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ABSTRACT

AIM OF THE STUDY. The purpose of the study was the microbiological analysis of bloodstream infections
in patients hospitalized at the National Institute of Oncology, Maria Sktodowska-Curie — National Research
Institute in the period from 01/01/2020 to 31/10/2022.

MATERIAL AND METHODS. In the period from 01/01/2020 to 31/10/2022, 18,420 blood cultures obtained
from patients hospitalized at the NIO-PIB were analysed in the Department of Clinical Microbiology (total
for the presence of bacteria and fungi). Culture for the presence of bacteria was carried out in the BactAlert
automatic system by bioMerieux, and for fungi in the Bactec FX automatic system by Becton Dickinson.
RESULTS. 1,184 strains of bacteria and 32 strains of fungi considered to be the etiological factor of the infection
were cultured from clinical samples. Gram-positive bacteria accounted for 61.57%, while Gram-negative bacteria
accounted for 32.26% of all isolated bacterial strains. The most frequently cultured strains were Escherichia
coli — 13.77% (including 22.1% of ESBL strains), Klebsiella penumoniae — 4.6% (44.4% of ESBL strains, 1.85%
of NDM strains), Enterobacter cloacae — 2 7% (including 40.6% of multi-resistant strains: ESBL (15.6%) or
with AmpC derepression (25%), among the non-fermenting bacilli, Pseudomonas aeruginosa was the most
frequently cultured - 4.18% (including 3.8% MBL) and Acinetobacter baumannii — 0.8% (including CRAB
strains 50%, MBL 10%). Anaerobic microorganisms were responsible for 3.46% of blood infection cases. Yeast-
like fungi were a factor in 2.7% of all fungemia cases. From blood samples taken Staphylococci were more
frequently isolated directly from a vein or through a central venous catheter than aerobic Gram-negative bacilli
(44.7% and 25.3% and 55.6% and 12.5%, respectively). The opposite situation occurred in the case of samples
taken simultaneously directly from vein and through a central venous catheter, in which a higher share of
aerobic Gram-negative bacilli (46.6%) than staphylococci (32.8%) in causing blood infections was observed.
CONCLUSIONS. Gram-positive bacteria are the major contributors to bloodstream infections in cancer
patients. There is a growing tendency to develop BSI caused by multi-resistant strains.
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STRESZCZENIE

CEL PRACY. Celem pracy byla analiza mikrobiologiczna czynnikow etiologicznych zakazen krwi u pacjen-
tow hospitalizowanych w Narodowym Instytucie Onkologii im. Marii Sklodowskiej-Curie — Panstwowym In-
stytucie Badawczym (NIO-PIB).

MATERIAL I METODY. W okresie 01.01.2020 — 31.10.2022 w Zaktadzie Mikrobiologii Klinicznej wyko-
nano 18 420 posiewow krwi pobranej od pacjentdow hospitalizowanych w NIO-PIB (facznie w kierunku obec-
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nosci bakterii i grzybéw). Hodowle w kierunku obecno$ci bakterii prowadzono w systemie automatycznym
BactAlert firmy bioMerieux, natomiast w kierunku grzyboéw w systemie automatycznym Bactec FX firmy
Becton Dickinson.

WYNIKI. Z préobek materiatu klinicznego wyhodowano 1184 szczepow bakterii oraz 32 szczepow grzybow
uznanych za czynnik etiologiczny zakazenia. Bakterie Gram-dodatnie stanowily 61,57%, natomiast bakterie
Gram-ujemne 32,26% wszystkich izolowanych szczepow bakteryjnych. Najczgséciej hodowano szczepy z gatun-
ku Escherichia coli — 13,77% (w tym 22,1%szczepow ESBL), Klebsiella penumoniae — 4,6% (44,4% szczepow
ESBL, 1,85% szczepow NDM), Enterobacter cloacae — 2,7% (w tym 40,6% szczepéw wieloopornych: ESBL
(15,6%) lub z derepresja AmpC (25%), sposrod pateczek niefermentujgcych najczesciej hodowano Pseudomonas
aeruginosa — 4,18% (w tym 3,8% MBL) oraz Acinetobacter baumannii — 0,8% (w tym szczepy CRAB 50%,
MBL 10%). Drobnoustroje beztlenowe byty odpowiedzialne za 3,46% przypadkow zakazen krwi. Grzyby droz-
dzopodobne byty czynnikiem 2,7% wszystkich przypadkéw fungemii. Z probek krwi pobranych bezposrednio
z zyty lub przez zylny cewnik centralny czgséciej izolowano gronkowce niz tlenowe paleczki Gram-ujemne
(odpowiednio 44.,7% 1 25,3% oraz 55,6% i 12,5%). Odwrotna sytuacja wystepowata w przypadku probek po-
branych réwnoczesnie bezposrednio z zyly i przez zylny cewnik centralny, w ktérym obserwowano wiekszy
udziat tlenowych paleczek Gram-ujemnych (46,6%), niz gronkowcow (32,8%) w wywolywaniu zakazen krwi.

WNIOSKI. Przeprowadzona analiza wykazata, ze u pacjentow z chorobg nowotworowa najwickszy udziat
w zakazeniach krwi majg bakterie Gram-dodatnie. Zauwazalna jest narastajaca tendencja rozwoju BSI wywo-
tanych przez szczepy wielooporne.

Stowa kluczowe: zakazenia krwi, pacjent onkologiczny

INTRODUCTION

Bloodstream infections (BSI) in cancer patients
are a common and serious problem during anticancer
treatment, and due to their severe course and high
mortality, they are of particular clinical importance.
The results of the study indicate that even a slight delay
in the administration of the first dose of antibiotic,
counted in hours, significantly worsens the prognosis
of patients with sepsis (1).

The risk of developing infection is higher in
patients with hematologic malignancies compared
to patients with solid tumours, and the dominant
cause of the increased risk of developing infection
is neutropenia (2, 3). Frequent and long-term
hospitalisations favour colonisation with multiresistant
microorganisms, which are selected by broad-spectrum

antibiotics used in empirical therapy. Invasive
diagnostic and therapeutic methods, permanent
vascular lines, extensive surgical procedures,

radiotherapy enable translocation of the microbiota
of the skin, digestive tract, oral cavity and contribute
to the development of infections. Bloodstream
infections, especially those caused by multiresistant
microorganisms with impaired immune function,
generate serious therapeutic problems and can lead to
the death of the patient (4).

The changes in BSI epidemiology observed in
recent years require a proper assessment of the current
epidemiological situation in a given area.
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WSTEP

Zakazenia krwi (BSI z ang. Bloodstream Infections)
u pacjentdow onkologicznych sa czgstym 1 powaznym
problemem pojawiajacym si¢ w trakcie leczenia prze-
ciwnowotworowego, a ze wzgledu na cigzki przebieg
1 wysoka $miertelno$¢ majg szczegolne znaczenie kli-
niczne. Wyniki badan wskazujg, ze nawet niewielkie,
liczone w godzinach opdznienie podania pierwszej
dawki antybiotyku istotnie pogarsza rokowanie chorych
w sepsie (1).

Ryzyko rozwoju zakazenia jest wigksze u chorych
z chorobg nowotworowa krwi w poréwnaniu do pacjen-
tow z nowotworami litymi, zas§ dominujgca przyczyna
wplywajaca na wzrost ryzyka rozwoju zakazenia jest
neutropenia (2, 3). Czgste i dlugotrwale hospitalizacje
sprzyjaja kolonizacji drobnoustrojami wieloopornymi,
ktore sa selekcjonowane przez szerokospektralne an-
tybiotyki stosowane w terapii empirycznej. Inwazyjne
metody diagnostyczne i terapeutyczne, trwale linie na-
czyniowe, rozlegte zabiegi chirurgiczne czy tez radiote-
rapia, umozliwiajg translokacje¢ mikrobioty skory, prze-
wodu pokarmowego, jamy ustnej i przyczyniajg si¢ do
rozwoju infekcji. Zakazenia krwi, szczegdlnie spowo-
dowane drobnoustrojami wieloopornymi, przy uposle-
dzonym dziataniu uktadu odpornosciowego, generujg
powazne problemy terapeutyczne i moga prowadzi¢ do
$mierci pacjenta (4).

Obserwowane w ostatnich latach zmiany w epi-
demiologii BSI sprawiaja, ze konieczna jest wlasciwa
ocena aktualnej sytuacji epidemiologicznej na danym
obszarze.
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AIM OF THE STUDY

The purpose of the study was the microbiological
analysis of bloodstream infections in patients
hospitalized at the National Institute of Oncology,
Maria Sktodowska-Curie — National Research Institute
in the period from 01/01/2020 to 31/10/2022.

MATERIAL AND METHODS

Clinical material. Blood samples were collected
from a vein and/or through a central venous catheter,
from patients hospitalised at the National Institute of
Oncology Maria Sktodowska-Curie National Research
Institute (NIO-PIB) in the period from 01 January
2020 to 31 October 2022.

Blood culture techniques. A blood sample
(5-10 ml) was inoculated in culture medium securing
the growth of aerobic and anaerobic bacteria and
pathogenic fungi. The bacteria cultures were performed
by the Bact/Alert automated system (bioMerieux) in
Bact/Alert FA plus and Bact/Alert FN plus culture
medium, while the fungi cultures were conducted by
the Bactec FX automated system (Becton Dickinson)
in Bactec Plastic Mycosis medium. The duration of the
cultures varied depending on the rate of growth of the
isolated microorganisms. Negative blood cultures for
bacteria were incubated for 5 days, whereas for fungi,
incubation lasted for 14 days.

Positive blood culture test. Cultures of Bact/Alert
medium were inoculated in Columbia with 5% sheep
blood, chocolate agar, MacConkey, Chapman and CNA
medium with 5% blood and incubated under aerobic
conditions in an atmosphere of 5% CO2 at 37°C for
24-48 hours. Furthermore, for the search for anaerobic
bacteria, Bact/Alert FN plus medium culture was
inoculated on Columbia agar medium with 5% sheep
blood with vitamin K, which was incubated under
strictly anaerobic conditions generated using GENbag
anaer anaer generators (bioMerieux) at 37°C for 24-
96 h. For fungal growth, the material was inoculated
in Sabouraud’s agar medium and incubated for 24-
96 hours. A sample was taken from each medium in
which microbial growth was observed for microscopic
examination.

Identification, drug susceptibility, and resistance
mechanisms of strains. Identification of cultured
microorganisms was performed using Bruker MALDI-
TOF MS (Matrix-Assisted Laser Desorption/lonisation
Time of Flight Analysis, Mass Spectrometry) mass
spectrometry. The drug susceptibility of the cultured
microorganisms was assessed using antibiotic panels
in the WalkAway system (Beckman Coulter), cards
in the VITEK system (bioMerieux) and the gradient
diffusion method.

CEL

Celem pracy byta analiza mikrobiologiczna czyn-
nikow etiologicznych zakazen krwi u pacjentéw hospi-
talizowanych w Narodowym Instytucie Onkologii im.
Marii Sklodowskiej-Curie — Panstwowym Instytucie
Badawczym w okresie od 01.01.2020 r. do 31.10.2022 1.

MATERIAL I METODY

Material kliniczny. Material do badania stanowi-
ly probki krwi pobrane bezposrednio z zyty i/lub przez
zylny cewnik centralny od pacjentow hospitalizowa-
nych w Narodowym Instytucie Onkologii im. Marii
Sktodowskiej-Curie (NIO-PIB) w okresie od 01 stycz-
nia 2020 r. do 31 pazdziernika 2022 r.

Opracowanie probki krwi. Od 5 do 10 ml krwi
pobierano na podtoza do posiewu krwi: Bact/Alert FA
plus (w kierunku bakterii tlenowych) oraz Bact/Alert
FN plus (w kierunku bakterii beztlenowych), ktore in-
kubowano do 5 dni w analizatorze Bact/Alert firmy bio-
Merieux. W przypadku poszukiwania grzybow, krew
posiewano na podioze Bactec Plastic Mycosis, ktére
inkubowano do 14 d6b w analizatorze Bactec FX firmy
Becton Dickinson.

Identyfikacja i lekowrazliwo$¢ drobnoustrojow
oraz badanie ich mechanizméw opornosci. Identyfi-
kacje wyhodowanych drobnoustrojéw przeprowadzo-
no przy uzyciu spektrometrii mas MALDI-TOF MS
(Matrix-Assisted Laser Desorption/lonization Time
of Flight Analysis, Mass Spectrometry) firmy Bruker.
Lekowrazliwo$¢ wyhodowanych drobnoustrojow oce-
niano przy uzyciu paneli antybiotykowych w systemie
Walk Away (Beckman Coulter), kart w systemie VITEK
(bioMerieux) oraz metodg gradientowo-dyfuzyjna.

Oznaczenie mechanizmdw opornosci wykonano wg
zalecen Krajowego Osrodka Referencyjnego ds. Le-
kowrazliwosci Drobnoustrojow (KORLD):

— w kierunku szczepéw ESBL stosowano test dwoch
krazkéw (z ceftazydymem 30ug i cefotaksymem
30ug), utozonych w odleglosci 2 cm od srodka
krazka z amoksycyling/kw.klawulanowy 20/10ng,

— w kierunku szczepéw MBL stosowano krazki
z imipenemem 10pg i ceftazydymem 30ug, utozo-
ne w odleglosci 2 cm od $rodka krazka nasyconego
10pug EDTA,

— w kierunku szczepéw KPC stosowano 2 krazki
z meropenemem 10ug. Na jeden z krazkéw nano-
szono 20pg kwasu fenyloboronowego o stezeniu
15pg/ml,

— wkierunku VRE - oznaczono wrazliwo$¢ na gliko-
peptydy metoda E-testu,

— w kierunku MRSA oznaczono wrazliwo$¢ przy
uzyciu krazka z cefoksytynag 30ug,
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The determination of resistance mechanisms was
performed according to the recommendations of
the National Reference Centre for Microbial Drug
Susceptibility (KORLD):

— 1in the direction of ESBL strains, a test of two discs
(with ceftazidime 30pg and cefotaxime 30ug) was
used, placed 2 cm from the centre of the disc with
amoxicillin/clavulanic acid 20/10pg,

— in the direction of MBL strains, discs with
imipenem 10pg and ceftazidime 30pg were used,
placed 2 cm from the centre of the disc saturated
with 10ug EDTA

— 2 discs with meropenem 10pg were used against
KPC strains. 20pg of phenylboronic acid was
applied at a concentration of 15ug/ml was applied
to one of the discs,

— inthedirectionof VR E - sensitivity to glycopeptides
was determined using the E-test

— MRSA susceptibility was determined using
a cefoxitin 30pg disc,

— towards DER, HL-AmpC - assessed according to
the drug resistance pattern,

— dditionally, in the direction of strains producing
carbapenemases (KPC, MBL, NDM), a rapid test
cassette NG Test/Carba-5 was performed by NG
BIOTECH.

Analysis. All positive blood culture were analysed,
without division into infection and contamination.

RESULTS

Of the total numbers (18,420) of blood cultures
performed in the Department of Clinical Microbiology
of the NIO-PIB, between 2020 and 2022 (October
31, 2022), 11.9% were positive (number of positive
cultures — 2,204) (Figure 1). 12,070 blood samples
were collected directly from the vein and 6,350 blood
samples were collected through a central venous
catheter. The percentage of positive results was 11.2%
and 13.4%, respectively (Figure 2).

1,184 strains of bacteria (aerobic and anaerobic)
and 32 strains of fungi (reduced isolates) were isolated
from clinical material.

The percentage of Gram-positive bacteria strains
was 61.57%, with the highest percentage contribution
of the genus Staphylococcus, 45.35%, being
observed. In the population of coagulase-negative
staphylococci, Staphylococcus epidermidis — 15.87%
and Staphylococcus hominis — 13.18 % prevailed, with
a very high percentage of methicillin-resistant strains
(79.26% and 75%, respectively). Staphylococcus
aureus strains were isolated in 7% of cases (including
9.75% of MRSA). Other species of the Staphylococcus
genus were isolated sporadically, with an equally
high proportion of methicillin-resistant strains. The
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— w kierunku DER, HL-AmpC— oceniono wg wzoru
lekoopornosci,

— dodatkowo, w kierunku szczepéw wytwarzajacych
karbapenemazy (KPC, MBL, NDM) wykonywano
szybki test kasetkowy NG Test/Carba-5 firmy NG
BIOTECH.

Analiza. Analizie poddano wszystkie probki krwi,

w ktorych uzyskano wzrost drobnoustrojéw bez po-

dzialu na zakazenie i kontaminacje.

WYNIKI

W okresie 01.01.2020 — 31.10.2022 w Zaktadzie Mi-
krobiologii Klinicznej NIO-PIB wykonano 18 420 po-
siewow krwi, uzyskujac w 2204 (11,9%) przypadkach
dodatni wynik hodowli (Rycina 1). Wigkszos¢ probek
krwi (12 070) pobrano bezposrednio z zyly, a tylko
6350 probek krwi pobrano przez zylny cewnik central-
ny. W zaleznosci od miejsca pobrania krwi, odsetek do-
datnich wynikéw stanowit odpowiednio 11,2% i 13,4%
(Rycina 2).

Z probek materiatu klinicznego wyhodowano 1184
szczepow bakterii oraz 32 szczepy grzyboéw uznanych
za czynnik etiologiczny zakazenia. Odsetek szcze-
poéw nalezacych do bakterii Gram-dodatnich wynosit
61,57% przy czym obserwowano najwigkszy udzial
ziarniakow Gram-dodatnich z rodzaju Staphylococcus
— 4535% W populacji gronkowcoéw dominowaty
Staphylococcus  epidermidis —  15,87%  oraz
Staphylococcus hominis — 13,18%, z bardzo wysokim
odsetkiem szczepéw metycylinoopornych (odpowied-
nio 79,26% 1 75%). Szczepy Staphylococccus aureus
izolowano w 7% przypadkéw (w tym 9,75% MRSA).
Pozostate gatunki z rodzaju Staphylococcus izolowano
sporadycznie, z réwnie wysokim udziatem szczepdw
metycylinoopornych. Rodzaj Enterococcus odpowiadat
za 6,84% zakazen, z czego E. faecium — 3,46% (w tym
szczepy VRE — 34,15%), natomiast E. faecalis —2,87%
(w tym szczepy VRE — 2,94%). W 0,25% przypadkow
wyhodowano Listeria monocytogenes (Tabela 1).

Bakterie Gram-ujemne stanowily 32,26% wszyst-
kich wyhodowanych drobnoustrojéw, przy czym naj-
czesciej izolowano paleczki z rodziny Enterobacterales
(79,84%), gtdwnie szczepy z gatunku Escherichia coli
— 13,77% (w tym 22,1%szczepéw ESBL), Klebsiella
penumoniae — 4,6% (44,4% szczepéw ESBL, 1,85%
szczepdw NDM), Enterobacter cloacae — 2,7% (w tym
40,6% szczepdw wieloopornych: ESBL — 15,6%) lub
z derepresja AmpC (25%). Sposrod pateczek niefer-
mentujacych najczesciej hodowano Pseudomonas
aeruginosa — 4,18% (w tym 3,8% MBL) oraz
Acinetobacter baumannii — 0,8% (W tym szczepy
CRAB 50%, MBL 10%) (Tabela 1).

Flora beztlenowa byla odpowiedzialna za 3,46%
wszystkich przypadkéw zakazen. Najczesciej izolo-
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Table 1. Microorganisms isolated from blood samples from patients NIO-PIB between 2022-2022
Tabela 1. Drobnoustroje wyhodowane z probek krwi pobranych od pacjentéw NIO-PIB w latach 2020-2022

Blood drawn from vein

Blood culture drawn through
the central vascular catheter

Blood drawn from vein and
blood culture drawn through
central vascular catheter at

Organism the same time
No. of isolates (including no | No. of isolates (including no | No. of isolates (including no
of isolates with resistance of isolates with resistance of isolates with resistance
mechanism) mechanism) mechanism)
N=1,184 (100%)
Total
685 (57.85%) | 295 (24.92%) | 204 (17.23%)
- ) 729 (61.57%)
Gram-—positive bacteria
431 207 91
Staphylococcus aureus' 50 (6)! 11 (2) 21
Staphylococcus
. 3
lugdunensis
Staphylococcus 99 (80)' 62 (46) 27 23)
epidermidis’
Staphylococcus ) . )
hominis! 97 (69) 49 (39) 10 (9)
Staphylococcus ) . .
haemolyticus' 4168 3128 4@
Staphylococcus koag(-) ) )
other 19 4) 11 (5) 2
Enterococcus faecium? 26 (8)? 51y 10 (5)?
Enterococcus faecalis® 23 (1)? 8 3
Enterococcus
. 2 1
gallinarum
Enterococcus avium 2
Enterococcus durans
Streptococcus ) )
pneumoniae
Sfrfzptococcus z gr. 28 ] 6
viridans
Streptococcus B-hem. 2 1 1
Aerococcus urinae 1
Lactococcus lactis 2
Listeria monocytogenes 3
Corynebacterium sp. 6 6 1
Rothia sp. 2 5
Lactobacillus sp. 1
Bacillus sp. 10 4 3
Kocuria sp. 1 1
Micrococcus sp. 11 2
Microbacterium spp. 1
Delftia acidovorans 1
Gram-negative 382 (32.26%)
bacteria 206 68 103
Escherichia coli® 97 (22)° 16 (4)° 50 (10)°
Klebsiella pneumoniae™* 26 (134 93" 19 (9y*#
Klebsiella oxytoca 5 2 1
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Klebsiella variicola 3 1(1)
Klebsiella aerogenes 3 (1) 1 (1) 2 (1)
Raoultella |
ornithinolytica
Raoultella planticola 1 1
Enterobacter cloacae® 16 (7 6 (1y 10 (5)°
Citrobacter freundii® 3(1)°
Salmonella sp. 2
Hafnia alvei® 1 (1)°
Serratia marcescens® 8 4
Proteus mirabilis 4 1 6
Morganella morganii 3(1)° 1
Providencia rettgerii 2
conigimosd 2 17 0y 7
Pseudomonas putida 1 1
baumanms S0 ‘o Loy
Acinetobacter junii 3¢
Acinetobacter ursingii 1
Stenotrophomonas
maltophilia 3 3 !
Aeromonas veronii 1 1
Chryeobacterium |
indologenes
Elizabethkingia 1
Campylobacter jejunii 2 1
Moraxella catarrhalis 1
. . 41 (3.46%)

Anaerobic bacteria

28 12 1
Bacteroides sp. 12 1
Prevotella sp. 1
Fusobacterium sp. 2 1
Bifidobacterium sp. 2
Cutibacterium sp. 8 3 1
Granulicatella adiacens 2
Paracoccus yeei 1
Clostridium perfringens 1 1
Clostridium sp. 2 1
Actinomyces oris 1
Actinotignum schaalii 1

32 (2.7%)

Yeasts

20 8 4
Candida albicans 6 2 1
Candida glabrata 4 3
Candida parapsilosis 1 1 2
Candida tropicalis 2 1
Candida colliculosa 1
Pichia kudriavezevi 2
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Clavispora lusitaniae 2

Saccharomyces |
cerevisiae

Trichoderma sp. 3

I MRS — Methicyllin-resistant Staphylococcus
2 VRE - Vancomycin-Resistant Enterococcus
3 ESBL — Extended-spectrum beta-lactamases
*NDM - New Delhi metallo-B-lactamase

S ESBL or DER - extended-spectrum beta-lactamases or AmpC derepression

¢ DER — AmpC derepression
”MBL — Metallo-B-lactamase)
8 CRAB — Carbapenem-resistant Acinetobacter baumannii

Enterococcus genus was responsible for 6.84% of
infections, with E. faecium accounting for 3.46%
(including VRE strains — 34.15%), and E. faecalis
— 2.87% (including VRE strains — 2.94%). Listeria
monocytogenes were cultured in 0.25% of the cases
(Table 1).

Gram-negative bacteria accounted for 32.26 % of all
cultured microorganisms, with the Enterobacterales
family being the most common (79.84%), mainly
Escherichia coli strains — 13.77% (including 22.1% of
ESBL strains), Klebsiella penumoniae — 4.6 % (44.4%
of ESBL strains, 1.85% of NDM strains), Enterobacter
cloacae — 2.7% (including 40.6% of multi-drug
resistant strains: ESBL — 15.6% or with AmpC
derepression — 25%). Among the nonfermenting
bacilli, Pseudomonas aeruginosa — 4.18% (including
3.8% MBL) and Acinetobacter baumannii — 0.8%
(including 50% CRAB strains, MBL — 10%) were the
most common (Table 1).

Anaerobic flora infections accounted for 3.46% of all
culture-positive cases (Table 1). Bacteroides sp. — 1.1%,
Cutibacterium sp. (former Propionibacterium sp.)
— 1% and were the most frequently isolated. Yeast
represented 2.7% of all positive blood cultures
(Table 1). Candida albicans — 0.8% and Candida
glabrata — 0.6% of the cases and of the cases were
most frequently isolated. Staphylococci were more
frequently isolated from blood samples drawen from
a vein or through a central vascular catheter than
aerobic Gram-negative bacilli (44.7% and 25.3% and
55.6% and 12.5%, respectively). The opposite situation
occurred in the case of samples drawn at the same time
from a vein and through a central vascular catheter.
Aerobic Gram-negative bacilli were responsible for
blood infection of 46.6%, staphylococci of 32.8%
(Figure 1).

Regardless of where blood samples were collected,
Enterobacterales bacilli with resistance mechanisms
were isolated in a similar percentage (27.0%). Less
frequently, only 9.1% of blood samples collected through
a central vascular catheter, nonfermenting bacilli with
resistance mechanisms, were isolated. In the case of

wano Bacteroides spp — 1,1% oraz Cutibacterium spp
(dawne Propionibacterium sp.) — 1% (Tabela 1).

W przypadku 2,7% wszystkich dodatnich wynikéw
posiewu probek krwi czynnikiem zakaznym byty grzy-
by drozdzopodobne (Tabela 1). Najczesciej izolowano
grzyby Candida albicans — 0,8% przypadkow oraz
Candida glabrata — 0,6% przypadkow.

Z probek krwi pobranych bezposrednio z zyty lub
przez zylny cewnik centralny cze¢$ciej izolowano gron-
kowce niz tlenowe paleczki Gram-ujemne (odpowied-
nio 44,7% i 25,3% oraz 55,6% i 12,5%). Odwrotna sy-
tuacja wystgpowata w przypadku probek pobranych
réwnoczesnie bezposrednio z zyty i przez zylny cew-
nik centralny, w ktérym obserwowano wigkszy udziat
tlenowych pateczek Gram-ujemnych (46,6%), niz
gronkowcow (32,8%) w wywolywaniu zakazen krwi
(Rycina 1).

Bez wzgledu na miejsce pobrania probek
krwi, szczepy z mechanizmami opornosci z rzedu
Enterobacterales izolowano w podobnym odsetku
(27,0%). Rzadziej, bo tylko w 9,1% probek krwi po-
branych przez zylny cewnik centralny, wyizolowano
niefermentujace pateczki z mechanizmami opornosci.

W przypadku gronkowcow najwyzszy odsetek
szczepoOw MRS obserwowano w posiewach probek
krwi pobranych przez zylny cewnik centralny (72%),
najnizszy za$ odsetek, w posiewach probek krwi pobra-
nych réwnoczesnie bezposrednio z zyly i1 przez zylny
cewnik centralny (53,7%). Ziarenkowe Enterococcus
VRE najczesciej izolowano z probek krwi pobranych
réwnoczesnie bezposrednio z zyly 1 przez zylny cewnik
centralny (38,5%) (Rycina 2).

DYSKUSJA

Czgsto$¢ wystepowania zakazen krwi u pacjentow
onkologicznych waha si¢ od 11% do 38% (3). W bada-
niach przeprowadzonych przez Islas-Mufioz i wsp. (4)
odsetek ten wynosit 11,7%. W przeprowadzonych
przez nas badaniach odsetek byl podobny i wynosit
11,9%. Czynniki etiologiczne zakazen krwi sa selek-
cjonowane przez stosowane antybiotyki oraz zabiegi
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staphylococci, the highest percentage of MRS strains
was observed in cultures of blood samples collected
through a central vascular catheter (72%), and the lowest
percentage was observed in cultures of blood samples
collected at the same time from a vein and through
a central vascular catheter (53.7%). Enterococcus VRE
was most often isolated from blood samples collected
at the same time from a vein and through a central
vascular catheter (38.5%) (Figure 2).
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diagnostyczne i lecznicze, dlatego bakteryjne zaka-
zenia krwi wystepuja najczesciej. Zgodnie z naszymi
badaniami, za 97,3% zakazen krwi odpowiadata flora
bakteryjna, natomiast tylko w 2,7% przypadkoéw wy-
hodowano grzyby. Wyniki przeprowadzonego badania
wskazujg rowniez na wigkszy udziat bakterii Gram
-dodatnich w BSI. Odsetek ten wynosit 61,57%, pod-
czas gdy flora Gram-ujemna stanowita 32,26%. Prze-
waga flory Gram-dodatniej nad Gram-ujemna, czy
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DISCUSSION

The incidence of bloodstream infections in cancer
patients ranges from 11% to 38% (3). In a study by
Islas-Muioz et al. (4), the percentage was 11.7%. In our
research, the percentage was similar and amounted to
11.9%. The etiological factors of blood infections are
selected by the antibiotics used, as well as diagnostic
and therapeutic procedures, which is why bacterial
blood infections are the most common. According to
our research, 97.3% of blood infections were caused
by bacteria, while only 2.7% of cases were caused by
fungi. The results of our study also indicate a higher
proportion of Gram-positive bacteria in BSI. This
percentage was 61.57%, while Gram-negative bacteria
accounted for 32.26%. The predominance of Gram-
positive over Gram-negative or Gram-negative over
Gram-positive bacteria in patients with BSI has
changed in recent years. According to Islas-Mufioz B
et al. (4) and Marin et al. (5), a higher contribution of
Gram-positive or Gram-negative bacteria in BSI is
related to the group of patients studied (type of cancer,
presence of neutropenia) and geographical region.
Therefore, a higher proportion of Gram-negative
bacteria was observed in BSI in the United States
and Latin America, while in Europe Gram-positive
bacteria accounted for the majority of BSI (4, 5). The
higher of Gram-positive bacteria in blood infections is
probably related to the use of antibiotic prophylaxis in
patients with neutropenia, especially fluoroquinolones,
which eliminate Gram-negative bacteria and promote
the proliferation of Gram-positive bacteria, and the use
of central venous catheters (1).

It was observed that among gram-positive bacteria,
Staphylococcus sp. was the most common etiological
factor of infections when the central wvascular
catheter was the starting point of infection (5, 6).
This is consistent with our results. In blood samples
collected by central venous catheter, the proportion
of staphylococci (55.6%) was more than double
that of aerobic Gram-negative bacilli (12.5%).
The most numerous genus of Staphylococcus was
represented by Staphylococcus epidermidis (15.9%)
and Saphylococcus hominis (13.2%), with a very high
percentage of methicillin-resistant strains (79.3%
and 75%, respectively). Staphylococcus aureus was
isolated in 7% of the cases (including 9.8% of MRSA).
However, it should be noted that the presence of
coagulase-negative staphylococci may be the result of
contamination.

The results of our study indicate a greater
contribution of Gram-negative bacilli (53.0%) than
Gram-positive microorganisms (37.2%) in BSI when
blood samples were collected at the same time from
a vein and through a central vascular catheter. Due to

Gram-ujemnej nad Gram-dodatnig u pacjentow z BSI
zmieniata si¢ w ostatnich latach. Wedtug Islas-Muiioz
i wsp. (4) oraz Marin i wsp. (5) wigkszy udziat w BSI
flory Gram-dodatniej lub Gram-ujemnej zwigzany
jest z grupg badanych pacjentéw (rodzaj nowotworu,
obecno$¢ neutropenii) oraz rejonem geograficznym.
I tak, wigkszy udziat flory Gram-ujemnej w BSI ob-
serwowano w Stanach Zjednoczonych oraz Amery-
ce Lacinskiej, podczas gdy w Europie za wigkszo$¢
BSI odpowiadata flora Gram-dodatnia (4, 5). Wigkszy
udzial w zakazeniach krwi bakterii Gram-dodatnich
zwigzany jest prawdopodobnie ze stosowaniem u pa-
cjentow z neutropenig profilaktyki antybiotykowej,
szczegodlnie fluorochinolonow, ktore eliminujgc bak-
terie Gram-ujemne sprzyjaja namnazaniu si¢ flory
Gram-dodatniej oraz stosowaniem zylnych cewnikoéw
centralnych (1).

Wielu autoréw zaobserwowato, ze sposrod bakterii
Gram-dodatnich, rodzaj Staphylococcus sp. byt naj-
czestszym czynnikiem etiologicznym zakazen, gdy
punktem wyjscia zakazenia byl centralny cewnik na-
czyniowy (5, 6). Jest to zbiezne z naszymi wynikami.
W przypadku probek krwi pobranych przez zylny cew-
nik centralny stwierdzono wiekszy udziat gronkowcow
(55,6%) w poréwnaniu do tlenowych pateczek Gram
-uyjemnych (12,5%). Najliczniej rodzaj Staphylococcus
byt reprezentowany przez Staphylococcus epidermidis
(15,9%) oraz Saphylococcus hominis (13,2%), z bardzo
wysokim odsetkiem szczepow metycylinoopornych
(odpowiednio 79,3% 1 75%). Staphylococccus aureus
izolowano w 7% przypadkow (w tym 9,8% MRSA).
Nalezy jednak zwrdci¢ uwage, ze obecnos¢ gronkow-
cow koagulazo-ujemnych moze by¢ wynikiem konta-
minacji.

Wyniki naszych badan wskazujg na wickszy udziat
pateczek Gram-ujemnych (53,0%) niz drobnoustro-
jow Gram-dodatnich (37,2%) w wywolywaniu BSI,
w przypadku rownoczesnego pobrania probek krwi
bezposrednio z zyly i1 przez centralny cewnik naczy-
niowy. Z uwagi na brak danych dotyczacych czasu
wzrostu drobnoustrojow trudno jest jednoznacznie
stwierdzi¢, czy przyczyna wywotywania BSI byt cen-
tralny cewnik naczyniowy. Niemniej jednak, szcze-
golnie obecno$¢ gronkowcoéw koagulazo-ujemnych
w posiewach probek krwi moze wskazywac, ze drob-
noustroje te stanowig czynnik etologiczny BSI.

Istotnym czynnikiem etiologicznym BSI jest ro-
dzaj Enterococcus. Marin 1 wsp. wykazali 21,3%
udziat Enterococcus sp. w BSI u pacjentow hemato-
onkologicznych oraz 7,4% udziat tego patogenu u pa-
cjentdow z nowotworami litymi (obie grupy pacjentow
z neutropenig) (5). Z kolei Schelenz i wsp. wykazali
4,2% udziat tego drobnoustroju w BSI u pacjentow
hematoonkologicznych oraz 4,5% udzial tego drob-
noustroju w BSI u pacjentow z guzami litymi (obie
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the lack of data on the growth time of microorganisms,
it is difficult to clearly determine whether the central
vascular catheter was the cause of BSI. However,
especially the presence of coagulase-negative
staphylococci in blood samples may indicate that these
microorganisms are the ethological factor of BSI.

An important etiological agent of BSI is the
Enterococcus species. According to Marin et al.
Enterococcus sp. was responsible for 21.3% in
BSI in patients with hemato-oncology and 7.4% in
patients with solid tumours (both groups of patients
with neutropenia) (5). In turn, according to Schelenz
et al. Enterococcus sp. was responsible for 4.2%
BSI in patients with hemato-oncology and 4.5% s in
patients with solid tumours (both groups of patients
with and without neutropenia) (7). In our studies,
Enterococcus sp. accounted for 6.8% (18.51% VRE)
of all isolated microorganisms. Due to the lack of
characteristic of patient groups in our study, it is not
possible to directly compare the results with the cited
studies (8, 9).

Data from the literature indicate a small contribution
of Listeria monocytogenes to BSI in cancer patients.
A study by Anderson et al. showed that in 2.9% of
cases this microorganism was responsible for BSI in
patients with chronic lymphocytic leukemia who had
previously been treated with antibiotics (7), while in
this study the percentage was even lower and amounted
to 0.25%. Despite a small contribution of Listeria
monocytogenes to BSI, attention should be paid to
its presence due to its high mortality rate. A study by
Vahedian-Ardakani et al. (10), showed that in 87.4% of
BSI cases, aerobic Gram-negative bacilli belonging to
the Enterobacterales family and nonfermenting bacilli
were the etiological factors. Escherichia coli (38.68%)
and Klebsiella pneumoniae (14.15%), Pseudomonas
aeruginosa (14.60%) and Acinetobacter sp. (11.32%)
were the most frequently isolated. Furthermore, a study
by Jamal et al. (11), indicated that Escherichia coli
and Klebsiella pneumoniae, as well as Pseudomonas
aeruginosa, were the dominant species isolated from
blood infections. In terms of the appearance of specific
species of microorganisms, our results are consistent
with the reported data. In our study, Escherichia coli
was responsible for 13.5% of BSI cases (including
22.1% of ESBL), Klebsiella pneumoniae for 4.6%
of BSI cases (including 44.4% of ESBL and 1.9% of
NDM), Pseudomonas aeruginosa for 3.9% of BSI
cases (including 2.2% MBL), and Acinetobacter
baumannii behind 0.8% of BSI cases (including 50%
CRAB, 10% MBL).

We observed an increase in MDR (multi-drug
resistant) strains in blood infections in the years 2020-
2022 in our own research. These observations are
consistent with emerging reports (12, 13). The high
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grupy pacjentdOw z neutropenia i bez neutropenii) (7).
W naszych badaniach Enterococcus sp. stanowit 6,8%
(w tym 18,51% VRE) wszystkich izolowanych drob-
noustrojow. Ze wzgledu na brak wyszczegdlnienia
grup pacjentdow w naszym badaniu nie jest mozliwe
porownanie wynikow wprost z zacytowanymi bada-
niami (8, 9)

Dane z pi$miennictwa wskazujag na niewielki
udzial Listeria monocytogenes w BSI u pacjentéw on-
kologicznych. Badanie przeprowadzone przez Ander-
son 1 wsp. (7) wykazato obecno$¢ tego drobnoustroju
tylko u 2,9% pacjentéw z przewlekla bialaczka lim-
focytowa poddawanych antybiotykoterapii, u ktérych
doszto do zakazenia krwi. Warto nadmieni¢, Ze niniej-
szym badaniu odsetek ten byt jeszcze nizszy i wyno-
sit zaledwie 0,25%. Jednakze, stwierdzenie obecnosci
Listeria monocytogenes w BSI jest niezwykle istotne,
gdyz drobnoustroj ten powoduje wysoka smiertelnosc.

Badanie przeprowadzone przez Vahedian-Arda-
kani 1 wsp. (10) wykazato, ze w 87,4% przypadkow
BSI czynnikiem etiologicznym byty tlenowe pateczki
Gram-ujemne nalezace do rodziny Enterobacterales
oraz pateczki niefermentujace. Najczesciej izolowano
Escherichia coli (38,68%) 1 Klebsiella pneumoniae
(14,15%) oraz Pseudomonas aeruginosa (14,60%)
i Acinetobacter sp. (11,32%). Réwniez badanie
przeprowadzone przez Jamal i wsp. (11) wskazalo
Escherichia coli, Klebsiella pneumoniae oraz
Pseudomonas aeruginosa jako dominujace gatun-
ki izolowane z zakazen krwi. Uzyskane przez nas
wyniki sg zbiezne z przytoczonymi danymi. W na-
szym badaniu Escherichia coli byta odpowiedzial-
na za 13,5% przypadkow BSI (w tym 22,1% ESBL),
Klebsiella pneumoniae za 4,6% przypadkow BSI
(w tym 44,4% ESBL i 1,9% NDM), Pseudomonas
aeruginosa za 3,9% przypadkoéw BSI (w tym 2,2%
MBL), a Acinetobacter baumannii za 0,8% przypad-
kéw BSI (w tym 50% CRAB i 10% MBL).

Z badan wilasnych wynika réwniez, ze w latach
2020-2022 w zakazeniach krwi wzrdst udziat szcze-
pow MDR (ang. multidrug-resistant). Obserwacje te
zgodne s3 z pojawiajacymi si¢ doniesieniami w do-
stepnym pismiennictwie (12, 13). Wedtug Si-Hyun
Kim i wsp. (14), tak wysoki udzial szczepow wielo-
opornych w wywotywaniu BSI moze by¢ spowodo-
wany naduzywaniem antybiotykdw oraz stosowaniem
szerokospektralnych antybiotykow w terapii empi-
rycznej. Obecnos¢ patogendéw alarmowych w zakaze-
niach krwi: MRSA, VRE czy pateczek ESBL, MBL
NDM, CR AB zwi¢ksza ryzyko niepowodzenia terapii,
a w konsekwencji jest przyczyng zwigkszonej $mier-
telnosci. Wedtug Kuderer i wsp. u pacjentéw z goracz-
ka neutropeniczng $miertelnos¢ z powodu zakazenia
krwi wywolanego przez pateczki Gram-ujemne MDR
wynosita 33,9% (15).
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percentage of multi-drug resistant strains responsible
for BSI may be due to the overuse of antibiotics or the
use of broad-spectrum antibiotics in empirical therapy,
as indicated by Kim et al. (14). The presence of alarm
pathogens in blood infections: MRSA, VRE, or ESBL,
MBL NDM, CRAB bacilli increases the risk of therapy
failure and, consequently, causes increased mortality.
According to Kuderez et al., in patients with febrile
neutropenia, the mortality rate due to bloodstream
infection caused by MDR Gram-negative bacilli was
33.9% (15).

The anaerobic flora is also one of the etiological
factors of BSI. According to the data from the
literature, anaerobic bacteria were responsible for
1% to 3.5% of cases of BSI, depending on the patient
population (4, 5) and was consistent with our results.
Anaerobic bacteria were responsible for 3.5% of cases
of BSI. Bacteroides spp was most often isolated.

The contribution of fungi to bloodstream infections
(BSI) is insignificant. The study carried out showed
that yeast-caused fungemia accounted for only 2.7%
of all cases. Marin et al. obtained similar results,
yeast accounted for 2.2% of cases of BSI (5). Different
data are presented by Chen et al. (16), fungi were
responsible for BSI twice more often and amounted to
5%. In our study, C. albicans — 0.8% and C. glabrata
— 0.6 % were the most isolated. The high proportion
of C. glabrata BSI in our study is probably related to
the selective pressure of fluconazole, which is used for
prophylaxis, and to which C. glabrata has a naturally
reduced susceptibility.

In conclusion, it should be stated that knowledge of
the etiological factors causing BSI and their resistance
mechanisms is the basis for the correct assessment
of the epidemiological situation, the preparation of
an epidemiological map, and thus the appropriate
empirical therapy.

CONCLUSIONS

1. Gram-positive bacteria are the most common
cause of bloodstream infections in cancer patients.

2. There is a growing tendency to develop BSI caused
by multi-drug resistant strains.
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