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INDEKS SKROTOW

ARDS (acute respiratory distress syndrome) - zespot ostrej niewydolno$ci

oddechowej

BSI (bloodstream infections) - zakazenia krwi

COVID-19 (coronavirus disease 2019) - choroba koronawirusowa 2019
CRRT (continuous renal replacement therapy) - ciagta terapia nerkozastepcza
OIT (Intensive Care Unit) - Oddziat intensywnej terapii

MDR (Multi-Drug Resistant) - wielolekoodporny

MDRO (Multi-Drug Resistant Organisms) - organizmy wielolekooporne

MERS-CoV (Middle East respiratory syndrome coronavirus) - koronawirus

zespotu oddechowego Bliskiego Wschodu

MV (mechanical ventilation) - wentylacja mechaniczna
OIT - Oddziat Intensywnej Terapii

POCHP - Przewlekta Obturacyjna Choroba Ptuc

RNA (ribonucleic acid) - kwasy rybonukleinowe

RT-PCR (reverse transcription polymerase chain reaction) - reakcja

lancuchowa polimerazy z odwrotng transkrypcja

SARS-CoV (severe acute respiratory syndrome coronavirus) - koronawirus

zespotu ostrej niewydolnosci oddechowe;j



SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2) - koronawirus

zespotu ostrej niewydolnosci oddechowej 2
Sl (artificial intelligence, Al) - sztuczna inteligencja

VAP (ventilator-associated pneumonia) - zapalenie ptuc zwigzane z wentylacja

mechaniczng
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Rycina 1. Graficzne przedstawienie wyboru grupy do badania
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Cykl sktada si¢ z dwoch prac oryginalnych. Laczny wspdtczynnik
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Rozdziat 2. Wprowadzenie

Pandemia COVID-19 (ang. coronavirus disease 2019) byta jednym z
najwigkszych globalnych kryzyséw zdrowotnych XXI wieku. Pierwsze
przypadki zostaty zdiagnozowane w grudniu 2019 roku w Wuhan(1), w
Chinach, a od tego czasu wirus rozprzestrzenit si¢ na catym $wiecie, prowadzac
do milionéw zakazen i zgondéw(2). Pandemia miata gieboki wpltyw na
spoteczenstwa, gospodarki, systemy opieki zdrowotnej i codzienne zycie ludzi,
stawiajac liczne i zroznicowane wyzwania(3). Naukowcy i lekarze pracowali

nad opracowywaniem skutecznych metod leczenia oraz prewencji.

COVID-19 jest chorobg zakazna, spowodowang koronawirusem o nazwie
SARS-CoV-2 (ang. severe acute respiratory syndrome coronavirus 2)(4).
Koronawirusy sa grupa wirusow RNA (od ang. ribonucleic acid), ktore moga
infekowa¢ zarowno ludzi, jak i r6zne gatunki zwierzat, prowadzac do szeregu
choréb, od tagodnych do cigzkich. Etiologicznie, wirus ten jest zwigzany z
innymi koronawirusami ludzkimi, takimi jak SARS-CoV (ang. severe acute
respiratory syndrome coronavirus) i MERS-CoV (ang. Middle East respiratory
syndrome coronavirus)(5), ktore byly odpowiedzialne za epidemie w

przesztosci(6).

COVID-19 ma szeroki zakres objawdw klinicznych(4). Wigkszo$¢ przypadkow
choroby jest tagodna lub bezobjawowa. Typowe symptomy obejmujg goraczke,
kaszel, duszno$¢, zmeczenie, bol migsni i stawow, a takze utrate smaku i wechu.
U niektorych pacjentdéw moga wystapi¢ objawy ze strony przewodu
pokarmowego, takie jak bol brzucha, nudnosci, wymioty, biegunka. Niekiedy

przebieg moze prowadzi¢ do ciezkiej niewydolnosci oddechowej i $mierci.

Glownym sposobem transmisji SARS-CoV-2 jest droga kropelkowa przez
wydzieliny droég oddechowych, zwlaszcza przez kichanie, kaszel i rozmowe(4).

Transmisja moze takze nastapi¢ przez kontakt z powierzchniami



zanieczyszczonymi wirusem, a nastgpnie dotykanie twarzy(5). Wirus moze
rowniez przenosic si¢ przez aerozol w sytuacjach, gdzie generowane sg drobne

kropelki, na przyktad podczas zabiegow medycznych(5).

COVID-19 moze prowadzi¢ do powaznych powiktan, szczegolnie u me¢zczyzn,
0s0b starszych i z chorobami wspotistniejagcymi: nadcisnieniem, otytoscia,
cukrzyca, POCHP (Przewlekta Obturacyjna Choroba Ptuc), astmg i chorobami
uktadu krazenia (4). Do powiktan nalezg migdzy innymi: zapalenie ptuc,
zatorowo$¢ plucna, niewydolnos$¢ wielonarzadowa, zakrzepica, oraz zespot
ostrej niewydolnosci oddechowej ARDS (ang. Acute respiratory distress
syndrome )(4). Dtugotrwate powiktania i objawy, okreslane jako "long COVID",
rowniez stajg si¢ powaznym zagadnieniem zdrowotnym, wptywajac na jakos¢

zycia pacjentow(7).

COVID-19, moze prowadzi¢ do cigzkiego stanu 0g6lnego wymagajacego
przyjecia na oddziat intensywnej terapii (OIT). W cigzkich przypadkach
COVID-19 prowadzi do ostrej niewydolnosci oddechowej, wymagajacej MV
(ang. Mechanical Ventilation). Wigkszo$¢ pacjentow przyjetych na OIT z
powodu COVID 19 wymaga leczenia MV(4). Konieczno$¢ stosowania MV,
podobnie jak inne inwazyjne procedury w OIT, znaczaco ostabia odporno$é

pacjenta, zwigkszajgc tym samym podatno$¢ na koinfekcje.

Koinfekcje bakteryjne sa powszechnym problemem u pacjentéw z ciezka
postacig COVID-19, hospitalizowanych w OIT. Czg¢sto$¢ wystgpowania oraz
typy infekcji bakteryjnych roéznia si¢ w zaleznosci od wielu czynnikow, takich
jak: wiek pacjenta, choroby wspotistniejace, stosowane procedury medyczne

oraz specyfika oddziatu szpitalnego.

Koinfekcje sa niezaleznym czynnikiem pogorszajacym rokowanie(8). Badania
wskazuja na rézny odsetek koinfekcji bakteryjnych i grzybiczych u krytycznie
chorych pacjentow(9). Wedtug metaanalizy A. S. Suleiman i wpoét. taczny

wspotczynnik koinfekcji bakteryjno-grzybiczych i wirusowych u pacjentéw



przebywajacych na OIT i pacjentow w stanie krytycznym z powodu COVID-19
wyniost 22,52%(9). Ostabiony uktad odpornosciowy spowodowany COVID-19,
w potaczeniu z interwencjami w OIT, takimi jak podaz kortykosteroidow i
przedtuzone MV, stwarza srodowisko sprzyjajace koinfekcjom bakteryjnym(10,
11).

Charakter koinfekcji bakteryjnych jest r6zny, ale czesto wiaza si¢ one z wysoka
$miertelnoscia, przedtuzonymi pobytami w szpitalu, w konsekwencji

zwigkszonymi kosztami opieki zdrowotnej(12, 13).

Zakazenia krwi BSI (ang. bloodstream infections) budzg szczegdlne obawy u
pacjentow z COVID-19 przebywajacych na OIT ze wzgledu na szerokie
stosowanie urzadzen inwazyjnych, takich jak respiratory, cewniki
wewnatrznaczyniowe, ciagla terapia nerkozastgpcza CRRT (ang. Continuous
renal replacement therapy). Zakazenia te czgsto dotycza patogenow
oportunistycznych, ktore wykorzystuja stan obnizonej odpornosci wywotany
przez COVID-19.

Zapalenie ptuc zwigzane z mechaniczng wentylacja ptuc VAP (ang. ventilator-
associated pneumonia) to podtyp koinfekcji bakteryjnej, ktéry stwarza wysokie
ryzyko dla pacjentéw z COVID-19 wentylowanych mechanicznie. Zgodnie z
definicjg : rozwija si¢ po ponad 48 godzin MV i charakteryzuje si¢ nowymi
zmianami w RTG klatki piersiowej, dodatnimi wynikami badan
mikrobiologicznych oraz okreslonymi objawami klinicznymi(14). Rozwoj VAP
wiaze si¢ z wysoka $miertelnoscia, dlugoterminowym MV, przedtuzonymi

pobytami na OIT(15).

Pojawienie si¢ patogenéw MDR dodatkowo komplikuje leczenie koinfekcji
bakteryjnych. U pacjentow z COVID-19 czgsto identyfikowano MDRo (ANG.
Multi-Drug Resistant Organisms). Stanowi to wyzwanie dla skutecznej terapii

przeciwdrobnoustrojowej i zwigksza ryzyko wystapienia dziatan niepozadanych.
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Rozdziat 3. Cel pracy

Celem niniejszej rozprawy doktorskiej jest kompleksowa analiza infekcji
bakteryjnych: VAP i BSI u pacjentéw chorych na COVID-19 hospitalizowanych

na OIT. Cele szczegdtowe obejmuja:

e  Okreslenie czestosci BSI, VAP wérod pacjentow OIT chorych na
COVID-19, identyfikacja typowych patogenow bakteryjnych, odsetka
patogenéw MDR.

e Ocena wplywu infekcji bakteryjnych na wyniki leczenia pacjentow z
COVID-19.

o Identyfikacja kluczowych czynnikéw ryzyka koinfekcji bakteryjnych.
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Rozdziat 4. Realizacja celéw naukowych

Materiaty i metody

Prace doktorska zaprojektowano jako serie retrospektywnych badan
kohortowych, ktore obejmowaty analize dokumentacji medycznej pacjentow z
COVID-19 przyjetych na OIT USK w Biatymstoku, ze szczeg6lnym
uwzglednieniem tych, u ktorych rozwinety si¢ koinfekcje bakteryjne.

Zebrano dane dotyczace demografii pacjentow, cech klinicznych, wynikow
badan mikrobiologicznych, interwencji terapeutycznych oraz wynikoéw leczenia.
W okresie od 3 marca 2020 r. do 1 lipca 2021 r. na OIT Uniwersyteckiego
Szpitala Klinicznego w Biatymstoku przyjeto 235 dorostych pacjentow chorych
na COVID-19.

Kryteria wiaczenia do badania obejmowaty: osoby, ktore ukonczyty 18.
rok zycia, chorowaly na ostrg infekcja wywotana przez COVID-19,
potwierdzona reakcja tancuchowa polimerazy z odwrotng transkrypcja PCR w

wymazach z nosa i gardta lub wydzielinie z dolnych drég oddechowych.

Z badania wykluczono kobiety w cigzy oraz osoby przyjete na OIT z powoddw
innych niz COVID-19, takich jak planowe operacje lub nagle przypadki. Przed

podaniem antybiotyku pobierano prébki do badan mikrobiologicznych.
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Rycina 1. Graficzne przedstawienie wyboru grupy do badania
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OIT, Oddziat Intensywniej Terapii; MV, mechanical ventilation; BSI,
bloodstream Infection; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; COVID-19, coronavirus disease 2019; RT-PCR, reverse

transcription polymerase chain reaction.
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Wykorzystano metody statystyczne do analizy zebranych danych,
okreslenia czestosci wystgpowania koinfekcji bakteryjnych oraz identyfikacji
zaleznos$ci miedzy réznymi czynnikami a wystepowaniem tych infekcji. Dane
pacjentéw zostaty wprowadzone do predefiniowanej bazy danych. Do oceny
zwigzku migdzy zmiennymi zastosowano t-test lub test chi-kwadrat i podano
odpowiadajgce im warto$ci p. Ponadto do zbadania czynnikéw, ktore w istotny
sposob wptywaty na pacjentow, zastosowano regresj¢ logistyczng. Wartos¢ p
mniejszg niz 0,05 uznawano za istotng statystycznie. Wszystkie analizy

przeprowadzono przy uzyciu oprogramowania R v.4.1.1(16).

Zgoda na badania udzielona zostata przez Komisj¢ Bioetyczng w
Biatymstoku nr. APK.002.242.2021, data przyjecia: 29.04.2021. (kopia

zatgczona w rozdziale 10).

Omdwienie publikacji

Publikacja 1: Bartoszewicz M., Czaban S. L., Bartoszewicz K., Kuzmiuk D.,
Ladny J. R. "Bacterial bloodstream infection in critically ill patients with
COVID-19: a retrospective cohort study." Therapeutic Advances in Infectious
Disease, 2023, 10: 1-13. DOI: 10.1177/20499361231207178

Celem pracy byla ocena czestosci wystgpowania bakteriemii u pacjentéw z
COVID-19 na OIT oraz identyfikacja gtdwnych patogenow odpowiedzialnych
za zakazenia krwi i czynnikéw ryzyka z nimi zwigzanych. Badanie
retrospektywne obejmowato analize 201 pacjentéw z COVID-19, u 43 os6b
(21,4%) rozwinelo si¢ bakteryjne zakazenie krwi (BSI). Smiertelno$¢ w tej
grupie byta nieistotnie wyzsza (65,1%) niz w grupie bez BSI (58,9%).
Znaleziono istotne rdznice mi¢dzy grupami pod wzgledem czgstosci

wystepowania otytosci i rozktadu plci, ale nie zaobserwowano réznic w
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stosowaniu kortykosteroidow. Czynniki ryzyka BSI obejmowaty czas trwania
MYV, obecno$¢ VAP, stosowanie lekow blokujacych przewodnictwo nerwowo-
migs$niowe, dlugos¢ pobytu na OIT, wysoki wskaznik masy ciata (BMI) i pte¢
meska. Glownymi patogenami byty Klebsiella pneumoniae, Acinetobacter
baumannii i Enterococcus faecalis, 87% przypadkow stanowito MDRo.
Wszystkie przypadki BSI byty zakazeniami wewnatrzszpitalnymi, z czego okoto
60% to pierwotne BSI. Infekcje zwigzane z cewnikiem centralnym stanowity
6,2% przypadkow BSI, a z VAP oraz UTI wystepowaty odpowiednio w 25% i
9,4% przypadkoéw BSI. Pierwszy dodatni posiew krwi wystepowat srednio okoto
11,4 dnia po przyjeciu na OIT.

Publikacja 2: Bartoszewicz M., Kosel J., Nadolny K., Bartoszewicz K.,
Wilczyk-Chorostek E., Ladny J. R., Czaban S. L. "Ventilator-associated
pneumonia among patients with COVID-19: A retrospective cohort study."”
Emergency Medical Services, 2023, X, 4: 210-216. DOI:
10.36740/EmeMS202304102

Celem pracy byla analiza charakterystyki VAP u pacjentéw z COVID-19. Do
retrospektywnego badania wtaczono 180 o0sob. U 67 pacjentow (37%) rozwineto
si¢ VAP, przy czym $miertelno$¢ w tej grupie wyniosta 70,1%. Pacjenci z VAP
byli hospitalizowani na OIT dluzej i wymagali dtuzszej wentylacji mechanicznej
w poréwnaniu z pacjentami bez VAP. Najczesciej izolowanymi bakteriami byty
Klebsiella pneumoniae, Staphylococcus aureus i Enterococcus faecalis, przy
czym w 57% przypadkow stwierdzono obecnos¢ MDR. Mimo wyzszej

smiertelnosci wsrod pacjentdw z VAP, rdznica ta nie byla istotna statystycznie.
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Podsumowanie i Dyskusja

Koinfekcje bakteryjne byly zwigzane z wyzszg Smiertelnoscig, dtuzszym
pobytem na OIT, zwigkszonym wykorzystaniem zasobow opieki zdrowotne;j.
Znaczna czgs$¢ koinfekceji bakteryjnych to MDRo, co stanowi wyzwanie dla

skutecznej terapii przeciwdrobnoustrojowe;j.

Badanie podkres$la wage wczesnego identyfikowania i ukierunkowanego
leczenia koinfekcji bakteryjnych u pacjentow z COVID-19, a takze koniecznos¢
indywidualnego podejscia do kazdego pacjenta, uwzgledniajacego czynniki
ryzyka i szybka adaptacje terapii antybiotykowej na podstawie wynikow badan

mikrobiologicznych.

Wysoka czgstotliwos¢ wystgpowania BSI i VAP u pacjentow z COVID-19 na
OIT podkresla potrzebe monitorowania i wezesnej interwencji. Wyniki te
zwracaja uwage na ztozonos¢ leczenia pacjentow w obliczu dodatkowego

obcigzenia koinfekcjami bakteryjnymi.

Chociaz badania dostarczajg cennych spostrzezen, ograniczenia obejmuja
retrospektywny charakter i potencjat regionalnej zmiennosci wskaznikow

infekcji i profili patogendw.
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Rozdziat 5. Wnioski

Badania wykazaty, ze zakazenia bakteryjne, w tym BSI i VAP, sa powszechne u
pacjentow z COVID-19 hospitalizowanych w OIT. Te infekcje stanowig istotne

wyzwanie kliniczne i pogarszaja rokowania pacjentow.

Wysoki odsetek patogenow MDR wsrod zakazen bakteryjnych u pacjentéw z
COVID-19 stanowi znaczne wyzwanie terapeutyczne i wskazuje na potrzebg
ostroznego stosowania antybiotykéw oraz przestrzegania zasad racjonalne;j
antybiotykoterapii. Wczesna diagnoza i interwencja sa kluczowe w ograniczaniu
negatywnego wpltywu zakazen bakteryjnych na wyniki leczenia pacjentow z
COVID-19. Badania podkres$laja znaczenie indywidualnego podejscia do
leczenia, uwzgledniajacego specyficzne czynniki ryzyka oraz potrzebe
szybkiego dostosowania terapii antybiotykowej w oparciu o wyniki badan

mikrobiologicznych.

Dalsze badania nad metodami prognozowania i diagnostyki zakazen
bakteryjnych, szczegdlnie opartymi na modelach predykcyjnych (uczenie
maszynowe, uczenie glebokie, Sl (ang. artificial intelligence, Al)) aby

umozliwi¢ wczesne wykrywanie i interwencjg.
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Rozdziat 7. Streszczenie w jezyku polskim

Pandemia COVID-19, spowodowana przez wirusa cigzkiego ostrego
zespotu oddechowego koronawirusa 2 (SARS-CoV-2), pojawita si¢ w Chinach
pod koniec 2019 roku i szybko rozprzestrzenila si¢ na catym $wiecie, powodujac
znaczng $miertelnos¢ i obcigzajgc systemy opieki zdrowotnej. Wigkszo$¢
przypadkow COVID-19 ma tagodny przebieg lub jest bezobjawowa. Niektorzy
predysponowani pacjenci, rozwijaja powazne powiktania wymagajace
intensywnej opieki i wentylacji mechanicznej (MV). Pacjenci z COVID-19
przebywajacy w OIT sg narazeni na ryzyko rozwoju powaznych infekcji
bakteryjnych, takich jak bakteryjne zakazenia krwi (BSI) i zapalenie ptuc
zwigzane z wentylacja (VAP). Rozprawa doktorska ma na celu zbadanie tych
powiktan, identyfikacje czynnikéw ryzyka, powszechnych patogenow.

Krytycznie chorzy pacjenci czgsto wymagaja procedur z zakresu
intensywnej terapii, ktore zwigksza ryzyko BSI. Celem badania byto
zidentyfikowanie patogenéw odpowiedzialnych za BSI oraz okreslenie
czynnikdw ryzyka zakazenia u pacjentow z COVID-19 przebywajacych na OIT.
Analizie poddano dane 201 pacjentéw, z ktorych 43 (21,4%) rozwineto BSI.
Smiertelno$¢ w grupie z BSI wynosita 65,1%, a w grupie bez BSI 58,9%,
roznica ta nie byta istotna statystycznie. Wystgpowanie BSI bylo istotnie
zwigzane z czasem MV; pobytu w OIT, obecnoscia VAP, uzywaniem §rodkoéw
zwiotczajacych migsnie, wysokim wskaznikiem masy ciata (BMI) oraz plcig
meska. Gtowne patogeny to Klebsiella pneumoniae, Acinetobacter baumannii i
Enterococcus faecalis. Patogeny MDR stanowity 87% przypadkow. Pierwszy
dodatni posiew krwi wystepowal srednio okoto 11,4 dnia po przyjeciu na OIT.

MV jest powszechnie stosowana w leczeniu cigzkich przypadkow
COVID-19, ale moze prowadzi¢ do powiktan takich jak VAP. W obliczu
pandemii COVID-19, znaczna liczba pacjentow z cigzka niewydolnoscia
oddechowg wymagata procedur z zakresu intensywnej terapii, co zwiekszyto
ryzyko infekcji wtérnych. Przeanalizowano dokumentacje medyczng 235
pacjentow, z ktorych 180 spelnito kryteria wiaczenia. Sposrod nich, 67 (37%)
rozwingto VAP, a wskaznik $miertelnos$ci wynosit 70,1%. Pacjenci z VAP mieli
dhuzszy czas pobytu w OIT oraz MV w poréwnaniu do pacjentéw bez VAP.
Najczestszymi bakteriami byty Klebsiella pneumoniae, Staphylococcus aureus i
Enterococcus faecalis, a 57% przypadkow stanowity patogeny MDR. Mimo ze
pacjenci z VAP mieli wyzszy wskaznik $miertelnosci w porownaniu do tych bez
VAP, réznica nie byta istotna statystycznie. Wyniki pokazuja, ze VAP jest
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powszechnym powiktaniem u chorych z COVID-19 poddawanych MV, a
bakterie MDR stanowig istotny problem, co podkresla potrzebe skutecznych
strategii zapobiegania i leczenia VAP w tej grupie pacjentow.
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Rozdziat 8. Streszczenie w jezyku angielskim (do 2 stron)

The COVID-19 pandemic, caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), emerged in China in late 2019 and
spread rapidly worldwide, causing significant mortality and burdening
healthcare systems. Most cases of COVID-19 are mild or asymptomatic. Some
predisposed patients develop serious complications requiring intensive care and
mechanical ventilation (MV). COVID-19 patients in the ICU are at risk of
developing severe bacterial infections, such as bacterial bloodstream infections
(BSIs) and ventilator-associated pneumonia (VAP). The PhD dissertation aims
to investigate these complications and identify risk factors and common
pathogens.

Critically ill patients often require intensive care procedures, which
increase the risk of BSI. The study aimed to identify the pathogens responsible
for BSI and determine the risk factors for infection in COVID-19 patients in the
ICU. Data from 201 patients were analyzed, of whom 43 (21.4%) developed
BSI. Mortality in the group with BSI was 65.1% and in the group without BSI,
58.9%; this difference was not statistically significant. The occurrence of BSI
was significantly associated with MV time, ICU stay, presence of VAP, use of
muscle relaxants, high body mass index (BMI), and male gender. The primary
pathogens are Klebsiella pneumoniae, Acinetobacter
baumannii and Enterococcus faecalis. MDR pathogens accounted for 87% of
cases. The first positive blood culture occurred on average 11.4 days after ICU
admission.

MYV is commonly used to treat severe cases of COVID-19 but can lead
to complications such as VAP. In the wake of the COVID-19 pandemic, a
significant number of patients with severe respiratory failure required intensive
care procedures, increasing the risk of secondary infections. The medical records
of 235 patients were analyzed, of which 180 fulfilled the inclusion criteria. Of
these, 67 (37%) developed VAP, and the mortality rate was 70.1%. Patients with
VAP had longer ICU and MV duration compared to patients without VAP. The
most common bacteria were Klebsiella pneumoniae, Staphylococcus aureus, and
Enterococcus faecalis, and 57% of cases were MDR pathogens. Patients with
VAP had a higher mortality rate compared to those without VAP, the difference
was not statistically significant. The results show that VAP is a common
complication in COVID-19 patients undergoing MV, and MDR bacteria are a
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significant problem, highlighting the need for effective VAP prevention and
treatment strategies in this patient group.
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Rozdziat 9. Cykl prac wchodzacych w sktad rozprawy doktorskiej

Bacterial bloodstream infection in critically ill patients with COVID-19: A
retrospective cohort study
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Abstract

Background: Intensive care unit (ICU) patients with coronavirus disease 2019 (COVID-19), have
a high risk of developing bloodstream infections (BSls). However, the characteristics of and
risk factors for BSls in these patients remain unclear.

Objective: We aimed to identify prevalent causative pathogens of BSI and related factors in

critically ill patients with COVID-19.

Design: This was a single-center, retrospective cohort study.

Methods: We analyzed the clinical characteristics and outcomes of 201 ICU patients with
COVID-19. Logistic regression analysis was conducted to identify factors associated with BSI
occurrence. Furthermore, we identified the primary causative pathogens of BSls. The study

outcomes were death or ICU discharge.

Results: Among the 201 included patients, 43 (21.4%) patients developed BSI. The mortality
rate was non-significantly higher in the BSI group than in the BSI group (65.1% versus 58.9%,
p=0.487). There were significant between-group differences in the obesity prevalence and
sex distribution, but not corticosteroid usage. BSl occurrence was significantly associated
with duration of mechanical ventilation (MV), presence of ventilator-associated pneumonia,
use of neuromuscular blocking agents, length of stay in ICU (ICU LOS), high body mass index
(BMI), and male sex. The main causative pathogens were Klebsiella pneumoniae, Acinetobacter
baumannii, and Enterococcus faecalis. Multi-drug-resistant pathogens were found in 87%

of cases. Regardless of the origin, the common risk factors for BSI were ICU LOS and MV
duration. All BSls were acquired within the hospital setting, with =60% of the cases being
primary BSls. A small proportion of the BSI cases were catheter-related (four cases, 6.2%).
Ventilator-associated pneumonia and urinary tract infections were present in 25% and 9.4% of
the BSI cases, respectively. On average, the first positive blood culture appeared =11.4 (+9.7)

days after ICU admission.

Conclusion: Elucidating the risk factors for and common pathogens of BSI can inform prompt

management and prevention of BSIs.

Keywords: bloodstream infections, COVID-19, intensive care unit
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Introduction

The coronavirus disease 2019 (COVID-19) pan-
demic has led to the deaths of millions of individu-
als and added a burden on healthcare systems
worldwide.! COVID-19 primarily targets the

respiratory system. Most patients with COVID-19
experience mild symptoms or remain asympto-
matic; however, a subset of patients progress to
severe disease requiring intensive medical care.
Critically ill patients with COVID-19 often
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present respiratory failure requiring mechanical
ventilation (MV) and are admitted to the intensive
care unit ICU).2

Bloodstream infections (BSIs) are associated
with high mortality rates, prolonged hospital
stay, and increased healthcare costs in critically
ill patients. Hospitalized patients with COVID-
19 have an increased risk of developing various
bacterial coinfections,® which have a significant
negative prognostic effect. Bacterial BSIs are of
particular concern in this patient population
given the pathophysiological changes induced
by viral infections, the use of immunomodula-
tory drugs, and the extensive use of invasive
devices such as MV and intravascular catheters.*
The interaction between viral infections and
BSI often prolongs MV and length of stay
(LOS); furthermore, it increases the risk of
complications such as infection, sepsis, or septic
shock.? Various pathogens cause BSIs in patients
with COVID-19, including both common hos-
pital-acquired organisms and opportunistic
pathogens that exploit the immunocompromise
caused by COVID-19. These BSIs are espe-
cially challenging to treat given the underlying
virus-induced pathophysiological changes and
potential drug interactions.® There are varying
sources of BSIs, including ventilator-associated
pneumonia (VAP), intravascular catheter-
related infections, and urinary tract infections.”?
Common bacterial pathogens involved in BSIs
include Staphvlococcus aureus, Klebsiella pneumo-
niae, Escherichia coli, and Pseudomonas aerugi-
nosa.® Notably, multi-drug-resistant (MDR)
pathogens have been identified. Furthermore,
BSIs in patients with COVID-19 are associated
with unfavorable clinical outcomes, including
high mortality rate as well as extended duration
in the ICU and on MV.

Ippolito et al.’ reported that the prevalence rate
of BSIs among ICU patients was 29.6%; addi-
tionally, the mortality rate was 41% among all
hospitalized patients. This high incidence could
be related to several factors, including patient
age, demographics, comorbidities, MV dura-
tion, and specific therapeutic approaches for
COVID-19.9

We aimed to determine the characteristics of BSI
in ICU patients with COVID-19 and to identify

the risk factors and prevalent causative pathogens
for BSI.

Materials and methods

Study design and population

This single-center retrospective cohort study was
conducted in accordance with the Strengthening
the Reporting of Observational Studies in
Epidemiology statement guidelines. A total of
235 adult patients with COVID-19 were admit-
ted to the University Clinical Hospital ICU in
Bialystok, Poland, between 3 March 2020, and 1
July 2021. The inclusion criteria were as follows:
age >18years, acute COVID-19 infection con-
firmed by a reverse transcription polymerase
chain reaction test of nasal and pharyngeal swab
specimens or lower respiratory tract secretions,
and ICU admission for SARSCoV-2 infection.
We excluded pregnant women and patients
admitted to the ICU for reasons other than
COVID-19, including elective surgery or emer-
gencies. Accordingly, we included 201 eligible
participants; among them, 43 patients developed
BSI. Figure 1 presents a flowchart of the selec-
tion of participants. Positivity for BSI was indi-
cated when at least four blood samples were
collected and at least two of them were positive
for a clinically significant organism.!%!! This was
determined prior to the commencement of anti-
biotic treatment in order to avoid false-negative
results.!?2 To decrease the risk of falsely identify-
ing contamination cases as clinically signifi-
cant,!%!! we compared the blood test results with
the patient’s conditions; furthermore, as afore-
mentioned, two positive samples were required.
In case of polymicrobial infections, each causal
organism identified in the blood culture was con-
sidered a unique BSI. Fever and other laboratory
findings indicative of infection were considered
necessary for assigning a case of BSI. Bacteremia
diagnosed =48h after hospital admission was
classified as hospital-acquired BSI. Primary BSI
was identified if the patient lacked a definite
infection source. Secondary BSI was identified
when an infection source was suspected, and the
same microbe as that in the source was found in
the blood culture.

Antibiotic treatment was initiated based on clini-
cal judgment, with consideration of factors such

journals.sagepub.com/home/tai
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All patients were admitted to the
ICU with a positive RT-PCR test
result for SARS-CoV-2 (n=235).

Yes, n=201, Positive
microbiological sample from the
circulatory system after 48h
from admission to ICU.

BSI Group
n=43 (214%)

Figure 1. Flowchart of patient screening and inclusion.

Admission for reasons other than
infection with COVID-19
detected usingnthe compulsory
RT-PCR test n=34

Non-BSI Group
n=158 (78,6%)

BSlI, bloodstream Infection; COVID-19, coronavirus disease 2019; ICU, intensive care unit; MY, mechanical ventilation;
RT-PCR, reverse transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

as the presence of fever or other infection signs as
well as microbiological examination.

Statistical analysis

A t-test or chi-square test was used to assess the
relationships between variables, and p values were
reported. Two-state logistic regression was used
to investigate significant risk factors for BSI.
Statistical significance was set at p<<0.05. All
analyses were performed using the R software
version 4.1.1.12

Results

Table 1 presents the demographic and clinical
characteristics of the patients upon ICU admis-
sion and the risk factors for developing BSI.
Among 201 included patients, 43 (21.4%)
patients developed BSIs (BSI group), whereas
158 patients (78.6%) did not develop BSIs (non-
BSI group).

Most patients in the BSI group were women
(69.8% wversus 53.2%, p=0.050). Notably, the
BSI group was non-significantly younger than the
non-BSI group (63.3% versus 66.9%; p=0.082).

There were no significant between-group differ-
ences in baseline characteristics such as body
mass index (BMI); sex; age; and existing condi-
tions such as diabetes mellitus, atrial fibrillation,
hypertension, and chronic heart failure. However,
the percentage of patients with obesity was sig-
nificantly higher in the BSI group (35.7%) than
in the non-BSI group (17.8%) (p=0.019).

Upon arrival at the ICU, there was no significant
between-group difference in the mean Acute
Physiology and Chronic Health Evaluation II
(APACHE II) scores (p=0.789). Similarly, there
were no significant between-group differences in
the other clinical and laboratory parameters such
as mean PaO,/FiO, occurrence of acute Kidney
failure as well as levels of C-reactive protein,
D-dimer, international normalized ratio, interleu-
kin 6 (IL-6), neutrophils, procalcitonin, and
white blood cells.

During hospitalization, the ICU LLOS and dura-
tion of MV were significantly longer in the BSI
group than in the non-BSI group (both p < 0.001).
Moreover, the BSI group had a higher incidence
of VAP than the non-BSI group (58.1% wversus
26.6%, p<<0.001). In addition, the BSI group
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Table 1. Characteristics of ICU patients with COVID-19, risk factors for BSI, disease course, treatments, and

outcome.
Headcount Non-BSI BSI n2=43 Alln=201 p Value
n1=158 (78.6%)  (21.4%)

Baseline and demographic
Mean age (+SD) - years 66.9(12.3) 63.3(10.7) 66.1(12.1) 0.082
Female - no. (%) 74 (46.8) 13 (30.2) 87 (43.3) 0.050
Average BMI (+SD) 31.8(7.1) 37.2(34.3) 33.0(17.0) 0.064
DM 43 (27.2) 17 (39.5) 60(29.9) 0.134
AF 25 (15.8) 3(7.0) 28(13.9) 0.212
HT 92 (58.4) 29(67.4) 121 (60.5) 0.379
Obesity 28 (17.8) 15 (35.7) 43(21.6) 0.019
CHF 40 (25.3) 6(14.3) 46(23.0) 0.153

On arrival in the ICU
Mean APACHE Il (=SD) 29.1(8.4) 28.8(6.8) 29.1 (8.0 0.789
Mean Pa0,/Fi0, (+SD) - mmHg 129.8(79.1) 116.2(67.2) 126.9(76.7) 0303
Acute kidney failure - no. (%) 53(33.9) 16(37.2) 69 (34.3) 0.718
CRP (+5D) mg/L 82.3(91.0) 89.1(88.1) 83.7(90.2) 0.659
D-dimer (+SD) 4.0(4.5) 3.6(4.1) 3.9 (4.4) 0.761
INR (+5SD) 1.4(0.3) 1.3(0.2) 1.4(0.3) 0.060
Interleukin 6 (=SD) pg/mL 488.0(952.5) 341.7 (593.9) 451.4(876.9) 0.408
Absolute neutrophils (<10%/pL) 11.2(7.3) 8.6 (5.4) 10.5(6.9) 0.107
Neutrophil percentage (=SD) 74.6(26.9) 76.7 (25.5) 75.2 (26.4) 0.739
Procalcitonin (=SD) ng/mL 2.8(9.5) 0.4(0.4) 2.3(8.4) 0.109
White blood cells (X 10%/uL) (+SD) 13.3(9.1) 11.2(10.8) 12:919.5) 0.200
Fi0, Mean (SD) 0.8(0.2) 0.9(0.2) 0.8(0.2) 0.082

During hospitalization
Mean LOS at ICU (+SD) - days 10.9(7.9) 20.1(13.8) 12.8 (10.1) <0.001
MV - no. (%) 140 (88.4) 43 (100.0) 183 (91.0) 0.015
The average MV duration (+SD) - days 9.3 (7.4) 18.0(10.9) 11.2 (9.0 <0.001
Infusion of NMBAs at least 1 day (%) 98 (62.0) 37(84.0) 135(67.2) 0.003
Corticosteroids - no. (%) 136 (86.1) 41(95.3) 177 (88.1) 0.116

[Continued]
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Table 1. (Continued)

Headcount Non-BSI BSIn2=43 Alln=201 p Value
n1=158 (78.6%)  (21.4%)

Prone Position - no. (%) 58 (36.7) 21 (48.8) 79 (39.3) 0.162
Chronic organ insufficiency or immune 105 (66.5) 23(535) 128 (63.7) 0.152
compromise - no. (%)
VAP - no. (%) 42 (26.6) 25 (58.1) 67(33.3) <0.001
Not ARDS* 8(5.1) 1(2.3) 9 (4.5) 0.952
ARDS mild* 16 (10.1) 4(9.3) 20(10.0)
ARDS moderate* 40 (38.0) 16(37.2) 76 (37.8)
ARDS sever* 74 (46.8) 22(51.2) 96 (47.8)
Antibiotics - no. (%) 140 (88.6) 42 (100) 182(90.5)

Characteristics and source of BSI

Hospital-acquired BSI - no. (%) 44 (100)
Primary BSI - no. (%) 38 (59.4)
Community-acquired BSI - no. (%) 0(0)
CRBSI - no. (%) 4(6.2)
VAP - no. (%) 16 (25)
UTI - no. (%) 6(9.4)
Time to first positive blood culture 11.4(9.7)

from ICU admission (+SD] - days

After 24h of ICU hospitalization

CRP (+SD) mg/L 72.5(77.0) 57.6 (58.4) 69.3 (73.4) 0.324
D-dimer (+SD) 4.8(5.5) 6.4(4.8) 5.2(5.3) 0.339
INR (=5D) 1.4(0.3) 1.3(0.2) 1.4(0.3) 0.275
Interleukin 6 (+SD) pg/mL 291.8 (406.0) 317.5(351.5) 297.0(391.5)  0.871
Absolute neutrophils (> 10%/pL) 11.0 (5.6) 9.7 (4.8) 10.6 (5.4) 0.565
Neutrophils percent (+SD) 80.8(18.8) 59.2(39.8] 74.4 (27.5) 0.059
Procalcitonin (SD) ng/mL 2.2(6.7) 0.5 (0.4) 1.9 (6.0) 0.144
White blood cells (> 10%/uL) (+SD) 13.1(8.8) 13.8(14.8) 13.2(10.0) 0.760

After 48h of ICU hospitalization

CRP (£SD) mg/L 54.9 (67.8) 444 (62.7) 52.6 (66.4) 0.442
D-dimer (+SD) 5.2(5.5) 2.9(2.1) 4.6 (4.9) 0.157
{Continued)
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Table 1. (Continued)
Headcount Non-BSI BSI n2=43 Alln=201 p Value
n1=158 (78.6%]  (21.4%)

INR (=SD) 1.3(0.2) 1.2(0.2) 1.3(0.2) 0.289
Interleukin 6 (SD) pg/mL 237.7(311.7) 159.4 (200.7) 218.1(287.4)  0.463
Absolute neutrophils (X10%/pL) 9.9(6.6) 9.6(4.0) 9.8(5.9) 0.902
Neutrophil percentage (=SD) 71.9(26.0) 81.4 (5.5) 74.5 (22.6) 0.288
Procalcitonin (=5D) ng/mL 1.5(4.5) 0.6(0.5) 1.3 (4.0 0.278
White blood cells [x<10%/uL) (+=SD) 13.9(9.9) 13.9(13.6) 13.9(10.8) 0.984

After 72h of ICU hospitalization
CRP (=5D) mg/L 47.8(51.3) 40.1(58.2) 46.1 (51.4) 0.488
D-dimer (£SD) 4.3(4.3) 4.3(3.8) 4.3(4.1) 0.982
INR (=SD]) 1.3(03) 1.3(0.2) 1.3 (0.3) 0.901
Interleukin é (=SD) pg/mL 530.2(1081.2) 967.9 (1455.4) 621.8 0.322

(1163.8)

Absolute neutrophils [x10%/uL) 13.2(5.8) 11.4(6.0) 12.6(5.8) 0.485
Neutrophil percentage (=SD) 69.2(28.5) 59.0 (34.2) 66.2(30.0) 0434
Procalcitonin (=SD) ng/mL 1.0(2.0) 0.6(0.6) 0.9(1.8) 0.303
White blood cells (x10%/uL) (=SD) 15.3(10.7) 14.4(10.8) 15.2(10.7) 0.729

Outcome
Death - no. (%) 93 (58.9) 28(65.1] 121 (60.2) 0.487

Results are reported as n (%) for categorical variables and as median (IQR) and SD for continuous variables.

*According to Berlin Definition of ARDS

AF, atrial fibrillation; APACHE Il, Acute Physiology and Chronic Health Evaluation 1l; ARDS, acute respiratory distress
syndrome; ARDS, acute respiratory distress syndrome; BMI, body mass index; BSI, bloodstream infection; CHF, chronic
heart failure; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; DM, diabetes mellitus; HT, Hypertension;
ICU, intensive care unit; INR, International normalised ratio; IQR, interquartile range; LOS, length of stay; MV, mechanical
ventilation; NMBAs, neuromuscular blocking agents; SD, standard deviation; UTI, urinary tract infection; VAP, ventilator-

assoclated pneumonia; CRBSI, catheter-related BSI.

had a higher rate of infusions of neuromuscular
blocking agents (NMBAs) compared with the
non-BSI group (86% versus 62%, p=0.003). The
usage rate of corticosteroids was high in both
groups, with no significant between-group differ-
ence (non-BSI, 86.1%; BSI, 95.3; p=0.116).

All BSI cases (n=64, 100%) were identified as
hospital-acquired BSIs. Among them, 38
(59.4%) were primary BSIs. Catheter-related

BSIs (CRBSIs) comprised a small proportion of
the BSI cases (n=4, 6.2%). VAP and urinary
tract infections were reported in 16 (25%) and
six (9.4%) patients with BSI, respectively. The
average time from ICU admission to the first
positive blood culture was 11.4 (£9.7) days. A
high proportion of patients in both groups was
treated with antibiotics, with no significant
between-group difference (non-BSI, 88.6%;
BSI, 100%; p=0.132).
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Regarding laboratory parameters at 24, 48, and
72h after ICU admission, there were no signifi-
cant between-group differences.

Finally, the mortality rate was non-significantly
higher in the BSI group (65.1%) than in the non-
BSI group (58.9%) (p=0.487).

Table 2 shows the logistic regression analysis of
factors associated with BSI occurrence. Univariate
analysis identified six factors significantly associ-
ated with BSI occurrence, including the use of
NMBAs [odds ratio (OR): 3.776, 95% confidence
interval (CI): 0.95-1.01, »=0.153], ICU LOS
[1.086 (0.0467-0.118), p<<0.001], BMI [1.017
(—0.01 to —0.9), p<<0.001], sex [0.492 (—1.43—
0.01), p 0.05], VAP [3.836 (0.643-7.734),
»<0.001], and MV duration [1.11 (0.06-0.147),
$»<0.001)]. Table 2 also shows the results of the

multivariate analysis of the factors associated with
the occurrence of BSI.

We examined factors associated with the occur-
rence of CRBSI. Univariate logistic regression
analysis identified that the ICU LOS (OR: 1.05;
95% CI: 1.007-1.1031, p=0.024) and duration
of MV (OR: 1.06;95% CI: 1.004-1.12, p=0.033)
were significantly associated with an increased
risk of CRBSI. However, the significance of these
relationships disappeared in the multivariate
analysis (ICU LOS: OR 0.932, p=0.548; dura-
tion of MV: OR 1.040, p=0.726).

Regarding VAP, ICU LOS and duration of MV
were significantly associated with VAP in the uni-
variate analysis (ICU LOS: OR 1.0376, 95% CI
1.0077-1.0685, p=0.013; duration of MV: OR
1.0493, 95% CI 1.0140-1.0859, p=0.006).

Table 2. Logistic regression of factors associated with BSI occurrence.

Independent variables

Univariate analysis OR [95% Cl),

Multivariate analysis OR

pvalue (95% Cl), p value
Use of NMBA 3.776 (0.4-2.25, p=0.005) 3.14(0.06-2.32, p=0.039)
ICU LOS 1.084 (0.0467-0.118, p<0.001) 1.1 (0.04318-0.1234, p<0.001)
BMI 1.017 (-0.01-0.9, p < 0.001) 1.03 (0-0.06, p=0.064)
Sex 0.492 (-1.43-0.01, p=0.05) 2.1(-0.09-1.54, p=0.081)

Use of corticosteroids
VAP
Death

Chronic organ insufficiency or
immunocompromised

Age
Duration of MV
Prone position
APACHE Il
CLABSI

Use of NMBA

ICULOS

3.32(-0.29-2.687, p=0.114)
3.836 (0.643-7.734, p<0.001)
1.305 (-0.437-0.969, p=0.458)
0.58 (-1.23-0.14, p=0.119)

0.9769 (-0.05-0.00, p=0.084)
1.11(0.06-0.147, p<0.001)
1.65(-0.18-1.18, p=0.151)
0.994 (-0.05-0.04, p=0.788)

2.22e+7(0.00-Inf., p 0.993)
1.05(1.007-1.1031, p=0.024)

5.51 (-0.29-3.71, p=0.094)
1.96351 (0.877-1.4913, p=0.101)

0.932(0.7395-1.17, p=0.548)

{Continued]
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Table 2. (Continued)

Independent variables Univariate analysis OR [95% Cl), Multivariate analysis OR

p value

(95% Cl), p value

BMI

Sex

Use of corticosteroids
VAP

Death

Chronic organ insufficiency or
immunocompromised

Age

Duration of MV

Prone position

APACHE Il
VAP

Use of NMBA

ICU LOS

BMI

Sex

Use of corticosteroids

Death

Chronic organ insufficiency or
immunocompromised

Age
Duration of MV
Prone position
APACHE Il
uTl
Use of NMBA
ICU LOS
BMI
Sex
Use of corticosteroids

VAP

0.9934 (0.897-1.100, p=0.898)
0.4 (0.05-4.337, p=0.485)
6.29e+6 (0.00-Inf., p 0.994)
1.19e+8 (0.00-Inf., p 0.994)
1.9149 (0.196-18.7, p=0.576)
0.1905 (0.02-1.840, p=0.154)

0.957 (0.89774-1.02, p=0.173)
1.0 (1.004-1.12, p=0.033)
1.82(0.25-13.14, p=0.554)
0.9593 (0.85-1.08, p =0.502)

3.646(0.807-16.47, p=0.09)
1.0376 (1.008-1.069, p=0.013)
1.0236 (0.9931-1.055, p=0.131)
0.5933 (0.1994-1.765, p=0.348)
1.0684 (0.2308-4.945, p=0.93)
1.4226 (0.4776-4.237, p=0.527)
0.9783 (0.3428-2.792, p=0.967)

0.971 (0.9373-1.01, p=0.107)
1.05(1.014-1.09, p=0.004)
1.0846 (0.38-3.09, p=0.879)
1.04 (0.97-1.1, p=0.255)

0.974 (0.175-5.438, p=0.976)
1.05 (1.00997-1.0930, p=0.014)
0.97 (0.853-1.11, p=0.663)
0.2626 (0.03-2.2838, p=0.226)
0.29 (0.0508-1.655, p=0.144)
3.87(0.69-21.6, p=0.123)

0.571 (0.0341-9.55, p=0.496)

0.973 (0.8476-1.09, p=0.4638)
1.040 (0.8343-1.30, p=0.724)

3.5645(0.393-32.34, p=0.2¢)
0.9885 (0.857-1.14, p=0.874)
1.0249 (0.979-1.07, p=0.293)

1.0026 (0.952-1.06, p=0.922)
1.0308 (0.870-1.22, p=0.72¢)

0.888 (0.68-1.15, p=0.36)

0.3824 (0.06-2.59, p=0.325)

{Continued]
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Table 2. (Continued)

Independent variables

Univariate analysis OR (95% Cl),

p value

Multivariate analysis OR
(95% Cl), p value

Death

Chronic organ insufficiency or
immunocompromised

Age

Duration of MV
Prone position
APACHE Il
Primary BSI

Use of NMBA
ICU LOS

BMI

Sex

Use of corticosteroids
VAP

Death

Chronic organ insufficiency or
immunocompromised

Age

3.23(0.372-28.166, p=0.287)
1.1806 (0.218-6.5823, p=0.850)

0.9811(0.92620-1.04, p=0.515)
1.06 (1.018-1.12, p=0.007)

0.3518 (0.040-3.0624, p=0.344)
1.05751 (0.948-1.180, p=0.316)

2.3294 (0.8466-6.410, p=0.102)
1.0349 (1.0091-1.061, p=0.008)
0.999 (0.9711-1.027, p=0.914)
0.531(0.222-1.267, p=0.154)
4.3820(0.573-33.5, p=0.155)
1.577 (0.7004-3.551, p=0.271)
1.577 (0.6597-3.77, p=0.306)
0.502 (0.224-1.125, p=0.094)

0.987 (0.9577-1.02, p=0.369)

1.2155 (0.904-1.6, p=0.194)

1.5 (0.503-4.39, p=0.47)
0.96 (0.85-1.07, p=0.43)

Duration of MV

Prone position

APACHE II

1.047 (1.01-1.08, p=0.002)

2.5181(1.12-5.67, p=0.024)
0.977 (0.9296-1.03, p=0.358)

1.1(0.97-1.25, p=0.15)
2.3(0.99-5.4, p=0.052]

APACHE I, Acute Physiology and Chronic Health Evaluation II; BMI, body mass index; BSI, bloodstream infection; CLABSI,
Central Line-associated bloodstream infection; ICU, intensive care unit; Inf,, infinity; LOS, length of stay;
MV, mechanical ventilation; NMBA, neuromuscular blocking agent; OR, odds ratio; UTI, urinary tract infection;

VAP, ventilator-associated pneumonia.

However, these significant associations were nul-
lified in multivariate analysis (ICU LOS: OR
0.9885, p=0.874; duration of MV: OR 1.0308,
»=0.726).

Regarding, primary BSI, univariate analysis
revealed that ICU LOS (OR: 1.0349, 95% CI:
1.0091-1.061, p=0.008), duration of MV (OR:
1.0470; 95% CI: 1.0164-1.079, p=0.002), and
prone positioning (OR: 2.5181;95% CI: 1.1178-
5.672, p=0.026) were significantly associated

with the occurrence of primary BSI. However,
these significant associations were nullified in
multivariate analysis (ICU LOS: OR 0.9556,
$»=0.426; MV duration: OR 1.1009, p=0.149;
prone position: OR 2.3230, p=0.052).

The most common circulatory pathogens were
K. pneumoniae, Acinetobacter bawmannii, and
Enterococcus faecalis (Table 3). Bacterial patho-
gens responsible for BSI were classified as sensi-
tive, MDR, or extensively drug-resistant based

journals.sagepub.com/home/tai



THERAPEUTIC ADVANCES in

Infectious Disease

Volume 10

Table 3. Causative pathogens for BSI.

Bacterial BS| pathogens Frequency in

patients’ samples

Cutibacterium acnes 1
Enterobacter cloacae 1
Enterobacter hormaechei 1
Escherichia coli 1
Klebsiella oxytoca 1
Proteus mirabilis 1
Pseudomonas aeruginosa 1
Staphylococcus aureus 1
Staphylococcus capitis 1

Staphylococcus epidermidis 3

Staphylococcus haemolyticus 3

Enterococcus faecium 5

Enterococcus faecalis 10
Acinetobacter baumannii 12
Klebsiella pneumoniae 22

BSlI, bloodstream infection.

on the European Centre for Disease Prevention
and Control definition.!! Interestingly, most of
the bacterial pathogens were MDR (87%), with
only 13% present of the cases being caused by
sensitive pathogens.

Discussion

This study investigated the characteristics of BSI
characteristics in ICU patients with COVID-19
as well as the related risk factors and prevalent
pathogens. BSIs occurred in only 21.4% of our
study cohort. Furthermore, there were no signifi-
cant between-group differences in the mortality
rates. Obesity, sex, and age, but not corticoster-
oid usage, differed significantly between the
groups. The common risk factors for BSI, inde-
pendent of the infection source, were ICU LOS
and MV duration. The predominant causative
pathogens were K. pneumoniae, A. baumannii,

and E. faecalis, with 87% of the cases being caused
by MDR pathogens. Furthermore, all BSI cases
were hospital-acquired (100%), with 59.4% of
them being primary. The average time to the first
positive blood culture was 11.4 days.

The occurrence of BSI did not significantly influ-
ence mortality, which may be attributed to
prompt and appropriate interventions, including
early detection and appropriate management.
Prompt initiation of empirical antibiotics, fol-
lowed by adjustment according to culture results,
may help prevent adverse outcomes. Additionally,
all patients in this study had severe COVID-19,
which may have been the major determinant of
mortality. Factors related to COVID-19 infec-
tion, including acute respiratory distress syn-
drome, systemic inflammatory response, and
multi-organ failure, could have influenced the
overall mortality regardless of the presence of
BSIs. Additionally, other factors such as the pres-
ence of comorbidities, age, and other risk factors
could play a more significant role in determining
the mortality outcome than the presence of BSI.
Furthermore, immune responses may signifi-
cantly vary across individuals according to genet-
ics, underlying health conditions, and other
factors such as nutrition. Consistent with previ-
ous reports,* our findings demonstrate the signifi-
cance of BSIs as adverse complications in ICU
patients with COVID-19 since it extends the
duration of hospital stay, increases healthcare
costs, and increases the patient’s morbidity and
mortality risk.!4 Previous studies have reported a
prevalence rate of BSIs among ICU patients of
29.6%,*29.6%,57%.% and 19.5%.1°

Consistent with previous reports,!® we found that
the BSI group had higher BMI values than the
non-BMI group, implying a relationship between
obesity and an elevated risk of BSI. The immune
system can be compromised by obesity and
related chronic inflammatory conditions, which
increases the susceptibility to infections.1®

Our results revealed that the risk of BSI increased
with longer ICU stay and extended MV duration,
which is consistent with previous reports.1?
However, the COVID-19 pandemic has added
another layer of complexity. Specifically, these
extended durations could be a result of severe res-
piratory complications related to COVID-19,
which further increase the risk of BSI. An extended
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ICU stay has been shown to increase the risk of
nosocomial infections due to prolonged exposure
to potential pathogens.'®

Notably, the use of corticosteroids was not a sig-
nificant risk factor, which is consistent with a pre-
vious report.1%20 This may inform further research
regarding the efficacy and safety of different treat-
ment strategies for COVID-19, including the role
of other medications such as tocilizumab or other
drugs targeting cytokines, which modulate the
immune response and may influence the risk of
bacterial infections. Tocilizumab, which is an
IL-6 receptor antagonist, reduces the severity of
cytokine storms in patients with severe COVID-
19.21 However, these immunosuppressive effects
increase the risk of bacterial infections.?! Taken
together, the widespread use of immunomodula-
tory drugs, MV, and intravascular catheters for
treating patients with COVID-19 produces a con-
ducive environment for the occurrence of BSI.22

Qur findings highlight the multifactorial etiology
of BSIs among ICU patients with COVID-19,
which is consistent with previous reports demon-
strating the complex interplay between several
factors in the development of secondary bacterial
infections in ICU settings.?? Additionally, the
most frequently isolated pathogens were similar
to those in previous reports,?? which may inform
potential targets for diagnostic and therapeutic
interventions. Contrastingly, a high rate of co-
infection with S. aureus has been reported in
patients with flu.2*

Consistent with previous reports,!” we observed a
high prevalence of MDR pathogens (87%).
Previous studies have cautioned against the over-
use of antibiotics given the risk of multi-drug
resistance,?? which is consistent with our findings.
However, the heightened antibiotic use during
the COVID-19 pandemic for severe respiratory
complications and co-infections may potentially
worsen the MDR crisis.?¢

These findings emphasize the need for effective
infection control measures, antimicrobial stew-
ardship, and early detection and management of
BSIs in critically ill patients with COVID-19.
Moreover, our findings regarding multi-drug
resistance demonstrate the need for more strin-
gent antibiotic stewardship in the ICU, especially
during pandemics involving surges in antibiotic

use. The variations observed in the risk factors for
COVID-19 indicate the need for a more person-
alized approach to ICU care involving custom-
ized medication regimens and monitoring
protocols. Additionally, our findings regarding
the risk factors for BSI may inform clinical deci-
sion-making and management of these patients in
ICU settings. Specifically, they demonstrate the
need to optimize patient flow and reduce LOS,
and thus the need for robust infection control
strategies in ICUs.

Our study has several limitations, including its
retrospective and single-center design, which
introduces inherent biases and limitations associ-
ated with the use of existing medical records.
Nonetheless, the large sample size and meticu-
lous data collection strengthen the reliability of
our conclusions.

Conclusion

Our investigation of critically ill COVID-19
patients in the ICU revealed a significant asso-
ciation between BSI and prolonged ICU stays
and MV durations without impacting mortality.
These findings underscore the need for height-
ened vigilance in monitoring BSI symptoms, an
emphasis on antimicrobial stewardship given
the rise of MDR pathogens, and a call for per-
sonalized care plans based on identified risk
factors. Addressing these aspects can poten-
tially enhance patient outcomes, reduce health-
care costs, and optimize ICU resource allocation
amidst the ongoing pandemic challenges.
Further prospective studies are warranted to
validate our findings and elucidate the underly-
ing mechanisms.
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ABSTRACT

Aim: Mechanical ventilation (MY) is common in severe cases of coronavirus disease 2019 (COVID-19), but can lead to complications, such as ventilator-
associated pneumonia (VAP). This retrospective cohort study aimed to investigate the VAP characteristics in patients with COVID-19.

Material and methods: We assessed the prevalence of VAP and its effects on mortality, length of stay in the intensive care unit (ICU), and MV time. We also
identified the most common bacteria causing VAP and their resistance patterns.

Results: Medical records of 235 patients with COVID-19 were analysed. After excluding 55 patients, a total of 180 patients were included in the study. Of the
180 patients included in this study, 67 (37%) developed VAP, and the mortality rate was 70.1%. Patients with VAP had a longer duration of stay inthe ICU and
required MV for longer durations than those without VAP. Klebsiella pneumoniae, Staphylococcus aureus, and Enterococcus faecalis were the most prevalent
bacterial species. Multi-drug resistant pathogens were found in 57% of cases. Although patients with VAP exhibited a higher mortality rate compared to
those without VAP, the difference was not statistically significant.

Condlusions: Our findings suggest that VAP is a common complication in patients with COVID-19 receiving MV and that multidrug-resistant bacteria are a

significant concern. This highlights the need for effective prevention and management strategies for VAP in this population.

KEY WORDS
ventilator-associated pneumania; COVID-19, intensive care unit

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the causative agent for coronavirus dis-
ease 2019 (COVID-19), was first identified in China’s
Hubei region in December 2012 and has since spread
worldwide [1]. Although most clinically detectable SARS-
COV-2infectionsare asymptomatic and mild [2], patients
with pre-existing cardiovascular risk factors, such as men
over 50 years of age with hypertension, obesity, diabe-
tes, heart failure, chronic bronchitis, and asthma, are at
significant risk of developing severe conditions[3].In ad-
dition, SARS-CoV-2 infection can cause acute respiratory
failure, necessitating mechanical ventilation (MV) [4].
Coinfections are independent factors that worsen the
prognosis of surviving patients in the intensive care unit
(ICU), with rates ranging from 0% to 55% [5].

Studies have shown that more than 69% of patients
admitted to the ICU because of COVID-19 may require
MV [6]. During admission to the ICU, the patient’s natural
immunity is weakened owing to the use of MV, corticos-
teroids, analgosedation, and the impairment of coughing
and mucociliary function, making them more susceptible
to ventilator-associated pneumonia (VAP). Several studies

have reported that VAP can occur in up to 100% of these
patients [7-9], with a mortality rate of 42.7% [10]. Apart
from a high mortality rate, VAP is associated with long-
term MV and ICU admission and a high incidence of acute
respiratory distress syndrome (ARDS) [6].

VAP usually develops after a patient has been on in-
vasive MV for more than 48 hours. Features that can help
healthcare providers identify VAP include new changes
on chest radiographs, microbiological verification, and
the manifestation of clinical signs. In this study, we
aimed to determine the characteristics of VAP among
patients with COVID-19.

MATERIALS AND METHODS
STUDY DESIGN AND POPULATION

We conducted a single-centre retrospective cohort
study in accordance with the STROBE guidelines to in-
vestigate the effects of COVID-19 on VAP development.
A total of 235 adult patients with COVID-19 were admit-
ted to the University Clinical Hospital ICU in Bialystok, Po-
land, between March 3, 2020, and July 1,2021.The inclu-
sion criteria for this study were individuals older than 18
years of age with an acute infection caused by COVID-19,
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confirmed by reverse transcription-polymerase chain re-
action of nasal and pharyngeal swab specimens or lower
respiratory tract secretions. Pregnant women, and those
admitted to the ICU for reasons other than COVID-19,
such as elective operations or emergency issues, were
excluded from the study. Therefore, 180 individuals who
met the inclusion criteria were included in this study, of
whom 67 were classified into the VAP group. All informa-
tion regarding the selection criteria is shown in the flow-
chart in Figure 1. Regarding the VAP criteria, we based
our assessment on the European Centre for Disease
Prevention and Control guidelines [11]. Samples of the
lower respiratory tract secretions were obtained before
antibiotic administration. The day on which these sam-
ples were positive for all suspected VAP pathogens was
considered the start of VAP.

STATISTICAL ANALYSIS

The patients’ data were entered into a predefined, in-
stitutional database. A t-test or chi-square test was used
to assess the relationship between the variables, and
corresponding p-values were reported. In addition, two-
state logistic regression was used to investigate the fac-
tors that significantly affected patients. A p-value of less
than 0.05 was considered statistically significant. All the
analyses were performed using R software v.4.1.1 [12].

All patients were admitted to the
ICU with a positive RT-PCR test
result for SARS-CoV-2 (n=235).

A 4

Yes, (n=180); at least 48h MV,
positive microbiological sample from
the respiratory system after this
period, new changes on chest
radiograph

VAP Group
n=67 (37%)

RESULTS

Table 1 presents the demographic and clinical char-
acteristics of the patients at ICU admission, as well as
the risk factors for developing VAP. Notably, bacterial
co-infection occurred in only 33% of the participants in
our study. Interestingly, the mean age of patients in the
group who developed VAP (63.4) was statistically signifi-
cantly lower than that of the other group (67.6, p-val-
ue=0.029). Additionally, the number of female patients
who developed VAP (n=20) was statistically significantly
lower than that of male patients (n=47). Comorbidities
were common in the study population, with diabetes
mellitus, atrial fibrillation, hypertension, and chronic
heart failure being the most prevalent comorbidities.
The mean score for the acute physiology and chronic
health evaluation (APACHE 1) was 30 at the time of the
patients’admission to the ICU. Moreover, there was a sta-
tistically significant difference between the two groups
in the mean ratio of the partial pressure of oxygen in the
arterial blood to the fraction of inspiratory oxygen con-
centration (measured in mmHg), international normal-
ized ratio, and neutrophil count. The C-reactive protein,
procalcitonin, and neutrophil counts were not statisti-
cally significantly different between the two groups.

Considering the hospitalization period, the mean
hospital stay was 16.8 days in the patients with VAP,

Admission for reasons other than
infection with COVID-19 detected by
obligatory RT-PCR test (n=34)

Non-VAP Group
n=113 (63%)

Fig. 1. Flowchart of patient screening and inclusion. ICU: intensive care unit; MV: mechanical ventilation; VAP: ventilator-associated
pneumonia; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; COVID-19: coronavirus disease 2019; RT-PCR: reverse

transcription-polymerase chain reaction.
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Table 1. Characteristics of patients with COVID-19 at ICU admission, risk factors for developing ventilator-associated pneumonia, disease course, treatment, and outcomes.
Headcount Non-VAP VAP All p-value
n= 113 (63%) n=67 (37%) n=180

Baseline and demographic

Mean age (+5D) - years 67.6(124) 63.4(12.0) 66.0(12.4) 0.029
Female; n (%) 59(52.2) 20(29.9) 79(4.9) 0.006
Average BMI (= SD) 322(73) 35.1Q27.8) 33(17.9 0.282
DM; n (%) 32(27.6) 24(35.8) 56 (30.6) 0.25

AF;n (%) 15(12.9) 10(14.9) 25(137) 0.824
HT;n (%) 67(57.8) 44 (66.7) 111(61) 0.270
Obesity; n (%) 24(20.7) 15@23.1) 39215) 0.710
CHF; n (%) 27(B3) 14(21.2) 41Q225) 0.854

On arrival in the ICU

Mean APACHE |1 (£ SD) 31(8) 29007 30(7) 0.150
Mean Pa02/Fi02 (= SD) [mmHg] 134.1(86.6) 115.6 (54.7) 1272 (76.6) 0.118
INR (£ SD) 14(03) 13(02) 14(03) 0.034
(RP (£ SD) [mg/L] 812 (90.1) 90.8(94.6) 84.8(91.6) 0501
Interleukin 6 (== SD) [pg/mL] 378.4(778.6) 622.8(1053.8) 4814(908.8) 0.145
White Blood Cells (:SD) [x103/pL] 14.1(103) 12.5(8.7) 13.5(9.7) 0273
Absolute neutrophils (:5D) [x103/pL] 10.7 (6.6) 114(73) 11.0(6.9) 0.628
Neutrophils Percent (&= SD) 69.1(32.6) 82.8(14.1) 75.0(27.0) 0.017
Procaldtonin (+ SD) [ng/mL] 3.0(10.6) 14(4.8) 2489 0.230
During hospitalization

Mean LOS at1CU (= SD) [days] 11.6(9.8) 16.8(10.6) 13.6(103) 0.001
The average MY duration (+ SD) [days] 10984 14.8(8.6) 124(8.7) 0.004
Corticosteroids; n (%) 97(85.8) 60(89.6) 157(87.2) 0.624
Prone Position; n (%) 42(37.2) 30(44.8) 72 (40.0) 0395
Infusion of NMBAs at least 1 day; n (%) 74(65.5) 58(86.6) 132(733) 0.004
INR; n (£ D) 13(02) 12(02) 12(02) 0.288
CRP; n (+5D) 107.0(73.7) 99.8(85.9) 1043 (783) 0556
Interleukin 6; n (= SD) 532.4(866.6) 655.0 (888.1) 5833 (874.7) 0396
Absolute neutrophils; n (:5D); [x103/pL] ~ 13.0(7.2) 12054 123(6.6) 0.125
Neutrophils Percent; n (£ D) 82.2(105) 81.0(10.9) 81.7(10.6) 0521
Procaldtonin; n (£ SD) 4.1(10.7) 27(53) 3.6(86) 0.282

After 24 hours of ICU hospitalization

(RP; n (£ SD) [mg/L] 703794 71.2(68.4) 70.6(75.1) 0.946
INR; n (£ D) 13(03) 14(03) 14(03) 0.087
Interleukin 6; n (== SD) [pg/mL] 207.6(252.8) 395.5(520.1) 2736(373.2) 0.146
Absolute neutrophils; n (5D) [x103/u] ~ 11.9(5.3) 8.2(4.9) 10.6 (5.4) 0.079
Neutrophils Percent; n (£ D) 69.1(33.0) 84.6(6.8) 74.6(21.5) 0.156
Procaldtonin (£ SD) [ng/mL] 24(72) 12(3.8) 19(62) 0326
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White Blood Cells; n (£5D) [x103/pL] 14.9(114) 11.6(7.5) 13.7(103) 0.088
After 48 hours of ICU hospitalization

(RP; n (== SD) [mg/L] 57.2(745) 50.8(59.8) 54.6(68.8) 0.610
Procaldtonin; n (£ SD) [ng/mL] 18(.1) 0.9(23) 14(4.0) 0.283
White Blood Cells; n (£5D) [x103/pL] 16.0(12.9) 115(6.5) 142(11.1) 0.027
Interleukin 6; n (= SD) [pg/mL] 256.8(370.7) 1358(18.3) 187.6(267.8) 0.190
Absolute neutrophils; n (:SD) [x103/uL] ~ 11.7(6.7) 78(4.7) 9.8(6.0) 0.074
Neutrophils Percent; n (£ SD) 68.4(30.6) 78.7(1.8) B4R 0216
INR; n (£ D) 13(02) 12(02) 13(02) 0.043
After 72 hours of ICU hospitalization

(RP; n (= SD) [mg/L] 545 (585) 384(41.9) 84(53.2) 0.118
Interleukin 6; n (= SD) [pg/mL] 843.0(1516.6) 313.9 (556.6) 6372 (1250.4) 0221
White Blood Cells; n (5D) [x103/L] 17.3(125) 125(6.8) 15.6(11.0) 0.030
Absolute neutrophils; n (£5D) [x103/pL] 143 (5.4) 11365.9) 12.6(5.8) 0.180
Neutrophils Percent; n (£ SD) 76.6(233) 57.8(32.9) 66.2(30.0) 0.107
Procaldtonin; n (==5D) [ng/mL] 1.1(2.0) 0.7(15) 1.0(1.9) 0231
Outcome

Death; n (%) 63(55.9) 47(70.1) 110(61.1) 0.079

The results are reported as a number (percentage) for categorical variables and median [IQR] and SD for continuous variables. DM - Diabetes

Mellitus; AF - Atrial Fibrillation; HT - Hypertension; CHF - Chronic Heart Failure; APACHE Il - Acute Physiology and Chronic Health Evaluation II;

NMBAs - neuromuscular blocking agents; LOS - length of stay; ICU - Intensive Care Unit.

which was longer than that in the non-VAP group (10.9
days). The same trend was observed for the average MV
duration. Among the other interventions, only the infu-
sion of muscle relaxants showed statistically significant
differences.The results also suggested that patients with
VAP had higher mortality rates (70.1%) than those with-
out VAP (55.8%). However, this difference was not statis-
tically significant (p-value=0.079).

In the multivariate analysis, several factors were in-
dependently associated with VAP occurrence, including
age (Odds Ratio (OR): 0.98, 95% confidence interval (Cl):
0.95-1.01, p=0.153), sex (OR: 2.60, 95% Cl: 1.33-5.23,
p=0.010), MV duration (OR: 1.06, 95% Cl: 1.02-1.10,
p=0.004), and infusion of muscle relaxants for at least
one day (OR: 3.74, 95% Cl: 1.66-9.06, p=0.002). The re-
sults of the univariate analysis of factors associated with
VAP are shown in Table 2.

A total of 67 individuals had positive microbiological
results for co-infection. The most common pulmonary
pathogens were Klebsiella pneumoniae, Staphylococcus
aureus, and Enterococcus faecalis (Table 3). The mean
time to VAP onset was 6 days from admission to the ICU,
with a range of 0 to 12 days. Bacterial pathogens re-
sponsible for VAP were classified as sensitive, multidrug-
resistant (MDR), or extensively-drug-resistant based on
the European Centre for Disease Prevention and Control
definition [11]. Interestingly, MDR was the predominant
type of antimicrobial resistance, accounting for 57% of

the cases, while sensitive pathogens represented 43%
of the cases. Furthermore, 91% of the individuals were
infected with MDR pathogens, whereas only 8% of them
were infected with sensitive pathogens.

DISCUSSION

Our findings suggest that patients with COVID-19
who develop VAP have a higher mortality rate than those
who do not. This is consistent with other research results
indicating that VAP is more frequent and more likely to
result in death in patients with COVID-19 than in those
without COVID-19 [10, 11]. Additionally, prolonged MV
and length of stay in the ICU are common features of VAP
[11, 13]. Conversely, a longer MV duration increases the
risk of VAP [11], which is consistent with our findings.

In our study, we observed a lower occurrence rate of
VAP compared to other European countries [14], while
the mortality rate associated with VAP was higher. In
contrast, an Egyptian study reported 100% mortality
among patients with COVID-19 and VAP [7], whereas a
study conducted in Italy revealed that only 25.6% of pa-
tients with COVID-19 who were admitted to the ICU de-
veloped VAP [15]. These differences could be related to
the healthcare systems in different regions of the world,
the severity of COVID-19 in late-stage patients, and over-
whelming ICU capacities.

Infection-induced immune impairment, prolonged
MV duration, prolonged use of sedation, frequent prone
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Table 2. Logistic regression of factors associated with VAP occurrence.

Independent variables Univariate Analysis Multivariate Analysis
OR (95%Cl), p-value OR (95%(1), p-value
Muscle relaxants 4.77(2.28-11.03), p<0.001 3.74(1.66-9.06), p=0.002
MV duration 1.07(1.04-1.11), p<0.001 1.06(1.02-1.10), p=0.004
APACHEIN 1.00(0.96-1.04), p=0.970
1CU LOS 1.06(1.03-1.10), p<0.001

Chronicorganinsufficiency orimmunocompromised 103 (0.56-1.92), p=0.917

Sex 243(1.25-4.87),p=0.010
Age 0.97(0.95-1.00), p=0.027
Prone position 1.41(0.77-2.56), p=0.262

Use of corticosteroids 1.25(0.51-337), p=0.645

260(133-5.23), p=0.010
0.98(0.95-1.01), p=0.153

ICU - Intensive Care Unit; LOS - length of stay; MV - mechanical ventilation; APACHE Il - Acute Physiology and Chronic Health Evaluation Il;

ARDS - Acute Respiratory Distress Syndrome; OR - Odds Ratio.

Table 3. Pathogens causing ventilator-associated pneumonia.

Frequency in

Ventilator-associated Pneumonia Pathogens .
patients’samples

Klebsiella pneumoniae 33
Staphylococcus aureus 22
Enterococcus faecalis 14
Acinetobacter baumannii 8
Escherichia cofi 7
Corynebacterium species 5
Enterobacter dloacae 5
Proteus mirabiis 4
Gitrobacter freundii 2
Haemophilus influenzae 2
Staphylococcus haemolyticus 2
Stenotrophomonas maltophifia 2
Burkholderia gladioli 1
(orynebacterium striatum 1
Defftia acidovorans 1
Hafnia afvei 1
Klebsiefta oxytoca 1
Pseudomonas aeruginosa 1
Staphylococcus cohnii 1

ventilation, and a higher risk of pulmonary infection are
other factors that may have contributed to the increased
risk of VAP in COVID-19 infections compared to other
ARDSs [16-18]. Our study identified sex and the use of
neuromuscular blocking agents as independent factors
influencing the occurrence of VAP, which is consistent
with another study [19]. Additionally, obesity and other
comorbidities are important factors that cannot be ig-
nored [13], as they are linked to a higher risk of severe
COVID-19 rather than the development of VAP [13]. In
our study, 59% of patients had a BMI over 30 kg/m2,
which is a notable number given the prevalence of obe-
sity in the Polish population (19%) [20]. Obesity may also
indicate poorer baseline health owing to its association
with lower socioeconomic status [21]. Similar to a previ-
ous study [22] prone positioning did not affect the oc-
currence of VAP in our study. Corticosteroids, which are
commonly used to control ARDS development in severe
COVID-19 cases, may decrease the immune system re-
sponse [23] and indirectly increase the risk of co-infec-
tion [24]. However, this dependence was not observed
in our study.

The main pathogens identified in our study were
Klebsiella pneumoniae, Staphylococcus aureus, and En-
terococcus faecalis, which is consistent with previous
reports on non-pandemic cases [11], as well as other
pandemic-related studies [13]. The emergence of MDR
strains in our study was found to be associated with sev-
eral factors including ARDS and other reasons that con-
tribute to the development of MDR. Our findings are in
agreement with similar reports that the overuse of anti-
biotics is related to an increase in MDR rates [25]. There-
fore, we suggest that patients with COVID-19 should
receive empirical treatment based on clinical evidence
and appropriate antimicrobial medications following re-
gional guidelines [26]. Our findings highlight the impor-
tance of promptly modifying empirical therapy based on
the availability of microbiological test results. Therefore,
we recommend that healthcare providers closely moni-
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tor the progress of their patients and adjust their treat-
ment plans accordingly once the results of the microbio-
logical tests are ready. MDR organisms and inadequate
early antibiotic therapy are well-known risk factors for
mortality in patients with VAP [27, 28]. However, Blonz
et al.[29] found that the first empirical therapy appeared
to reduce the prevalence of polymicrobial VAP, although
prior antibiotic treatment may predispose the organisms
to resistance.

LIMITATIONS

The layout and structure of our study were strong,
with clearly defined variables used in the analysis. The VAP
specifications also adhered to the European Centre for Dis-
ease Prevention and Control guidelines. Furthermore, our

study identified a possible risk factor for mortality in criti-
cally ill patients. However, our study had some limitations.
Firstly, our results may not be applicable to other hospitals
owing to the monocentric study design. Secondly, the ret-
rospective design of this study prevented the elimination
of several covariates. Additionally, it can be difficult to
distinguish between bacterial VAP and upper respiratory
colonisation in patients with severe COVID-19 [30].

CONCLUSIONS

Our findings suggest that VAP is a common compli-
cation in patients with COVID-19 receiving MV and that
multidrug-resistant bacteria are a significant concern.
This highlights the need for effective prevention and
management strategies for VAP in this population.
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Rozdziat 10. Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA
PRZY UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. 85 748 54 07, fax 85 748 55 08
komisjabioetyczna@umb.edu.pl

Biatystok, 29.04.2021 r.
Uchwata nr: APK.002.242.2021

Na podstawie art. 29 ust. 2 i 14 ustawy dnia 5 grudnia 1996 r. o zawodach
lekarza i lekarza dentysty (tj. Dz. U z 2020, poz. 514 ze zm.), Komisja
Bioetyczna przy Uniwersytecie Medycznym w Biatymstoku, PO zapoznaniu si¢
z projektem badania zgodnie z zasadami GCP/ Guidelines for Good Clinical
Practice /- wyraza zgodg¢ naprowadzenie tematu badawczego:
»Wielokierunkowa analiza przebiegu leczenia chorych z COVID-19
wymagajacych procedur z zakresu intensywnej terapii” przez dr n. med.
Stawomira Lecha Czabana wraz z zespolem badawczym z UMB.

Planowany okres realizacji od 29.04.2021 r. do 2 miesigce po oficjalnym
ogloszeniu zgkonczenia pandemii.

Pouczenie:
1. Odwolanj od uchwaly komisji bioetycznej wyrazajacej opinig moze wniesé:
1Ywnioskodawca;
) kierownik podmiotu, w ktérym eksperyment med ma by¢ przep, d: :
/3) komisja bioetyczna wiasciwa dla osrodka, ktdry ma uczestniczyé w wieloosrodkowym eksperymencie me

2. Odwolanie, o kirym mowa w ust. |, wnosi sig za posrednictwem komisji bioetycznej, ktdra podjela uchwale, do Odwolawczej Komisji
Bioetycznej w terminie 14 dni od dnia dorgczenia uchwaly wyrazajgcej opinig.

end ', Pan Modewss Gartaseedcl
Fotuepdeem ¢ MM ”‘ i
et cllonkiea J&s)o Oolle badct /< 70
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Rozdziat 11. Oswiadczenia wspétautorow oraz informacja o charakterze
udziatu wspoétautoréw w publikacji

47



Informacja o charakterze udziatu wsp6lautoréw w publikacji:

wBacterial bloodstream infection in critically ill patients with COVID-19: a retrospective cohort study.”
autoréw: Mateusz Bartoszewicz, Slawomir Lech Czaban, Klaudia Bartoszewicz, Damian Kuzmiuk,
Jerzy Robert Ladny, opublikowanej w Therapeutic Advances in Infectious Disease. 2023 : 10, 13 pp.
DOI: 10.1177/20499361231207178

Imig i nazwisko wspélautora | Charakter udziatu

- opracowanie koncepcji badan,

- stworzenie hipotezy badawczej,

- opracowanie koncepcji badania,

kandydat - lek. Mateusz - stworzenie bazy danych,

Bartoszewicz - analiza zebranego materiatu,

- opracowanie wynikow oraz ich interpretacja,
- przygotowanie manuskryptu.

-przygotowanie manuskryptu,

dr n. med Stawomir ;
-krytyczna recenzja manuskryptu.

Lech Czaban

lek. dent. Klaudia Bartoszewicz - walidacja.

- nadz6r nad prowadzonymi badaniami,
lek. Damian Kuzmiuk - opracowanie koncepcji badan.

prof. dr hab. med. Jerzy -opracowanie koncepcji badan,
Robert Ladr.ny ' -nadzér nad prowadzonymi badaniami.

Os$wiadczam, ze wszyscy wspolautorzy wyrazili zgodg na wykorzystanie powyzszej publikacji
w pracy doktorskiej lek. Mateusza Bartoszewicza.

Podpis kandydata

MaAens2
Dortosae win

Potwierdzam opisany powyzej merytoryczny wklad kandydata w powstanie publikacji
wchodzacej w sklad rozprawy doktorskiej.

Podpis promotora

 KIEROWNIK
Klinika Medvesy Ratunkowej

71 RoRert Ladny



Informacja o charakterze udziahi wsp6tautoréw w publikacji:

Ventilator-associated pneumonia among patients with COVID-19: a retrospective cohort
study” autoréw: Mateusz Bartoszewicz, Juliusz Kosel, Klaudiusz Nadolny, Klaudia
Bartoszewicz, Edyta Wilczyk-Chorostek, Jerzy Ladny, Stawomir Czaban, opublikowanej w
Emergency Medical Service. 2023: 10, 4, s. 210-216
DOI: 10.36740/EmeMS202304102

Ratownictwo  Medyczne,

Imi¢ i nazwisko wspo6tautora

Charakter udziatu

kandydat - lek. Mateusz
Bartoszewicz

- opracowanie pomystu badan,

- stworzenie hipotezy badawczej,

- opracowanie koncepcji badania,

- stworzenie bazy danych,

- analiza zebranego materiatu,

- opracowana wynikow oraz ich interpretacji,
- przygotowanie manuskryptu.

dr n. med. Juliusz Kosel

- przygotowanie i krytyczna recenzja
manuskryptu.

dr hab. n. med. i n. o zdr. prof.
AS Klaudiusz Nadolny

-krytyczna recenzja manuskryptu.

lek. dent. Klaudia Bartoszewicz

- opracowanie wynikéw oraz ich interpretacja.

lek. Edyta Wilczyk-Chorostek

- stworzenie bazy danych.

prof. dr hab. med. Jerzy
Robert Ladny

-opracowanie koncepcji badan,
-nadzér nad prowadzonymi badaniami,
-krytyczna recenzji manuskryptu.

dr n. med. Stawomir

- przygotowanie manuskryptu,

- krytyczna recenzja manuskryptu.

Lech Czaban

Oswiadczam, ze wszyscy wspblautorzy wyrazili zgodg na wykorzystanie powyzszej publikacji
w pracy doktorskiej lek. Mateusza Bartoszewicza.

Podpis kandydata
Matense
Dowosie win
Potwierdzam opisany powyzej merytoryczny wklad kandydata w powstanie publikacji
wchodzacej w skiad rozprawy doktorskie;j.
Podpis promotora

KIEROWNIK
Klinika Med Ry

kowej

prof. dr &b, Jerzy Rolfert Ladny



Lek. Mateusz Bartoszewicz
Klinika Anestezjologii i Intensywnej Terapii

z Blokiem Operacyjnym
Uniwersytecki Szpital Kliniczny w Bialymstoku

Oswiadczenie

Bialystok, 04.04.2024

Oswiadczam, iz mdj udzial w przygotowaniu publikacji:

"Bacterial bloodstream infection in critically ill patients with COVID-19: A retrospective
cohort study" autoréw: Mateusz Bartoszewicz, Stawomir Lech Czaban, Klaudia
Bartoszewicz, Damian Kuzmiuk, Jerzy Robert Ladny opublikowanej w Therapeutic
Advances in Infectious Disease wchodzacej w sklad rozprawy doktorskiej "Analiza
zakazen bakteryjnych u chorych z COVID-19 hospitalizowanych na Oddziale Intensywnej

Terapii" wynoszacy 88% polegal na:

- opracowaniu koncepcji badan,

- stworzeniu hipotezy badawcze;j,

- opracowaniu koncepcji badania,

- stworzeniu bazy danych,

- analizie zebranego materiatu,

- opracowaniu wynikéw oraz ich interpretacji,
- przygotowaniu manuskryptu.

Mateus

Bantos2eiica




Dr n. med. Stawomir Lech Czaban Biatystok, 04.04.2024

Klinika Anestezjologii i Intensywnej Terapii

z Blokiem Operacyjnym

Uniwersytecki Szpital Kliniczny w Bialymstoku
Uniwersytet Medyczny w Bialymstoku

Oswiadczenie

Oswiadczam, iz méj udziat w przygotowaniu publikacji:

"Bacterial bloodstream infection in critically ill patients with COVID-19: A retrospective
cohort study" autoréw: Mateusz Bartoszewicz, Stawomir Lech Czaban, Klaudia Bartoszewicz,
Damian Kuzmiuk, Jerzy Robert Ladny opublikowanej w Therapeutic Advances in Infectious
Disease wchodzacej w sklad rozprawy doktorskiej "Analiza zakazeh bakteryjnych u chorych z
COVID-19 hospitalizowanych na Oddziale Intensywnej Terapii" wynoszacy 5% polegat na:

-przygotowaniu manuskryptu,
-krytycznej recenzji manuskryptu.

Jednoczeénie wyrazam zgode na wykorzystanie przez Mateusza Bartoszewicza
publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o

zdrowiu w dyscyplinie nauki medyczne.

p.o. KIEROWNIKA

Kliniki Anesteziologii i Intensywnej Terapii
kiem Cpgracyjn,
dr n. mbd. Slavgndir Lech Czaban




Lek. dent. Klnudia Bartoszewicz Bialystok, 04.04.2024
Zaklad Immunologii Klinicznej
Uniwersytet Medyezny w Bialymstoku

Oswiadczenie

Oswiadezam, iz moj udzial w przygotowaniu publikacji:

"Bacterial bloodstream infection in critically ill patients with COVID-19: A retrospective cohort
study" autoréw: Mateusz Bartoszewicz, Slawomir Lech Czaban, Klaudia Bartoszewicz, Damian
Kuzmiuk, Jerzy Robert Ladny opublikowanej w Therapeutic Advances in Infectious Discase
wehodzaeej w sklad rozprawy doktorskiej "Analiza zakazer bakteryjnych u chorych z COVID-19
hospitalizowanych na Oddziale Intensywnej Terapii" wynoszacy 1% polegat na:

- walidacji.
Jednoczesnie wyrazam zgodg na wykorzystanie przez Mateusz Bartoszewicz publikacji

W postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne.

K(O.uo"f QJO/VﬁOMlew,




Lek. Damian Kuzmiuk Biatystok, 04.04.2024

Klinika Anestezjologii i Intensywnej Terapii
z Blokiem Operacyjnym
Uniwersytecki Szpital Kliniczny w Biatymstoku

Oswiadczenie

Oswiadczam, iz méj udzial w przygotowaniu publikacji:

"Bacterial bloodstream infection in critically ill patients with COVID-19: A retrospective
cohort study" autoréw: Mateusz Bartoszewicz, Stawomir Lech Czaban, Klaudia
Bartoszewicz, Damian Kuzmiuk, Jerzy Robert Ladny opublikowanej w Therapeutic
Advances in Infectious Disease wchodzacej w skiad rozprawy doktorskiej "Analiza
zakazen bakteryjnych u chorych z COVID-19 hospitalizowanych na Oddziale Intensywnej
Terapii" wynoszacy 1% polegat na:

- nadzorze nad prowadzonymi badaniami,
- opracowaniu koncepcji badan.

Jednoczesnie wyrazam zgode na wykorzystanie przez Mateusza Bartoszewicza
publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i
nauk o zdrowiu w dyscyplinie nauki medyczne.
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Prof. dr hab. med. Jerzy Robert Ladny Biatystok 8.03.2024
Klinika Medycyny Ratunkowej
Wyadziat Nauk o Zdrowiu

Uniwersytet Medyczny w Biatymstoku

Os$wiadczenie

O$wiadczam, iz méj udziat w przygotowaniu publikacji:

“Bacterial bloodstream infection in critically ill patients with COVID-19: A retrospective cohort
study" autoroéw Mateusz Bartoszewicz, Stawomir Lech Czaban, Klaudia Bartoszewicz,
Damian Kuzmiuk, Jerzy Robert Eadny opublikowanej w Therapeutic Advances in Infectious
Disease wchodzacej w sktad rozprawy doktorskiej "Analiza zakazeri bakteryjnych u chorych
2 COVID-19 hospitalizowanych na Oddziale Intensywnej Terapii” polegat na:

-opracowaniu koncepcji badan,
-nadzorze nad prowadzonymi badaniami.

M6j udziat w publikacji wynosi 5%.

Jednocze$nie wyrazam zgodg na wykorzystanie przez Mateusza Bartoszewicza publikacji w

postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu

w dyscyplinie nauki medyczne.

KlEROWNlK
Klinika Medycypy Ratun

prof. dr hab. Jerzy Robert tadny




Lek. Mateusz Bartoszewicz Biatystok, 04.04.2024
Klinika Anestezjologii i Intensywnej Terapii

z Blokiem Operacyjnym

Uniwersytecki Szpital Kliniczny w Bialymstoku

Uniwersytet Medyczny w Bialymstoku

Oswiadczenie

Oswiadczam, iz mdj udziat w przygotowaniu publikacji:

"Ventilator-dssociated Pneumonia among Patients with COVID-19: A Retrospective Cohort
Study" autoréw: Mateusz Bartoszewicz, Juliusz Kosel, Klaudiusz Nadolny, Klaudia
Bartoszewicz, Edyta Wilczyk-Chorostek, Slawomir Lech Czaban, Jerzy Robert Ladny
opublikowanej w Emergency Medical Service. Ratownictwo Medyczne wchodzacej w sktad
rozprawy doktorskiej "dnaliza zakazer bakteryjnych u chorych z COVID-19 hospitalizowanych
na Oddziale Intensywnej Terapii" wynoszacy 78% polegat na:

- opracowaniu pomystu badan,

- stworzeniu hipotezy badawczej,

- opracowaniu koncepcji badania,

- stworzeniu bazy danych,

- analizie zebranego materiatu,

- opracowaniu wynikéw oraz ich interpretacji,

- przygotowaniu manuskryptu.

Holeusa Bados2ew




Dr n. med. Juliusz Kosel Biatystok, 04.04.2024

Klinika Anestezjologii i Intensywnej Terapii

z Blokiem Operacyjnym

Uniwersytecki Szpital Kliniczny w Bialymstoku
Uniwersytet Medyczny w Bialymstoku

Oswiadczenie

Os$wiadczam, iz méj udziat w przygotowaniu publikacji:

"Ventilator-Associated Pneumonia among Patients with COVID-19: A Retrospective
Cohort Study" autoréw: Mateusz Bartoszewicz, Juliusz Kosel, Klaudiusz Nadolny,
Klaudia Bartoszewicz, Edyta Wilczyk-Chorostek, Stawomir Lech Czaban, Jerzy Robert
Ladny opublikowanej w Emergency Medical Service. Ratownictwo Medyczne
wehodzacej w sktad rozprawy doktorskiej "Analiza zakazer: bakteryjnych u chorychz
COVID-19 hospitalizowanych na Oddziale Intensywnej Terapii" wynoszacy 5% polegat
na:

- przygotowaniu i krytycznej recenzji manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez lek. Mateusza
Bartoszewicza publikacji w postepowaniu o nadanie stopnia doktora w dziedzinie nauk
medycznych i nauk o zdrowiu w  dyscyplinie nauki  medyczne.




Dr hab. n. med. i n. o zdr. prof. AS Biatystok, 04.04.2024
Klaudiusz Nadolny

Katedra i Zaktad Ratownictwa Medycznego

Akademia Slaska w Katowicach

Rejonowe Pogotowie Ratunkowe w Sosnowcu

Oswiadczenie

Oswiadczam, iz méj udziat w przygotowaniu publikacji:

"Ventilator-Associated Pneumonia among Patients with COVID-19: A4 Retrospective Cohort
Study" autoréw Mateusz Bartoszewicz, Juliusz Kosel, Klaudiusz Nadolny, Klaudia Bartoszewicz,
Edyta Wilczyk-Chorostek, Stawomir Lech Czaban, Jerzy Robert Ladny opublikowanej w
Emergency Medical Service. Ratownictwo Medyczne wchodzacej w sktad rozprawy doktorskiej
"dnaliza zakazeri bakteryjnych u chorych z COVID-19 hospitalizowanych na Oddziale
Intensywnej Terapii" wynoszacy 5% polegat na:

-krytycznej recenzji manuskryptu.

Jednoczesnie wyrazam zgode na wykorzystanie przez Mateusz Bartoszewicz publikacji
W postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w
dyscyplinie nauki medyczne




Lek. dent. Klaudia Bartoszewicz Biatystok, 04.04.2024

Zalflad Immunologii Klinicznej
Uniwersytet Medyczny w Biatymstoku

Oswiadczenie

Oéwiadczam, iz m6j udziat w przygotowaniu publikacji:

“Ventilator-Associated Pneumonia among Patients with COVID-19: A Retrospective Cohort
Study" autoréw: Mateusz Bartoszewicz, Juliusz Kosel, Klaudiusz Nadolny, Klaudia
Bartoszewicz, Edyta Wilczyk-Chorostek, Stawomir Lech Czaban, Jerzy Robert Ladny
opublikowanej w Emergency Medical Service. Ratownictwo Medyczne wchodzacej w sktad
rozprawy doktorskiej "Analiza zakazen bakteryjnych u chorych z COVID-19 hospitalizowanych

na Oddziale Intensywnej Terapii" wynoszacy 1% polegat na:
- opracowaniu wynikéw oraz ich interpretacji.

ateusz Bartoszewicz publikacji

Jednocze$nie wyrazam zgodg na wykorzystanie przez M
dycznych i nauk o zdrowiu w

w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk me

dyscyplinie nauki medyczne.

Kowdto  Douwtoszeryion
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Lek. Edyta Wilczyk-Chorostek Bialystok, 04.04.2024

Klinika Anestezjologii i Intensywnej Terapii

z Blokiem Operacyjnym

Uniwersytecki Szpital Kliniczny w Bialymstoku
Uniwersytet Medyczny w Bialymstoku

Oswiadczenie

Os$wiadczam, iz méj udziat w przygotowaniu publikacji:

“Ventilator-Associated Pneumonia among Patients with COVID-19: A Retrospective Cohort
Study" autoréw: Mateusz Bartoszewicz, Juliusz Kosel, Klaudiusz Nadolny, Klaudia
Bartoszewicz, Edyta Wilczyk-Chorostek, Stawomir Lech Czaban, Jerzy Robert Ladny
opublikowanej w Emergency Medical Service. Ratownictwo Medyczne wchodzacej w skiad
rozprawy doktorskiej "Analiza zakazer bakteryjnych u chorych z COVID-19 hospitalizowanych
na Oddziale Intensywnej Terapii" wynoszacy 1% polegat na:

- stworzeniu bazy danych.

Jednoczesnie wyrazam zgode na wykorzystanie przez Mateusza Bartoszewicza

publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i
nauk o zdrowiu w dyscyplinie nauki medyczne.

&o/m Moyc ClurorkeA_



Prof. dr hab. med. Jerzy Robert Ladny Biatystok 8.03.2024
Klinika Medycyny Ratunkowej
Wydziat Nauk o Zdrowiu

Uniwersytet Medyczny w Bialymstoku

Os$wiadczenie

O$wiadczam, iz m6j udziat w przygotowaniu publikacji:

"Ventilator-Associated Pneumonia among Patients with COVID-19: A Retrospective Cohort
Study" autoréw Mateusz Bartoszewicz, Juliusz Kosel, Klaudiusz Nadolny, Klaudia
Bartoszewicz, Edyta Wilczyk-Chorostek, Stawomir Lech Czaban, Jerzy Robert Ladny
opublikowanej w Emergency Medical Service. Ratownictwo Medyczne wchodzacej w sktad
rozprawy doktorskiej "Analiza zakazeri bakteryjnych u chorych z COVID-19
hospitalizowanych na Oddziale Intensywnej Terapii" polegat na:

-opracowaniu koncepcji badan,
-nadzorze nad prowadzonymi badaniami,
-krytycznej recenzji manuskryptu.

Méj udziat w publikacji wynosi 5%.

Jednocze$nie wyrazam zgode na wykorzystanie przez Mateusz Bartoszewicz publikacji w
postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu
w dyscyplinie nauki medyczne.
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Dr n. med. Stawomir Lech Czaban Biatystok, 04.04.2024

Klinika Anestezjologii i Intensywnej Terapii

z Blokiem Operacyjnym

Uniwersytecki Szpital Kliniczny w Biatymstoku
Uniwersytet Medyczny w Bialymstoku

Oswiadczenie

Os$wiadczam, iz méj udzial w przygotowaniu publikacji:

“Ventilator-Associated Pneumonia among Patients with COVID-19: A Retrospective Cohort Study"
autoréw: Mateusz Bartoszewicz, Juliusz Kosel, Klaudiusz Nadolny, Klaudia Bartoszewicz, Edyta
Wilczyk-Chorostek, Stawomir Lech Czaban, Jerzy Robert Ladny opublikowanej w Emergency Medical
Service. Ratownictwo Medyczne wchodzacej w skiad rozprawy doktorskiej "Analiza zakazen
bakteryjnych u chorych z COVID-19 hospitalizowanych na Oddziale Intensywnej Terapii" wynoszacy
5% polegat na:

- przygotowaniu manuskryptu,

- krytycznej recenzji manuskryptu.

Jednoczesnie wyrazam zgod¢ na wykorzystanie przez Mateusza Bartoszewicza
publikacji w postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o

zdrowiu w dyscyplinie nauki medyczne.

p.o. KIEROWNIKA
Kiiniki Anestezjologii i Intensywnej Teraj i
0 >




Rozdziat 12. Dorobek naukowy

Rodzaj publikacji Liczba Impact Factor  Punktacja MNiSW
Prace wilaczone d(_) rozprawy 2 5,700 140.0
doktorskie
Prace, ktore nie zostaty
wlaczone do rozprawy 2 0 170.0
doktorskiej
Streszczenia zjazdowe 6 0 0
Razem 9 5.700 310.0
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