheless, empirical selection of antimicrobial therapy and optimal man-
agement of severe CAP, HAP and VAP is challenging, because of the emergence of multi-
and/or pan-drug resistant (MDR/PDR) nosocomial pathogens (4). In particular, infections
by Carbapenem resistant Gram-negative bacterial pathogens (e.g., Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species) has become
an epidemic in many European countries, including Greece (5). Therefore, empirical antibi-
otic therapy of severe CAP/HAP and VAP typically includes a combination of antibiotics,
which is associated with increased toxicity and cost, and selection for antimicrobial
resistance.

Molecular syndromic platforms are increasingly utilized in diagnosis of infectious diseases
as a mean to improve etiological diagnosis and reduce antibiotic consumption through patho-
gen-guided empirical antimicrobial therapy (6—10). However, the value of these molecular
diagnostics has not been previously tested in the setting of nosocomial infections due to mul-
tidrug resistant microbial pathogens. Herein, we evaluated a recently implemented molecular
syndromic platform in the management of severe pneumonia in the ICU, in a setting of high
rates of antimicrobial resistance. Of interest, implementation of syndromic pneumonia panel
improved diagnosis and facilitated de-escalation of antimicrobial therapy, resulting in a signifi-
cant reduction in antibiotic consumption, compared to the year before initiation of the study.

RESULTS

We enrolled 79 consecutive critically ill patients diagnosed with different type of pneumo-
nia (severe CAP/HAP or VAP) in the ICU and compared them with an historical control group
of patients with pneumonia in the ICU during the year before initiation of the study. The dem-
ographics and clinical characteristics of both groups of patients are presented in Table 1. VAP
comprised almost 2/3 of cases of pneumonia in both study groups (Table 1). There were no
significant differences in demographic and clinical characteristics of the patients, including me-
dian age, co-morbidities, and severity of illness as evidenced by APACHE Il and SOFA score
(on day 1). Importantly, we found no significant differences in the outcome, including mean
number of days of hospitalization in the ICU and mortality rates, between the two groups of
patients (Table 1).

The causative pathogens of pneumonia in the study (syndromic PCR) and control
groups identified by conventional cultures are shown in Table 2. In both groups Gram
negative nosocomial pathogens including Acinetobacter, Pseudomonas, and Klebsiella
species were the main causes of bacterial pneumonia in the ICU. Of interest, there was
a trend of increased rates of MDR/XDR causes of pneumonia in the historical control
group. Next, we compared the yield of syndromic PCR versus conventional culture of
tracheal aspirates in the study group of patients (Fig. 1). We found that the syndromic
PCR test (a) was in agreement with culture in 34 patients (40% of cases; Fig. 2 and
Table 3) and resulted in correct identification of 29 bacterial pathogens in 19 patients.
Accordingly, there was a high degree of concordance (93%; 27/29) between the quantitative
culture result (CFU/mL) and the reported semi-quantitative PCR equivalent in these cases
(Table 3). Additionally, 44 significant pathogens were exclusively identified by syndromic PCR,
which are shown in Table 3. Overall, syndromic PCR provided new information that resulted in
improved diagnosis in 42 (49%) of patients with pneumonia (Fig. 2B and C). Nonetheless, in 9
(11%) cases of pneumonia (Fig. 2C), the pathogens were identified only in culture, because
the corresponding microbial targets were not included in the syndromic PCR panel; these
cases included VAP (n = 3) caused by Gram negative pathogens (Stenotrophomonas malto-
philia, Burkolderia spp., Serretia spp.) and 6 co-infections with C. albicans (considered as co-
pathogen by the primary physician) (Table 2). Appropriate empirical antimicrobial therapy in
bacterial pneumonia not identified by syndromic PCR was guided by Gram stain of the tra-
cheal aspirate.

The syndromic PCR panel correctly identified resistance genes in 12 cases of bacterial
pneumonia caused by S. aureus (n = 6), E. coli (n = 4), and Klebsiella spp. (n = 2), in agreement
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TABLE 1 Demographics, clinical characteristics and outcome of patients and historical

controls

Characteristic

Control group (n = 40)

Syndromic PCR group (n=79) P value

Age 68 (20-86) 69 (22-87) 0.62
Sex
Male Sex (%) 82.5(n=33) 67.1 (n=53) 0.08
Type of Pneumonia
VAP 57,5% (n = 23) 69,62% (n = 55) 0.22
Apache Il 26 (10-41)66.5 26 (7-45)67.8 0.78
SOFA 11(6-14)62.8 11(7-21)62.9 0.77
Days of Hospitalization 17 (3-120) 6 19.63 17 (3-54)611.4 0.31
Outcome
Improvement 67.5% (n = 27) 78.48% (n = 62) 0.26
No change 12.5% (n =5) 1.27% (n=1) 0.02
Death 20% (n = 8) 20.25% (n = 16) -0.99
Underlying disease
COPD 20% (n = 8) 21.52% (n = 17) -0.99
Arterial Hypertension 42.5% (n=17) 56.96% (n = 45) 0.17
Diabetes Mellitus 22.5% (n=9) 29.11% (n =23) 0.52
Heart Failure 20% (n =8) 31.65% (n = 25) 0.2
Liver Disease/Failure 7.5% (n=3) 5.06% (n =4) 0.69
Renal Disease/Failure 7,5% (n=3) 15,19% (n = 12) 0.38
Hematological Diseases 0 5.06% (n = 4) 0.3
Cancer 7.5% (n=3) 10.13% (n = 8) 0.75
Neurological Diseases 22.5% (n=9) 15.19% (n = 12) 0.32
Drug Abuse 0 1.27% (n=1) -0.99
Alcohol 5% (n=2) 2.53% (n=2) 0.6
Obesity 5% (n=2) 1,27% (n=1) 0.26
No other comorbidity 30% (n=12) 10.13% (n=8) 0.0092
HIV 2.5% (n=1) 0 0.34
Unknown 0 3.80% (n=3) 0.55
Other immunodeficiency 0 5.06% (n = 4) 0.3
Bed-days 14 (2-14)6 2.83 9(1-14)14.13 0.001
Time to diagnosis 72 (10.88-169.07) 6 38.26 3.5(2.92-4.2) 6 0.3 ,0.0001

with the phenotype of susceptibility testing of the corresponding isolates (Table 3). However,
the syndromic PCR failed to detect resistance phenotype in other MDR/XDR pathogens includ-
ing Pseudomonas and Acinetobacter, which display complex underlying resistance mecha-
nisms. Collectively, in comparison the conventional cultures PCR syndromic test resulted in
sharp decrease in time to diagnosis (Fig. 2A) and provided new microbiological information in
almost half of the cases of pneumonia (49%) (Fig. 2B and C).

Next, we assessed the impact of syndromic PCR on antibiotic usage by comparing
antimicrobial consumption (expressed in DDD/100 BD) in the study group versus the
historical control group (Table 4 and Fig. 3). Of interest, we noticed a significant reduc-
tion in use of antimicrobials targeting MDR/XDR pathogens, including colistin, tigecy-
cline, and carbapenems (Table 4 and Fig. 3). In parallel, we found a significant increase
in use of b-lactam/b-lactamase inhibitors (e.g., ampicillin/sulbactam, piperacillin/sul-
bactam, and ceftazidime-avibactam) and levofloxacin following implementation of syn-
dromic PCR, which is consistent with antimicrobial de-escalation from broad-spectrum
to narrow spectrum antimicrobial therapy. Importantly, the effect of syndromic PCR on
reduced consumption of the aforementioned antibiotics was evident across the years
of the study (Fig. 3).

DISCUSSION
Previous studies demonstrated an excellent performance of syndromic PCR panel in
diagnosis of the causative agent of pneumonia compared to conventional microbiological
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TABLE 2 Results of microbiological cultures of control and syndromic PCR group of patients

Microbial pathogen? Control group Syndromic PCR group
Acinetobacter calcoaceticus-baumanii complex 32.5% (n=13) 10% (n = 10)
Escherichia coli 10% (n = 4) 5% (n=5)
Klebsiella oxytoca 5% (n=2) 1% (n=1)
Klebsiella pneumoniae group 10% (n = 4) 5% (n=5)
Pseudomonas aeruginosa 22.5% (n=9) 6% (n =6)
Proteus mirabilis 7.5% (n=3) 3% (n=3)
Enterobacter aerogenes 25%(n=1) 1% (n=1)
Enterobacter cloacae complex 5% (n=2) 5% (n =5)
Haemophilus influenzae 25%(n=1) 2% (n=2)
Stenotrophomonas maltophilia 7.5% (n=3) 1% (n=1)
Serratia marcescens 5% (n=2) 0%
Staphylococcus aureus 12.5% (n =5) 11% (n = 11)
Streptococcus pneumoniae 5% (n=2) 3% (n=3)
Candida albicans 7.5% (n=3) 6% (n =6)
Candida tropicalis 2.5% (n=1) 0%
Candida parapsilosis 0% 1% (n=1)
No pathogen identified 0% 16% (n = 16)
Negative (respiratory tract flora) 0% 21% (n=21)
Burkolderia gladioli 0% 1% (n=1)
Serratia rubidae 0% 1% (n=1)
Burkolderia mallei 0% 1% (n=1)

aThere were 3 cases of bacterial pneumonia caused by Stenotrophomonas maltophilia, Serratia, rubidiae, and
Bukholderia gladioli exclusively identified by culture (the relevant targets are notincluded in the PCR panel). In 6
patients with pneumonia, C. albicans was identified in cultures of tracheal aspirate and considered as co-
pathogen by the primary physician (target notincluded in the PCR panel).

cultures (14, 15). Of interest, these studies including patients with CAP (14, 15), HAP, or VAP
of different disease severity and provided the rationale of use of syndromic PCR as a comple-
mentary tool for de-escalation of antimicrobial therapy within the prospect of a dedicated anti-
microbial stewardship program (15). However, these studies included a limited number of
MDR or XDR pathogens, and a group of patients who did not receive Colistin, Tigecycline and
other last resource antimicrobial therapies. Therefore, the feasibility and impact of syndromic
PCR in a setting of high prevalence of MDR pathogens has not been previously evaluated.
Herein, we employed a study in ICU patients hospitalized with different types of severe
pneumonia (CAP, HAP, VAP) with a need for mechanical ventilation. The majority of these
patients (- 60%) had VAP due to MDR and XDR bacterial pathogens. In contrast to previous
studies, we employed a historical control group of patients with pneumonia hospitalized in
the ICU during the previous year of the study. Importantly, the control group had comparable

Syndromic PCR

Total=195 Total=151

A. calcoaceticus- baumanii complex
Escherichiacoli

Klebsiella oxytoca

Klebsiella pneumoniae group
Pseudomonas aeruginosa
Enterobacter cloacae complex
Haemophilus influenzae
Staphylococcus aureus
Coronavirus
Streptococcuspneumoniae
Influenza A

Not detected(PCR)

Legionella pneumophila
Klebsiella aerogenes

Serratia marcescens
Moraxella catarrhalis

Proteus mirabilis

B Streptococcus agalactiae
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FIG 1 Summary of the results of syndromic PCR with culture of tracheal aspirates or BAL.
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A B Additional pathogens identified by syndromic PCR

» Tracheal aspirate Cx
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Fkkk Bl Parainfluenza Virus
ow 192 Em Klebsiella pneumoniae group
5 168 ° Bl Escherichia coli
Q3 144 ; B3 Human enterovirus/rhinovirus
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(OIS 48 B Staphylococcus aureus
é © 24 B Pseudomonas aeruginosa
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3 Serratia marcescens
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C Performance of syndromic PCR vs. tracheal aspirate Cx
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[ Improved diagnosis (49%)
H Not detected by PCR (11%)

FIG 2 Comparative analysis of performance of syndromic PCR platform versus conventional culture of tracheal aspirates or

BAL related to (A) time to diagnosis, (B) new pathogens identified (C) performance in diagnosis.

clinical and microbiological features with the PCR syndromic group, which allowed to study
the impact of the diagnostic platform on antibiotic consumption rates in a relatively unbiased
approach. Furthermore, the choice of antimicrobial therapy guided by the PCR result was a de-
cision made by the primary physician (intensivist) following discussion with the primary inves-
tigators, rather than by an expert committee (15), a practice that reflect on the real use of this
diagnostic platform on the daily hospital care. The results of the study clearly validate the use
of syndromic PCR in the ICU setting, particularly in the setting of high rates of antimicrobial re-
sistance as a complementary intervention to reduce selection pressure of MDR/XDR patho-
gens and reduce toxicity associated with the use of broad spectrum empirical antimicrobial
therapies. Importantly, comprehensive assessment of the clinical utility of a new syndromic
PCR test should evaluate the impact on additional parameters, including length of hospital
stay and cost of patient care. Additionally, implementation of antibiotic stewardship substan-
tially improves cost-effectiveness of rapid molecular diagnostic tests in infectious diseases (16)
and should be evaluated in future studies on syndromic PCR panel for pneumonia.

Limitations of the study include its retrospective nature, possible changes in infection con-
trol and antimicrobial therapy strategies which have not been captured by the investigators of
the study (e.g., the impact of the feedback of clinical microbiologist on decisions in empirical
antibiotic therapy is difficult to measure), the single center nature of the study and the rela-
tively limited numbers of patients enrolled. Furthermore, the lack of certain nosocomial patho-
gens (e.g., Stenotrophomonas) in the molecular platform requires increased vigilance and the
need for complementarity with other diagnostic procedures (e.g., detection of a broad micro-
bial target such as 16S RNA to indicate the presence of a non-identified pathogen) to ensure
optimal patient care. The clinical relevance of detection of microbial causes of VAP at relatively
low copy numbers (e.g., corresponding value of 10* CFU/mL) exclusively by syndromic PCR
requires validation in future studies. While early report of resistance mechanism in very useful
for targeted antibiotic therapy (e.g., KPC versus NDM Klebsiella spp.), the PCR panel does not
capture complex resistance mechanisms in certain nosocomial pathogens (e.g., Pseudomonas
spp., Acinetobacter) leading to potential misguidance of therapy. Therefore, microbiological
cultures remain the gold standard in diagnosis and guidance on targeted therapy in severe
bacterial pneumonia. Nonetheless, molecular syndromic platforms should be regarded as im-
portant adjunct diagnostic tools for antibiotic stewardship and timely diagnosis of non-cultura-
ble pathogens (e.g., viruses). Collectively, our study illustrates that the PCR syndromic approach
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TABLE 3 Analysis of additional pathogens identified by syndromic PCR panel®

Cases  Culture result (CFU/mL) Syndromic PCR result (corresponding CFU/mL value)®

1 No Pathogen (culture) Acinetobacter calcoaceticus-baumanii complex (10°)

2 Klebsiella pneumoniae group (3*10°%) Klebsiella pneumoniae group (10°), Parainfluenza Virus

3 No Pathogen Klebsiella pneumoniae group (10%)

4 Acinetobacter calcoaceticus-baumanii complex (4*107) Acinetobacter calcoaceticus-baumanii complex (10°), Escherichia coli (10%)

5 Acinetobacter calcoaceticus- baumanii complex ( - 10°) Acinetobacter calcoaceticus-baumanii complex ($107), Parainfluenza Virus

6 No Pathogen Human enterovirus/rhinovirus

7 No Pathogen Respiratory Syncytial Virus

8 No Pathogen Respiratory Syncytial Virus

9 No Pathogen Influenza A, Respiratory Syncytial Virus

10 No Pathogen Klebsiella oxytoca (10°)

11 No Pathogen Haemophilus influenzae (10°)

12 No Pathogen Haemophilus influenzae (10)

13 No Pathogen Staphylococcus aureus (10°)

14 No Pathogen Pseudomonas aeruginosa (10°)

15 No Pathogen Escherichia coli (10°)

16 Staphylococcus aureus (4%107), Klebsiella pneumoniae group  Staphylococcus aureus ($107), Klebsiella pneumoniae group (10%), Haemophilus

(3*10°), Burkolderia gladioli (2*10°) influenzae (10°)

17 Staphylococcus aureus (25+10°%) Staphylococcus aureus (10°), Klebsiella pneumoniae group (10%)

18 Proteus mirabilis (20*107) Proteus mirabilis ($107), Haemophilus influenzae ($107)

19 Streptococcus pneumoniae ( - 107) Streptococcus pneumoniae ($107), Staphylococcus aureus (10), Streptococcus
agalactiae (10°)

20 Streptococcus pneumoniae (2*10°%) Streptococcus pneumoniae ($107), Staphylococcus aureus (10%)

21 Escherichia coli ( - 107) Escherichia coli ($107), Acinetobacter calcoaceticus-baumanii complex (10%),
Staphylococcus aureus (10°), Pseudomonas aeruginosa (10%)

22 Enterobacter cloacae complex (10°%) Enterobacter cloacae complex (10°), Staphylococcus aureus (10)

23 No Pathogen Staphylococcus aureus (107

24 Escherichia coli (6*10°) Escherichia coli (10°), Moraxella catarrhalis (10°)

25 No Pathogen Enterobacter cloacae complex (10°%)

26 No Pathogen Pseudomonas aeruginosa (10°)

27 Staphylococcus aureus ( - 107) Staphylococcus aureus ($107), Acinetobacter calcoaceticus-baumanii complex
(10%), Klebsiella pneumoniae group (10°), Legionella pneumophila

28 No Pathogen Acinetobacter calcoaceticus-baumanii complex (10°)

29 Staphylococcus aureus (2*107) Staphylococcus aureus ($107), Influenza A

30 Acinetobacter calcoaceticus-baumanii complex ( - 10°), Acinetobacter calcoaceticus-baumanii complex ($107), Pseudomonas aeruginosa

Pseudomonas aeruginosa (2+107), Klebsiella pneumoniae (10), Klebsiella pneumoniae group (10°), Coronavirus
group (40*107)

31 Escherichia coli (4*107), Proteus mirabilis (80*107) Escherichia coli ($107), Proteus mirabilis ($107), Acinetobacter calcoaceticus-
baumanii complex ($107)

32 Klebsiella pneumoniae group (5*10°), Klebsiella oxytoca Klebsiella pneumoniae group (10°), Klebsiella oxytoca (10°), Staphylococcus aureus

(2*10%) (10%)

33 No Pathogen Haemophilus influenzae (10°)

34 No Pathogen Serratia marcescens (10°), Klebsiella oxytoca (10%)

35 Acinetobacter calcoaceticus-baumanii complex (10°) Acinetobacter calcoaceticus-baumanii complex ($107), Escherichia coli (10°),
Klebsiella pneumoniae group (10°), Haemophilus influenzae (10%), Pseudomonas
aeruginosa ($107)

36 Streptococcus pneumoniae ( - 10°) Streptococcus pneumoniae ($107), Haemophilus influenzae (10°), Moraxella
catarrhalis (10%), Proteus mirabilis (10%)

37 No Pathogen Staphylococcus aureus (10%), Haemophilus influenzae (10°)

38 No Pathogen Acinetobacter calcoaceticus-baumanii complex (10°)

39 Candida albicans (10°) Enterobacter cloacae complex (10°), Escherichia coli (10%)

40 No Pathogen Acinetobacter calcoaceticus-baumanii complex ($107)

41 Haemophilus influenzae (2+10°), Burkolderia mallei (10%) Haemophilus influenzae ($107), Moraxella catarrhalis ($107)

42 No Pathogen Legionella pneumophila

aThere were 34 cases of bacterial pneumonia with agreement between syndromic PCR and culture resullts, including 15 cases with no pathogen identified and 19 cases of concordant
identification of bacterial pathogens (7 Staphylococcus aureus,4 Pseudomonas aeruginosa,5 Acinetobacter calcoaceticus-baumanii complex, and 6 bacterial co-infections). Coinfections
included 1 case of Enterobacter cloacae complex plus Klebsiella pneumoniae group; 1 case of Acinetobacter calcoaceticus-baumanii complex plus Pseudomonas aeruginosa; 1 case of
Staphylococcus aureus plus Enterobacter cloacae complex and Proteus mirabilis; 1 case of Staphylococcus aureus plus Pseudomonas aeruginosa; 1 case of Staphylococcus aureus plus
Enterobacter cloacae complex; and 1 case of Escherichia coli, Klebsiella aerogenes. In all 19 cases of bacterial pneumonia with concordant identification of the pathogen, there was excellent
agreement (38/40, 95%) between the quantitative culture result reported in CFU/mL and the semi-quantitative result of the syndromic PCR reported as CFU/mL equivalent gene copy
numbers. In two cases syndromic PCR underestimated the bacterial burden compared to microbiological culture (Enterobacter aerogenes 104 vs. 2 107 CFU/mL; Pseudomonas
aeruginosa 104 vsy2 107 CFU/mL).

bThe syndromic PCR panel identified 12 cases with resistance genes; 9 of them (5 cases of Staphylococcus aureus mecA/C and MREJ, 2 cases of Escherichia coli CTX-M, 1 case of Escherichia
coli KPC and 1 case of Klebsiella pneumonia KPC) were in agreement with the phenotype in susceptibility testing of the isolate. In 3 additional cases PCR detected additional resistance
genes (Klebsiella pneumonia CTX-M, Staphylococcus aureus mecA/C and MREJ, Escherichia coli VIM). Detection of resistance genes was not considered as an indication of improved
diagnosis, because in several cases of MDR/XDR pathogens with complex resistance mechanisms (e.g., Pseudomonas, Acinetobacter) the resistance phenotype was not identified by
syndromic PCR.
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TABLE 4 Comparative analysis of antibiotic consumption in control and syndromic PCR
group of patients expressed as DDD/100 bed days (BD) values

Control group

Syndromic PCR group

Antibiotic (DDDs/100BD) (DDDs/100BD) P value
Ampicillin/sulbactam 6.7 13.22 0.1177
Piperacillin tazobactam?® 11.96 33.02 0.0003
Ceftazidime—Avibactam® 3.14 13.23 0.0091
Ceftazidime 2.6

Ceftriaxone 2.49 0.52 0.9999
Cefepime 14.97 16.63 0.5875
Meropenem 67.22 23.61 ,0.0001
Levofloxacine 5.3 17.64 0.0027
Ciprofloxacine 4.99 2.67 0.728
Colistin® 94.86 51.91 0.0011
Vancomycin 10.91 16.63 0.1772
Tigecycline 69.44 32.36 0.0008
Gentamycin 5.13 1.14 0.2203
Daptomycin 32.74 50.49 0.0137
Amikacin 2.08 3.13 0.6718
Clindamycin 0.69 0.65 0.9999
Linezolid 11.54 12.37 0.8373
Trimethoprime sulfomethoxazol 12.18 NA®
Metronidazol 4.44 2.69 0.9999
Rifampicine 1.25 141 0.9999
Itraconazole 0.21 4.98 0.0234
Fluconazole 0.73 1.3 0.9999
Isavuconazole 1.62 NA
Amphotericin B 4.65 NA
Micafungin 2.29 16.41 0.0004
Anidulafungin 4.99 5.73 0.7639
Oseltamivir 1.75 NA
Ceftolozan tazobactam 1.04 1.56 0.6057
Tobramycin 0.65 NA
Acyclovir 1.06 NA
Azithromycin 0.26 NA
Isoniazid 0.85 NA
Ceftraolin fosamil 2.34 NA
Voriconazole 0.13 NA
Moxifloxacin 0.13 NA

aThere were 15 cases of pneumonia in the control group and 33 cases of pneumonia in the PCR group that
received appropriate therapy with piperacillin-tazobactam.
bThere were 2/40 and 19/79 patients with pneumonia in the control and syndromic PCR groups who received
Ceftazidime-Avibactam, respectively. These included 1 case of carbapenem resistant Klebsiella pneumoniae in the
control group, 8 cases of Acinetobacter baumannii (2 PDR and 6 XDR) and 2 cases of carbapenem resistant (KPC)

Klebsiella pneumoniae in the PCR group.

°Examples of de-escalation due to discontinuation of colistin in VAP include (a) a patient with MRSA pneumonia
(S. aureus, detection of mecA/C-MREJ resistance genes) who received empirical antimicrobial therapy with
colistin plus piperacillin-tazobactam and following PCR result the treatment was modified to linezolid/cefepime
(b) a patient with pneumonia caused by Enterobacter cloacae on empirical therapy with colistin plus piperacillin-
tazobactam who received piperacillin-tazobactam following the PCR result, and (c) a patient of mixed infection
by Enterobacter aerogenes plus Klebsiella pneumoniae on empirical therapy with meropenem/colistin who
received piperacillin-tazobactam following the PCR result. In addition to de-escalation, targeted antimicrobial
therapy was started upfront based on the PCR report in several cases of pneumonia (e.g., influenza, Legionella).

dNA, not applicable.

is a useful tool in the management of pneumonia in the ICU, especially in the nosocomial set-

ting of high rates of MDR/XDR nosocomial pathogens.

MATERIALS AND METHODS

Study participants. Between June 2018 and June 2020 all patients admitted the ICU of University
Hospital of Heraklion, Crete with severe CAP/HAP or those who developed VAP during ICU stay were eligible

for enroliment to the study. The following criteria were required for patient inclusion: (1) age $ 18 years, (2)
presence of clinical and radiological criteria for pneumonia according to the IDSA guidelines: new lung infiltrate

on a chest X-ray and evidence that the infiltrate was of an infectious origin, i.e., at least two of three clinical fea-

tures (fever greater than 38°C, leukocytosis or leukopenia, and purulent secretions), and (3) severe respiratory
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FIG 3 Trends in consumption of antibiotics against Gram negative (left panel) and Gram positive (right
panel) bacterial pathogens in control and syndromic PCR group of patients over the study period.

failure requiring ICU admission and mechanical ventilation. Criteria for pneumonia were retrospectively eval-
uated by two clinical investigators (K.V., and D.G.). Severe CAP or HAP requiring ICU admission, and VAP were
included. HAP was defined as pneumonia occurring 48 h or more after admission, which was not incubating
at the time of admission and not associated with mechanical ventilation (11, 12). VAP referred to pneumonia
occurring . 48 h after endotracheal intubation (11). CAP included all episodes of pneumonia acquired outside
of the hospital setting. The presence of immunodeficiency, malignancy or other co-morbidity was not consid-

ered as an exclusion criterion. All intubations were preformed according to “American Journal of respiratory

and critical care medicine” (13). Endotracheal aspirates were obtained from all the patients at the time of clini-
cal indication of pneumonia and tested simultaneously, using conventional microbiological techniques and
the PCR BioFire FilmArray Pneumonia Panel (bioMérieux S.A., France). The following targets are included in the
test: Acinetobacter calcoaceticus-baumannii complex, Enterobacter cloacae, Escherichia coli, Haemophilus influen-
zae, Klebsiella aerogenes, Klebsiella oxytoca, Klebsiella pneumoniae group, Moraxella catarrhalis, Proteus spp.,
Pseudomonas aeruginosa, Serratia marcescens, Staphylococcus aureus, Streptococcus agalactiae, Streptococcus
pneumoniae, Streptococcus pyogenes, Chlamydia pneumoniae, Legionella pneumophila, Mycoplasma pneumo-
niae, Adenovirus, Coronavirus, Human metapneumovirus, Human rhinovirus/enterovirus, Influenza A virus,
Influenza B virus, Parainfluenza virus, Respiratory syncytial virus, CTX-M, KPC, NDM, Oxa48-like, VIM, IMP, mecA/
mecC, and MREJ.

Exclusion criteria included (i) ICU patients with fever of another etiology, (ii) colonization of the lung or
ventilator associated tracheobronchitis (VAT), (iii) patient already enrolled in the study, and (iv)
patients on palliative care.

Microbiology methods. Endotracheal aspirate (EA) samples with , 10 epithelial cells per low power
field on Gram-stained smears were acceptable for culture (3). The respiratory samples (EA and bronchoal-
veolar lavage (BAL) fluid) were quantitatively cultured for aerobic microorganisms using chocolate agar, sheep
blood agar, and MacConkey agar plates. Plates were incubated overnightin a 5% COz atmosphere at 35°C for
48 h. Colonies were then counted and bacterial concentrations (CFU/mL) were calculated. Diagnostic thresholds
of $ 10* CFU/mL and $ 10° CFU/mL were adopted for BAL cultures and EA, respectively; bacteria grown in num-
bers , 10* CFU/mL were not reported as a relevant cause of pneumonia (3). Pure cultures and dominant patho-
gens were identified by the VITEK2 system (bioMérieux). Diagnostic tests for viruses and atypical bacteria were
not conducted routinely. Respiratory samples were simultaneously tested upon receipt with the BioFire FilmArray
Pneumonia Panel according to the manufacturer’s instructions directly on native respiratory samples.

Clinical data. Clinical and demographical characteristics were retrospectively obtained from the elec-
tronic medical records of each patient. Investigators collected demographic characteristics (age, gender) and
medical data including comorbidities, classification of pneumonia (VAP, HAP, or CAP), severity scores, antibiotics
prescribed, and outcome. For each episode, the result of the syndromic PCR was presented to the primary physi-
cian on call (intensivist) and the primary investigators of the study (D.S., G.C., K.V.) in real time. The clinical microbi-
ologist in charge of the study (D.S.) provided explanation on the results of the syndromic PCR test to the primary
physician, including discussion on antibiotic choices based on detected pathogen and the results of the genetic
markers of antimicrobial resistance. Detailed information on the susceptibility of the predominant causes of
VAP in the ICU (e.g., Pseudomonas, Klebsiella spp.) in the year before the study was provided to all participating
physicians. The primary physician decided on the most appropriate antimicrobial therapy for each pneumonia
episode.

Endpoints. Primary aim of the study was to evaluate the rationale for broad use of BIOFIRE FILMARRAY
Pneumonia Panel plus in routine management of severe CAP/HAP and VAP in hospitals with high rates of
MDR and pan-drug resistant (PDR) bacterial pathogens. To address this endpoint, we performed comparative
analysis of the rates of antimicrobial consumption in ICU patients with pneumonia the year before (2018; his-
torical control group) and over the study period (2018-2020). Rates of antibiotic consumption were expressed
as defined daily dose (DDD) per 100 bed days (14).
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Additionally, the following measures were assessed: The accuracy of multiplex PCR compared to rou-
tine microbiological diagnosis, the decrease in time to diagnosis associated with the use of multiplex
PCR; the impact of molecular diagnosis on establishment of etiological diagnosis of severe pneumonia
and VAP; the effect of rapid molecular diagnostic result on the outcome of patients, defined by days of
ICU hospitalization and overall mortality.

Statistical analysis. All data were anonymously collected and stored on a secured database. Two-
sided unpaired Student's t test was used for statistical comparisons of continuous variables between the
two groups. Fisher's exact test was used for analysis of categorical variables. P, 0.05 was considered
statistically significant. Analysis was performed using the GraphPad Prism software (version VII). The
study was approved by the Ethics Committee of the University of Crete (IRB approval # 58/16.07.2020).

The data sets used during the current study are available from the corresponding author on reasonable
request.
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5. Zvvtopoypoagisg

1) APACHE II: Acute Physiology and Chronic Health Evaluation Il

2) ARDS: Acute respiratory distress syndrome

3) ATC/DDD: Anatomical Therapeutic Classification

4) ATS: American Thoracic Society

5) AmpC: Ampicillinase C

6) BAL: Bronchoalveolar lavage

7) CAP: Community-acquired pneumonia

8) CRP:C-reactive protein

9) CRE: Carbapenem-resistant Enterobacterales

10) CT: Computed tomography

11) CPIS: Clinical Pulmonary Infection Score

12) COS: Columbia agar plate

13) cfu/ml: Colony forming units/milliliter

14) COPD: Chronic obstructive pulmonary disease

15) CE: Conformité Européenne

16) CXR: Chest X-ray

17) DDD: Daily Defined Dose

18) ESKAPE: Enterococcus faecium, Staphylococcus aureus, Klebsiella
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
Enterobacter spp

19) ETAs: Endotracheal aspirates

20) ESBL.: Extended-spectrum beta-lactamases

21) EMA: European Medicines Agency

22) FDA: Food And Drug Administration

23) GNB: Gram-negative bacteria

24) HAP: Hospital-acquired pneumonia

25) HAD: Helicase-dependent amplification

26) IMP: Active-on-imipenem
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27) IDSA: Infectious Diseases Society of America

28) KPC: Klebsiella pneumoniae carbapenemases

29) LIS: Laboratory information system

30) LAMP: Loop-mediated amplification

31) LRT: Lower respiratory tract infection

32) LUS: Lung ultrasound

33) LRCT: Low-dose computed tomography

34) MV: Mechanical ventilation

35) MDR: Multidrug resistance

36) MIC: Minimum inhibitory concentration

37) MALDI TOF —MS: Matrix-Assisted Laser Desorption/lonization Time-of-
Flight Mass Spectrometry

38) MBL.: Metallo-p lactamase

39) MRSA: Methicillin-resistant Staphylococcus aureus

40) MSSA: Methicillin-susceptible Staphylococcus aureus

41) NDM: New Delhi metallo-p-lactamase

42) NGS: Next-Generation Sequencing

43) NAATSs: Nucleic acid amplification technologies

44) NASBA: Nucleic acid sequence-based amplification

45) OXA: OXA-B-lactamases

46) PV X: Chocolate agar PolyViteX

47) PCR: Polymerase Chain Reaction

48) PMN: Polymorphonuclear leukocyte

49) PDR: Pandrug-resistant

50) PCT: Serum procalcitonin

51) QSM: Quantified Standard Material

52) SOFA: Sequential Organ Failure Assessment

53) sCAP: Severe community-acquired pneumonia

54) sTREM: Soluble triggering receptor expressed on myeloid cells

55) TMA: Transcription-mediated amplification

56) ultra LRCT: Ultra-low-dose computed tomography,
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57) VAP: ventilator-associated pneumonia

58) VAT: Ventilator-associated tracheobronchitis

59) VIM: Verona integron-mediated metallo-p-lactamase
60) VAT: Ventilator-associated tracheobronchitis

61) WGS: Whole-Genome Sequencing

62) XDR: Extensive drug resistance
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