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ABSTRACT

BACKGROUND. Hospital infections have become an important problem. Knowledge of microbiological
situations both helps in ensuring that the optimal choice of antibacterial treatment is made, and in improving the
results of the selected therapy.

OBJECTIVE. In this paper, both the changes in the bacterial flora of patients hospitalized in the Military
Institute of Medicine, and the bacterial resistance to antimicrobials were analyzed.

MATERIAL AND METHODS. Data were collected between 2005 and 2012. The identification and testing of
pathogens, susceptibility tests, and analysis of bacterial resistance mechanisms to antibiotics were performed
according to current guidelines.

RESULTS. A total number of 28,066 bacterial strains were isolated. The most frequently isolated pathogens
were Gram-negative bacteria (n=18,021; 64% of all isolated bacteria), including Enterobacteriaceae (71%)
and non-Enterobacteriaceae (29%). The total number of isolated Gram-positive bacteria (n=10,045; 36% of all
isolates) included Staphylococcus spp. (65%) and Enterococcus spp. (35%).

The highest increase in the number of infections was caused by Enterobacteriaceae. The number of
Staphylococcus aureus and coagulase negative Staphylococcus resistant to methicillin decreased. Analyzed alert
pathogens with resistance phenotypes were highly susceptible to a single type of antibiotic. All multidrug
resistant Gram-negative bacteria (except those naturally resistant to colistin) were susceptible to colistin. All
methicillin resistant S. aureus and methicillin resistant coagulase negative Staphylococci were susceptible to
vancomycin and linezolid. All MSSA strains were susceptible to cloxacillin, all Enterococcus faecium strains to
ampicillin, and all VRE strains were susceptible to linezolid and tigecycline.

Key words: hospital infections, bacterial resistance, alert pathogens
STRESZCZENIE

WSTEP. Zakazenia szpitalne stanowig powazny problem kliniczny. Znajomo$¢ sytuacji mikrobiologicznej
pomaga w optymalnym doborze wtasciwej antybiotykoterapii oraz poprawia wyniki leczenia.

CEL PRACY. Niniejsza praca zawiera analize zmian flory bakteryjnej izolowanej z materiatu pobranego od
pacjentow hospitalizowanych w Wojskowym Instytucie Medycznym w Warszawie jak i opornosci izolowanych
patogenow na antybiotyki.

MATERIAL IMETODY. Dane zbierano w latach 2005 - 2012. Identyfikacje patogenow, testy wrazliwosci oraz
analiz¢ mechanizméw opornosci bakteryjnej na antybiotyki przeprowadzono zgodnie z aktualnymi zaleceniami.

© National Institute of Public Health — National Institute of Hygiene / Narodowy Instytut Zdrowia Publicznego — Panstwowy Zaktad Higieny

165



Aneta Guzek, Zbigniew Rybicki, Dariusz Tomaszewski

WYNIKI. Wyizolowano lacznie 28 066 szczepow bakteryjnych. Najczesciej izolowanymi patogenami byty
bakterie Gram ujemne (n=18 021; 64% wszystkich patogendéw), w tym Enterobacteriaceae (71%) and non-
Enterobacteriaceae (29%). Sposrdd 10 045 wyhodowanych szczepow bakterii Gram dodatnich (36% wszystkich
patogenow) szczepy Staphylococcus spp. stanowity 65%, a Enterococcus spp. 35%.

Najwigkszy wzrost obserwowano wsrod Enterobacteriaceae. Liczba szczepow gronkowca zlocistego
i gronkowcow koagulazo-ujemnych opornych na metycyling zmniejszyta si¢. Badane patogeny alarmowe byty
wrazliwe na pojedyncze antybiotyki. Wszystkie wielolekooporne bakterie Gram ujemne (oprdcz patogenow
naturalnie opornych na kolistyne¢) byly wrazliwe na ten antybiotyk. Wszystkie szczepy gronkowca ztocistego
opornego na metycyling oraz oporne na metycyling szczepy gronkowcoéw koagulazo-ujemnych byty wrazliwe
na wankomycyne i linezolid. Wszystkie szczepy gronkowca ztocistego wrazliwe na metycyling byly wrazliwe
na kloksacyling, wszystkie szczepy Enterococcus faecium byly wrazliwe na ampicyling, a wszystkie szczepy

enterokokow opornych na wankomycyne byly wrazliwe na linezolid i tigecykling.

Stowa kluczowe: zakazenia szpitalne, opornos¢ bakteryjna, patogeny alarmowe

INTRODUCTION

Hospital infections comprise about half of all
undesirable complications of hospital treatment (1).
Infections occur more frequently at higher-level referral
centers, especially in intensive care, hematological,
and surgical units, where patients with severe medical
conditions, comorbidities, and immunosuppression are
hospitalized, and where invasive medical procedures
are performed (2,3). The analysis of European
Prevalence of Nosocomial Infection in Intensive
Care Units (EPIC I study) (4) published in 1995
showed that amongst 10,038 patients hospitalized in
1,417 intensive care units (ICU) in Europe: 44.8% of
patients suffered from respiratory tract infections and
62% of them antimicrobial agents were administered.
The predominant etiologic factor of infections were
Staphylococci (49.2%, 60% amongst them were
methicillin resistant Staphylococcus aureus /MRSA/
strains), furthermore Enterobacteriaceae spp. (34.4%),
Pseudomonas aeruginosa (28.8%). There were no
cases of infections caused by Acinetobacter spp.
Published 14 years later EPIC II study (3) confirmed
observations from EPIC I, regarding sites of infections
and antimicrobial therapy. However, an increase in
infections caused by Gram-negative bacteria was
noted, as well as infections caused by Acinetobacter
spp. (8.8%) and FEnterobacteriaceae ESBL(+)
(1.9%). This is a sign of unwanted global trend of
increasing number of infections caused by multi-drug
resistant (MDR) Gram-negative bacteria, including
Acinetobacter spp. (6). In 1970 Acinetobacter spp.
strains were susceptible for ampicillin. Ten years later
almost all the strains were susceptible for carbapenems,
and in 1990 the large number of Acinetobacter spp.
was susceptible for colistin and tigecycline only. In
the United States the number of infections caused by
Acinetobacter spp. increased from 9% in 1995 to 40%
in 2004 (7). There are many reasons of such situation;
including important role of bacterial carriage of patients
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WSTEP

Zakazenia szpitalne stanowig okoto potowy wszyst-
kich niepozadanych zdarzen zwigzanych z leczeniem
szpitalnym (1). Zakazenia wystepuja znacznie czesciej
w osrodkach o wysokim stopniu referencyjnosci, zwtasz-
cza w oddzialach intensywnej terapii, oddziatach hema-
tologicznych i chirurgicznych; tam, gdzie leczeni sg pa-
cjenci w ciezkim stanie ogdlnym, z licznymi schorzenia-
mi wspolistniejagcymi, uposledzona odpornoscia i gdzie
wykonywane sg inwazyjne procedury medyczne (2,3).
Analiza European Prevalence of Nosocomial Infection
in Intensive Care Units (EPIC I study) (4) opublikowa-
na w 1995 roku wykazata, ze sposrod 10 038 pacjentow
leczonych w 1 417 oddziatach intensywnej terapii (OIT)
w Europie: u 44,8% rozpoznano zakazenia uktadu od-
dechowego, a u 62% z nich stosowano leki antybakte-
ryjne. Dominujagcym czynnikiem etiologicznym byly
gronkowce (49,2%, 60% sposrod nich stanowily szczepy
opornego na metycyling gronkowca zlocistego (methi-
cillin resistant Staphylococcus aureus /MRSA/), ponad-
to pateczki z rodziny Enterobacteriaceae spp. (34,4%),
Pseudomonas aeruginosa (28,8%). Nie stwierdzono
przypadkéw zakazen wywotanych przez Acinetobacter
spp. Opublikowane 14 lat p6zniej badanie EPIC II (3) po-
twierdzito obserwacje badania EPIC I co do miejsca zaka-
zenia 1 leczenia przeciwbakteryjnego. Jednak zaobserwo-
wano zwigkszenie liczby zakazen powodowanych przez
bakterie Gram-ujemne oraz zakazen wywolywanych
przez Acinetobacter spp. (8,8%) i Enterobacteriaceae
ESBL(+) (1,9%). Jest to niepozadany, $wiatowy trend
zwigkszania liczby zakazen wywotywanych przez wie-
looporne (multi-drug resistant, MDR) bakterie Gram-
ujemne, w tym Acinetobacter spp. (6). W 1970 roku
szczepy Acinetobacter spp. byly wrazliwe na ampiciling.
Dziesigc lat pozniej prawie wszystkie szczepy byty wraz-
liwe na karbapenemy, a w 1990 roku wiele szczepow
Acinetobacter spp. byto wrazliwych jedynie na kolistyne
i tygecykling. W Stanach Zjednoczonych liczba zakazen
powodowanych przez Acinetobacter spp. zwiekszyla si¢
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admitted to the hospital, as well as human migrations
and touristics. The microbiological assessment of
people travelling to regions with low level of hygiene
revealed an increased number of MDR bacteria in their
stool (8). Kantele et al. (9) found that the number of
Enterobacteriaceae ESBL(+) strains in their stool may
increase almost 20 times, from 1.2% to 21%.

The aims of the study were: (1) to assess changes
in bacterial flora with special attention to multi-drug
resistant bacteria, and (2) to examine the underlying
reasons for bacterial resistance to antibiotics, including
their individual resistance mechanisms, in patients
hospitalized in our center.

MATERIAL AND METHODS

Study design was approved by the institutional
Ethical Committee (no. 45/WIM/2014, issued
November 14%, 2014).

Collecting and Processing of Biological Samples.
The biological samples were withdrawn from patients
hospitalized in our center. We decided to analyze only
the first isolate of each pathogen; next isolates of the
same species from the same patients were not analyzed.

The biological material was processed according
to standard microbiological procedures. Samples
were inoculated on standard culture media (e.g.
Columbia agar, and MacConkey agar, bioMérieux,
France), then incubated at 37 °C for 24 to 48 h. When
growth of mixed bacterial culture was observed,
separating procedures to obtain pure strains of
pathogens were performed.

The accurate microbial identification was
performed with automatic VITEK® 2 testing system
(bioMérieux, France). The microbroth dilution method
with VITEK® 2 AST Cards was used for antibiotic
susceptibility testing of isolated pathogens.

The microbiological analyses between 2005 and
2010 were performed according to the Clinical and
Laboratory Standard Institute (CLSI)recommendations,
and since 2011 according to the regulations of the
European Committee on Antimicrobial Susceptibility

Testing (EUCAST), and the National Reference
Centre for Susceptibility Testing (NRCST, Warsaw,
Poland). Control susceptibility tests included reference
strains of P. aeruginosa ATCC 27853, Klebsiella
pneumoniae ATCC 700603, Staphylococcus aureus
ATCC 29213 and ATCC 43300, Enterococcus faecium
ATCC 27270, and Enterococcus faecalis ATCC 29212.

The analysis of mechanisms of bacterial
resistance was performed according to European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) guidelines for detection of resistance
mechanisms and specific resistances of clinical and/or
epidemiological importance (5).

z 9% w 1995 roku do 40% w 2004 (7). Przyczyn takiej
sytuacji jest wiele; istotng role odgrywa nosicielstwo
bakterii u 0s6b przyjmowanych do szpitala, ale takze mi-
gracje ludnosci i turystyka. Wykazano, ze w stolcu 0sob
podrézujacych do regionéow o niskim poziomie higieny
znajduje sie wigcej bakterii MDR (8). Kantele i wsp. (9)
wykazali, ze liczba bakterii Enterobacteriaceae ESBL(+)
w stolcu moze by¢ zwickszona nawet dwudziestokrotnie,
z 1,2% to 21%.

Celem pracy byta: (1) ocena zmian flory bakteryj-
nej, ze szczegdlnym uwzglednieniem bakterii wielo-
lekoopornych, oraz (2) analiza opornosci bakterii na
antybiotyki, z uwzglednieniem indywidualnych me-
chanizmow opornosci, u pacjentow hospitalizowanych
w Wojskowym Instytucie Medycznym w Warszawie.

MATERIAL I METODY

Badanie zostalo zaaprobowane przez Komisje
Bioetyczng Wojskowego Instytutu Medycznego
w Warszawie (zgoda nr 45/WIM/2014 z 14.11.2014).

Probki biologiczne. Probki biologiczne byty pobie-
rane od pacjentdéw hospitalizowanych w Wojskowym
Instytucie Medycznym w Warszawie. Oceniano tylko
pierwszy izolat danego patogenu; kolejne izolaty tego
samego gatunku uzyskane od tego samego pacjenta nie
byly oceniane.

Dalsze postepowanie z uzyskanym materiatem
byto zgodne ze standardowymi procedurami mikro-
biologicznymi. Probki przenoszono na standardowe
podtoza mikrobiologiczne (np. agar Columbia, agar
MacConkey’a, bioMérieux, Francja), nastepnie inku-
bowano w 37°C przez 24 do 48 h. W przypadku gdy
obserwowano wzrost mieszanej flory bakteryjne;j,
przeprowadzano jej rozizolowanie majace na celu
otrzymanie czystych szczepow patogenow.

Szczegdlowa identyfikacja mikrobiologiczna byta
przeprowadzano za pomoca automatycznego systemu
VITEK®2 (bioMérieux, France). Do oznaczania wrazliwo-
$ci patogenow na antybiotyki wykorzystano automatyczng
metode mikrorozcienczen przy uzyciu kart do oznaczania
lekowrazliwosci drobnoustrojow VITEK® 2 AST.

Analizy mikrobiologiczne w latach 2005 - 2010 wy-
konywano zgodnie z zaleceniami Clinical and Laboratory
Standard Institute (CLSI), a od 2011 roku zgodnie
z wytycznymi European Committee on Antimicrobial
Susceptibility Testing (EUCAST), a takze z reko-
mendacjami  Krajowego Osrodka Referencyjnego ds.
Lekowrazliwosci Drobnoustrojéw, Warszawa, Polska
(KORLD). W kontroli testow wrazliwosci wykorzysta-
no referencyjne szczepy P aeruginosa ATCC 27853,
Klebsiella pneumoniae ATCC 700603, Staphylococcus
aureus ATCC 29213 1 ATCC 43300, Enterococcus faecium
ATCC 27270, oraz Enterococcus faecalis ATCC 29212.

Analiza mechanizméw opornosci bakteryjnej zostata
przeprowadzona zgodnie z wytycznymi EUCAST (5).
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(a) Extended spectrum p-lactamase producing
Enterobacteriaceae

The ESBL production was tested by the Double Disc
Synergy Test (DDST) by using a disc of amoxicillin-
clavulanate (20/10 pg) along with ceftazidime (30
ung) and cefotaxime (30 pg). An increase in the zone
towards the disc of amoxicillin-clavulanate was
considered as positive for ESBL production.

(b) KPCHlike carbapenemase - producing Entero-
bacteriaceae (KPC-like CPE)

All suspected CPE isolates were subjected to KPC
phenotypic detection, using the combined disk test
with phenylboronic acid on the Mueller-Hinton agar.
The test was considered positive when the diameter
of the growth-inhibitory zone around a B-lactam disk
with phenylboronic acid was >4 mm larger than that
around a disk containing the B-lactam substrate alone.

The identification of KPC-like CPE was confirmed
in NRCST, Warsaw, Poland, with the genetic methods.

(¢) Carbapenemase-producing non-Enterobac-
teriaceae

Double Disc Synergy Tests (DDST) with EDTA,
ceftazidime (30 pg), and imipenem (10 pg) discs
placed on Mueller-Hinton agar were used. The
tests results were interpreted according to CLSI and
EUCAST guidelines.

(d) Methicillin resistant S. aureus (MRSA)

Disc diffusion test with cefoxitine (30 pg) disc
placed on Mueller-Hinton agar was performed. Isolates
showing inhibition zone size < 19 mm were considered
as resistant.

Penicillin-binding  protein ~ (PBP2a)  latex
agglutination test (Slidex® MRSA, bioMérieux,
France) was performed according to manufacturer’s
protocol.

(e) Vancomycin resistant E. faecium and E.
faecalis

Detection of resistance  mechanisms to
glycopeptides was performed with gradient MIC
methods, using the paper strips with vancomycin and
teicoplanin, according to manufacturer’s protocol
(Etest, bioMérieux, France).

RESULTS

The study was conducted between 2005 and 2012.
From 3,350 to 4,500 samples were collected each year
during the study period. Totally 26,256 samples were
analyzed, the places of its origin was shown in Table
1. From this material 28,066 pathogens were isolated,
including 18,021 Gram-negative (64%), and 10,045
Gram-positive bacteria (36%). Amongst them there
was 9,641 (34.3%) multidrug resistant pathogens.
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(a) Enterobacteriaceae wytwarzajace PB-lakta-
mazy o rozszerzonym spektrum dzialania

Do wykrycia ESBL zastosowano tzw. test dwoch
krazkéw (double disc synergy test, DDST) wykorzy-
stujac krazki z amoksycyling/klawulanianem (20/10
ug) oraz ceftazydymem 30 pg i cefotaksymem 30 pg).
Wyrazne powigkszenie strefy zahamowania wzrostu
wokot krazka z ceftazydymem lub cefotaksymem od
strony krazka zawierajacego kwas klawulanowy od-
czytywano jako wynik pozytywny, potwierdzajacy
wytwarzanie ESBL.

(b) Wykrywanie karbapenemaz typu KPC
u Klebsiella pneumoniae

Do okre§lania zdolno$ci wytwarzania karba-
penemazy klasy A zastosowano kombinowany test
z kwasem fenyloboronowym (inhibitor KPC) z wy-
korzystaniem krazkow z meropenem (10 pg) / me-
ropenemem i kwasem fenyloboronowym (10/300 ug)
umieszczonych na podtozu Mueller-Hinton (bioMérie-
ux, Francja). Wynik odczytywano jako dodatni, jesli
$rednica strefy zahamowania wzrostu wokot krazka
z meropenemem w stosunku do krazka zawierajace-
go meropenem/kwas fenyloboronowy byta roéwna lub
wigksza niz 4 mm.

Identyfikacje  szczepow KPC potwierdzano
w KORLD w Warszawie metodami genetycznymi.

(¢) non-Enterobacteriaceae wytwarzajace MBL

Wykorzystano test zblizeniowy z uzyciem krazkow
z EDTA, ceftazydymem (30 pg) i imipenemem (10
ug). Krazki umieszczano na podtozu Mueller-Hinton
(bioM¢érieux, Francja) . Wyniki testow interpretowano
zgodnie z zaleceniami CLSI oraz EUCAST.

(d) Gronkowiec zlocisty oporny na metycyline
(MRSA)

Zastosowano test dyfuzyjny; krazek z cefoksyty-
ng (30 pg) umieszczano na podtozu Mueller-Hinton
(bioM¢érieux, Francja). Izolaty, wokot ktérych strefa
zahamowania wzrostu wynosita < 19 mm uznawano
jako oporne.

Test aglutynacji lateksowej do wykrywania
Staphylococcus aureus meticylinoopornych poprzez
oznaczanic PBP2a (Slidex® MRSA, bioM¢érieux,
Francja) przeprowadzano zgodnie z zaleceniami pro-
ducenta.

(e) E. faecium i E. faecalis oporny na wankomy-
cyne

Wykrywanie mechanizmu opornosci na wanko-
mycyng przeprowadzono metodg gradientowa z uzy-
ciem plastikowych paskéw z gradientem stezen wan-
komycyny zgodnie z zaleceniami producenta (Etest,
bioMérieux, Francja).
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Table 1. The origin and number of biological samples
analyzed in the study.
Tabela I. Miejsce pobrania materiatu biologicznego i liczba

pobranych probek.
samples number ercentage
p of samples p &
blood 1,824 6.9
other body fluids 776 2.9
wounds 10,033 38.2
ulcerations 1,458 5.6
fistulas 457 1.7
abscesses 838 3.2
broncho-alveolar lavage 754 2.9
sputum 258 1.0
samples collected by the
catheter from bronchial tree 2,096 8.0
via artificial airway
urine 7,762 29.6
total 26,256 100.0

The most frequent isolated group of pathogens was
Enterobacteriaceae (12,719 strains, amongst them 1,817
(14.3%) had ESBL resistance mechanism), followed by
S. aureus and Staphylococcus coagulase-negative (totally
6,562 strains, 37% of them were resistant to methycillin),
and non—FEnterobacteraceae (5,302 strains): P. aeruginosa
(2,636 strains, 49.7%), Acinetobacter baumannii (2,666
strains, 50.3%), and Enterococcus spp. (3,483 strains,
amongst them 21 /0.6%/ had VRE resistance mechanism).

We found that among Gram-negative rods, the most
frequent ESBL-positive strains were K. pneumoniae
(n=976; 53.7%); followed by E. coli (n=287; 15.8%),
Enterobacter cloacae (n=261; 14.8%), Proteus
mirabilis (n=201; 11.1%), and other ESBL-positive
Enterobacteriaceae (n=84; 4.6%). The carbapenems
are still the most effective antibiotics against these
pathogens. In our center, a decrease in resistant
pathogens to carbapenems was observed since 2010;
in 2012, the percentage of resistant strains was 2%.

We found that resistance of methicillin susceptible
coagulase negative Staphylococcus (MSCNS) was low:
there were no resistance of MSCNS to cloxacillin, and
in 2012 only 3% of isolated strains were resistant to
gentamycin and 4% were resistant to ciprofloxacin. All
isolated strains of MRSA were susceptible to vancomycin,
as well as all E. faecalis to ampicillin. However, in 2012
eighty-eight per cent of E. faecium strains were resistant to
ampicillin. There were no Enterococcus spp. VRE strains
to linezolid and tigecycline. All strains of K. pneumonia
KPC were susceptible to colistin and tigecycline. There was
low resistance (only 2% in 2012) of Enterobacteriaceae
ESBL strains to meropenem and imipenem/cilastatine was
noted. Ceftazidime is still the most effective 3™ generation
cephalosporin against P. aeruginosa.

WYNIKI

Badanie przeprowadzono w latach 2005 - 2012.
W tym czasie, kazdego roku pobierano od 3 350 do
4 500 probek. Lacznie analizowano 26 256 probek;
miejsca ich pobrania przedstawiono w tabeli 1. Z tego
materialu wyizolowano 28 066 patogenow, w tym
18 021 bakterii Gram-ujemnych (64%) 1 10 045 Gram-
dodatnich (36%). Wsrdd nich byto 9 641 (34,3%) pa-
togendéw wielolekoopornych.

Najczesciej izolowang grupg patogenow byly
Enterobacteriaceae (12 719 szczepdw, sposrod nich
1817 (14,3%) posiadalo mechanizm opornosci ESBL),
nastepnie S. aureus i Staphylococcus koagulazo-ujem-
ny (tacznie 6 562 szczepow, 37% z nich byto opornych
na metycyling), oraz non—Enterobacteriaceae (5302
szczepow): P. aeruginosa (2 636 szczepow; 49,7%),
Acinetobacter baumannii (2 666 szczepow; 50,3%)
1 Enterococcus spp. (3 483 szczepdw, sposrod nich 21
/0,6%!/ byto opornych na wankomycyng) — tabela II.

Sposrod bakterii Gram-ujemnych, najczestszy-
mi patogenami posiadajagcymi mechanizm opornosci
ESBL byta K. pneumoniae (n=976; 53,7%); a na-
stepnie E. coli (n=287; 15,8%), Enterobacter cloacae
(n=261; 14,8%), Proteus mirabilis (n=201; 11,1%),
oraz inne ESBL-dodatnie Enterobacteriaceae (n=84;
4,6%). Najskuteczniejsze w stosunku do tych patoge-
néw ciagle pozostaja karbapenemy. W naszym osrod-
ku, od 2010 roku obserwuje si¢ zmniejszanie oporno-
$ci na karbapenemy; w 2012 roku odsetek szczepow
opornych wynosit 2%.

W analizowanym materiale oporno$¢ szczepow
gronkowca koagulazo-ujemnego wrazliwego na me-
tycyling (methicillin susceptible coagulase negative
Staphylococcus, MSCNS) byta niska: nie stwierdzono
opornos$ci MSCNS na kloksacyling, w 2012 roku tylko
3% sposrod wyizolowanych szczepdéw byto opornych
na gentamycyn¢ a 4% bylo opornych na ciprofloksa-
cyne. Wszystkie wyizolowane szczepy MRSA byly
wrazliwe na wankomycyng, a wszystkie szczepy E. fa-
ecalis na ampicyling. Jednak w 2012 roku 88% szcze-
poéw E. faecium bylo opornych na ampicyline. Nie
stwierdzono szczepow Enterococcus spp. VRE opor-
nych na linezolid i tygecykling. Wszystkie szczepy
K. pneumonia KPC byly wrazliwe na kolistyne i tyge-
cykline. Niska (tylko 2% w 2012 roku) byta opornosé¢
szczepow Enterobacteriaceae ESBL na meropenem
i imipenem z cilastatyna. Ciagle najbardziej skuteczna
wobec P. aeruginosa cefalosporyna trzeciej generacji
byt ceftazydym.

Dane na temat zmian opornosci bakteryjnej
Enterobacteriaceae ESBL(+), K. pneumoniae, P. ae-
ruginosa, A. baumannii, MSSA, MRSA, MSCNS,
MRCNS, oraz E. faecalis i E. faecium na antybiotyki
przedstawiono w tabelach 111 do V.
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The data concerning changes in bacterial resistance

of Enterobacteriaceae ESBL(+), K. pneumoniae, P.
aeruginosa, A. baumannii, MSSA, MRSA, MSCNS,

MRCNS, as well as E. faecalis and E. faecium to
antibiotics were shown in Tables III — V.

Table II. The percentage of isolated bacterial strains in each year and number of isolated pathogens (in parentheses) between

2005 and 2012.
Tabela II. Odsetek (w nawiasach: liczba) wyizolowanych szczepdw bakteryjnych od 2005 do 2012 roku.
2005 2006 2007 2008 2009 2010 2011 2012
Total number of isolates 2,945 3,271 3,309 3,346 3,706 3,803 3,662 4,024
Enterobacteriaceac 40.44 41.15 40.86 43.84 47.00 48.46 49.84 48.53
(1,191) | (1,346) | (1,352) | (1,467) | (1,742) | (1,843) | (1,825) | (1,953)
ESBL (+) 3.56 2.45 3.38 4.72 6.74 8.28 8.73 11.85
(105) (80) (112) (158) (250) (315) (320) (477)
EPPC”(T;”””"“ not analyzed 0.49 (16) | 0.73 (27) | 0.43 (13) | 0.25(9) | 0.20 (8)
P aerueinosa 8.12 9.63 11.27 10.58 9.23 8.78 8.22 9.39
- aerug (239) (315) (373) (354) (342) (334) (301) (378)
| MBL(+) 1 2 2 1 3 2 6 12
A bawmannii 8.18 8.99 10.00 9.80 8.53 8.97 10.16 11.01
' (241) (294) (331) (328) (316) (341) (372) (443)
| MBL(+) 0 0 0 0 1 1 1 3
S aureus 18.68 16.94 16.32 15.87 16.08 14.23 14.17 13.15
' (550) (554) (539) (531) (596) (541) (519) (529)
| MRSA 107 123 100 90 119 104 132 86
10.9 10.82 8.04 6.46 731 7.18 6.91 6.19
Staphylococeus CNS 320) | G54 | @66 | @i6) | @) | @B) | @53) | (49
MRCNS 239 253 189 159 197 161 185 184
MSCNS 82 101 77 57 74 112 68 65
E. fuecalis 8.62 9.23 1.10 11.06 9.74 9.73 8.55 8.95
' (254) (302) (365) (370) (361) (370) (313) (360)
| VRE(+) 0 0 1 0 0 1 0 0
E. fuecium 5.06 3.24 2.51 2.39 2.10 2.66 2.16 2.78
' (149) (106) (83) (80) (78) (101) (79) (112)
| VRE(+) 0 0 0 5 1 5 2 6

Table II1. The percentages of antibiotic-resistant Enterobacteriaceae ESBL(+) and Klebsiella pneumoniae KPC(+) isolated
between 2005 and 2012.
Tabela III. Odsetek opornych na antybiotyki szczepow Enterobacteriaceae ESBL(+) i Klebsiella pneumoniae KPC(+)
wyizolowanych w latach 2005 — 2012.

=]
£ o g § é = = § ki g
&0 £ S 2 g 2 &0 ) £ g El =
Sl s |2 2| B E| B E| s 222 g
g 3 s | & | E g = | & 3 g 2| 8 | & | F
2005 | 0 30 2 0 NA | | 2005
§ 2006 0 19 5 0 67 5’ 2006 not analyzed*
S [2007 | o0 29 12 0 50 & | 2007
S5 2008 ] 0 54 22 18 57 v | 2008 | 33 8 0 0 100
§ CZJ 2009 | 0 62 24 25 31 § 2009 | 33 0 0 0 100
S 2010 | 0 72 8 8 27 S | 2010 | 40 9 0 0 100
§ 2011 0 84 45 ] | 2011 | 10 0 0 0 100
2012 | o0 87 49 ~ [2012 | 10 10 0 0 100

* First KPC strain was isolated in 2008.
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Table I'V. The percentages of antibiotic-resistant Pseudomonas aeruginosa and Acinetobacter baumannii isolated between
2005 and 2012.

Tabela I'V. Odsetek opornych na antybiotyki szczepow Pseudomonas aeruginosa i Acinetobacter baumannii wyizolowanych
w latach 2005 — 2012.

= = % g § = = ) g §
g 3 E|E| 38| E| 28| ¢8| & S E| E|E| E| |
2005 31 11 30 11 11 0 2005 74 31 51 21 8 0
§ 2006 | 46 | 17 | 33 | 21 | 19 | 0 é 2006 | 62 | 35 | 59 | 26 | 17 | 0
® [ 2007 | 38 [ 14 [ 332421 ] 0 S 2007 | 47 [ 44 |64 |17 11 ] 0
S [2008 [ 2890 2919190 S 2008 |35 | 44 [ 76 [ 21 [21 ] 0
§ 2009 28 22 30 19 21 0 § 2009 25 48 73 26 23 0
§ 010 | 22 21 [ 25 [ 19 [ 20 | o “§ 2010 | 28 30 | 79 | 34 | 34 | o
g 2011 | 34 | 20 | 18 | 16 | 20 | 0 -§ 2011 | 30 | 29 | 89 | 66 | 66 | ©
2012 | 29 | 50 | 18 | 32 | 29 [ o 2012 | 32 |35 | 92 | 371 o

Table V. The percentages of antibiotic-resistant Staphylococcus MSSA and MSCNS isolated between 2005 and 2012.
Tabela V. Odsetek opornych na antybiotyki szczepow Staphylococcus MSSA i MSCNS wyizolowanych w latach 2005 —2012.

O
=%
=t = = g s
'S g k= 5 g g S g X
. 2 |2 |8 |g |5 = s |3 |§ |54
23 s |E |g |& |3 o E g |& |£B
o) = 3 s o) S o) 3 s 5 25
= - = < e > < = = 2 g &
2 5 = £ 3 =3 S S s |.E 5 & =k
[ > O 3} en 3 [3) Q. > 3} an o = @&
2005 19 13 2 3 0 2005 21 1 3 7
2006 | 22 13 3 7 0 2006 25 3 6 7
2007 | 20 9 3 5 0 - 2007 16 3 6 5
= 2008 8 14 2 4 0 z 2008 46 3 3 5
€ [ 2009 [ 21 [ 19 [ 4 5 0 2 [ 2000 [ 49 | 4 4 4
2010 | 21 17 2 3 0 2010 28 2 4 12
2011 19 13 2 3 0 2011 18 4 6 0
2012 18 14 3 4 0 2012 29 7 9 5

MSSA — methicillin susceptible Staphylococcus aureus
MSCNS - methicillin susceptible coagulase negative Staphylococci

Table VI. The percentages of antibiotic-resistant Staphylococcus MRSA and MRCNS isolated between 2005 and 2012.
Tabela VI. Odsetek opornych na antybiotyki szczepow Staphylococcus MRSA i MRCNS wyizolowanych w latach 2005 —2012.

£ |% |% 2 |2 s 1% |5 |3 =
5 > |8 |8 |=2 |3 |8 5 > |2 |8 |8 |= |2
5 E |E |E |5 |8 |2 | & E 1€ |§ |5 |5 |&
Sl s |2 |2 |28 |8 |8 |5 |2 5 |2 |2 |2 |8 |8 |8
2l 2 | |5 |5 | |B |% |E| 2|8 |§ |5 |§ |&£ |&
2005 54 75 0 0 0 17 2005 | 48 50 71 0 0 11
2006 | 52 63 0 0 0 13 2006 | 47 56 57 0 0 11
2007 | 54 57 0 0 0 11 n 2007 | 48 57 49 0 0 13
% | 2008 | 39 77 0 0 0 8 % 2008 | 46 81 82 0 0 7
% 2009 | 38 81 0 0 0 6 % 2009 | 50 70 78 0 0 6
2010 | 45 71 0 0 0 8 2010 | 54 67 63 0 0 8
2011 34 68 0 0 0 34 2011 52 66 52 0 0 8
2012 | 55 67 0 0 0 47 2012 | 60 77 61 0 0 11

MRSA — methicillin resistant Staphylococcus aureus
MRCNS — methicillin resistant coagulase negative Staphylococci
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DISCUSSION

The hospital infections in Military Institute of
Medicine were mainly caused by Gram-negative
bacteria, especially with ESBL resistance mechanism.
The results of EPIC II study (3) were similar.

The number of isolated ESBL-positive and ESBL-
negative Enterobacteriaceae cultures in the study
period increased. Although the number of ESBL-
negative Enterobacteriaceae strains was higher than
the ESBL-positive strains, the latter pose a major
clinical problem. This situation has been observed
across the world in other studies, and concerns mainly
K. pneumoniae and Escherichia coli strains. For
instance, the occurrence of ESBL-positive strains in
Europe has been reported to increase from north to
south: from 1% in Denmark and Sweden do 7-31% in
Portugal and Spain. In 2008 Poland it was 11.1 % (10).

The first K. pneumoniae KPC strain in our center
was registered in April 2008, and over the next four
years, we reported 73 strains of KPC. Compared with the
increase in the number of positive Enterobacteriaceae
cultures, the increase of non-Enterobacteriaceae
cultures expressed both in absolute numbers and
percentages was lower in comparison to other studies
(11).

In our material the Gram-negative bacteria
constituted 64% of isolated pathogens. This is
similar to observations of Messika et al (12), that
Enterobacteriaceae are becoming more frequent
causes of ventilator-associated pneumonia (VAP) than
Pseudomonas spp. and Acinetobacter spp. Martin-
Loeches et al. (13) analyzed 27 intensive care units in
Europe. They found that 27.6% cases of pneumonia
were caused by E. coli and K. pneumoniae.

Furthermore, data obtained from 55 intensive
care units in South America, Morocco, and
Turkey demonstrated that 55% of isolated strains
of Enterobacteriaceae responsible for cases of
pneumonia, blood infections, and urinary tract
infections were ESBL-positive (14). Studies of VAP-
type infections in cardio-surgical patients who were
treated in Cracow, Poland demonstrated that in 37.5%,
the etiological factors of the infections were Gram-
negative rods along with ESBL-positive mechanisms
of resistance (15). The carbapenems are still the
most effective antibiotics against these pathogens.
In our center, a decrease in resistant pathogens to
carbapenems was observed since 2010; in 2012, the
percentage of resistant strains was 2%.

The number of isolated strains of Staphylococcus
aureus collected in every year of study period was
generally similar. In the case of MRSA — except for
within individual years — a downward trend was
observed. This is an opposite situation in comparison to
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Table VII. The percentages of antibiotic-resistant Enterococcus
faecalis and Enterococcus faecium isolated be
tween 2005 and 2012.
Tabela VII. Odsetek opornych na antybiotyki szczepow
Enterococcus faecalis 1 Enterococcus faecium
wyizolowanych w latach 2005 —2012.

[=} =)
=| §1% < 518
5 = 2| 5| 8 = 2| 5
g0 S| E| | @ S| E|
o e < ) o 1 < o
Sl s |E|E|8| £ =s|2 2|t
«s o g o | & = o g o | &
o > < o0 Q o > < o0 o
- 20051 0 | 22| 21 s 2005|199 | 83 | 95
\g 2006 0 | 32|24 g 2006 | 86 | 75 | 89
33; 2007 0 | 53 | 31 f@i 2007 | 84 | 80 | 86
§ 2008 | 0 | 43 | 36 § 2008 | 86 | 70 | 90
S [2009| 0 | 36 | 36 S (2009 83 | 60 | 84
§ 2010 O | 41 | 33 § 2010| 90 | 65 | 98
)
S 2011 O | 34| 31 S 2011193 | 70 | 94
2012 0 | 47 | 30 2012| 88 | 61 | 91
DYSKUSJA

Zakazenia szpitalne w Wojskowym Instytucie
Medycznym (WIM) wywolywane byly glownie przez
bakterie Gram-ujemne, zwlaszcza z mechanizmem opor-
nosci ESBL. Wnioski z badania EPIC II (3) sg podobne.

W okresie przeprowadzania badania liczba izo-
lowanych szczepow Enterobacteriaceae ESBL(+)
i ESBL(-) zwigkszyla sig. Cho¢ liczba szczepow
Enterobacteriaceae ESBL(-) bytawyzszanizESBL(+),
to wlasnie te ostatnie stanowig najpowazniejszy pro-
blem kliniczny. Takg sytuacj¢ notowano takze w in-
nych badaniach klinicznych na $wiecie, a dotyczyta
glownie szczepow K. pneumoniae i Escherichia coli.
Przyktadowo, czgsto$¢ wystgpowania patogendw
ESBL(+) w Europie zwigksza si¢ z pétnocy na potu-
dnie: od 1% w Danii i Szwecji do 7-31% w Portugalii
1 Hiszpanii. W Polsce w 2008 roku wynosita ona 11,1%

(10).

W WIM pierwszy szczep K. pneumoniae KPC
wykryto w sierpniu 2008 roku, w nastgpnych 4 la-
tach byto ich 73. W poréwnaniu ze wzrostem liczby
szczepOw Enterobacteriaceae, wzrost kultur non-En-
terobacteriaceae, wyrazany zard6wno w liczbach bez-
wzglednych jak i procentowo, jest nizszy niz w innych
badaniach (11).

W analizowanym materiale bakterie Gram-
ujemne stanowily 64% izolowanych patogendw. Jest
to zblizone do obserwacji Messika i wsp. (12), ze
Enterobacteriaceae sa czgsciej przyczyng respirato-
rowego zapalenia ptuc (ventilator-associated pneumo-
nia, VAP) niz Pseudomonas spp. i Acinetobacter spp.
Martin-Loeches i wsp. (13) analizowali 27 oddziatow
intensywnej terapii w Europie; 27,6% przypadkoéw za-
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analysis of Timsit et al. They found that Staphylococci
cause up to 26.2% (in studies including Europe, Asia,
and South America) that arise in intensive care units.
The percentage of coagulase negative Staphylococci
in these studies were 10.9% and 19.7%, respectively
(16).

Our results showed decreased numbers of isolated
MRSA strains (except for in 2006 and 2011) and
MRCNS strains (except for in 2006). Furthermore,
the Enterococci represented 14.7% of isolated Gram-
positive bacteria. The percentage of VRE was low (21
strains; 0.6%).

The efficiency of the analyzed antibiotics (except
for colistin) against P. aeruginosa varied. We observed
that bacterial resistance to ceftazidime decreased in the
observation period, and in 2012, ceftazidime became
the most effective antibiotic against Paeruginosa,
probably due to its restricted administration.

The resistance of A. baumannii strains to antibiotics
has been increasing worldwide. The percentage of
bacterial strains resisted to carbapenems in Europe
varies between 0% in Estonia to 90% in Malta (17).
Analyses from critical care units in southeast Poland
revealed that 10.3% of A. baumannii were resistant to
imipenem, 16.4% to meropenem, and 30% of pathogens
were resistant to aminoglycosides (18). Our analysis
showed that 20-30% of pathogens were resistant to
both carbapenems and aminoglycosides. In the study
of Munoz-Price et al. (6) 18.9% of isolated strains of
A. baumannii were resistant to carbapenems, 100% to
ciprofloxacin, 88% to amikacin, 7.6% to tigecycline,
and 75% rifampicin, while 100% were susceptible to
colistin with a breakpoint value of 4ug/ml. All Gram-
negative bacteria were susceptible to colistin.

Among Gram-positive bacteria, the situation
was better. Cloxacillin was effective against MSSA
infections; low resistance was reported to gentamicin
and ciprofloxacin (in 2012, the rates were 3% and
4%, respectively). In 2012, little resistance was
reported to erythromycin and clindamycin (18% and
14% respectively). In the case of MRSA infections,
vancomycin, linezolid, and tigecycline demonstrated
full effectiveness, with levels that remained unchanged
during the studied period. In 2012, however,
the resistance of MRSA strains to gentamicin,
clindamycin, and rifampicin was high (55%, 67%, and
47%, respectively).

According to the data from other intensive care
units (17), there were no resistance to vancomycin
in all studied countries. Furthermore, resistance to
rifampicin was 0% in Sweden, Croatia, and the Czech
Republic, 1% in Hungary, 3.3% in Malta, 38.2% in
Romania, and 90.1% in Turkey.

In our materials, 60% of MRCNS strains were
resistant to gentamicin, 61% to clindamycin, and

palenia ptuc byto spowodowanych przez E. coli i K.
pneumoniae.

Ponadto, dane z 55 oddziatéw intensywnej terapii
w Ameryce Potudniowej, Maroku i Turcji wskazuja, ze
55% izolowanych szczepow Enterobacteriaceae od-
powiedzialnych za przypadki zapalenia ptuc, zakazen
krwi i zakazen uktadu moczowego miato mechanizm
opornosci ESBL (14). Badania nad zakazeniami typu
VAP u pacjentow kardiochirurgicznych, przeprowa-
dzone w Krakowie wykazaly, ze w 37,5% czynnikiem
etiologicznym byly patogeny Gram-ujemne, w tym
ESBL(+) (15).

Najskuteczniejsze w stosunku do tych patogenow
ciagle pozostaja karbapenemy.

W WIM od 2010 roku obserwuje si¢ zmniejsza-
nie opornosci na karbapenemy; w 2012 roku odsetek
szczepow opornych wynosit 2%.

W analizowanym okresie liczba izolowanych kaz-
dego roku szczepow gronkowca ztocistego utrzymy-
wata si¢ na statym poziomie. W przypadku MRSA —
poza pojedynczymi latami — obserwowano tendencje
znizkowa. Gronkowce sg odpowiedzialne za 9,6%
(dane europejskie) do nawet 26% (badania przepro-
wadzane w Europie, Azji i Ameryce Potudniowej)
zakazen krwi zwigzanych z obecnoscia cewnikéw na-
czyniowych. W omawianych badaniach odsetek izo-
lowanych szczepéw gronkowca koagulazo-ujemnego
wynosit odpowiednio 10,9% oraz 19,7% (16).

W materiale pobranym od pacjentow hospitalizo-
wanych w WIM stwierdzono zmniejszanie si¢ liczby
izolowanych szczepow MRSA (poza rokiem 2006
i 2011) oraz szczepow MRCNS (poza rokiem 2006).
Ponadto, enterokoki stanowily 14,7% izolowanych
bakterii Gram-dodatnich. Odsetek enterokokéw opor-
nych na wankomycyne byt niski (21 szczepow; 0,6%).

Skuteczno$¢ analizowanych antybiotykoéw (poza
kolistyng) w stosunku do P. aeruginosa byta rozna.
W czasie obserwacji opornos$¢ bakteryjna na ceftazy-
dym zmniejszala si¢, a w 2012 roku ceftazydym byt
najbardziej skutecznym antybiotykiem wobec P. aeru-
ginosa; prawdopodobnie wskutek restrykcyjnego sto-
sowania.

Opornos$¢ szczepdw A. baumannii na antybiotyki
zwigksza si¢ na calym $wiecie, natomiast w Europie
odsetek patogenow opornych na karbapenemy waha
si¢ od 0% w Estonii do 90% na Malcie (17). Analizy
danych z oddziatéw intensywnej terapii w potudnio-
wo-wschodniej Polsce wskazuja, ze 10,3% szczepow
A. baumannii bylo opornych na imipenem, 16,4% na
meropenem, a 30% patogenow byto opornych na ami-
noglikozydy (18). Od 20 do 30% izolowanych w WIM
patogenow bylo opornych zaréwno na karbapenemy
jak i aminoglikozydy. W badaniu Munoz-Price i wsp.
(6) 18,9% izolowanych szczepow A. baumannii bylto
opornych na karbapenemy, 100% na ciprofloksacyne,
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77% to ciprofloxacin. However, we did not find any
MRCNS strains resistant to vancomycin. Still, the
clinical efficacy of vancomycin depends on the MIC
value of this antimicrobial (19, 20).

Enterococci are the third most frequent cause
of hospital infections (21). Our data confirmed that
ampicillin was fully effective against E. faecalis
infections. However, E. faecium was highly resisted
to antibiotics. In 2005, 2010, and 2011, the resistance
to ampicillin exceeded 90%. The increase of E.
faecium resistance to ampicillin is related to changes
in PBP5, which cause a decrease in the affinity to
B-lactams, including all penicillins and carbapenems.
The resistance of E. faecium to gentamicin in 2012
decreased to 22% compared with 2005.

Vancomycin-resistant E. faecalis isolates are
still quite rare (22). Our analysis confirmed that the
resistance of E. faecium to vancomycin was more
frequent in comparison to E. faecalis strains. Our
results showed that the predominant etiologic factors
of'blood infections in our materials were Staphylococci
and ESBL-producing Gram-negative bacteria, which
mainly caused pulmonary infections. Infections of the
skin and subcutaneous tissue were caused by mixed
pathogens.

Due to the analysis of collected data we were able
to recognize the epidemiological situation in our center
as well as provide the optimal empirical antimicrobial
treatment to hospitalized patients. The decrease
in number of infections caused by Staphylococci
(including MRSA) is probably due to improve in
epidemiological procedures, including washing hands
and disinfection. According to data unpublished in this
paper, the amount of disinfectants used in our center
increased from 1,676 liters in 2007 to 3,816 liters in
2012. Also, the vancomycin spending was lower.

Our paper is a large, single-center, epidemiological
study. The number of such analyses is quite high.
However, most of them there were not applied to Central
East Europe, including Poland. To the beginning of
this study we found only one paper analyzing the
epidemiology of hospital infections in Poland (23). We
found that our hospital, concerning both the isolated
pathogens and its resistance to antimicrobial agents,
may be located in the middle of European centers,
because of the lower incidence of infections caused
by MRSA, the lack of resistance of MRSA strains to
vancomycin, effectiveness of carbapenems against
ESBL-producing pathogens, low incidence of VRE
strains as well as resistance of KPC and 4. baumannii
stains to colistin and tigecycline.

We believe that our observations may be important
in analyzing trends of changes of etiology of hospital
infections and bacterial resistance to antibiotics.
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88% na amikacyne, 7,6% na tygecykling, a 75% na
rifampicing, podczas gdy 100% szczepow byto wraz-
liwych na kolistyne, przy punkcie odciecia 4 pg/ml.
Wszystkie bakterie Gram-ujemne byly wrazliwe na
kolistyne.

Sytuacja, co do bakterii Gram-dodatnich jest lep-
sza. Kloksacylina byla antybiotykiem skutecznym
w zakazeniach wywolywanych przez MSSA; nie-
wielki odsetek bakterii byl oporny na gentamycyne
i ciprofloksacyne (w 2012 roku byto to odpowiednio
3% 14%). W roku 2012 donoszono o niewielkiej opor-
nosci na erytromycyne i klindamycyne (odpowiednio
18% 1 14%). Wankomycyna, linezolid i tygecyklina
byly antybiotykami w peni skutecznymi w zakaze-
niach wywotanych przez MRSA; w analizowanym
okresie dane te nie ulegaly zmianom. Jednak w 2012
roku oporno$¢ szczepdéw MRSA na gentamycyne,
klindamycyne¢ i ryfampicyng byta wysoka (odpowied-
nio 55%, 67% 1 47%).

Zgodnie z danymi z innych oddzialow intensyw-
nej terapii (17), we wszystkich badanych krajach nie
wyizolowano szczepow opornych na wankomycy-
n¢. Ponadto, oporno$¢ na ryfampicyn¢ wynosila 0%
w Szwecji, Chorwacji i w Czechach, 1% na Wegrzech,
3,3% na Malcie, 38,2% w Rumunii i 90,1% w Turcji.

W analizowanym materiale 60% szczepow
MRCNS byto opornych na gentamycyng, 61% na klin-
damycyne, a 77% na ciprofloksacyng. Jednak Zzaden ze
szczepow MRCNS nie byl oporny na wankomycyng.
Ciagle skutecznos¢ wankomycyny zalezy od wartosci
MIC tego antybiotyku (19, 20).

Enterokoki sg trzecig co do czestoSci przyczyng
zakazen szpitalnych. (21). Dane WIM potwierdzaja, ze
ampicylina byta w pelni skuteczna wobec E. faecalis.
Jednak E. faecium jest patogenem wysoce opornym na
antybiotyki. W latach 2005, 2010 i 2011 opornos¢ na
ampicyling przekroczyta 90%. Zwigkszenie opornosci
E. faecium na ampicyling jest zwigzana ze zmianami
w PBP5, co powoduje zmniejszenie powinowactwa do
B-laktamow, w tym wszystkich penicylin i karbapene-
mow. W roku 2012 oporno$¢ E. faecium na gentamy-
cyne zmniejszyta si¢ do 22%, w poréwnaniu z 2005.

Rzadko izolowane sa szczepy E. faecalis oporne
na wankomycyne (22). Rowniez w WIM oporno$é¢
E. faecium na wankomycyne wystepuje czgsciej niz
w przypadku szczepow E. faecalis. Dominujacym
czynnikiem etiologicznym zakazen krwi byly gron-
kowce i bakterie Gram-ujemne wytwarzajace ESBL,
odpowiedzialne gtdéwnie za zakazenia ptuc. Zakazenia
skory i tkanki podskérnej byty wywolywane przez flo-
r¢ mieszang.

Analiza uzyskanych danych pozwolita na pozna-
nie sytuacji epidemiologicznej w WIM oraz optymalne
zastosowanie terapii empirycznej u hospitalizowanych
pacjentow. Zmniejszenie liczby zakazen wywotanych
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