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SEOWA KLUCZOWE:
antybiotyki; oporno$¢ na antybiotyki; antybiotykoterapia; leki przeciwdrobnoustrojowe,

bakterie wielolekooporne

Opornos$¢ na antybiotyki jest globalnym wyzwaniem zdrowotnym, majacym znaczace
konsekwencje dla systemow opieki zdrowotnej, szczegolnie w intensywnej terapii i leczeniu
wstrzasu septycznego. Synteza trzech opublikowanych badan podkresla skale problemu, jego
znaczenie kliniczne oraz potencjalne strategie zaradcze.

W pierwszym badaniu przeanalizowano dane literaturowe w celu scharakteryzowania
wyzwan zwigzanych z opornoscig na antybiotyki na oddziatach intensywnej terapii (OIOM),
szczegOlnie w leczeniu sepsy. Bakterie Gram-ujemne, takie jak Acinetobacter baumannii,
Pseudomonas aeruginosa i Klebsiella pneumoniae, cechujg si¢ alarmujaco wysokim poziomem
opornos$ci, co utrudnia stosowanie standardowych terapii. Infekcje wywotane przez oporne
patogeny prowadzg do wyzszej Smiertelnosci, wydtuzonego czasu hospitalizacji 1 wigkszych
kosztow opieki zdrowotnej. Kluczowe czynniki ryzyka obejmuja naduzywanie antybiotykow
o szerokim spektrum dziatania, niedostateczne srodki kontroli zakazen oraz procedury
inwazyjne. W badaniu wskazano na potrzeb¢ wdrozenia kompleksowych programow
zarzadzania antybiotykami, rygorystycznych dziatan zapobiegajacych zakazeniom oraz
poszukiwania alternatywnych terapii.

Drugie badanie skupia si¢ na postrzeganiu opornosci na antybiotyki przez personel
medyczny, wskazujac, ze 55% pracownikow stuzby zdrowia uznaje jg za bardzo powazny lub
skrajnie powazny problem globalny, przy czym swiadomos¢ ta jest szczegdlnie wysoka wsrod
lekarzy 1 pielegniarek. Do kluczowych czynnikéw przyczyniajacych si¢ do problemu zaliczono
nieodpowiednie stosowanie antybiotykow w rolnictwie, profilaktyczne przepisywanie lekow
oraz presj¢ pacjentbw na wypisywanie antybiotykow. Pomimo tej $wiadomos$ci, wsrod
personelu medycznego wcigz wystepuja luki w  wiedzy, co podkresla potrzebe
ukierunkowanych inicjatyw edukacyjnych. W artykule zwrdcono rdwniez uwage na znaczenie
programow zarzadzania antybiotykami na poziomie szpitalnym w celu racjonalizacji ich
stosowania 1 ograniczenia opornosci.

W trzecim badaniu skoncentrowano si¢ na klinicznej skutecznos$ci dwdch kombinacji
inhibitora beta-laktamazy 1 antybiotyku beta-laktamowego:
imipenemu/cilastatyny/relebaktamu  (IMI/REL) oraz piperacyliny/tazobaktamu (PTZ)
w leczeniu wstrzasu septycznego wywotanego przez patogeny MDR, wskazujac na

poréwnywalng skuteczno$¢ badanych lekéw w zmniejszaniu §miertelnosci. Patogeny szpitalne,
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takie jak Pseudomonas aeruginosa 1 Acinetobacter baumannii cechowaly si¢ znaczng
wielolekooporno$¢. Analizy genetyczne wskazaty na produkcje karbapenemaz jako kluczowy
mechanizm opornosci, co podkresla potrzebe wdrozenia szybkich narzedzi diagnostycznych
i terapii dostosowanych do profilu drobnoustroju. W badaniu zwrdécono uwage na potencjal
innowacyjnych potaczen antybiotykow w poprawie wynikow leczenia wstrzasu septycznego.
Opisane badania jednoznacznie podkreslaja pilng potrzebe wieloaspektowego podejscia
do zwalczania opornosci na antybiotyki. Kluczowe zalecenia obejmuja monitorowanie trendow
opornosci 1 profili patogendéw, racjonalne praktyki przepisywania antybiotykow, podnoszenie
swiadomosci wsrod personelu medycznego 1 pacjentow na temat odpowiedzialnego stosowania
antybiotykow, inwestycje w szybkie narzedzia diagnostyczne 1 programy zarzadzania
antybiotykami. Integracja tych strategii umozliwi redukcje rosngcego obcigzenia systemu
opieki zdrowotnej opornoscig na antybiotyki, poprawe wynikow leczenia pacjentow

1 zabezpieczenie skuteczno$¢ istniejgcych terapii przeciwbakteryjnych.
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bacteria

Antibiotic resistance represents a critical global health challenge, with significant
implications for healthcare systems, particularly in intensive care and septic shock
management. A synthesis of three studies highlights the scope of the problem, its clinical
impacts, and potential strategies for mitigation.

In the first study the literature review was made to characterize challenges of antibiotic
resistance in intensive care units (ICUs), particularly in the management of sepsis. Gram-
negative pathogens such as Acinetobacter baumannii, Pseudomonas aeruginosa, and Klebsiella
pneumoniae are highlighted for their alarmingly high resistance rates, complicating treatment
protocols. These infections result in increased mortality, prolonged hospital stays, and higher
healthcare costs. Key risk factors include the overuse of broad-spectrum antibiotics, inadequate
infection control measures, and invasive procedures. The study advocates for comprehensive
antimicrobial stewardship programs, rigorous infection control measures, and the exploration
of alternative therapies to combat the rise of resistant strains.

The second study focuses on medical staff perceptions of antibiotic resistance, revealing
that 55% of healthcare professionals recognize it as a very or extremely serious global issue,
with heightened awareness among physicians and nurses. Contributing factors include
inappropriate antibiotic use in agriculture, prophylactic prescriptions, and patient pressure
to prescribe antibiotics. Despite their awareness, knowledge gaps persist among medical staff,
underscoring the need for targeted educational initiatives. The study also emphasizes
the importance of hospital-level antibiotic stewardship programs to rationalize antibiotic use
and reduce resistance.

The third study focused on the clinical efficacy of two combinations of a beta-lactamase
inhibitor and a beta-lactam antibiotic: imipenem/cilastatin/relebactam (IMI/REL) and
piperacillin/tazobactam (PTZ) in the treatment of septic shock caused by MDR pathogens,
indicating that the tested drugs were comparably effective in reducing mortality. Nosocomial
pathogens, such as Pseudomonas aeruginosa and Acinetobacter baumannii, display significant
multidrug resistance. Genetic analyses reveal carbapenemase production as a key resistance

mechanism, necessitating rapid diagnostic tools and tailored therapeutic approaches. The study
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highlights the potential of innovative antibiotic combinations to improve clinical outcomes
in septic shock cases.

Together, these studies underline the urgency of addressing antibiotic resistance through
a multifaceted approach. Key recommendations include enhancing surveillance to monitor
resistance trends, implementing rational antibiotic prescribing practices, educating medical
staff and patients about responsible antibiotic use, and investing in infrastructure and policies
to support antibiotic stewardship. By integrating these strategies, healthcare systems can
mitigate the growing burden of antibiotic resistance, improve patient outcomes, and safeguard

the efficacy of existing antimicrobial therapies.

Strona 14z 81



OMOWIENIE PUBLIKACJI WCHODZACYCH
W SKEAD ROZPRAWY DOKTORSKIEJ

Strona 15z 81



Na rozprawe¢ doktorska pt. ,,Antybiotykooporno$¢: wieloaspektowe podejscie do
globalnego wyzwania wspolczesnej medycyny” sklada si¢ cykl trzech powigzanych ze sobg
tematycznie artykuléw opublikowanych w miedzynarodowych czasopismach naukowych
indeksowanych w bazie PubMed. L.aczny Impact Factor prac wynosi 4,3, natomiast punktacja
ministerialna to facznie 110 punktow.

Pierwszy artykul stanowi systematyczny przeglad literatury zatytutowany ,,Problems
of antibiotic resistance in sepsis in intensive care units: A review of current research”.
Opornos¢ na antybiotyki jest jednym z najpowazniejszych wyzwan wspotczesnej medycyny,
szczegOlnie w konteksScie leczenia sepsy na oddzialach intensywnej terapii (OIOM).
Rozprzestrzenianie si¢ wielolekoopornych patogenow, takich jak Acinetobacter baumannii,
Pseudomonas aeruginosa, Klebsiella pneumoniae 1 Escherichia coli, prowadzi do znacznego
pogorszenia wynikow leczenia, zwickszajgc $§miertelnos¢, dtugos¢ hospitalizacji oraz koszty.
Dlatego tez w niniejszym artykule przeanalizowano i podsumowano wyniki badah dotyczacych
czynnikow ryzyka, klinicznych skutkdw oraz strategii przeciwdziatania opornosci na
antybiotyki w leczeniu sepsy.

Przeglad oparto na systematycznej analizie literatury z lat 2018—2023, obejmujace;j
artykuty oryginalne 1 przeglady systematyczne dotyczace opornosci na antybiotyki u pacjentow
z sepsa hospitalizowanych na oddziatach OIOM. Kryteria wiaczenia uwzglednialy ponadto
publikacje w jezyku angielskim, oparte na danych z badan klinicznych prowadzonych na
ludziach. Wykluczono badania ograniczone do modeli zwierzgcych oraz przeglady bez analizy
dowodoéw. Analizowano trendy w rozpowszechnieniu opornych patogenow, czynniki ryzyka
ich rozwoju, konsekwencje kliniczne infekcji wywolanych przez oporne szczepy oraz
skutecznos$¢ roznych strategii terapeutycznych

Przeglad ujawnit alarmujace poziomy opornosci wsrod patogenéw Gram-ujemnych,
takich jak Acinetobacter baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae
1 Escherichia coli. Odnotowano takze wysoka oporno$§¢ na karbapenemy, wynoszaca
w przypadku 4. baumannii ponad 70%, a na polimyksyny 30-40%. Jako gtéwne czynniki
ryzyka rozwoju opornosci na antybiotyki wymieniono nadmierne i nieracjonalne stosowanie
antybiotykow, niewystarczajagce $rodki kontroli zakazen oraz wysoka intensywnos$¢
inwazyjnych procedur medycznych oraz transfer pacjentow miedzy oddziatami.
Do konsekwencji klinicznych infekcji spowodowanych patogenami opornymi zaliczono
zwigkszenie ryzyka $miertelnosci, wydtuzenie hospitalizacji (Srednio o 12 dni), wzrost kosztow
leczenia oraz podwyzszenie ryzyka powiktan, takich jak wstrzas septyczny i niewydolnosé

wielonarzadowa.
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Podjeto takze probe okreslenia strategii przeciwdziatania opornosci na antybiotyki na
oddzialach OIOM. Za wazne aspekty tej strategii uznano rozwdj badan nad nowymi
antybiotykami, racjonalne stosowanie antybiotykow zgodne z polityka zarzadzania
antybiotykami (uznawang za jedng z najskuteczniejszych strategii) oraz stosowanie srodkow
kontroli zakazen jak higiena rak, izolacja pacjentow i stosowanie odpowiednich Srodkéw
ochrony osobistej. Duze nadzieje poktadane sg takze w alternatywnych terapiach, takich jak
bakteriofagi, peptydy przeciwdrobnoustrojowe czy terapie monoklonalne, ktére moga stanowic
uzupelnienie standardowego leczenia.

Przeprowadzony przeglad systematyczny wskazuje zatem, ze oporno$¢ na antybiotyki
w leczeniu sepsy na OIOM wymaga kompleksowego podejscia, taczacego rozwoj nowych
lekéw, racjonalne stosowanie obecnie dostepnych antybiotykdw, wzmacnianie systemow
kontroli zakazen oraz rozwijanie innowacyjnych terapii. Jedynie dzigki wspolnym wysitkom
spotecznosci medycznej, naukowcow, przemyshu farmaceutycznego, agencji rzadowych
1 spoteczenstwa mozna osiggngé znaczacy postep w zwalczaniu antybiotykoopornosci

poprawiajac wyniki leczenia i efektywnos¢ systemow ochrony zdrowia.

Celem drugiego artykutu wchodzacego w skltad pracy doktorskiej
zatytutowanego ,,Opinions of Medical Staff Regarding Antibiotic Resistance” bylo
zweryfikowanie opinii personelu medycznego na temat zagrozen zwigzanych z opornoscig na
antybiotyki. Antybiotykooporno$¢ stanowi powazne zagrozenie dla zdrowia publicznego, ktore
moze prowadzi¢ do zmniejszenia skutecznosci wielu terapii, zwigkszenia zachorowalnosci,
wydtuzenia czasu hospitalizacji, zwigkszenia liczby zgondéw i dodatkowych kosztow dla
systemow opieki zdrowotnej. Nierozsadne stosowanie antybiotykow moze wynikaé z braku
odpowiedniej wiedzy na temat antybiotykoterapii oraz braku wiedzy na temat zagrozen
zwigzanych z antybiotykoopornos$cia, zardwno wsrod personelu medycznego, jak i pacjentow.
Dlatego tez badanie to byto ukierunkowane na zrozumienie, jak personel medyczny postrzega
problem opornos$ci na antybiotyki, co wedtug nich jest gldwnymi przyczynami tego zjawiska
oraz jakie dzialania uwazaja za konieczne w walce z tym problemem. Badanie zostalo
przeprowadzone w 2023 r. wérdd 605 polskich pracownikdéw sanitarnych. Wykorzystano w nim
anonimowg ankiet¢ zaprojektowana specjalnie na potrzeby badania. Ankieta zostala
udostgpniona w Internecie za posrednictwem Zwigzkéw Zawodowych Pracownikow Farmacji

oraz bezposrednio w szpitalach przy wsparciu wladz lokalnych.
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Wigkszos$¢ respondentéw stanowity kobiety (77,36%). Najwigksza grupe stanowity
osoby powyzej 40 roku zycia (55,04%). Ponad potowg respondentow stanowity pielggniarki
(56,20%), a co czwarty badany byt lekarzem (23,64%).

Wyniki badania pokazuja, ze wigkszo$¢ respondentdw uwaza oporno$¢ na antybiotyki
za bardzo powazny (24,13%) lub bardzo powazny (30,75%) problem zdrowotny. Jest to zgodne
z globalnymi trendami, ktére wskazujg na rosngce zagrozenie zwigzane z opornoscig bakterii
na dostepne leki. Szczegolng uwage na ten problem zwracaja lekarze oraz osoby posiadajgce
specjalizacje lub bedace w trakcie jej zdobywania.

Respondenci wskazali kilka gléwnych przyczyn narastania problemu opornosci.
Glownymi problemami zwigzanymi z antybiotykooporno$cig byto stosowanie antybiotykow
u zwierzat hodowlanych (36,69%), wywieranie presji pacjentObw na przyjmowanie
antybiotykow (38,84%) oraz profilaktyczne stosowanie antybiotykow (43,15%).

Wiekszo$¢ respondentow zgodzila si¢ ze stwierdzeniami, ze "niewlasciwe stosowanie
antybiotykow moze pogorszy¢ stan zdrowia pacjenta" oraz "przepisywanie antybiotykow bez
wskazan jest uwazane za nieprofesjonalne postgpowanie". Zgadzajg si¢ rOwniez, ze "racjonalne
stosowanie antybiotykow zmniejszy problem zwigzany z antybiotykoopornoscig" oraz
"ograniczenie przepisywania antybiotykow wylacznie do leczenia szpitalnego pomoze
zmniejszy¢ problem antybiotykoopornosci”. Zgoda jest jednak bardziej wyrazna w przypadku
dwoéch pierwszych stwierdzen. Podobny odsetek pacjentow zgadza si¢ 1 nie zgadza ze
stwierdzeniem, ze "kwestia antybiotykoopornosci wptywa na pacjentow znajdujacych si¢ pod
moja opieka" (41,2% vs. 43,74%).

Jednym z najwazniejszych wnioskoéw z badania jest potrzeba rozszerzenia edukacji na
temat opornosci na antybiotyki wsrod personelu medycznego. Wiedza na temat prawidlowego
stosowania antybiotykow i skutkow ich naduzywania powinna by¢ szeroko propagowana.
Odpowiednie szkolenia moga pomoéc lekarzom 1 pielggniarkom lepiej zrozumie¢ problem
1 wprowadza¢ odpowiednie praktyki w swojej pracy.

Aby skutecznie walczy¢ z problemem opornos$ci na antybiotyki, konieczne jest podjecie
kilku kluczowych dziatan, takich jak kontrola przepisywania antybiotykdéw, monitorowanie
stosowania antybiotykdéw w hodowli zwierzat czy prowadzenie kampanii edukacyjnych.
Badanie pokazalo, ze problem opornosci na antybiotyki jest szeroko rozpoznawany przez
personel medyczny jako powazne zagrozenie zdrowia publicznego. Istnieje pilna potrzeba
wprowadzenia skutecznych strategii edukacyjnych i regulacyjnych, aby zapobiec dalszemu
rozwojowi opornych szczepdw bakterii. Wspotpraca migdzy réznymi grupami zawodowymi

oraz zwigkszenie $wiadomos$ci wsrdd pacjentow sa kluczowe dla osiggnigcia tego celu.
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Trzeci z artykulow zatytutowany ,,Protected beta-lactam prescription for patients
with septic shock” jest praca oryginalng. Celem badania byla ocena skuteczno$ci leczenia
wstrzasu  septycznego za pomocg imipenemu/cylastatyny/relebaktamu  (IMI/REL)
w pordwnaniu z preparatem zlozonym zawierajacym piperacyling/tazobaktam (PTZ).
Potaczenie inhibitora beta-laktamaz z antybiotykiem B-laktamowym o szerokim spektrum
dzialania przeciwbakteryjnego jest szeroko stosowane we wspotczesnej praktyce kliniczne;.
Jest to zgodne z wytycznymi Europejskiego Towarzystwa Mikrobiologii Klinicznej
dotyczacymi leczenia zakazen szpitalnych zalecajacymi stosowanie kombinacji lekow
imipenem/cylastyna/relebaktam lub piperacylina/tazobaktam [1]. Skuteczno$¢ lekow
przeciwko bakteriom Gram-ujemnym stanowigcym gldwna przyczyne zakazen szpitalnych
zostala wykazana in vitro [2], jednakze brakuje danych dotyczacych efektywnos$ci takiego
postepowania terapeutycznego u pacjentdw z posocznicg 1 wstrzasem septycznym. Niniejsza
praca stanowi probe zapehienia tej luki.

Przedstawione retrospektywne, niekontrolowane, nierandomizowane badanie
obserwacyjne objeto 17 pacjentow z wstrzasem septycznym leczonych w latach 2021-2022 na
Oddziale Intensywnej Terapii (OIT) Szpitala Uniwersyteckiego w Krakowie. Wiaczeni do
badania pacjenci zostali podzieleni losowo na dwie grupy: grupa 1 otrzymywata dozylnie 500
mg imipenemu/cylastatyny 1 250 mg relebaktamu co 6 godzin (IMI/REL) (w przypadku
pacjentow z prawidlowym klirensem kreatyniny) (n=9), natomiast grupa 2 leczona byla za
pomoca dozylnego preparatu zawierajacego 4,5 g piperacyliny i 0,5 g tazobaktamu (PTZ)
podawanego co 6 godzin, w dilugich infuzjach, przez okres 3-4 godzin (n=8). Ponadto
u wszystkich chorych zastosowano odpowiednig terapi¢ przeciwwstrzagsowa, obejmujaca
preparaty noradrenaliny oraz wlewy roztwordw krystaloidow i albumin. U 5 chorych
rozpoznano zespot ostrej niewydolnosci oddechowej (ARDS), w zwigzku z czym zastosowano
sztuczng wentylacje ptuc. U 7 chorych stwierdzono objawy ostrej niewydolnosci nerek (ARF),
w zwigzku z czym poddani oni zostali terapii nerkozastgpczej. U wszystkich pacjentow
przeprowadzono ogolne badanie krwi, badanie poziomu mleczanéw, prokalcytoniny, klirensu
kreatyniny oraz oznaczono MIC, wrazliwos$¢ 1 opornos¢ patogendw zakaznych na antybiotyki
(za pomoca metody dyfuzyjno-krazkowej), a takze przy uzyciu testéw E w §wiezych kulturach
izolatow. Do fenotypowania stosowano zmodyfikowany test CarbaNP, natomiast
genotypowanie izolatoéw opornych wielolekowo przeprowadzono za pomocg metody multiplex
real-time PCR.

Badanie bakteriologiczne wykazato obecno$¢ czterech patogenéw Gram-ujemnych

w materiale biologicznym pacjentéw, w tym wielolekoopornego szczepu Acinetobacter
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baumanii charakteryzujacego si¢ wysoka opornoscig zarowno na badane antybiotyki, oraz
Pseudomonas aeruginosae. Wyniki fenotypowania i genotypowania potwierdzily wytwarzanie
metalo-B-laktamaz przez oba drobnoustroje oraz oksacylinazy hydrolizujacej karbapenemy
klasy D przez Acinetobacter baumanii. Leczenie pacjentdéw ze wstrzagsem septycznym
wywolanym przez wspomniane szczepy byto rownie mato skuteczne w przypadku stosowania
IMI/REL (45% pozytywnych odpowiedzi klinicznych i mikrobiologicznych), jak i PTZ (50%
pozytywnych odpowiedzi) i zakonczyto si¢ w $miercig 50% pacjentow.

Wyniki te nie potwierdzaja korzySci ze stosowania imipenemu, cylastatyny,
relebaktamu lub piperacyliny 1 tazobaktamu u pacjentow ze wstrzagsem septycznym
przebywajacych na OIT. Zastosowane terapie okazaty si¢ wysoce skuteczne w leczeniu
pacjentow, u ktorych stwierdzono bakterie z rodzaju Escherichia coli, Staphylococcus aureus,
Klebsiella pneumonia 1 Streptococcus pneumonia. Wyrazna opornos¢ P. aeruginosae na leki
IMI/REL wynika z wytwarzania przez bakterie metalo-p-laktamaz, ktorych relbaktam nie
hamuje. Tazobaktam podawany w grupie 2 jest skuteczny przeciwko tym enzymom, jednakze
u czgsci pacjentow z tej grupy wykryto rowniez typ MDR A. baumannii wytwarzajacy
oksacylinazy hydrolizujace karbapenemy klasy D. Tazobaktam nie jest inhibitorem tego typu
enzymoOw bakteryjnych 1 z tego powodu u pacjentéw z potwierdzonym zakazeniem
A. baumannii podawanie PTZ nie przyniosto pozadanych rezultatow.

Wielooporne szczepy wywotujace zakazenia szpitalne stanowig nadal glowne
wyzwanie w antybiotykoterapii wstrzasu septycznego i sg jedng z gtéwnych przyczyn zgonow
w przebiegu sepsy. Mutacje w genomie prowadzace do zmniejszonej lub zwiekszonej ekspres;ji
genow, a takze zdolno$¢ do horyzontalnego transferu genow, zapewniajg bakteriom
A. baumannii zdolno$¢ do syntezy [-laktamaz, metalo-f-laktamaz 1 beta-laktamaz
o rozszerzonym spektrum (ESBL), beta-laktamazy AmpC oraz oksacylinazy hydrolizujacej
karbapenemy klasy D. Z tego powodu zastosowanie antybiotykow beta-laktamowych jedynie
czesciowo rozwigzuje problem. Liczba opornych szczepdw mikroorganizméw wytwarzajacych
karbapenemazy wzrasta na calym $wiecie. Przyczyng tego zjawiska moze by¢ rosngca
popularno$¢ turystyki medycznej, a takze niekontrolowane stosowanie antybiotykdéw

w niektorych krajach.
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Abstract. The relevance of antibiotic resistance in intensive care units is of great concern because of
the growing threat to patient and health care system health. The aim of the study is to comprehensively
analyse the prevalence, risk factors. clinical implications and strategies fo combat anfibiofic resistance
n sepsis. Methods include a systematic literature review and evaluation of the effectiveness of
different approaches based on empirical evidence. Alamming levels of resistance to reserve-line
antibiotics have been observed among Gram-negative pathogens in intensive care unifs, particularly
Acinetobacter baumarnnii, Pseudomonas aeruginesa, Klebsiella pneumonine and Escherichia coli.
Irrational wse of antibiofics, lack of adherence to infection confrol measures and limifed
immplementation of antimicrobial stewardship programmes are key factors confributing to the
development and spread of resistance. Infections caused by resistant pathogens are associated with
mcreased mortality, risk of complications, longer hospitalization and higher freatment costs. This
creates a situation where opportunities for effective antibiotic therapy become exhausted. Sepsis
caused by resistant pathogens significantly complicates treatment and worsens prognosis, increasing
the risk of complications and mortality. Overconung the problem of antibiotic resistance requires a
comprehensive approach that includes the development of new antibiotics, rational use of existing
drugs, strengthening infection control measures, improving epidemiological swrveillance and
exploring alternative therapeutic strategies. Antibiotic stewardship programmes. infection control
measures and combined strategies have demonstrated the greatest effectiveness in combating the
spread of resistance in intensive care umits. This study contnbutes to the understanding of the
magnitude of the antibiofic resistance problem and offers specific recommendations for improving
clinical practice and health policy.

Kevwords: systemic inflammatory response, medications, anfibacterial dmgs, prolonged
hospitalization, Stapfyiococcus auraus, Pseudomonas bacillus.
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1. Introduction

The problem of antibiotic resistance in sepsis in intensive care units is a serions threat to public
health and requires close attention of researchers. In conformity with the data provided by A. Baran
ef al. [1]. the excessive and inappropriate use of anfibiotics in medicine and industry has contributed
to the development of resistance, leading to the emergence of multidmig-resistant pathogens such as
the “ESKAPE” group: Entferococcus faecium, Staphyiococcus aureus, Klebsiella prneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa and Enferobacter spp. According to other data
provided by B. Mlynarczyk-Bonikowska et al. [2]. the first MESA strains resistant to beta-lactams
appeared in 1960-1961. Ceftobiprole and ceftaroline were introduced in 2010 but strains resistant to
them soon emerged. MRESA spread to hospitals in the 1970s and 1980s, and CA-MRSA and LA-
MESA strains appeared in the 1990s. MESA resistance is due to genomic islands of SCCmec with
mecA and mecC genes. In 2002, VRESA strains with the vanA operon were discovered. In 2008, class
I integrons with genes for resistance to streptonmvein, chloramphenicol and trimethoprim were found
n Staphvlococcus aurens. In this regard, L. Korczak et al. [3] also emphasized that the main
mechanisms of resistance mclude efflux pumps, gene nuitations and outer membrane porins. The
spread of resistance to tigecycline and other drugs of last resort poses a serious public health threat.
According to a study by N. Jendrzejewska and E. Karwowska [4]. although an increase in the number
of strains with f-lactamase activity was not recorded, these enzvmes were found in 97% of multidrmg-
resistant bacteria. Significant numbers of antibiotic-resistant bacteria entered treated wastewater. with
more than 50% of the bacteria in the final effluent being penicillin resistant. Especially. according to
A Aleksandrowicz et al. [5]. this problem is relevant in patients from low social circles, as antibiotic
resistance significantly increases mortality from food and wound infections.

The urgency of studying this problem is due to the rapid growth of antimicrobial resistance,
which outpaces the development of new antibiotics. In conformity with M. Wojciechowska et al. [8],
this jeopardizes the effectiveness of treatment of severe infections and increases the risk of adverse
outcomes. According to the World Health Organization, antibiofic resistance is a major threat to
global health, food security and development. Each vear, about 700,000 people worldwide die due to
mfections caused by resistant bacteria [6]. However, despite mumerous studies, the problem of
antibiotic resistance in sepsis in the intensive care umit (ICT) remains unresolved. The lack of a
unified coordinated approach, limited implementation of antibiotic stewardship programmes and
madequate infection control measures contribute to the further spread of resistant pathogens. In
addition, existing studies are often liuted to localized data or address only selected aspects of the
problem without offering comprehensive solutions.

The aim of this study is to comprehensively analyse current trends in antibiotic resistance in
sepsis in the ICU setting. identify the main drivers and evaluate the effectiveness of different
strategies to combat this problem. Special attention will be paid to the study of local epidemiological
data, risk factors for resistance development and practices of rational antibiotic use in Russian ICTUs.
Based on the results obtained, recommendations will be formmlated to optimize antibiotic therapy,
reduce the spread of resistant pathogens and improve the outcomes of treatment of patients with

sepsis.

2. Materials and Methods

To achieve the aim of this study, a systematic review of the current scientific liferature on the
problem of antibiotic resistance in sepsis in infensive care units was conducted. Relevant publications
were searched in the following electronic databases: PubMed, Scopus, Web of Science. Search
queries included combinations of keywords in English such as: “antibiofic resistance”, “sepsis’,
“infensive care unit”, “antibiotic resistance”, “sepsis”, “intensive care unit” and others.

Criteria for inclusion of publications in the review include original research articles, systematic
reviews published in peer-reviewed scientific joumals in the last five years, from 2018 to 2023. The
review includes papers that address antibiotic resistance in the management of sepsis in infensive care
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units. In addition, only studies that were conducted in mmans are accepted and publications must be
written in English.

The exclusion criteria for this review cover several key aspects. Firstly, all publications that do
not address the specific topic of anfibiotic resistance in sepsis m the ICU setting are excluded. This
means that any studies or reviews that do not focus on this narrow issue will not be considered. The
second criterion relates fo animal studies; such papers are excluded as the focus is on results obtained
directly in human clinical settings. The third enterion is the lack of systematic analysis of evidence
in literature reviews. Such reviews do not meaningfully contribute to a systematized understanding
of the topic under study and are therefore not suitable for inclusion in this review. Finally, the criteria
exclude publicafions in languages other than English fo ensure that the information 15 uniform and
accessible to an international scienfific andience and that high standards of scienfific commmnication
are maintained.

The selected publications were carefully analysed to extract relevant information on key aspects
related to the problem of anfibiofic resistance among sepsis patients in mfensive care units. Firstly,
current trends in the prevalence of antibiotic-resistant pathogens were investigated Second, risk
factors that confribute to the development of antibiotic resistance in these settings were explored. The
third area of analysis was the clinical consequences of infections caused by resistant strains, including
mortality, length of hospital stays and associated economic costs. Strategies fo combat antibiotic
resistance were also considered, including the development of new dmugs, optimization of the use of
existing antibiofics and alternative therapeutic approaches. Finally, the effectiveness of different
strafegies in reducing the spread of resistant pathogens and improving sepsis treatment outcomes was
evaluated. These comprehensive analyses are helping to form the evidence base for the development
of new recommendations for clinical practice and health policy.

Systematic review methods, including qualitative content analysis, data extraction and
synthesis, were nsed to analvse the selected publications. The findings were structured and presented
in the relevant sections of the review. In addition, relevant epidemiological data from different regions
of the world were analysed to study the local sifuation of antibiotic resistance in sepsis. These data
mcluded information on the prevalence of resistant strains, resistance profiles of the most clinically
important pathogens. and antibiotic use practices in the ICTT.

The results of the analvsis of literature data and epidemiological information were integrated to
formulate comprehensive recommendations fo optimize antibiotic therapy and reduce the spread of
resistant pathogens in sepsis in the ICU setting.

3. Results and Discussion

3.1. Prevalence and trends in antibiotic resistance

A zystematic review has shown very alarming levels of resistance to back-up line anfibiotics
among Gram-negative pathogens in intensive care units. Microorganisms such as Acimefobacter
bavmannii and Pseudomonas aeruginesa have particularly high rates of resistance (Table 1). In 4.
bavmannii, the average level of resistance to carbapenems in different regions of the world exceeds
70%, and resistance to polymyxins reaches 30-40% [7]. In P. asruginosa. the level of resistance to
carbapenems varies from 30 to 50% depending on the region [8). A M. Kabrah et al. [9] report that
maxinmm resistance was observed to aztreonam (96.4%) and ampicillin (87.3%) among isolated
pathogens in ICUs in Saudi Arabia, emphasizing the need for strict adherence fo infection prevention
practices and judicious use of antibiotics to slow down the spread of anfibiofic resistance. Further,
MT. Mustapha et al. [10] find that the prevalence of antibiotic resistance was 22 3% and mortality
among antibiotic-resistant patients reached 68.4%. These data emphasize the need for careful
management of antibiofic use and monitoring of resistant infections. The most frequent antibiotic-
resistant pathogens included Klebsiella pneumoniae (. pneumoniae) (594%), coagulase-negative
staphvlococci (ColNS) (11.53%), Escherichia coli (E. coli) (8.4%). Acinetobacter baumnannii (A
bavumannii) (7.3%) and Staphylococcus aureus (5. aursus) (6.2%). It was observed to aztreonam
(96.4%). ampicillin (873%), followed by coamoxiclav (83.9%), cotrimoxazole (79.5%) and
antibiotics of cephalosporin group [10]. F A Wani et al. [11] estimated that 85.1% of Gram-negative
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bacteria were multiresistant and recommends increased monitoring and strengthening of antibiotic
stewardship programmes. The study recorded 570 cases of bacterial growth, of which 437 (76.7%)
belonged to the Gram-negative bacteria (GNB) group. Among ICU patients, bacteria such as
Klebsiella pneumoniae (21%), Pseudomonas aeruginosa (11.8%) and Staphylococcus aureus
(13.2%) were the most commonly encountered bacteria. There was a high rate of resistance to third
and fourth generation cephalosporins, 73.2% and 70.1%. respectively. The rate of resistance to
catbapenems was 48.2% and to fluoroquinolones was more than 63% [11]. A study by D.
Chandhari [12] was conducted in the ICU of a hospital in Ahmedabad to study the prevalence and
antibiotic resistance of microorganisms from August 2019 to August 2020, Out of 941 samples
subnutted for analysis, 322 were positive. The most commonly 1solated bactenia included Klebsielln
(37.26%), Escherichia coli (16.45%) and Pseudomonas (12.42%). Gram-negative bacteria showed
high sensitivity to colistin (96.26%) and tigecycline (83.40%), while Gram-posifive organisms were
most sensitive to linezolid (100%). Fmally, H Merivam et al. [13] investigates 1n his study dated
2021 the relationship between antibiotic use and resistance in the ICU, showing that widespread
antibiotic use correlates with high rates of resistance, highlighting the need for more controlled
antibiotic use and programme planning to manage resistance.

Table 1. Prevalence of antibiotic resistance in different pathogens

Pathogen Sustainability level
Acinetobacter baumarnmii =T to carbapenems, 30-40% to polymyxins
Prendomonas aeruginoza 30-50% to carbapenems (regional vanations)
Klebsiclla pneumoniae =50% to carbapenems (in some regions)
Staphylococens aurens (MESA) 50-60% methicillin-resistant strams, some with vancomyein resistance
Enterococci Vancomycin-resistant strams are widespread
Candida auris Up to 90% of azole-resistant EtI.EiI:IEII:iI:I some regions), INcreasing resistance to
echinocandins

Source: compiled by the authors.

The rapidly increasing prevalence of carbapenem-resistant Enterobacteriaceae. such as
Klebsiella pneumoniae and Escherichia coli, is also of concern. In some countries in Southern
FEurope, South Asia and Latin America, the rate of carbapenem resistance in K preumoniae may
exceed 50%. posing a serious threat to the treatment of serious infections. The smudy by
C. Aurlio ef al. [14] examines the mechanisms of resistance to carbapenems due to the widespread
use of these antibiotics worldwide. The authors categorize resistance mechanisms into three groups:
poor penetration or excretion of the drug, modification of the target by bacteria, and inactivation of
the drug by enzymes such as carbapenemases. The study emphasizes the need to improve antibiotic
stewardship and develop new treatments fo combat growing resistance. A study conducted by
AT Gondal et al. [15] analysed the prevalence of carbapenem resistance among 2170 clinical strains
collected from a hospital in Pakistan. The study revealed a significant level of carbapenem resistance
of 42.1%. A high prevalence of carbapenemase genes such as blaNDM-1 and blaOX A48 was also
observed, highlighting the critical need for confinuous monitoring and development of innovative
strategies to stop the spread of resistance.

Studies by H. Lade and J.S. Kim [16] have shown that methicillin-resistant Staphylococcus
aureus, one of the major causative agents of sepsis, reaches 50-60% in most countries of the world,
exceeding 60% in regions such as the USA. Southern Furope and East Asia. Vanconryein-resistant
enterococcl are also commeoen especially in intensive care units of countries with high levels of
resistance. W.T. Lin et al. [17] conducted an extensive analysis of MESA resistance to major classes
of antibiotics such as vancomycin daptomyein ceftaroline and linezolid. The study revealed
increasing resistance to vancomycin, the first-line treatment for MRSA, where intermediate
vanconrycin-resistant (VISA) and vancomycin-resistant strains (VESA) have already been observed.

The increasing incidence of invasive fungal infections in intensive care units is accompanied
by a rise in antifungal drug resistance. The prevalence of azole-resistant Candida auris strains is
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rapidly increasing in many countries, reaching 90% in some regions. Resistance to echinocandins, a
new class of antifungal agents, is also becoming increasingly common among Candida species
[Error! Reference source not found.]. N.P. Wiederhold [19] emphasizes the growing problem of
antifimgal dmg resistance, especially in Candida auris species, which poses a significant threat due
to its ability to resist major classes of antifingal agents, including azoles and echinocandins. Tlis
mfection 15 difficult to diagnose and treat. leading to poorer freatment outcomes due to inappropriate
therapeutic approach or development of resistance. The study highlights the importance of raising
awareness and framming climical professiomals to effectively recognize and manage such cases.
Genomically, Candida auris 15 divided into five geographical clades: clades I (South Asian), IT (East
Asian), ITT { African), IV (South Amenican) and V (Iranian). Given the sequencing results, each clade
differs by more than 10,000 SNPs, and the differences within clades do not exceed 70 SNPs. Tlus
mdicates multiple occurrences of the species rather than clonal spread. In the USA, about 90% of
isolates are resistant to fluconazole, 30% to amphotericin B, and 5% to echinocandins. Up to 4% of
1solates are resistant to all available classes of anfifungal drugs.

An overall analysis of data over the past decades has revealed a clear frend fowards an increase
m the prevalence of resistant pathogens in intensive care umits. This is due to several factors, including
excessive and irrational nse of antibiotics. lack of adherence to infection control measures and limited
umplementation of antinicrobial stewardship programmes. The spread of emerging threats such as
carbapenem-resistant Enterobacteriaceae and Condida auris poses serious challenges to clinical
practice and emphasizes the need for vrgent action to combat antibiotic resistance. These actions
mclnde developing new anfibiotics, implementing strict infection confrol measures and optimizing
the use of existing antimicrobials to ensure effective treatment of infections and improve patient
outcomes.

3.2. Risk factors for the development of antibiofic resistance

Irrational use of antibiotics is one of the main factors confributing to the development and
spread of antibiofic resistance. Studies show that on average 70% of patients in infensive care vmnits
receive antibiotics, with the prescription of these drugs found to be inappropriate in 42% of cases.
The widespread use of broad-spectmum antibiotics creates a selective pressure that favours the
selection and nultiplication of resistant strains, making them particularly dangerous and difficult to
treat. Failure to adhere to infection control measures such as proper hand hygiene of nursing staff,
effective isolation of infected patients. and proper use of persomal protective equipment also
contributes significantly to the spread of resistant pathogens. Prior use of antibiotics, especially broad-
spectrum dmugs, is a risk factor for colomization and infection by resistant strains. This is associated
with the disruption of the normal microbiota of the body, which creates conditions for the selection
and spread of resistant pathogens.

The movement of patients between different wards and healthcare facilities can be a channel
for the transmuission of resistant strains, increasing the risk of their spread over large areas.
G. Encet al. [20] found that antibiotic use, prolonged hospital stays, male gender and infections
cansed by methicillin-resistant Stapflococcus mireus served as nisk factors for resistance, and 45 7%
of patients with chronic renal failure were infected with resistant bacteria.  Further,
M. Opatowski et al. [21] pointed out that the risk of antibiotic resistance was highest in the first three
months after treatment initiation, especially when broad-spectrum antibiotics were used, with broad-
spectrum antibiotics increasing the risk of resistance 3.6-fold. Finally, Y.QQ. Chan et al. [22]
urvestigated risk factors for anfibiofic resistance among cluldren in the Asia-Pacific region, finding
that antibiotic use in the last three months, daycare attendance and hospitalization were sigmficant
nisk factors, while breastfeeding and concomitant Streptococcus pneumoniae colonization served as
protective factors.

Patients in intensive care units often suffer from severe co-morbidities, are
wmmmocomprontsed and undergo varions invasive procedures such as intubation or catheterization.
These factors significantly increase the risk of developing infections caused by resistant pathogens.
Prolonged ICU stays increase the likelithood that patients will become colomized with resistant
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bacteria and develop healthcare-associated infections. In ICTUs, empirical anfibiofic regimens are
often used until microbiological results are available, which may contribute to further development
of resistance. Horizontal transfer of resistance genes between different bacterial species and strains
plays a significant role in the spread of resistance and can occur rapidly in setfings with high patient
densities and frequent antibiotic uvse. O. Rodriguez-Nufez et al. [23] found that independent
predictors of antibiotic resistance among patients with bacteraemia due to intra-abdominal infections
were cirthosis, IMNUInosuppression, previous exposure to ceftazidime, and shock. the main causative
agents were methicillin-resistant  Staphylococcus  aurens and  cephalosporin-resistant
Enterobacteriaceae, which may be related to the treatment of these pathologies, which most often
contains broad-spectrum antibiotics. Q. Chen et al. [24] svstematically analysed the risk factors for
antibiotic resistance in the Chinese population revealing that socio-demographic factors, length of
hospitalization and performance of invasive procedures significantly influenced the risk of
developing resistance, highlighting the need to strengthen primary health care and surveillance
systems for antimicrobial resistance (AMR). These studies highlight the manv factors that may
mfluence the development of antibiotic resistance. confirming the complexity of the problem and the
need for an integrated approach to antibiotic therapy management to minimize risks.

Thus, combating antibiotic resistance requires an integrated approach that inclndes rational use
of antimicrobials, strengthening infection control measures, optimizing antibiotic therapy and
mproving epidemiological surveillance strategies. Only integrated efforts can reduce the risk of the
development and spread of antibiotic resistance, improve therapeutic outcomes, and provide safer
treatment for patients.

3.3. Clinical consequences of antibiotic resistance

Infections caused by antibiotic-resistant pathogens result in a multitude of adverse clinical
outcomes and cause significant economic consequences for the health care system (Table 2). Meta-
analyses have shown that infections cansed by carbapenem-resistant Enterobacteriaceae (CRE) are
associated with a significantly higher risk of death in patients with sepsis in intensive care umnits
compared to infections caused by carbapenem-sensitive strains. Similar results have been observed
for other resistant pathogens, such as methicillin-resistant Staphylococcus aureus (MESA) and
vancomvein-resistant enterococci (VRE). The first study by C. Elvionita et al [25] looked at the
rational use of antibiotics in children with pneumonia. They found that 40% of children who received
targeted antibiotic therapy showed improvement in clinical outcomes. The main pathogens were
Klebsielln pneuwmoniae and Acinetobacter baumannii, showing resistance to broad-spectrum
antibiotics in 60% of patients. A study by W, Ling et al. [26] focused on infections caused by
carbapenem-resistant deinerobacier. The results showed that mortality in such patients was 45%
higher than in pafients with infections caused by sensitive strains. A further study by
L. Chelkeba et al. [27] found that more than 70% of wound infections m Ethiopia were caused by
resistant Gram-negative bacteria, which significantly worsened clinical outcomes. The major
pathogens included resistant strains of Escherichia coli and Pseudomonas asruginosa.

Table 2. Impact of antibiotic resistance on treatment outcomes

Conzequence Description
Increased mortality Sigmificanthy higher nsk of death from sepsis caused by resistant pathogens
Increased nsk of complications Higher nisk of septic shock and multi-organ failure
Increased length of hospitalization On average, 12 days longer for mfectons caused by resistant pathogens
Increased freatment costs Need for more expensive reserve antibiotics, addifional tests
Limited therapeutic options Exhaustion of effective anfibiotic therapy for highly resistant strams

Source: compiled by the authors.

Treatment of infections caused by resistant pathogens requires the use of more expensive and
often less effective back-up antibiotics. In addition to increased costs, there is a need for additional
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diagnostic tests and longer hospital stays, which significantly increase the economic cost to the health
system. Estimates suggest that the annual additional costs associated with treating such infections are
m the billions of dollars globally. Another study by S.A. Upula et al. [28] found significant antibiotic
resistance among bacferia causing postoperative wound infections, resulting in a 50% increase in
length of hospitalization compared fo patients whose infections were treated with effective antibiotics.
The predominant pathogens were Staphylococcus murens and Enferococcus faecalis. The spread of
resistance to back-up antibiotics, such as carbapenems and polymyxins, creates a situation, in which
the possibilities for effective antibiotic therapy become exhausted, significantly worsening the
prognosis of patients with severe infections. This is particularly relevant in light of the fact that new
antimicrobial agents are not being developed as rapidly as pathogen resistance is increasing. Sepsis
caused by resistant bacferia is often associated with longer hospifal stays. Systematic reviews have
reported that infections caused by CEEs result in an average of 12 days longer hospitalization
compared to infections caused by susceptible strains. This prolongation of hospitalization not only
impairs the quality of life of patients, but also significantly increases the burden on healtheare
facilities. A study by G Samsarga et al. [29] analysed clinical outcomes in patients with bumns
mfected with nmltiple resistant orgamisms. It was observed that these patients had a 3-fold higher risk
of sepsis and pnenmonia. and overall mortality reached 60% in cases infected with resistant bacteria.

These serious clinical and economic consequences of antibiotic resistance highlight the urgent
need to strengthen infection control measures, optimize the use of existing antibiotics, develop new
effective antimicrobials, and develop and implement alternative therapeutic strategies. This will
umprove treatment outcomes, reduce the economic burden on the health system and improve public
health.

3.4. Sepsis caused by antibiotic-resistant pathogens

Sepsis caused by anfibiotic-resistant pathogens is a serious clinical problem that significantly
comyplicates treatment and worsens the prognosis of patients. Anfibiofic resistance significantly
mcreases the nisk of complications such as septic shock and multiple organ failure, and increases
mortality. C. Gudiol et al. [30] discusses the problems of sepsis in patients with cancer in the sefting
of antimicrobial resistance, emphasizing that delay in intiating adecuate empirical antibiofic therapy
can lead to poor outcomes, with high morbidity and mortality rates in this patient group.
B. Tessema et al. [31] conducted a meta-analysis on antibiotic resistance of bacterial isolates from
patients with neonatal sepsis at the University Hospital of Leipzig, Germany. The study found that
74% of 134 1solates were Gram-positive bacteria. 5. epidermidis showed the highest resistance to
penicillin G and roxithromycin (90% each), followed by cefotaxime, cefuroxime, imipenem oxacillin
and piperacillin-tazobactam (88% each), ampicillin-sulbactam (87%). meropenem (86%) and
gentamicin (39%). £ coli showed the highest resistance to ampicillin (74%), followed by ampicillin-
sulbactam (52%) and piperacillin (48%). S. Jannah et al [32] found that Gram-positive bacteria
detected in septic patients were resistant to piperacillin-tazobactam in 100% of cases, and to
daptomycin and clindamycin in 99 2% of cases, which significantly complicated the administration
of adequate anfibiotic therapy. K Sands et al [33] reveal that out of 36,285 neonates in the study,
2 483 were diagnosed with culture-confirmed sepsis. Klebsiella preumoniae with nmltiple antibiotic
resistance was the leading cause of neonatal sepsis, emphasizing the need for research fo develop
more effecfive freatments.

Early identification of pathogens and their resistance to antibiofics is critical for timely initiation
of adequate therapy. This requires the use of advanced molecular and microbiological diagnostic
methods. In settings where antibiotic resistance is highly likely, it is important fo inifiate treatment
with empirical use of antibiotics that are active against suspected resistant strains. This approach helps
to control the infection until the results of sensitivity tests become available. W E. Oliveira et al. [34]
performed a meta-analysis on 3872 bacterial genomes isolated from blood and identfified 71.745
antibiotic resistance genes (ARGs). Taxonomy analysis showed that Profeobacieria and Firmicutes
phvla, and Blebsiella preumoniae and Staphylococcus aureus species were the most represented. A
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comparison of the ARG with the Resfams database showed that the main mechanism of antibiofic
resistance was the action of excrefion pumps.

The use of antibiotic combinations can be effective in combating resistance and preventing the
development of new resistant forms. However, the choice of drugs nmst be careful fo minimize the
risk of further development of resistance. Maintenance of vital organ function and prevention of
additional infections also play a key role in the management of sepsis. Regular monitoring of
treatment response and adaptation of antibiotic therapy according to the patient’s clinical condition
and laboratory results are integral to the management of sepsis in the setting of antibiotic resistance.

3.5, Strategies to counter antibiotic resistance

To overcome the problem of antibiotic resistance in sepsis in ICU. a comprehensive approach
mvolving several key strategies is needed. An important area of focus is the development of new
antibiotics. Pharmaceutical companies are actively working to develop new classes of anfibiotics with
novel mechanisms of action For example agents such as ceftazidime-avibactam ceftolozan-
tazobactam and plazomicin have already demonstrated efficacy against resistant Gram-negative
pathogens and represent an important addition to the armoury of dmgs for the treatment of sepsis in
the ICU [Error! Reference source not found.].

The rational use of antibiotics also plays a key role in combating resistance. Anfibiofic
Stewardship Programmes (ASPs) in ICTUs aim to improve the quality of antibiotic prescribing, reduce
mappropriate use and slow the development of resistance. Systematic reviews have shown that the
mtroduction of ASPs leads to a significant reduction in the use of broad-spectrum antibiotics, lower
rates of inappropriate therapy and fewer infections caused by resistant pathogens. In addition, ASPs
confribute to reduced mortality and lower treatment costs. M. Stracy et al. [36] present a methodology
based on machine learning to personalize antibiotic selection to minimize the risk of resistance. The
study is based on the analysis of 140,349 cases of urinary tract infections and 7,365 wound infections,
showing that it is possible to predict the emergence of resistance and manage it effectively. J. Ye and
X Chen [37]. F. Algahtani et al. [38] discussed the development of alternative strategies against
antibiotic-resistant bacteria. The study suggests several approaches, including bacteriophages,
antibiofilm dmgs, probiotics, and nanomaterials. It is indicated that clinical and pre-clinical trials
show the significant potential of these methods against resistant bacteria. GB. Nair and
MS. Niederman [39] indicate that the key principle in the treatment of infections caused by
antibiotic-resistant microorganisms is the correct identification of the pathogen adequate timing of
therapy, use of 2 or 3-component regimens fo reduce the risk of resistance development.

With the growing threat of antibiotic resistance. researchers are exploring alternative
approaches such as phage therapy, antimicrobial peptides and monoclonal anfibody therapy. Phage
therapy, which uses phage viruses to fight bacterial infections. has shown promising results, but ifs
widespread adoption has been hampered by the lack of a clear regulatory framework Antimicrobial
peptides. such as cationic antimicrobial peptides (cAMPs), represent a promising class of antibacterial
agents with novel mechanisms of action, but they require further research to be fully ufilized in
clinical practice. Additionally, strengthening infection control measures, improving epidemiological
surveillance for resistance, and developing vaccines and imnmmotherapeutic agents for the prevention
and treatment of infections play an important role in reducing the spread of resistant pathogens.
Intersectoral collaboration and raising awareness of antibiotic resistance among health-care workers
and the public are also important. Thus, an integrated approach combining different strategies is the
kev to overcoming the threat of antibiotic resistance in sepsis in the ICU setting and improving clinical
outcomes for patients. These measures not only help to reduce the negative consequences of antibiotic
resistance, but also improve the overall quality of care.

3.6. Effectiveness of strategies for managing the spread of resistance

Different strategies to combat anfibiofic resistance in sepsis in the ICU have shown varving
degrees of effectiveness. The most promising results are seen with an integrated approach, combining
several complementary measures. Antimicrobial stewardship programmes (ASP) are recognized as
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one of the most effective strategies [40]. A systematic review conducted by D. Dona et al. [41] showed
that the implementation of ASPs in the ICT resulted in a significant reduction in the use of broad-
spectrum anfibiotics (by 19.1%%). a reduction in inappropriate antibiotic therapy (by 19.6%) and a
reduction in the number of infections caused by resistant pathogens (by 23.4%). In addition. ASPs
confributed to a 17.53% reduction in mortality and an average cost savings of USD 621 per patient.

Strengthening infection control measures, such as hand hygiene, isolation of infected patients
and appropriate use of personal protective equipment. also plays an important role in containing the
spread of resistant strains. A meta-analvsis by J. Ma et al. [42] showed that strict adherence to
mfection control measures leads to a 51% reduction in the incidence of infections caused by resistant
pathogens. Combination strategies that combine ASP, infection control measures and other
approaches. such as epidemiological surveillance and training of health care personnel, have been
shown to be most effective. According to H A El-Mahallawy et al [43]. implementation of an
mfegrated programme resulted in a 54% reduction in carbapenem resistance among
Enterobacteriaceae, as well as a significant reduction in mortality from infections caused by these
pathogens. However, it should be noted that the effectiveness of resistance management strategies
may vary depending on local epidenmuological conditions, resources, and the commitment of health
care personnel to adhere to recommendations. Therefore, it is important to tailor and implement
strategies to the specific needs and capacities of each ICTT [44. 45]. The accunmlated evidence
suggests that an integrated, multicomponent approach combining different strategies is the most
effective wayv to overcome the threat of antibiotic resistance in sepsis in the ICU sefting and improve
clinical outcomes in patients [46. 47].

This review article plays a critical role by providing a wealth of data and analyses that can serve
as a valuable resource for clinicians, medical researchers, and health policymakers. The data collected
and analysed aims to inform these groups of the latest trends and scientific advances in the field of
antibiotic resistance, which in turn can contribute to the development of new, more effective strategies
to control and combat antibiotic resistance. The need for an integrated approach that includes
strengthened research. innovations in clinical practice and changes in antibiotic stewardship policies
15 emphasized. Thus, based on this review, strategic courses of action can be developed to minimize
the spread of antibiotic resistance. improve the diagnosis and freatment of infections, and increase
awareness and responsibility among health care providers and the public. As a result of these efforts,
we can expect to see significant improvements in the outcomes of patients with infectious diseases
and significant improvements in the efficiency of the public health system.

4. Conclusions

The problem of antibiotic resistance in intensive care units, especially in the context of sepsis,
remains one of the most pressing challenges of modem medicine. This problem requires urgent
aftention and coordinated action at all levels of the medical and pharmaceutical community. The
development of new antibiotics remains crifical to overcome resistance to existing drugs. New dmgs
such as ceftazidime-avibactam ceftolozan-tazobactam and plazomicin have already shown
encouraging results against resistant Gram-negative pathogens and may plav a key role in the
treatment of severe infections in the ICU. However. given the length and cost of the process of
developing new antibiotics, if is also important to focus on the rational use of existing antibactenials.

Antibiotic  Stewardslip Programumes (ASPs) demonstrate the importance of anfibiotic
stewardship efforts to reduce unnecessary anfibiofic use, which, in furn, reduces the risk of resistance
development. These programmes have helped to achieve significant improvements in the quality of
care, reducing the incidence of infections with resistant pathogens, reducing mortality and the
economic costs of treatment. Research info alternative therapeutic strategies such as phage therapy,
antimicrobial peptides, and monoclonal antibody therapy offer new opportunities to combat resistant
mfections. These approaches may offer complementary therapies that can be integrated info existing
protocols for the management of severe bacterial infections. In addition strengthening infection
confrol measures, improving epidemiological surveillance, and developing vaccines and
mnmnotherapeutics are vital strategies to prevent and manage the spread of infections. Intersectoral
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collaboration and active public participation are also needed to raise awareness of the seriousness of
the threat of antibiotic resistance and to support sustainable health practices.

In conclusion. a comprehensive approach to the problem of antibiofic resistance, including the
development of new dmgs. optimization of the use of current dmigs, infroduction of innovative
therapies and improved infection control measures, is the key to overcoming this threat. Only through
the collaborative efforts of the medical commmmity, researchers, the pharmaceutical industry,
government agencies and the public can significant progress be made in combating antibiotic
resistance and improving clinical outcomes for patients worldwide.
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Abstract Introduction: Antibiotic resistance poses a significant threat to public health, that can
lead to reduced effectiveness of many therapies, increased morbidity, longer hospitalization times,
increased deaths, and additional costs for health care systems. Unreasonable use of antibiotics may
result from a lack of adequate know ledge about antibiotic therapy and a lack of knowledge of the
risks associated with antibiotic resistance, both among medical personnel and patients. Aim. The
primary objective of the study was to verify the opinion of medical personnel on the risks associated
with antibiotic resistance. Material and Methods: The study was conducted in 2023 among &05 Polish
sanitary workers. An anonymous survey designed specifically for the purpose of the study was
used. The survey was made available on the Internet through the Trade Unions of Pharmacy Workers
and directly to hospitals with the support of local authorities. Results: The majority of respondents
were women (77.36%:). The largest group consisted of individuals over 40 years of age (55.04%).
More than half of the respondents were nurses (56.20%), and every fourth of the respondents was
a physician (23.64%). Most mespondents consider antibiotic resistance to be a very serious (24.13%)
or extremely serious (30.75%) problem. The problem of antibiotic resistance on a global scale was
mentioned, especially in the opinions of physicians and nurses (p < 0.01), people working in the
profession for over a year (p= 0.01), and people with a spedalization or undergoing specialist training
{p= 0.00). Similarly, these groups most often indicated that antibiotic resistance poses a problem
in their workplace. The main problems of antibiotic resistanoe were the use of antibiotics in farm
animals (36.60%), the pressumre on patients to take antibiotics (38.84%), and the prophylactic use
of antibiotics (43.15%,). Conclusions: Medical personnel consider antibiotic resistance a somew hat
serious problem, although not all agree in this egard. The risk of antibiotic resistance is much more
seriously assessed by physicians and nurses, as well as by people with specializations or undergoing
specialization training. Knowledge about antibiotic resistance should be further spread among all
groups of medical personnel.

Keywords opinions; attitudes; know led ge; antibiotics; antibiotic resistance; medical staff
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L Introduction

Antibiotic resistance is one of the most significant threats to public health [1]. An-
tibiotics are a class of anttmicrobials used to combat bacterial infecions and antibiotic
resistance, which is the most commonly used class of antimicrobials, Therefome, in order to
resist forced environmental selection, bacteria tend to develop drug mesistance, which leads
to the ineffectiveness of previous therapies [2]. This situation in turn contributes to higher
morbidity, longer hospitalizations, and higher mortality and generates many additional
costs for healthcame systems [3-5]. It is estimated that in 2019, antibiotic resistance was
the direct cause of 1.27 million deaths worldwide and contributed to another 4.95 million
deaths [1]. In the European Union (EU} and the European Economic Area, 33,000 people
die each year from infection with a resistant strain of bacteria, with no sign of change in
the vears to come. World Bank data indicate that AMR will contrbute to the increase in
healthcare costs by 1 trillion USD by 2050 and additional coste of lost productivity many
times higher, translating into logses in GDF of up to 3.4 trillion USD per year [6]. The costs
include, among others: patients” stay in hospitals, which, in the case of hospitalization due
to infections with a resistant strain of bacteria, lasts on average 13 days. Given the number
of patients infedted with drug-resistant backeria, the annual hospitalization time amounts to
8 million days and costs up to 29,000 USD per patient [7]. Increased mass use of antibiotics
during the COVIIHY pandemic will increase bacterial registance and ultimately lead to
mome deaths [7].

The unmeasonable use of antibiotics, which causes antibiotic msistance, 18 contributed
by, among others, madequate knowledge in the use of antibiotic therapy, unconsciousness
of the risks associated with antibiotic resistance, lack of rapid and sufficient diagnostic
tests, but also advertising of drugs and the pressure of patients to prescribe this group of
drugs [5-11].

The optimal use of existing antimicrobials, the use of allernative teatment options,
education of health care professionals and patients, the implementation of antibiotic policies,
and effechve measures to control infections ane examples of strateges to prevent the
development and spread of antibiotic msistance [2,12]. Due to their global scope, these
issues have been recognized as priorities in the area of public health by a number of
organizations and agendcies around the world, including: the World Health Organization,
the European Parliament, the European Cenfer for Disease Prevention and Control (ECDC)
for Dhsease Preventon and Control), the US Centers for Disease Control and Prevention
(CDC), or the US Food and Drug Administration (FDA). In Poland, these types of activities
are undertaken as part of the National Antibiotic Protection Program.

Awareness among medical personnel and patients of the dangers of antibiotic re-
sistanoe is extremely important in the prevention of antibiotic resistance. Studies show
that medical personnel are not abways fully aware of the risks of the improper use of
antibiotics [13,14]. The problem is also the lack of awareness of how medical personnel can
contribute to reducing antibiotic nesistance [15].

Drue to the above, the main aim of our research was to explon: the opinion of medical
staff om the threats related to antibiotic resistance. In addition, the study sought a rela-
tionship between work experience and specialized training in antibiotic therapy and the
aw areness of respondents.

2 Material and Methods
2.1. Study Design

The study was conducted between September and December 2023 among 605 medical
workers using an anonymous survey. It was an online survey whene the link was provided
to the pharmacists through Trade Unions of Pharmacy Workers (ZZPF—https: /[ Swww.
zzpforg.pl (accessed on 1 April 2024)) and directly to hospitals through the Central Office
of Marshal in Warsaw (https://mazoviapl/en/ (acoessed on 1 April 2024)) with the
support of local governments. The questionnain was sent with government support to all
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hospitals in the Masovian Voivodeship at the request of the management and sent to all

medical employees.

The survey was created specifically for the purposes of the study and included 4 ba-
sic questions (containing specific questions) regarding the purpose of the study and the
demographics (gender, age, profession, work expenience, specialization, voivodeship, work-
place, place of work: public/private hospital, nursery, individual practice, public/hospital
pharmacy, and pharmaceutical company).

A questionnaine was created based on a literature review and our local needs due to
the high impact of AMR in Poland.

The questionnaire consisted of four main questions as well as extension questions:

1 Rate on a scale of 1 (no problem) to 7 (very serious problem) how serious antibiotic
mesistance is in the following locations: worldwide /hospital in your city /in your
proving: / your workplace.

2 Rate on a scale of 1 {no problem) to 7 (very serious problem) how strongly you think
the: following factors influence the increase in antibiotic resistance in Poland: antibiotic
use inbred animals/ antibiotic use in humans in Your region/ antibiotic use in patients
in hospitals/patient pressure for a physician to prescribe antibiotics, prophylactic
antibiotic use fantibiobic use in children.

3 Rate on a scake of 1 {no problem) to 7 (very serious problem) health care workers” per-
ception of the problem of drug resistance in the context of patient care and strategies
to combat antibiotic resistance (questions only for espondents working in hospitals):
the problem of antibiotic registance affects patients under my care/ rational use of
antibiotics will meduce the problem of antibiotic registance /antibiotics used incor-
mectly may worsen the patient's health/ prescribing antibiotics without indications
is professionally unethical/ limiting the prescription of antibiotics only in hospital
treatment will help reduce the problem of antibiotic resistance/a policy of rational
use of antibiotics should be introduced in my hospital/a computer application should
be launched that would advise on the selechion and duration of antibiotic therapy
for patients in my hospital/a team should be established consisting of a physician
specialist, clinical pharmacist and nurse providing personalized advice on antibiotic
prescribing in my hospital /T will be happy to take part in any initiatives related to the
use of antimicrobials in my hospital.

4. Rate on a scale of 1 {no problem) to 7 (very serious problem) the attitude of health-
camre professionals towarnds strategies to combat antibiotic resistance: strategies to
combat antibiotic resistance/ regular hospital antibiotic audits and follow-up recom-
mendations, limiting the prescribing of all antibiotics /limiting the prescribing of
soma antibiotics/easily accessible advice from microbiclogists /regular educational
training on the rational use of antibiotics.

Each of the questions respondents could rate on a scale of 1-7 (wheme 1—strongly
disagree, 7—strongly agree).

2.2, Ethical-Legal Aspects

The study was approved by the Bicethics Commission of the Karol Marcinkowski
Medical University in Poznan (Decision No. EC 988,/23).

2.3, Statistical Analysis

The statistical analyses wene performed using the STATISTICA data analysis soft-
warme system version 13.0, StatSoft, Inc. (2017). https: /S wwwstatsoft. com (accessed on
1 April 2024).

The qualitative variables were presented with counts and percentages. To determine
the dependence, strength, and direction between variables, the Pearson chi-squane test and
the Cramer V test were used. In all the calculations, a statistical significance of p = (.05
was used.
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3. Results
3.1. Sample

In the study, 605 respondents participaked, the majority of whom wene women (77.36%).
The langest group of espondents consisted of individuals over 40 years of age (55.04%). The
vast majority of respondents live in the Masovian Voivoedeship (79.50%). Nearly one-third
of respondents live in a town with 50,000-100,000 inhabitants (34.21%), while one-fourth
live in a town with 10,000-50,000 inhabitants (24.30%) (Table 1).

Table 1. Demographic characteristics of the study group.

Study Group (n = &l5)

Sex
Women 468 (77.36%)
Men 124 (20.50%)
Mo response 3 (214%)
Age
<25 years 28 (463%
25-30 years 77 (1273%)
31-35 years 82 (13.55%)
3640 years 85 (14.05%)
=40 years 333 (55.04%)
Size of place of residence
Village 24 (3.97%)
Town up to 10,000 inhabitants 26 (430%)
Toowm 10,000-50,000 inhabitants 147 (24.30%)
Towen 50,000-100,000 inhabitants 207 (34.21%)
Towe e 100,000-500,000 inhabitants 113 (18.68%)
City above 500,000 inhabitants B8 (14.54%,)

More than half of the respondents wene nurses (56.20%), and every fourth of the
respondents was a physician (23.64%). Mearly half of the ispondents had been working in
their profession for over 20 vears (46.46%), and every fifth for 11-20 vears (19.50%). The
majority of mspondents had a specialization (55.54%), while nearly one-gixth (14.71%) wene
working towards specalization. Most of the physicians and nurses worked in state hospitals
(73.50%), while the pharmacists worked in public pharmacies (60066%). Among nurses with
a specialization {or prespedalization), the largest groups wene surgical nurses (29.72%) and
anesthetic and intensive came nurses (26.51%). Among the specialized physicians, speaalists
in internal medicine (12.77%) and general sungery (11.35%) were predominant, while among
pharmacists with specialization, pharmacy pharmacists (64.44%) predominated (Table 2).

Table 2. Professional characteristics of respondents.

Study Group in = 605)

Job
MNurse 0 (56.20%)
Physician 143 (23.64%)
Pharmacist 122 (20.16%:)
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Table 2. Conf.

Study Group (n = 605)

Length of employment
<1 years 14 (2.31%
1-5years 103 (17.02%)
610 years B9 (1471%)
11-20 years 118 (19.50%)
=20 years 281 (46.45%:)
Specialization
Yes 336 (55.54%)
No 180 (20.75%)
In progress BO (14 71%)
Main workplace of physicians and nurses in = 483)
State hospital 355 (73.50%)
Cutpatient clinic 53 (10.979%%)
Private hospital 48 (9.94%,)
Private practice 17 (3.52%%
Other 10 (2.07%)
Main workplace of pharmacists (r = 122)
Hospital pharmacy 25 (20.49%)
Public pharmacy T4 (B0.66%)
Pharmaceutical company 13 (10.66%)
Cher 10 (8.19%:)

3.2, Opinions of Medical Practitioners
The majority of respondents considened antibiotic resistance to be a very serious
(24.13%) or extremely serious (30.75%) problem on a global scale; however, on a closer scake
(hospital in city / hospital in provinee Sworkplace), they primarily assess this problem as
serious or somew hat serious (altogether, approximately 40% of the mespondents) (Table 3).
The problem of antibiotic resistance on a global scale was perceved mome seriously by:
- Physicians (mome than other professions) and nurses (mom than pharmacists) (p = 00003);
- Individuals working in the profession for mone than a vear (p < 0.01);
- Individuals with spedalization or undergoing specialization training (p < 0.01). In all
cases, theme was a weak mlationship.
The problem of antibiotic esistance on the scale of hospitals in a Aty was percenved
momne seriously by:
- Physicians (more than other professions) and nurses (more than pharmacists) (p < 0.01);
- Individuals working longer in the profession (p= 0L01);
- Individuals with specialization or undergoing specialization traiming (p < 0.01);
- Individuals working mainly in hospitals and clinies (p < 0.01) have weak relationships
in all the above cases.
The problem of antibiotic resistance on the scale of hospitals in a province was per-
ceivied more sertously by:
- Physicians and nurses (p < 0.01);
- Individuals working longer in the profession (pr-< 0.01);
- Individuals with specialization or undergoing specialization traiming (p < 0.01);
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- Individuals working in state hogpitals (p < 0.01). In those cases, there wene also
weak melationships.
The problem of antibiotic resistance on the scake of the workplace (also with a rather

weak relationship) was perceived more seriously by:

- Physicians and nurses (p < 0.01);

- Individuals working longer in the profession (p= 0.02);

- Indwviduals with specialization or undergoing specialization training (p < 0.01);

- Individuals working in state hospitals (p < 0.01).

Table 3. Responses of the respondents regarding the serivusness of the issue of antibiotic resistance
on different scales.

How Significant an Issue Is Antibiotic Resistance on the Scale. ..

Hospitals in Hospitals in Your

Worldwide Your City Your Province Workplace

No problem 2 (0.33%) 25 (4.13%) 26 (4.30%) 37 (6.12%)
Minor problem 29 (4.79%) 58 (9.59%) B4 (10.587%) 91 (15.04%)
Moderate problem &6 (10.917%) o4 (15.54%) 78 (12.89%) 94 (15.54%,)
Somew hat serious - o : -
Problem o0 (14887%) 139 (22.08%) 135 (22.31%) 113 (18.68%)
Serious problem 86 (14.217%) 115 (19.00%) 113 (18.68%) 109 (18.02%)
Very serious problem 144 (24.13%) 81 (13.39%) B8 (14.55%) 72 (11.90%)
Extremely serious 186 (3075%) 93 (15.37%) 101 (16.60%) 89 (14.70%,)

problem

The majority of respondents considered the usage of antibiotics in livestock (36.6%%),
patient pressume to meceive antibiotics (38.84%), prophylactic use of antibiotics (43.15%), and
usage of antibiotics in childmen (31.90%) as extremely serious problems in exacerbating an-
tibiotic resistance in Poland. Meanw hile, the use of antibiotics by patients in provinces and
hospitals was mainly classified as a serious problem or a very sericus problem (altogether,
this accounts for approximately 40% of the msponses) (Table 4).

Usage of antbiotics in livestock in exacerbating antibiotic nesistanoe in Poland was
perceived more seriously by:

- Physicians (more than other professions) and nurses {more than pharmacists) (p< 0.01);
- Individuals with specialization or undergoing specialzation training (p < 0.01), with
weak melationships in all cases.

Usage of antibiotics by patients in the province in exacerbating antibiotic resistance in
Poland was perceived mone sericusly (with a weak relationship) by:

- Physicians (more than other professions) and nurses (mone than pharmacists) (p < 0.01);
- Individuals with specialization or undergoing specialzation training (p < 0.01);
- Pharmacists working in hospitals and public pharmacies (p < 0.01).

Usage of antibiotics by patients in the hospital in exacerbating antibiotic registance in

Poland was perceived mom seriously by:

- Physicians and nurses (p < 0.01);

- Individuals with specialization or undergoing specialization training (p < 0,01}, with
rather weak relationships in both cases.

Patient pressure to receive antibiotics in exacerbating antibiotic resistance in Poland
wias perceived mome sericusly (but with a weak mlationship) by:

- Physicians and nurses (p < 0.01),
- Individuals with specialization or undergoing specialization training (p < 0.01).
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Prophylactic use of antibiotics in exacerbating antibiotic resistance in Poland was
perceived more seriously (with a weak relationship) by:

- Physicians and nurses (p < 0.01),

- Individuals with spedcialization or undergoing specialization training (p < 0,01,

- Pharmacists working in hospitals and public pharmacies (p = 0.03).
Usage of antibiotics in children in exacerbating antibiotic resistance in Poland was

perceived more seriously by:

- Physicians and nurses (p < 0.01),

- Individuals with spedialization or undergoing specialization training (p < 0,01,

- Pharmacists working in hospitals and public pharmacies (p = 0.01) and the relation-
ships were rather weak in all cases,

Table 4. Respcnses to questions regarding the exacerbation of antibiotic resistance through selected

antibiotic usage methods.

How Significant of an Issue Is. .. in Exacerbating Antibiotic Resistance in Poland?

Usage of Usage of
Usageof — \ tibioticsby  Antibioticsby o on Pressure  Prophylactic - Usage of
Antibiotics Patients in Patients in the to Receive Use of Antibiotics
in Livestock N N Antibiotics Amntibiotics in Children
Province Hospital
No problem 15 (245%) 11 (L82%) 15 (248%) 17 (281%) 12(198%) 16 (264%)
Minor problem 42 (6.94%) 58 (9.507) 57 (9.42%) 47T 56(0.25%) 50 (8.26%)
Moderate problems. 73 (12.07%) 60 (9.027) 4 (13.88%) 51 (8.43%) FA(RO3Y)  56(9.26%)
Somewhat serious g 49 349 98 (16.20%) 85 (14.05%) 55 (2.09%) 52 (8.50%) 73 (12.07%)
problem
Serious problem &3 (13.72%) 123 (20.33%) 146 (34 13%) 79 (13.06%) 77 (1273%) 100 (16.53%)
Very serious problem 102 (16.86%) 136 (22487, 112 (1851%) 128 (2050%) 93153 %) 117 (19.34%)
Extremely serious ) egom) 119 (19.66%) 106 (17.53%) 235 (38.84%) 261 (43.15%) 195 (3L.90%)

problem

Muost mspondents agreed with the statements that “improper use of antibiotics can
worsen the patient’s health condition” and “prescribing antibiotics without indications is
congidered unprofessional conduct”. They also agree that “rational use of antibiotics will
reduce the problem assocated with antibiotic resistance”, and “limiting the prescription
of antibiotics solely for hospital treatment will help reduce the problem of antibiotic
mesistance”. However, the agreement i8 mome pronounced for the first two statements.
Similar percentages of patients agmee and disagree with the statement that * the issue of
antibiohc resistance affects patients under my care™ (41.2% va. 43.74%).

With the statement “The issue of antibiotic resistance affects patients under my care”,
those more likely to agree wene:

- Physicians and nurses (p < 0.01),

- Individuals working longer in the profession (p= 0L.01),

- Individuals with specialization or undergoing specialization training (ff < 0.01), with a
rather weak relationship in all cases.

Physicians (more than other professions) and nurses (more than pharmacists) (p < 0.01
in each case), as well as individuals with specialization or undergoing specialization
training, (p < 0.01 in each case), wene more likely to agree with the remaining statements
from Table 5—these are rather weak associabions.

More respondents agreed (approsamately 50%) than disagreed (approximately 40%)
with the statements listed in Table 6; however, the popularity of positive over negative
responses was small, ranging from a few to several percent.
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Table 5. Perception of antibiotic resistance among hospital staff (n = 432) in the context of patient care

and strategies to combat antibiotic resistance. Part 1.

To W hat Extent Do You Agree with the Statement

Rational Use of

Limiting the

— ) Preseribing A
The Issue of Antibiotics Will Improper Use of I . Prescription of
Antibiotic Reduce the Antibiotics Can ﬁ‘“;'h;.mi.s “"t:"” "' Antibiotics Solely for
Resistance Problem ‘Worsen the rll:uﬁ:i:::::ds Huospital Treatme nt
Affects Patients Associated with Patient's Health Unprofessional ‘Will Help Reduce the
Under My Care. Antibiotic Condition Eunducl Froblem of Antibiotic
Resistance. : Resistance.
Stromghy disagres 44 (7.997%) 25 (4.54%) 12 (2.18%) 13 (236%) 28 (5.13%)
Disagree 95 (17.24%) 73 (13.25%) 50 (9.07%) 48 (B.72%) 74 (13.55%)
Slightly disagres 102 (18.51%:) 73(13.25%) 52 (9.44%) 58 (10.55%: 72 (13.19%)
Meutral 83 (15.06%) 68 (12.34%) 43 (7.80%) 25 (4.55M) 73 (13.37%)
Slightly agree B4 (15.25%) 92 (1670%) 74 (13.43%) 60 (10.91% 20 (16.48%)
Agree 69 (12.52%) 88 (15.97%) 123 (22.32%) lpl (18.36%) 82 (15.02%)
Strongly agree 74(1343%) 132 (23.95%) 197 (35.70%) 245 (44.55%) 127 (23.26%)

With the statement “In my hospital, we should implement a policy for the rational use
of antibiotics”, those more likely to agree weme (weak elationships):
- Physicians and nurses (p < 0.01),
- Individuals with specialization or undergoing specialization training (p = 0.008).
With the statement “In my hospital, guidelines for the use of antibiotics should be
implemented.”, those more likely to agree were:
- Physicians (more than other professions) and nurses (more than pharmadcists) (p < 0L01),

this is a weak melationship.

Table 6. Perception of antibiotic resistance among hospital staff (n = 432) in the context of patient care
and strategies to combat antibiotic resistance. Part 2.

To What Extent Do You Agree with the Statement

In My Hospital,

In My Hospital,

In My Hospital, There

In My Hospital, a Should Be a Team

Computer Application

I Am Willing to
Participate in

Implementa the Useof | Should BeLaunched o (CRSURUE L ded to the

n:f:ﬂ.mi of ;::: :3 tliaf the Selection and iﬁ“@?:hﬁﬁ id::t'g Ant]’l;li'Lsfc?:bial

Antibiotics.  Implemented. ?1_':::“ :f T".b"’"': Personalized Advice on  Agents in My

Py for Fatlents. 4 ntibiatic Prescribing, Hospital

Strongly disagree 37 (8.56%) 0 (9.18%) 34 (7.89%) 56 (13.11%) &7 (11.01%)
Disagree 70 (16.20%) 64 (15.06%) 62 (14.30%) 56 (13.11%) 54 (12.65%)
Slightly disagree 65 (15.05%) 56 (13.16%) 53 (12.20%) 47 (11.01%) 58 (13.58%)
Meutral 47 (10L.88%) 51 (12.00%) 46 (10L67%) B0 (14.05%) A2 (14.52%)
Slightly agree 61 (1412%) &5 (15.20%,) 63 (14.62%) 44 (10.30%) 54 (12.65%)
Agree 56 (12.96%) 56 (13.16%) &8 (1578%) 68 (15.93%) 60 (14.05%)
Strongly agree | 96 (22.23%) of (2211%) 105 (24.36%) 06 (22.40%) 02 (21.54%)

With the statement “In my hospital, theme should be a team consisting of a specialist

phvsician, a clinical pharmacist and a nurse providing personalized advice on prescribing
antibiotics.”, those more likely to agree wene:
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- Physicians (more than other professions) and nurses (more than pharmacists) (p = 0.03),
this 15 a weak relationship.
- Individuals with specialization or undergoing spedalization training (p < 0.01), this is

a rather weak relationship.

With the statement “T am willing to participate in any initiatives related to the use of
antimicrobial agents in my hospital ™, those more likely to agres wene:

- Physicians (p = 0.01), this is a weak relationship.

The majority of espondents agreed with the statements listed in Table 7 (around
S0-60% of responses in favor va around 309 of responses against).

With the first four statements from Table 7, phvsicians (p < 0001 with a weak melation-
ship in each case) and individuals with specialization or undergoing specialization training
(p = 0.01 in each case except the second question whene p < 0.01; the first two associations
are weak, the emaining two are rather weak) wene mone likely to agmee.

With the mmaining statements from Table 7, physicdans {mome than other professions)
and nurses (more than pharmacists) (p= 0,03 and p < 0.01, these ame rather weak associations)
and individuals with specalization or undergoing specalization training (in both cases
p= 0,01 these are weak assorciations) were more likely to agree.

Table 7. Healthcare workers” approach to strategies aimed at combating antibiotic resistance.

To What Extent Do You Agree with the Statement

Régnhr Audits of Limiting the Easily Resul:u:
Strategies to Antibiotic Therapy Limiting the Presscri t‘i“n of Accessible Educational
Combat in Hospitals along ~ Prescription of P Advice from Training on the
Antibiotic with Postaudit All Antibiotics SR "’c Microbiologists  Rational Use of
Resistance Can Recommendations Can Reduce n ‘R;fh:: an Can Help Antibintics Can
Help Limit This ~ Can Help Reduce Antibiotic Antibiotic Reduce Reducs
Phénomenon. Antibiotic Resistance. Resistance. Antibictic Antibiotic
Resistance. v Resistance. Resistance.
Strong - -
._1.'53:;::5 3 (380%) 39 {6.45%) 26 (4 63%) 27 (L46%) 33 (5.45%) 315.12%)
Disagres 58 (9590 71{1174%) 76 (12.56%) B8 (11.24%) 65 (10 74%) &7 (1Li7%)
Slightly disagme o7 (16.03%) 91 (15.04%) 76 (12.56%) B4 (13.85%) 73 (1207%) B4 (13.88%)
Meutral B9 (1L T1%) 75 (1239%) ) (14855, 74 (1223%) 50 {9750%) £2 (10.25%)
Slightly agree B (13.22%) B (1421%) o1 (15.04%) 102 {16865 B (13.27%) 74 (12.23%)
Agres 138 (22.61%) 136 (22.48%) 118 (19.50%) 114 (18.84%) 126 (2053%) 123 {20.33%)
Stromgly agme 120 (19.64%) 107 {17.60%) 126 {20.63%) 136 {22.49%,) 160 (27 54%) 164 (27.12%)

4. Discussion

To the best of our knowledge, our study is the first of its kind to include such a
large number of Polish medical workers. To the present day, nesearch has boen conducted
on the awamness of antibiotic resistance among the general public [16,17] and medical
students [15,19] in Poland. This makes it all the mone important to study large groups of
medical workers, which was the aim of this study.

According to the results we obtained, the majority of mspondents—FPolish medical
workers—oonsider antibiotic msistane a very serious problem (24.13%) or extremely
serious (30.75%). The problem of antibiotic resistance on a global scake was mentioned,
especially in the opinions of physicians and nurses, including people working in the
profession for over a viear, or people with spedalization or undergoing specialist training,.
Similarly, these groups most often indicated that antibiotic mesistance is a problkm in
thiir workplace.

Some publications directly indicate that a small number of studies, including those
conducted in Europe, focus on AME awamness amonyg healthcare workers, although thene
ame studies of this type conducted among sodal groups or students [20]. This tvpe of
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research was conducted in Ifaly. As sugpested by our study, Barchitta et al. (2021) indicated
that Italian health workers have disparate knowledge and attitudes regarding antibiotic
use and AMRE awameness, stressing the need for educational and training interventions for
specific professional groups [21]. Additionally, an Iranian study confirms large differences
in the level of knowledge and approach to the use of antibiotics among health workers,
indicating the need for the education of these groups [22]. However, Keizer et al. (2019),
comparing health workers from Germany and the Netherlands, indicate a fairly large and
similar awameness of different groups, although German workers, compared to Dutch, see
momne possibilities of influencing rationalizatioms of antibiotic therapy [15].

Studies of AMR awareness of individual professional groups, e.g., nurses, also do not
give unambiguous results. Nurses demonstrate moderate awaneness of the AME problem
and, importantly, this awareness is not dependent on demographic characteristics or their
attitudes and general knowledge. There was also no link between awareness and the total
number of years of experience or spedalist training [23,24]. In tum, a study of young Italian
physicians showed that their knowledge of antibiotic therapy was low compared to the
declared ome [25]

There are also few studies involving pharmacists, although it is stressed that the
broader role of this professional group, including the provigion of varous patient care
services, results in betber patient health outcomes and lower healthcame costs. Properly
trained pharmacists can them fore have a significant impact on increaging rational antibi-
otic use, which in turn can affect the global problem of antimicrobial resistance [26,27].
Moreover, pharmacists can be the right group of professionals to raise awareness. A study
assessing the pharmaceutical infervention in increasing patient knowledge of antibiotic
therapy shows that those who took the advice of a local pharmacist showed much better
knowledge of antibiotic use [25].

The results obtained in our study indicate that approximately half of mspondents indi-
cate the importance of the AME problem. This data is of particular importance due to the
fact that the AMR problem is indicated as one of the most important public health problems
by many organizations, including WHO [1]. WHO highlights the scale of improper use of
antimicrobials as a significant risk factor, often in improper doses and sometimes in the case
of nonbacterial infections. The evolution of bacterial resistance as a nesult of the widespread
and irrational use of antibiotics poses serious challenges to healthcare systems and increases
the cost of treatment [29-21]. Given the high frequency of prescribing antibiotics and the
growing global consumption of antibiotics, there is an urgent need to address this problem
in order to protect public health [32,33].

To address the challenges of improper antibiotic therapy, varous interventions are
rmecommended, including the promotion, monitoring and evaluation of the rational use
of antibiotic therapy at various levels of healthcare, as well as the adoption of clinical
guidelines or the establishment of drug and therapeutic commitbees. For this purpose, it is
important o include training in rational pharmacotherapy in educational programs, as well
as the continuous education of medical staff and the public on antibiotic therapy [7,34,35].

The role of health workers is crucial in shaping public awareness of rational antibi-
otic therapy [7]. The primary objective of rational management of antimicrobials should
be to improve patient outcomes while minimizing the medical and economic impacts
of antibiotics. Given the significant differences in awamneness of AMR among different
groups of health workers, it is essential to plan educational interventions aimed at specific
target groups.

5. Conclusions

The unmeasonable use of antibiotics is a worldwide public health threat. Many factors
contribute o an increase in antibiotic resistance, but one of the biggest is insufficient
awamness about the risks associated with AMR both among medical professionals and the
public. This situation has both medical consequences, kading to significant morbidity and
mortality, and financial comsequences for health systems and economies.
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In this context, it is crucial to take targeted action as soon as possible, aiming not
only at monitoring and monitoring the situation, but alzo to educate groups on the risks
associated with antibiotic resistance. Only intentional, long-term action can bring expected
results, including the rationalization of the use of this group of drugs.
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Introduction

As A. Piccioni et al. [1] note, the
development of septic shock in intensive care
patients is still a leading cause of death in
many cases, both in developed and
developing countries. The risk of sepsis
appearing as a complication of the main
disease flow is especially high amongst
elderly  patients, children,  pregnant,
parturients, and patients with low immunity
status.

Septic shock is caused by one of the types
of sepsis. Modern medicine has given such a
definition to sepsis: it is life-threatening
organ dysfunction, which is caused by the
improper, inadequate reaction of a body to
the infection pathogen. According to the
International Guidelines for Management of
Sepsis and Septic Shock from 2021 by L.
Evans et al. [2], septic shock is usually cha-
racterized by major dysfunctions of blood
circulation and cellular metabolism, which
significantly increase the odds of the lethal
outcome.

To diagnose sepsis and septic shock, a
gqSOFA scale (quick Sequential Organ
Failure Assessment) is currently
recommended, as a quick evaluation of organ
dysfunction dynamics. If the gSOFA scale is
>2, then it is recommended to begin the
sepsis treatment procedure. The following
clinical characteristics are regarded as criteria
for gSOFA:

* The Glasgow Coma Scale (evaluation
for consciousness dysfunction) is less than
15;

» Systolic blood pressure (SAB) is less
than 100 mm Hg.;

* The breathing rate is higher than 22
inhales per minute.

2-3 points on the qSOFA scale are noted
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to end up in a lethal outcome in 70% of
cases, but only in 24% of patients with
confirmed infection. As such, A. Perner et al.
[3] offer to use other criteria for sepsis and
septic shock diagnostics in intensive care:

* body temperature is 38°C and higher
or 36°C or lower;

* leukocytosis or leukopenia;

* neutropenia;

* high lactate rates in blood plasma;

* high procalcitonin rates.

Septic complications and bacillaemia is
most often caused as a result of intensive care
patient infection by nosocomial pathogens.
The primary peculiarity of these pathogens is
their complete or partial resistance to
antibiotics. According to S. Di Franko et al.
[4], there are four types of gram-negative
bacteria, which are primarily responsible for
the development of septic shock, these are:

o Klebsiella pneumoniae (K.
pneumoniae);

e Escherichia coli (E. Coli);

e Acinetobacter species (A. species);

e Pseudomonas aeruginosae (P.
Aeruginosae).

The carbapenemase resistance mechanism
formation of these microorganisms has been
thoroughly researched. Genes, which code
the carbapenemase, are on the mobile genetic
elements alongside other genes, which form
resistance to other antibiotics. Idowu et al.
note, that it is due to this the gram-negative
bacteria develop multi-resistance to all f-
lactam antibiotics [5].

The latest antimicrobial surveillance
report for the European Center for Disease
Prevention and Control (ECDC) [6] found a
trend of rising carbapenem resistance across
Europe. Epidemiologists’ data from Poland
also show the tendency. This tendency,
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according to B. Nowaczyk et al. [7], was
observed with K. pneumoniae, for which the
proportion of invasive isolates was 8.2% in
2020 compared to 2.1% in 2016, and
Acinetobacter species — 78.2% in 2020
compared to 66% in 2016.

For the differential diagnosis of sepsis and
individual selection of antibiotic therapy, S.
Dhaese et al. [8] recommend bacteriological
examination of Intensive Care Unit (ICU)
patient samples. However, the
implementation  of traditional cultural
methods takes 1-2 days, and the determi-
nation of antigens by the enzyme-linked
immunosorbent assay (ELISA) method and
the genetic material of the pathogen by
Polymerase Chain Reaction (PCR) takes
several hours. An analytical study of
published work by J.R. Strich et al. [9]
proves that every hour of delaying septic
shock antibiotic therapy increases the
chances  for  the lethal ~ outcome
proportionately. In these cases, ICU doctors
are forced to prescribe antimicrobic
medications empirically, based on their
experience and intuition.

Modern pharmaceuticals offer combined
protected antibiotic medications, which
include beta-lactam and bacterial beta-
lactamase inhibitors. R.P. Veiga and J.A.
Paiva [10], in their analysis, highlight
relebactam and tazobactam as microorganism
ferment inhibitors, which are, currently, wi-
dely used.

The research aims to evaluate the
effectiveness of septic shock treatment with
imipenem/cilastin/relebactam (IMI/REL) in
comparison to piperacillin/tazobactam (PTZ)
complex protected medications.

M aterials and methods

A retrospective, uncontrolled, non-
randomized, observational study in the ICU
at the University Hospital in Krakow, Poland.
The protocol was approved by the
institution's ethics committee. Each patient or
his relative signed an informed consent to
participate.

At the preparatory stage, the study
included 17 patients with septic shock who
were treated during 2021-2022 in the ICU.
The exclusion criteria were: age less than 18
years, pregnancy or lactation, previous use of
any of the prescribed drugs, allergy to any of
the components of these drugs, meningitis or
cystic fibrosis, inability to sign informed
consent or absence of relatives, dementia,

participation in clinical trials in the previous
six months.

The stage of material collection and
observation was concluded 96 hours from the
estimated moment of septic shock
development after the patient's admission to
the ICU. Demographic characteristics were
collected: age, gender, weight, body mass
index, comorbidities, main disease, and treat-
ment methods for the main disease.

Patients were randomly divided into two
groups: group 1 received imipenem/cilastin/-
relebactam (n=9), group 2 received piperacil-
lin/tazobactam (n=8). Moreover, all patients
underwent appropriate anti-shock therapy,
which included noradrenaline preparations,
and infusions of crystalloid and albumin
solutions.  Acute  respiratory  distress
syndrome (ARDS) was diagnosed among 5
patients, as a result of which artificial lung
ventilation was employed. Among 7 patients,
symptoms of acute renal failure (ARF) were
found, in connection with which they were
prescribed renal replacement therapy, which
is a procedure of venous hemofiltration. Also
at this stage, data on the number of lethal and
positive outcomes of the septic shock
treatment, and the causes of mortality was
collected.

Initial imipenem/cilastin/relebactam
infusion was administered each 6 hours with
500mg of imipenem/cilastin and 250 mg of
the relebactam for patients with normal
creatinine clearance. Piperacillin/tazobactam
infusion was administered in a concentration
of 4.5 g piperacillin and 0.5 g of tazobactam
every 6 hours with lengthy infusions, for a
period of 3-4 hours. A. Henderson et al. [11]
have published the results of the clinical test,
which yet again proved the need for the
medication dose estimation to overcome
minimum inhibiting concentration (MIC) in
blood by 4 times.

The biomaterial was taken from all
patients for a general blood test, the study of
the level of lactate, procalcitonin, and
creatinine clearance. Determination of MIC,
sensitivity, and antibiotic resistance of
infectious pathogens was carried out by
unified cultural and disk diffusion methods,
as well as using E-tests in fresh cultures of
isolates. For phenotyping, the CarbaNP test
was used in various modifications.
Genotyping of multidrug-resistant isolates
was performed using real-time multiplex
PCR.
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At the stage of statistical processing of the
material, the STATISTICA 10.0 program by
StatSoft was used. For each quantitative
indicator, the median and the interquartile
range were determined.

Results

The majority of those examined were
males (Table 1) over the age of 60 who were
transferred to the ICU after surgery. The
cause of surgery were cardiovascular
pathologies, injuries of soft tissues and
organs of the chest, and cirrhosis of the liver.
The most common comorbidities were type Il
diabetes mellitus (in 3 patients, 18%) and al-
coholism (in 2 patients, 12%).

Only one patient from the research basis
(6%) has a BMI index, that corresponds to
the normal body weight. Among 8 patients
(47%), BMI varied from 25 to 29, which
indicated excessive weight, while among the
remaining 8 patients (47%), BMI ranged
from 30 to 33, which is typical for grade I
obesity.

During observation in the ICU, all
examined patients showed an increase in the
level of plasma lactate by 1.5-2 times
compared with the norm (0.5-2.2 pmol/l).
The median content of procalcitonin in group

1 was 21.4 ng/ml, which is 40 times higher
than the normal value (<0.5 ng/ml). In Group
2, the median value was 60 times higher than
normal and was equal to 31.9 ng/ml.

The septic shock diagnosis  was
established using the gSOFA scale: among
16 patients, there was a sharp decrease in
systolic blood pressure to 65-70 mm hg, 15
patients had an increase in respiratory rate,
12 patients had a Glasgow Coma Scale score
of fewer than 15 points. The most common
complications were ARDS and ARF.

All patients with acute respiratory distress
syndrome underwent mechanical ventilation.
Among 3 patients, mild ARDS was
diagnosed, and non-invasive mechanical
ventilation was employed as respiratory
therapy. Among 2 patients, ARDS of
moderate severity was noted, and the value of
the PaO2/FiO2 oxygenation index was
approximately 150 mm hg. For those
patients, invasive mechanical ventilation with
lung protection, including the prone position
for at least 16 hours was performed. The
target tidal volume was 6-8 mil/kg of body
weight. In approximately half of the patients,
bacillaemia was found.

Table 1.Clinical and demographic characteristics of patients

n, (%) or median (interquartile diapason)
Characterigtic Group 1, (IMI/REL), n=9 Group 2, (PTZ) n=8
Males 6 (67) 6 (75)
Age, years 66 (54-70) 71 (62-79)
Weight, kg 91 (81-95) 88 (74-104)
BMI 29 (26-31) 30 (26-31)
gqSOFA 3(2-3) 3(2-3)
Lactate, mmol/L 3.1(2.8-4.1) 3.6 (3.3-4.0)
Procalcitonin, ng/ml 21.4 (9.7-55.1) 31.9 (11.6-57.8)
Bacillaemia 4 (44.44) 4 (50)
ARDS 3(33.33) 2 (25)
AKI 3(33.33) 4 (50)
Lethaloutcome 5 (55) 4 (50)

Note: BMI — body mass index, gSOFA — quick sequential organ failure assessment, ARDS — acute
respiratory distress syndrome, AKI — acute kidney failure.

The formation of acute renal failure was
evaluated by the level of creatinine in the
blood serum and the glomerular filtration rate
(creatinine clearance) in the first few hours
after the expected development of septic
shock (Table 2). AKI was diagnosed among
3 patients in Group 1. Among them, the me-
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dian content of creatinine exceeded the nor-
mal values by more than 3 times, while the
creatinine clearance decreased by almost 2
times. In group 2, acute renal failure was di-
agnosed among 4 patients, the creatinine
concentration in these patients was also 3
times higher than normal, and the clearance
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fell by 2 times. Among 1 patient in Group 1
and 2 patients in Group 2, acute renal failure
developed against the background of ARDS.
In Group 1, the patient had ARDS of mode-
rate severity, in Group 2: 1 patient had mod-
erate severity, and 1 patient had mild severi-
ty.

All patients with acute renal failure were
prescribed renal replacement therapy (RRT),
a procedure of venous hemofiltration. Since 6

out of 7 examined patients had elevated body
mass index values, they underwent prolonged
high-volume hemofiltration for 48 hours,
with a filtration dose of 50 ml/kg/h. Along-
side RRT, for patients in group 1, a concen-
tration of the antibiotic IMI/REL was re-
duced to 400 mg of imipenem/cilastin and
200 mg of relebactam due to confirmed ne-
phrotoxicity.

Table 2.Evaluation of kidney functionality amongst patients
with septic shock development (median, (interquartile diapason))

Group 1, (IMI/REL), n=9 Group 2, (PTZ) n=8
AKI isabsent, n=6 AKI ispresent, n=3 AKI| isabsent, n=4 AKI ispresent, n=4
(66.66% ) (33.33%) (50%) (50%)

Creati Creati Creati Creati

nine, | Creatininecle | nine, | Creatininecle | nine, | Creatininecle | nine, | Creatininecle
mmol/ arance, mmol/ arance, mmol/ arance, mmol/ arance,

L ml/min L ml/min L ml/min L ml/min

78 266 77 270

(75- 116 (241- (71.5- 111 (257- 51.5

81) (106-120) 275) 60 (55-62) 81) (94-123.5) 285) (49-57)

Before the initiation of antibiotic therapy
in patients of both groups, biomaterial was
collected for bacteriological studies. Since
delaying antibiotic therapy substantially in-
creases the likelihood of death, IMI/REL or
PTZ infusions were started as soon as the
diagnosis of septic shock was made.

Nosocomial infections were found among
all examined patients. Among 4 patients in
Group 1, and 3 patients in Group 2 more than
one infectious agent was present (Table 3).
Gram-negative bacteria predominated in the
spectrum of pathogens. One type of gram-
positive bacteria was present in patients in
group 1 and group 2.

Identification of Pseudomonas aeru-
ginosae and Acinetobacter baumanii in puru-
lent tracheabronchial secretions in patients,
who are undergoing mechanical ventilation
indicated the development of ventilator-
associated pneumonia. After abdominal sur-
gery, Escherichia coli was isolated in 1 pa-
tient, and Klebsiella pneumoniae was isolated
in 1 patient, which confirms the development
of intra-abdominal infection.

In patients with Bacillaemia, Klebsiella
pneumonia was observed in 4 cases, Esche-
richia coli in 2 cases, and acinetobacteria in 2
cases, which further aggravated the severity
of the condition.

Table 3.The spectrum of invasive isolates among patients with septic shock

Pathogen Group 1, (IMI/REL), n=9 Group 2, (IMI/REL) n=8
Pseudomonasaer uginosae,
n (%) 2 (22.2) 2 (25)
Klebsiella pneumoniae + Aci-
netobacter baumanii, n (%) 1(11.15) 1(12.5)
Pseudomonas aeruginosae +
Acinetobacter baumanii, n (%) 3(33.3) 2 (25)
Escherichiacoli, n (%) 2(22.2) 2 (25)
Sreptococcuspneumoniae, n
(%) - 1(12.5)
Saphylococcusaureus, n (%) 1 (11.15) -

As described in E. Matuschek, D.F.J.
Brown and G. Kahlmeter [12] work, testing
of detected infectious agents was under the
EUCAST guidelines. Serial dilution MIC
values were used to determine breakpoint

cut-off points for wild-type organisms (or-
ganisms without phenotypically detectable
resistance) and to calculate sensitivity. The
MIC for IMI/REL ranged from 0.125 mg/L
for Staphylococcus aureus to 2 mg/L for
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Pseudomonas aeruginosae. In the case of
PTZ, breakpoint cut-off points for the Aci-
netobacter baumanii were not defined, and
the disk diffusion method according to CLSI
standards with a PTZ content per disk of 100
ug was used to study resistance. For other
pathogens, the piperacillin/tazobactam MIC
ranged from 0.064 mg/L for Streptococcus
pneumoniae to 16 mg/L for Pseudomonas
aeruginosae. A. baumanniistrain  with high
resistance to the first-generation antibiotics,
the protected imipenem, and to the compara-
tive medication, as well as to the inhibitor-
protected piperacillin and the amoxicil-
lin/clavulanate and the ceftriaxone (Table 4).

Particularly high resistance to B-lactams was
prominent in the invasive P. aeruginosae
isolates. The acquired data allowed us to
conclude the presence of multidrug resistance
(MDR) in Acinetobacterium and Pseudomo-
nas aeruginosa, the pathogens of nosocomial
infections, which was present amongst the
examined patients with septic shock.

And on the contrary, for Escherichia cali,
Saphylococcus aureus, Klebsiella pneumo-
nia, and Sreptococcus pneumonia, high sen-
sitivity to the studied combined antibiotic
medications was prominent. Those were pre-
sent in Group 1.

Table 4. Antibiotic resistance of invasive isolates among patients with septic shock

P. A E. K. S. S.
aeruginos | bauman | col | pneumoni | aureu | pneumoni
Pathogen ae nii i ae S ae
Sensitivity (S), % 51 6.5 96 90 97 98
Group 1, | Intermediateresista
(IMI/REL nce (1), % 19 10.5 4 2.5 3 2
), n=9 Resistance (R), % 30 83 0 7.5 0 0
Sensitivity (S), % 45.5 10 97 89 97 97.5
Group 2, | Intermediateresista
(PTZ) nce (1), % 22 9.5 3 2 3 25
n=8 Resistance (R), % 32.5 80.5 0 9 0 0

Based on acquired data, the production of
the carbapenemase for the multiresistant
strains P. aeruginosae and A. baumannii was
suggested. Phenotypic research of invasive
isolates was carried out to determine what
type of B-lactamase they produce. Since the
studied strains, during the evaluation of anti-
biotic resistance, have shown insensitivity to
amoxicillin/clavulonate, phenotyping of ex-
tended-spectrum pB-lactamase (ESBL) was
not performed. Additional bacterial enzyme
detection was employed with the use of a
modified Carba NP Il test with specific inhi-
bition. As such, the use of tazobactam in the
test made it possible to assess the activity of
class A B-lactamases, KRS-type, and the use
of EDTA allowed the assession of the activi-
ty of metallo-p-lactamases (MBL). As a re-
sult, the production of two types of enzymes,
those being bovine and MBL, was confirmed
in the analyzed P. aeruginosae strains.

During the analysis of A. baumannii, the
CarbAcineto NP test, specially designed for
the phenotyping of this pathogen, was used.
As such, the production of OXA-23-like car-
bapenemase was noted in the analyzed iso-
lates. All detected strains were analyzed to
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identify the genes, which cause the ferment
synthesis. Amongst 3 (43%) studied strains
of Acinetobacterium, 2 families of genes en-
coding different series of enzymes were
found. Genotyping indicated the presence of
the OXA-23-like gene, which causes the syn-
thesis of carbapenem-hydrolyzing class D
oxacillinase, and VIM-1 (Verona integron-
encoded metallo-beta-lactamases), encoding
metallo-B-lactamases. In 2 cases, only OXA-
23-like genes were identified, in one case, the
VIM-1 gene, and in another, the IMP-1 gene
responsible for imipenemase synthesis.
During the genotyping of the P. aerugino-
sa, 3 (30%) strains had IMP-1 gene, while in
2 other cases a VIM-1 gene was found. The
number of fatal outcomes in both groups after
96 hours of observation was approximately
the same, about 50% of cases. Among pa-
tients with septic shock, complicated by ven-
tilator-associated pneumonia, the mortality
rate was 40% (2 patients). Among patients
with acute renal failure, despite ongoing renal
replacement therapy, the mortality rate was
29% (2 patients). Among 5 examined pa-
tients, the development of multiple organ
failure syndromes (MOS) was noted, which
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resulted in a fatal outcome. All of the exam-
ined patients had cardiovascular insufficien-
cy. In 1 patient, it was accompanied by liver
failure. In another patient, bowel dysfunction
progressed. Among 3 cases, there was severe
cerebral dysfunction and the occurrence of
secondary cerebral disorders. Among 7 cases
of lethal outcomes in patients, strains of mul-
tiresistantAcinetobacter baumanii were de-
tected, and in 2 cases — Pseudomonas aeru-
ginosae.

Discussion

Inhibitor-protected beta-lactams are wide-
ly used in modern clinical practice. Accord-
ing to the recommendations of the European
Society for Clinical Microbiology for the
treatment of nosocomial infections, compiled
by M. Paul et al. [13], it is offered to use the
combination of imipenem/cilastin/relebactam
or piperacillin/tazobactam medications. Ac-
cording to Y.A. Heo [14], these medications
have shown high efficacy against the main
pathogens of nosocomial infections — gram-
negative bacteria in vitro. However, the suc-
cess of their clinical use in the treatment of
severe infectious diseases such as sepsis and
septic shock remains insufficiently studied.

An attempt to evaluate the benefits of pre-
scribing these antibiotics to ICU patients was
concluded. Patients were randomly divided
into two groups, while randomization and
blind placebo control was not carried out.
The obtained clinical and demographic char-
acteristics of the patients indicated that the
formation of two homogeneous groups in
terms of age, sex, laboratory parameters, and
severity of the condition was achieved. Ac-
cordingly, we consider it quite reasonable to
compare the effectiveness of antibiotics in
patients in these groups.

It should also be noted that all patients re-
ceived adequate anti-shock therapy, which
included crystalloid, albumin solution, prepa-
rations of norepinephrine, dobutamine, and
hydrocortisone infusions following individu-
al prescribed needs.

Changes in the level of procalcitonin in
the blood are known to be an independent
prognostic marker for the development of
sepsis and septic shock. The conclusions of
Q. Hu and Y. Zhang [15] confirm that an in-
crease in the content of the marker above 10
ng/ml indicates not only a severe case of sep-
tic shock but also a high probability of devel-
oping complications, including acute renal
failure. Among our patients, the values of the

median concentration of procalcitonin from
21.4 ng/ml to 31.9 ng/ml were observed,
which is 2 and 3 times higher than the prog-
nosis value.

As renal replacement therapy, a venous
hemofiltration procedure was prescribed with
an increase in serum creatinine by more than
3 times and a simultaneous decrease in glo-
merular filtration rate. Bacteriological exam-
ination revealed E. coli in the urine of 4 pa-
tients and the blood of 2 patients. The high
sensitivity of this pathogen to the analyzed
drugs and the rapid initiation of treatment had
a positive effect on the outcome of patients
with septic shock complicated by acute renal
failure. Mortality was 29%, which correlates
with data from other studies, such as D.N.
Fish, I. Teitelbaumamd E. Abraham [16].
Fatal outcomes were observed in patients
with confirmed Pseudomonas aeruginosa
and acinetobacteria with a high level of
polyresistance.

Another common complication during
septic shock is acute respiratory distress syn-
drome. The presence of ARDS is one of the
risk factors for the development of ventilator-
associated pneumonia (VAP). In our case,
VAP was induced by multiresistant strains of
Acinetobacter baumannii and Pseudomonas
aeruginosae. The pronounced resistance of
pathogens to the studied antimicrobial drugs
led to a lethal outcome among two patients
with VAP. According to C.V. Guillamet et al.
[17], the reason for the development of
polyresistance in Pseudomonas aeruginosa
and Acinetobacteria, which results in high
mortality in patients with bacterial pneumo-
nia, may be inadequate antibiotic therapy at
the initial stages of the disease. However,
patients who had previously taken the studied
drugs (the IMI/REL and PTZ), were not in-
cluded in the research.

As a result of MDR-type infectious path-
ogens phenotyping, the production of class A
and MVL-type pB-lactamases in P. aeru-
ginosae, and OXA-23-like type car-
bapenemase in A. baumannii was confirmed.
According to P.D. Tamma and P.J. Simner
[18], currently used methods for B-lactamase
phenotyping production in Acinetobacterium
have several significant drawbacks, including
unsatisfactory sensitivity and specificity, that
bein the test used in our study as well. There-
fore, we decided to carry out the genotyping
procedure for isolated invasive isolates.

The result of the procedure was the d_._-
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tion of genes, which cause the synthesis of
metallo-B-lactamases in P. aeruginosae. An
even greater diversity emerged as a result of
the genotyping of A. baumannii. Some of its
strains have demonstrated the ability to sim-
ultaneously  synthesize both  metallo-B-
lactamases and oxacillinases. A pharmaceuti-
cal review by H. Mansour et al. [19] de-
scribes imipenem/cilastin/relebactam as a
combination drug containing imipenem, an
antibiotic of the B-lactam group, cilastatin, an
inhibitor of dehydropeptidase-1 in the kid-
neys, and relebactam, an inhibitor of class A
and C bacterial B-lactamases. A decrease in
the activity of imipenem metabolism in the
kidneys prolongs the duration of its action.
S.H. Lob et al. [20] studied the inhibitory
effect of relbactam in vitro and in vivo and
showed that it is not effective against metal-
lo-B-lactamases and oxacillinases. But the
genes of just these enzymes were discovered
during the genotyping of Acinetobacter bau-
manii and Pseudomonas aeruginosae.

S. Garcia-Fernandez et al. [21] conducted
a multicenter sensitivity assessment of P.
aeruginosae and A. baumannii to the com-
bined reference medication piperacil-
lin/tazobactam, which contains a semi-
synthetic ureidopenicillin, piperacillin, and
several types of B-lactamase inhibitor, tazo-
bactam. It is known that tazobactam exhibits
high activity against class A B-lactamases
and class D metallo-B-lactamases. However,
A. Luki¢-Grli¢ et al. [22], who have investi-
gated strains of bacteria producing car-
bapenem-hydrolyzing class D oxacillinases,
PTZ activity in vivo has not been confirmed.
During genotyping of Acinetobacter bau-
manii strains, genes encoding these enzymes
were identified in 5 cases.

S. Coyne et al. [23] attribute the high re-
sistance of A. baumannii to protected car-
bapenems attributed to additional manifesta-
tions of resistance, such as the activation of
genes encoding efflux pumps. Among them,
the expression of genes of the superfamily of
RND pump proteins plays the greatest role
since they can pump antibiotics through both
the internal and external membranes of the
microorganism. In a review by S. Lambden et
al. [24], it is noted that high mortality due to
septic shock remains one of the main prob-
lems in the management of patients in inten-
sive care units. The rapid development of
multiple organ failure syndrome (MOS) in
g2 Inocompromised patients is still ahead

of the ability of physicians to counteract such
consequences. During the analysis of causes
of MODS in the patients, attention was
drawn to the fact that cerebral disorders (3
cases, 30%) are in second place in frequency
after the development of cardiovascular in-
sufficiency (5 patients, 50%). According to
M.C. Quinton et al. [25], high doses of pipe-
racillin/tazobactam in the blood of patients
can lead to neurological complications
among patients with septic shock due to the
proven toxicity of this medication. The re-
sults do not allow us to either confirm or re-
fute this conclusion, since the examined pa-
tients had impaired consciousness according
to the Glasgow Coma Scale even before the
start of antibiotic therapy.

The main challenge for septic shock anti-
biotic therapy, caused by the nosocomial in-
fection, remains to be the multi-resistance of
Acinetobacter baumannii. Mutations in the
genome leading to reduced or increased gene
expression, as well as the ability for horizon-
tal gene transfer, provide A. baumannii the
ability to synthesize B-lactamases, metallo-f-
lactamases, and extended-spectrum beta-
lactamase (ESBL), plasmid-mediated AmpC
beta-lactamases, carbapenem-hydrolyzing
class D oxacillinases. In their review, R.A.
Bonnin, P. Noedmann and L. Poirel [26] note
that such a variety of enzymes leads to the
formation of pathogen resistance to amino-
glycosides, broad-spectrum cephalosporins,
carbapenems, tigecycline, and colistin, which
are antibiotics of last resort.

Unfortunately, the number of resistant
strains of microorganisms producing car-
bapenemase, which are not inhibited by em-
ployment medications, is increasing in the
world. This phenomenon is explained by the
growing popularity of medical tourism and
the uncontrolled use of antibiotics in some
countries.

Conclusions

The number of positive clinical and mi-
crobiological responses in groups 1 and 2 did
not differ significantly and amounted to 45%
(4 outcomes) and 50% (4 outcomes), respec-
tively. Therefore, our data do not support the
benefit of imipenem/cilastin/relebactam or
piperacillin/tazobactam in patients with sep-
tic shock in the ICU. Inhibitor-protected beta-
lactams showed high efficacy in the treat-
ment of sepsis caused by Escherichia coli
and Klebsiella pneumoniae, moderate effica-
cy against Pseudomonas aeruginosae, and
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insignificant efficacy against multidrug-
resistant Acinetobacter baumannii. As some
patients had more than one MDR-type infec-
tious agent, the use of IMI/REL and PTZ also
did not lead to a positive result in such cases.

The pronounced resistance of P. aeru-
ginosae to the IMI/REL medications is
caused by the presence of a phenotype in it,
which is characterized by the production of
metallo-B-lactamases, which are not inhibited
by relbactam. Tazobactam, which is part of
PTZ, is effective against these enzymes. A
higher degree of a positive outcome in group
2 was expected, yet, among some patients of
this group, alongside the multidrug-resistant
strain of Pseudomonas aeruginosa, A. bau-
mannii MDR-type was detected. A feature of
the genotype of the established strain was the
existence of OXA-23-like genes for car-
bapenem-hydrolyzing class D oxacillinases.
Tazobactam is not an inhibitor for this type
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HA3HAYEHUE 3AWLUWWEHHBLIX BETA-NTAKTAMOB BOJIbHbIM C
CENTUYECKUM LLULOKOM

Anera K ponak-Y nuncka’, Onex canpgp [looposaHos’

10Omoererue aHecmesuomo2uU U UHMeHcusHoOU mepariuu, 6orbHUUa Bergpys, Berzpys, Morbuia

2K nuHuka s dermeli u nodpocmkos A."ermuka, Criosauxuti MeOUUUHCKUL yHUBspcumem e bparmuciiaee,
Bpamucraea, Crosauxasi Pecriybruka

Kmoyess e arioea: sHympuborbHUYHBIL 8030yOUMers, umMurieHeml yuracmuH! perebakmanm,
nurepauuTiuHl masobakmam

Llenplo [aHHOTO PETPOCHEKTHBHOTO HCCIENOBAHMS SIBISIETCS OIEHKA  KIMHHYIECKOH
9¢dekTHBHOCTH [BYyX 3allMIICHHBIX Oera-TakTaMOB HMHIEHeM/IunacTuH/penedakTtaM |
[HUIePAlMIUIMH/Ta300aKTaM [pH JICYCHHH CENTHYECKOro MIOKa. Marepuan HCCICAOBaHUS |
HaOJIOIeHHsT cOCTaBUIIK 17 OONBHBIX C CENTHYECKUM LIOKOM, u3 HuX 9 (1-s rpymma) momydanu
JICYCHHE HWMHUIeHeMoM/uacTuHoM/pesiebakTamom, 8 (2-1 rpymma) —[oiydand  JIeYeHHe
[HUIepalMIUIHHOM/Ta300akTaMoM. Bce TalMeHThl MMONydand aJeKBaTHYK POTHBOLIOKOBYIO
Tepanuio, MHBA3UBHYIO MM HEUHBA3MBHYIO BEHTHIALMIO JIETKHUX, 3aMECTUTENbHYIO IOYEUHYIO
Tepanuio. bakrepronormueckoe nMccienoBaHHE MOKA3al0 HAIMYHE B OMOIOTHYECKOM MaTepHaie
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4eThIpex OONBHBIX TPAMOTPHLATEIBHBIX BO30yaAnTeENneil. MynbTHpPE3UCTEHTHBIN mTaMMm Acineto-
bacterbaumanii ¢ BeICOKO# yCTOHYHBOCTBIO KaK K H3ydaeMbIM aHTHOMOTHKaM, Tak U k Pseudomo-
nasaeruginosae. JlanpHeiimee GEHOTHITMPOBAHNE U TEHOTHIIMPOBAHUE [IOATBEPIUIN MIPOAYKIHIO Y
Acinetobacterbaumaniimeramno-f-nakramMas ¥ THAPOIH3YIONIYIOOKCAMUTMHA3YKapOaneHeMa
kaacca D B obomx cmydasx. JleueHne MamyMeHTOB C CENTHYECKHM IIOKOM, BBI3BAHHBIM 3THMHU
[IraMMaMH, OBUTO OIMHAKOBO HE3(P(EKTUBHO Kak ¢ moMornsro UMU/LIUC/PDJI, Tak U ¢ MOMOLIBIO
IINIT/TA3 u OpUBOAMIO K JICTaJbHOMY HcXony. IlomydeHHBIE pe3yiabTaThl MOTYT OBITH
WCIIONB30BAaHBl TIPH TPOBEACHUH MeTa-aHaln3a W IUIAHHPOBAaHWH JANBHEHIINX KIMHHYECKUX
UCIIBITAHUHN 3aLMIIEHHBIX OeTa-IaKTaMoB.

SEPTIK $OK KEGIRON X®STOLOR® MUDAFI® OLUNMUS BETA-
LAKTAMLARIN TOYINi

Aneta Krolak-Ulinska®, Oleksandr Dobrovanov?

Wengruv xastaxanastnin anesteziologiya va intensiv terapiya sébasi, Vengruv, Polsa

2A.Getlik adina usaq ve yeniyetre klinikast, Bratislavadaki Slovakiya Tibb Universiteti,
Bratislava, Slovak Respublikast

Acar sozlar: xastaxanadaxili téradici, imipenemysilastatin/telebaktam piperasillinftazobaktam

Bu retrospektiv todgigatin mogsodi septik sokun mialicasinds iki miidafio olunmus beta-
laktamin  imipenem/silastin/relebaktam  vo  piperasillin/tazobaktam  klinik  effektivliyini
giymeotlondirmokdir. Tadgigat vo miisahido materiali septik sok kegiran 17 xastadan ibarst olub ki,
onlardan 9-u (1-ci grup) imipenem/silastin/relebaktam, 8-i (qrup 2) piperasilin/tazobaktam ilo
mualico ahb. Biitiin xostoloro adekvat sokoleyhino terapiya, invaziv va ya geyri-invaziv
ventilyasiya, boyrok ovozedici terapiyasi aparihib. Bakterioloji todgigat dord Xostenin bioloji
materialinda gram-monfi patogenin oldugunu miisyyan etmisdir. Acinetobacter baumanii hom
todqiq edilon antibiotiklars, hom do Pseudomonas aeruginosae-ys garsi davamli stammdir. Sonraki
fenotiplogdirmo va genotiploma Acinetobacter baumanii-nin har iki halda metallo-B-laktamazalarin
Vo oksasilinazani hidroliz edon D sinfini karbapenemi hasil etdiyini tosdiglomisdir. Bu stammlarin
yaratdigi septik sok olan xastolorin miialicasi hom IMI/CIS/REL, ham do PIP/TAZ ilo eyni
doracada effektsiz olub vo 6liimla naticalonib. Alinan naticalor meta-analizlorin aparilmas: vo
midafio olunmus beta-laktamlarin sonraki klinik sinaglarinin planlasdiriimasinda istifado edilo
bilor.

PROTECTED BETA-LACTAM PRESCRIPTION FOR PATIENTSWITH SEPTIC SHOCK
Aneta Krélak-Ulinskal, Oleksandr Dobrovanov?

Anaesthesiology and Intensive Care Unit, Hospital Wegrow, Wegréw, Poland
2A. Getlik Clinic for Children and Adolescents, Sovak Medical University in Bratidava, Bratidava, So-
vak Republic

Keywords nosocomial pathogen, imipenenvycilastin/relebactam, piperacillin/tazobactam

The purpose of this retrospective study is to evaluate the clinical efficacy of two protected drugs,
imipenem/cilastine/relebactam and piperacillin/tazobactam, in the treatment of septic shock. The material of
the study and observation included 17 patients with septic shock, 9 of them (Group 1) were treated with
imipenem/cilastin/Relebactam, 8 of them (Group 2) were treated with piperacillin/tazobactam. All patients
received adequate anti-shock therapy, invasive or non-invasive ventilation, and renal replacement therapy.
Bacteriological examination showed the presence of four gram-negative pathogens in the biological material
of patients. A multidrug-resistant strain of Acinetobacter baumanii with high resistance to both the studied
antibiotics and Pseudomonas aeruginosae. Further phenotyping and genotyping confirmed the production of
metallo-B-lactamases in both cases and class D carbapenem hydrolyzing oxacillinase in Acinetobacter bau-
manii. Treatment of patients with septic shock caused by these strains was equally ineffective with both
IMI/REL and PTZ and resulted in death. The results obtained can be used in the meta-analysis and planning
of further clinical trials of inhibitor-protected beta-lactams.
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Jako wspétautor pracy pt. ,Problems of antibiotic resistance in sepsis in intensive care units:
A review of current research” autorstwa Krélak-Uliriska A, Merks P, Sierzputowska B, Sierzputowski T,
Zaychenko G, wydanej w Journal of Pharmaceutical Compounding, o$wiadczam, iz méj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w
formie publikacji obejmowat udziat w wykonaniu analizy danych, przygotowaniu draftu manuskryptu
oraz przeprowadzeniu jego korekty merytorycznej i technicznej.

Jednoczeénie wyrazam zgode na przediozenie w/w pracy przez lek. Anetg Krélak-Uliriska jako
cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw opublikowanych
w czasopismach naukowych.

Oéwiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ w/w pracy wykazuje
indywidualny wkiad lek. Anety Krélak-Uliskiej przy opracowywaniu koncepcji, metodologii,
wykonywaniu czeéci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy, pisaniu

manuskryptu.

(podpis wspotautora)
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Warsaw, 2024.12.06...........

Ganna Zaychenko

STATEMENT

As the co-author of the publication ,,Problems of antibiotic resistance in sepsis in intensive
care units: A review of current research " by Krélak-Ulinska A, Merks P, Sierzputowska B,
Sierzputowski T, Zaychenko, published in Journal of Pharmaceutical Compounding, | declare that my
contribution to the preparation of the publication included participation in performing the analysis of
the collected data, preparing the draft manuscript, reviewing and editing of the manuscript.

| hereby consent to the inclusion of the aforementioned work by Dr. Aneta Krélak-Uliriska as
part of her doctoral dissertation, presented in the form of a thematically coherent collection of
articles published in scientific journals.

| further declare that the independent and distinct portion of the aforementioned work
reflects Dr. Aneta Krolak-Uliriska's individual contribution to the development of the research
concept, methodology, execution of the experimental work, analysis and interpretation of the results,

and the preparation of the manuscript.

Gevrns

(author's/signature)
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OSWIADCZENIE

Jak wspétautor pracy pt. ,Opinions of Medical Staff Regarding Antibiotic Resistance”
autorstwa Krolak-Uliiska A, Merks P, Religioni U, Chefstowska B, Drab A, Wdowiak K, Plagens-Rotman
K, Doniec Z, Staniszewska A. wydanej w Antibiotics, oswiadczam, iz méj wiasny wklad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
obejmowat udziat w opracowaniu koncepcji badania, przeprowadzeniu korekty merytorycznej
i technicznej manuskryptu, a takze nadzér nad przebiegiem projektu.

Jednoczeénie wyraiam zgode na przedioienie w/w pracy przez lek. Anete Krolak-Uliriska jako
czeé¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artkutéw opublikowanych
w czasopismach naukowych.

Oséwiadczam, iz samodzielna i moiliwa do wyodrebnienia cze$¢ w/w pracy wykazuje
indywidualny wkiad lek. Anety Krélak-Uliriskiej przy opracowywaniu koncepcji, metodologii,

wykonywaniu czes$ci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy, pisaniu

manuskryptu.
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Warszawa, dn.18.09.2024
Urszula Religioni

OSWIADCZENIE

Jak wspdtautorka pracy pt. ,Opinions of Medical Staff Regarding Antibiotic Resistance”
autorstwa Krolak-Ulinska A, Merks P, Religioni U, Chelfstowska B, Drab A, Wdowiak K, Plagens-Rotman
K, Doniec Z, Staniszewska A. wydanej w Antibiotics, oswiadczam, iz moj wlasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
obejmowat udzial w wykonaniu przegladu pismiennictwa, przygotowaniu draftu manuskryptu oraz
przeprowadzeniu jego korekty merytorycznej i technicznej, a takZze nadzor nad przebiegiem projektu.

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez lek. Anete Krolak-Ulinska jako
czesc rozprawy doktorskiej w formie spojnego tematycznie zbioru artkutow opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i moiliwa do wyodrebnienia czed¢ w/w pracy wykazuje
indywidualny wkiad lek. Anety Krélak-Ulinskiej przy opracowywaniu koncepcji, metodologii,
wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikdw tej pracy, pisaniu

manuskryptu.
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(podpis wspdtautora)
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Beata Cheistowska

OSWIADCZENIE

Jak wspétautorka pracy pt. ,Opinions of Medical Staff Regarding Antibiotic Resistance”
autorstwa Krolak-Uliriska A, Merks P, Religioni U, Cheifstowska B, Drab A, Wdowiak K, Plagens-Rotman
K, Doniec Z, Staniszewska A. wydanej w Antibiotics, oswiadczam, iz m6j wiasny wktad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji
obejmowat udziat w przygotowaniu draftu manuskryptu oraz przeprowadzeniu jego korekty

merytorycznej i technicznej.
Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez lek. Anete Krélak-Uliriskg jako
czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artkutéw opublikowanych

w czasopismach naukowych.
Oéwiadczam, iz samodzielna i motliwa do wyodrebnienia czeé¢ w/w pracy wykazuje

indywidualny wkiad lek. Anety Krélak-Ulifiskiej przy opracowywaniu koncepcji, metodologii,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy, pisaniu

manuskryptu.
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Agnieszka Drab

OSWIADCZENIE

Jak wspdtautorka pracy pt. ,Opinions of Medical Staff Regarding Antibiotic Resistance”
autorstwa Krolak-Uliniska A, Merks P, Religioni U, Chetstowska B, Drab A, Wdowiak K, Plagens-Rotman
K, Doniec Z, Staniszewska A. wydanej w Antibiotics, oswiadczam, iz méj wiasny wkiad merytoryczny
w przygotowanie, przeprowadzenie i opracowanie badar oraz przedstawienie pracy w formie publikacji
obejmowat udziat w wykonaniu analizy danych, przygotowaniu draftu manuskryptu oraz
przeprowadzeniu jego korekty merytorycznej i technicznej.

Jednoczeénie wyrazam zgode na przediozenie w/w pracy przez lek. Anete Krélak-Uliniskg jako
czeéé rozprawy doktorskiej w formie spéjnego tematycznie zbioru artkuféw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czg$¢ w/w pracy wykazuje
indywidualny wkiad lek. Anety Krélak-Ulinskiej przy opracowywaniu koncepcji, metodologii,
wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy, pisaniu

manuskryptu.

\ (podpis wspétautora)
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Krystian Wdowiak

OSWIADCZENIE

Jak wspdtautor pracy pt. ,Opinions of Medical Staff Regarding Antibiotic Resistance”
autorstwa Krolak-Ulinska A, Merks P, Religioni U, Chefstowska B, Drab A, Wdowiak K, Plagens-Rotman
K, Doniec Z, Staniszewska A. wydanej w Antibiotics, oswiadczam, iz moéj wiasny wkiad merytoryczny
W przygotowanie, przeprowadzenie iopracowanie badan oraz przedstawienie pracy w formie
publikacji obejmowat udziat w wykonaniu analizy danych, przygotowaniu draftu manuskryptu oraz
przeprowadzeniu jego korekty merytorycznej i technicznej.

Jednoczesnie wyrazam zgode na przedfozenie w/w pracy przez lek. Anete Krolak-Ulinska jako
czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artkutdw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia cze$¢ w/w pracy wykazuje
indywidualny wkiad lek. Anety Krolak-Ulinskiej przy opracowywaniu koncepcji, metodologii,
wykonywaniu czeéci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy, pisaniu

manuskryptu.

(podpis wspotautora)
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Katarzyna Plagens-Rotman

OSWIADCZENIE

Jak wspétautorka pracy pt. ,Opinions of Medical Staff Regarding Antibiotic Resistance”
autorstwa Krolak-Uliniska A, Merks P, Religioni U, Chelstowska B, Drab A, Wdowiak K, Plagens-Rotman
K, Doniec Z, Staniszewska A. wydanej w Antibiotics, odwiadczam, iz méj wiasny wkiad merytoryczny
W przygotowanie, przeprowadzenie | opracowanie badar oraz przedstawienie pracy w formie publikacji
obejmowatl udziat w przygotowaniu draftu manuskryptu oraz przeprowadzeniu jego korekty
merytorycznej | technicznej.

Jednoczednie wyrazam zgode na przediozenie w/w pracy przez lek. Anete Krdlak-Ulinskg jako
czeét rozprawy doktorskiej w formie spojnego tematycznie zbioru artkutéw opublikowanych
w czasopismach naukowych.

Odwiadczam, iz samodzielna i moiliwa do wyodrebnienia czes¢ w/w pracy wykazuje
indywidualny wkiad lek. Anety Krolak-Uliiskie] przy opracowywaniu koncepcji, metodologii,
wykonywaniu czesci eksperymentalnej, opracowaniu | interpretacji wynikdw te] pracy, pisaniu

manuskryptu,
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Zbigniew Doniec

OSWIADCZENIE

Jak wspolautor pracy pt. .Opinions of Medical Staff Regarding Antibiotic Resistance”
autorstwa Krolak-Ulinska A, Merks P, Religioni U, Chelstowska B, Drab A, Wdowiak K, Plagens-
Rotman K, Doniec Z, Staniszewska A. wydanej w Antibiotics, oswiadczam, iz moj wlasny wkiad
merytoryczny w przygotowanie, przeprowadzenie | opracowanie badan oraz przedstawienie pracy w
formie publikacji obejmowal udziat w przygotowaniu draftu manuskryptu oraz przeprowadzeniu jego
korekty merytorycznej i technicznej.

Jednoczesnie wyrazam zgode na przediozenie w/w pracy przez lek. Anete Krolak-Ulinskg jako
czes¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artkuldw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czesc w/fw pracy wykazuje
indywidualny wklad lek. Anety Krolak-Ulinskiej przy opracowywaniu koncepcji, metodologii,
wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy, pisaniu

manuskryptu.
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Warszawa, dn. 22.09.2024
Anna Staniszewska

OSWIADCZENIE

Jak wspdtautorka pracy pt. ,Opinions of Medical Staff Regarding Antibiotic Resistance”
autorstwa Krolak-Ulinska A, Merks P, Religioni U, Chelstowska B, Drab A, Wdowiak K, Plagens-Rotman
K, Doniec Z, Staniszewska A. wydanej w Antibiotics, oswiadczam, iz moj wiasny wkiad merytoryczny
w przygotowanie, przeprowadzenie | opracowanie badan oraz przedstawienie pracy w formie publikacji
obejmowal udzial w opracowaniu koncepcji i metodologii badania, wykonaniu przegladu
pismiennictwa, przygotowaniu draftu manuskryptu oraz przeprowadzeniu jego korekty merytoryczne]
i technicznej, a takze pelnienie nadzoru nad przebiegiem projektu.

Jednoczesnie wyrazam zgode na przedioZenie w/w pracy przez lek. Anete Krdlak-Ulinska jako
czest rozprawy doktorskie] w formie spdjnego tematycznie zbioru artkuldw opublikowanych
w czasopismach naukowych.

Oswiadczam, iz samodzielna i mozliwa do wyodrebnienia czes¢ w/w pracy wykazuje
indywidualny wkfad lek. Anety Krolak-Ulinskiej przy opracowywaniu koncepcji, metodologii,

wykonywaniu czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy, pisaniu

ANMNA MIMA

manuskryptu.
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Oleksandr Dobrovanov

STATEMENT
As the co-author of the publication ,Protected beta-lactam prescription for patients with
septic shock” by Krolak-Uliiska A, Dobrovanov O., published in Azerbaijan Pharmaceutical
& Pharmacotherapy Journal, | declare that my contribution to the preparation of the publication
included: . concept development, methodology, performing of the experimental part

(about 30:96):.. i R eSS oA VTSRS SRR SR RS

| hereby consent to the inclusion of the aforementioned work by Dr. Aneta Krélak-Uliriska as
part of her doctoral dissertation, presented in the form of a thematically coherent collection of
articles published in scientific journals.

| further declare that the independent and distinct portion of the aforementioned work
reflects Dr. Aneta Krélak-Uliriska's individual contribution to the development of the research
concept, methodology, execution of the experimental wayk, analysis and interpretation of the results,

and the preparation of the manuscript.

(author's signature)
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