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ABSTRACT

BACKGROUND. The current public health problem is the increasing bacterial resistance to antibiotics.
Microorganisms isolated from infections are more often non-susceptible to most available drugs. The
microorganisms producing resistance mechanisms have been classified as so called alert pathogens.
METHODS. We performed a total number of 3810 tests of bronchoalveolar lavage and sputum of patients
hospitalized for respiratory diseases at the Department of Pulmonary Diseases and Tuberculosis at Public
Clinical Hospital No 3 in Zabrze (Poland). The research was performed in the microbiological laboratory of the
Department of Microbiology and Immunology in Zabrze, Medical University of Silesia in Katowice, Poland.
The analysis included Gram-positive and Gram-negative alert species strains.

RESULTS. In the period of five years, 144 strains of alert microorganisms have been isolated. The percentage of Gram-
negative alert pathogens producing ESBL and KPC increased. MRSA, Steptococcus pneumoniae and Streptococcus
pyogenes have been found to be the most often present among Gram-positive alert microorganisms. The lowest value
of cultured alert pathogens (3.9%) was noted in 2008, whereas the highest (16.5%) in 2011. Gram-positive alert
microorganisms showed resistance to macrolides and lincosamides, however, Gram-negative alert microorganisms
showed the highest percentage of resistance to penicillins, penicillins with inhibitors and cephalosporins.
CONCLUSIONS. Our work has shown that over the period 2008-2012 an increased percentage of Gram-
negative and Gram-positive alert microorganisms was observed.
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STRESZCZENIE

WSTEP. Obecnym problemem zdrowia publicznego jest narastajgca opornos$¢ bakterii na antybiotyki. Mikro-
organizmy izolowane z zakazen sg coraz czg¢sciej niewrazliwe na wiele dostepnych lekéw. Drobnoustroje, ktore
posiadajg szczegdlnie niebezpieczne mechanizmy opornosci zaliczono do tzw. patogenéw alarmowych.
METODY. Wykonano tacznie 3 810 badan poptuczyn oskrzelowych oraz probek plwociny u pacjentow przebywaja-
cych na oddziale Kliniki Choréb Phuc i Gruzlicy Publicznego Szpitala Klinicznego nr 3 w Zabrzu. Badania przepro-
wadzono w Laboratorium Mikrobiologicznym Katedry i Zaktadu Mikrobiologii i Immunologii w Zabrzu, Slaskiego
Uniwersytetu Medycznego w Katowicach. Analiza obejmowata szczepy alarmowe Gram-dodatnie i Gram-ujemne.
WYNIKI. W okresie pigciu lat wyizolowano 144 szczepy patogenow alarmowych. Wzrost odsetek bak-
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terii Gram-ujemnych wytwarzajacych mechanizmy opornosci typu ESBL i KPC. Wsréd Gram-dodat-
nich mikroorganizmoéw najczgsciej wystepowal MRSA, Streptococcus pneumoniae i Streptococcus py-
ogenes. Najnizszy odsetek patogenow alarmowych (3,9%) zanotowano w roku 2008, natomiast najwyz-
szy (16,5%) w 2011. Drobnoustroje alarmowe Gram-dodatnie w badanym okresie cechowala opornos¢
w stosunku do makrolidow i linkozamidéw. Natomiast drobnoustroje alarmowe Gram-ujemne wykazy-
waly najwyzszy odsetek opornosci w stosunku do penicylin, penicylin z inhibitorami oraz cefalosporyn.
WNIOSKI. Wyniki naszych badan pokazuja, iz w latach 2008—2012 zaobserwowano wzrost liczby Gram-ujem-
nych i Gram-dodatnich szczepow patogenow alarmowych.

Stowa kluczowe: patogeny alarmowe, antybiotyki, zakazenia bakteryjne, szczepy oporne

INTRODUCTION

The resistance to antibiotics is a very serious
and growing public health problem. Microorganisms
isolated from infections, which are resistant to most,
and sometimes even to all available drugs, can be
observed more and more often. They are referred to
as ‘alert pathogens’ (1-2). A problem appears when
microorganisms which are sensitive to antibiotics
become resistant to them, which results from the
process of horizontal exchange of genetic material
between different strains of the species and even
between species. The list of alert pathogens is specified
in Polish Law Gazette No. 294 - 17195 - item. 1741
of 23 December 2011 (3). The most dangerous are
methicyllin-resistant Staphylococcus aureus (MRSA),
enterococci resistant to vancomycin (VRE), multi-
drug resistant non-fermenting strains Pseudomonas
aeruginosa and Acinetobacter sp., strains of
Enterobacteriaceae  producing  beta-lactamases
with an extended substrate spectrum (ESBL) and
producing carbapenemases: metallo-beta-lactamases
(MBL), beta-lactamases with carbapenemase activity
(Klebsiella pneumoniae carbapenemase, KPC) or
OXA-48 (4). Strains producing beta-lactamases of
ESBL, MBL and cephalosporinases (Amp C) types are
especially difficult to control.

In the mid-1990s there were identified enzymes
hydrolyzing broad spectrum of beta-lactam
antibiotics including carbapenems. These enzymes
are metallo-beta-lactamases having zinc ions in
the active site. Beta-lactamases of MBL type are
present mainly in aerobic Gram-negative bacilli
Stenotrophomonas maltophilia, Pseudomonas spp.,
Aeromonas spp. and Acinetobacter spp., and they are
also present in some bacteria belonging to the family
Enterobacteriaceae, e.g. Klebsiella spp., Enterobacter
spp., and Morganella spp. (5,6). Recently, there have
been identified beta-lactamases of carbapenemases
activity, which have been called KPC. These enzymes
hydrolyze carbapenems, penicillins, cephalosporins
and aztreonam and they are inhibited by clavulanic
acid and tazobactam. Beta-lactamases of KPC type
have been detected in such strains as Klebsiella spp.,
Enterobacter spp., Salmonella enterica, Pseudomonas
aeruginosa and Serratia spp. (7). Staphylococci have
two resistance mechanisms to beta-lactam antibiotics.
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WSTEP

Opormnos¢ na antybiotyki jest powaznym i narasta-
jacym problemem zdrowia publicznego. Mikroorgani-
zmy izolowane z zakazen sa coraz czeSciej oporne na
wickszos¢, a czasem nawet na wszystkie dostepne leki.
Okreslane s3 one jako tzw. ,,patogeny alarmowe” (1-
2). Problem stanowi zjawisko, w ktorym drobnoustroje
wrazliwe na dziatanie antybiotyku staja si¢ oporne na
skutek procesu horyzontalnej wymiany materiatu gene-
tycznego pomiedzy poszczegdlnymi szczepami danego
gatunku, a nawet migdzy gatunkami. Lista czynnikéw
alarmowych zostata okreslona w Dzienniku Ustaw Nr
294 - 17195 - Poz. 1741 z dnia 23 grudnia 2011 r. (3).
Najbardziej niebezpieczne sa metycylinooporne szczepy
gronkowca ztocistego (methicillin-resistant Staphylococ-
cus aureus, MRSA), enterokoki oporne na wankomycyne
(Vancomycin-Resistant Enterococcus, VRE), wieloleko-
oporne niefermentujace szczepy Pseudomonas aerugino-
sa i Acinetobacter sp., szczepy z rodziny Enterobacteria-
ceae wytwarzajace beta-laktamazy o rozszerzonym spek-
trum substratowym (ESBL) oraz wytwarzajace karbape-
nemazy: metalo-beta-laktamazy (MBL), beta-laktamazy
o aktywnosci karbapenemaz (Klebsiella pneumoniae
carbapenemase, KPC) 1 OXA-48 (4). Szczegolnie trudne
do zwalczania sg szczepy Gram-ujemnych bakterii wy-
twarzajace ESBL, MBL i cefalosporynazy (AmpC).

W potowie lat 90. ubiegltego wicku zidentyfikowano
enzymy hydrolizujace szerokie spektrum antybiotykdw
beta-laktamowych, w tym karbapenemy. Enzymami
tymi sa metalo-beta-laktamazy posiadajagce w centrum
aktywnym jony cynku. Beta-laktamazy MBL wystepuja
u Gram-ujemnych pateczek, gtdwnie tlenowych tj. Steno-
trophomonas maltophilia, Pseudomonas spp., Aeromo-
nas spp. 1 Acinetobacter spp., a takze u niektorych bak-
terii z rodziny Enterobacteriaceae, np. Klebsiella spp.,
Enterobacter spp., Morganella spp. (5,6). Niedawno zi-
dentyfikowano beta-laktamazy o aktywnosci karbapene-
maz, ktore nazwano — KPC. Enzymy te hydrolizujg kar-
bapenemy, penicyliny, cefalosporyny oraz aztreonam i sg
hamowane przez kwas klawulanowy oraz tazobaktam.
Beta-laktamazy typu KPC wykryto w szczepach m.in.
Klebsiella spp., Enterobacter spp., Salmonella enterica,
Pseudomonas aeruginosa i Serratia spp. (7). Gronkowce
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One of them is the production of B-lactamases that
causes the resistance to natural penicillins, amino and
ureidopenicillins. The second one is the production of
a new protein PBP2a, known also as PBP2’, with low
affinity to B-lactam antibiotics resulting in resistance
to all beta-lactam antibiotics and defined as resistance
to methicillin (8).

The aim of this study was the analysis of alert
strains occurrence and also their resistance to
antibiotics in diagnostic materials, such as sputum and
bronchoalveolar lavage (BAL) obtained from patients
hospitalized at the Department of Pulmonary Diseases
and Tuberculosis, Public Clinical Hospital No 3 in
Zabrze, Medical University of Silesia in Katowice,
Poland, in the years 2008-2012. The analysis allowed
for determining microbial alert species occurring most
frequently and their trend of resistance.

MATERIAL AND METHODS

Study design

We evaluated the results of bacteriological
analysis of sputum and bronchoalveolar lavage taken
from patients hospitalized at the Department of
Pulmonary Diseases and Tuberculosis, Public Clinical
Hospital No 3 in Zabrze, Poland from January 2008
to December 2012. The patients were hospitalized
for chronic obstructive pulmonary disease, interstitial
lung fibrosis, lung cancer, unspecified obstructive
lung disease, Wegener’s granulomatosis, pneumonia,
bronchiectasis, sarcoidosis, cystic fibrosis, asthma,
emphysema, and pulmonary tuberculosis. The analysis
included Gram-positive and Gram-negative alert
species strains from the period of five years as well
as drug resistance profiles of applicable classes of
antibiotics used in the treatment of infections.

Microbiological analysis

The microbiological analysis involved 3 810
tests of bronchoalveolar lavage (BAL) and sputum.
The list of alert pathogens was specified in the Law
Gazette, Annex 1 to the Regulation of the Minister of
Health. The analysis does not include the antibiotics
of carbapenem groups due to the change of diagnostic
recommendations from the Clinical and Laboratory
Standards Institute (CLSI) to the European Committee
on Antimicrobial Susceptibility Testing (EUCAST)
in 2011 which resulted in diversity of the analyzed
results. The study was performed at the microbiological
laboratory of the Department of Microbiology and
Immunology in Zabrze, registered by National
Chamber of Laboratory Diagnosticians under the
registration number 2397.

The susceptibility of antibiotics was tested
by the disk diffusion method (Kirby—Bauer) on
Mueller-Hinton Agar plates. The diameters of the
growth inhibition zones were interpreted according
to EUCAST guidelines (9). For the determination

natomiast posiadaja dwa mechanizmy opornosci na an-
tybiotyki beta-laktamowe. Jednym z nich jest produkcja
beta-laktamaz skutkujaca opornoscig na penicyliny natu-
ralne, amino i ureidopenicyliny. Drugim jest produkcja
nowego biatka PBP2a, zwanego takze PBP2’ o niskim
powinowactwie do antybiotykow beta-laktamowych
skutkujaca opornoscig na wszystkie antybiotyki beta-lak-
tamowe obecnie stosowane w leczeniu i okreslang mia-
nem opornosci na metycyline (8).

Celem podjetych badan byla analiza wystepowania
drobnoustrojow alarmowych, a takze ocena ich leko-
opornosci w materiatach diagnostycznych tj. probkach
plwociny i popluczynach oskrzelowych, uzyskanych od
pacjentéw hospitalizowanych w Klinice Choréb Phuc
1 Gruzlicy Samodzielnego Publicznego Szpitala Klinicz-
nego nr 3 w Zabrzu, Slaskiego Uniwersytetu Medyczne-
go w Katowicach w latach 2008-2012. Analiza ta pozwo-
lita okresli¢ gatunki drobnoustrojéw alarmowych wyste-
pujace najczesciej oraz okresli¢ ich trend opornosci.

MATERIAL I METODY

Projekt badania

Ocenie poddano wyniki badan bakteriologicznych
probek plwociny i popluczyn oskrzelowych pobranych
od pacjentéw hospitalizowanych w Klinice Chorob Phuc
i Gruzlicy, Samodzielnego Publicznego Szpitala Klinicz-
nego Nr 3 w Zabrzu od stycznia 2008 do grudnia 2012.
Pacjenci byli hospitalizowani z powodu schorzen uktadu
oddechowego: przewleklej obturacyjnej choroby phuc,
$rodmigzszowego wioknienia pluc, nowotworu ptuca,
nieokreslonej zaporowej choroby ptuc, ziarniniaka We-
genera, zapalenia ptuc, rozstrzenia oskrzeli, sarkoidozy,
mukowiscydozy, astmy, rozedmy ptuc i gruzlicy ptuc.
Analizg zostaly objete gatunki szczepow alarmowych
Gram-dodatnich i Gram-ujemnych, wystepujacych
w okresie pieciu lat oraz profile lekoopornosci grup an-
tybiotykow majacych zastosowanie w leczeniu zakazen.

Analiza mikrobiologiczna

Analiza mikrobiologiczna obejmowata 3 810 badan
poptuczyn oskrzelowych (BAL) oraz probek plwociny.
Lista drobnoustrojow alarmowych zostata okreslona
w Dzienniku Ustaw w zatgczniku Nr 1 do rozporzadze-
nia Ministra Zdrowia. Ze wzgledu na zmiang rekomen-
dacji diagnostycznych w 2011 r., z rekomendacji CLSI
(Clinical and Laboratory Standards Institute) na EU-
CAST (European Committee on Antimicrobial Suscep-
tibility Testing) 1 wynikajacych z tego faktu niejedno-
rodnosci analizowanych wynikow, nie uwzgledniono
w niniejszej analizie antybiotykow z grupy karbapene-
moéw. Badania wykonano w Laboratorium Mikrobiolo-
gicznym Katedry i Zaktadu Mikrobiologii i Immunolo-
gii SUM w Zabrzu, wpisanym na list¢ Krajowej Izby
Diagnostow Laboratoryjnych z nr ewidencyjnym 2397.

327



Teresa Nalewajek, Malgorzata Ktosek i inni

of ESBL production, the Double Disk Synergy Test
(DDST) was used (10,11). In this test, synergy was
determined between a disk of augmentin (20pg
amoxicillin and 10pg clavulanic acid) and two discs
of the third-generation cephalosporin antibiotics
ceftazidime (30pg) and cefotaxime (30pg), on the
surface of a Mueller Hinton Agar plates inoculated
with the tested organisms. Metallo-beta-lactamases
production was detected by combined disc diffusion
method using imipenem (10pg) and imipenem/
ethylenediaminetetracetate discs. For the detection of
KPC double disc diffusion assay, meropenem (10pg)
in combination with phenyl boronic acid (300 pg) was
used. All of the isolates were identified according to
TNW Pro6.5 Program.

Statistical analysis

For data analysis Microsoft Excel 2007 and
Statistica version 10.0 (StatSoft) were used. Fisher test
was applied and the p-values < 0.05 was considered
significant.

RESULTS

In the period of five years, 144 strains of alert
microorganisms have been isolated. In 2008 the
percentage of alert pathogens was 3.9%. In the
following years the percentage increased and in
2009 it was 11.3% and in 2010 - 11.1%. In 2011 the
percentage of alert microorganisms was 16.3%, while
in 2012 it was 13.6%. The highest value of the alert
microorganisms was noted in 2011. The percentage
share of alert microorganism was small in 2008;
in the sputum it was 4.5% and in bronchoalveolar
lavage - 1.9%. In the subsequent years 2009-2011, the
number of alert strains and their percentage increased
and in the case of tested sputum it was 11.4%; 11.9%
and 21.9%, respectively, whereas in 2012 it was
16.7%. In bronchoalveolar lavage the percentage of
alert microorganisms remained at a similar level in
2009-2012 and amounted to 11%, 9.1%, 9.3%, and
10%, respectively. In subsequent years significant
differences were found between the incidence of
tested alarm organisms (p = 0.043) dependent on the
tested material. The percentage of alert Gram-negative
microorganisms was higher and amounted to 2.6%,
9.1%, 7.0%, 2%, and 9.5%, while the percentage of
alert Gram-positive microorganisms was 1.3%, 2.2%,
4.0%, 1.1%, and 4.1%.

The cultured Gram-positive alarm microorganisms
belonged to the species: MRSA, Streptococcus
pneumoniae and Streptococcus pyogenes. The
most numerous species of alert Gram-negative
microorganisms were: Enterobacter cloacae ESBL
(+), Klebsiella pneumoniae ESBL (+), Enterobacter
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Lekowrazliwo$¢ oznaczano metoda dyfuzyjno-
-krazkowa (Kirby—Bauera) na podtozu Mueller-Hinto-
na. Wielko$¢ strefy zahamowania wzrostu bakterii in-
terpretowano zgodnie z zaleceniami EUCAST (9). Do
okreslenia mechanizmu ESBL zastosowano test
dwoch krazkow, DDST (ang. double-disc synergy test)
(10,11). W tescie tym okreslano synergizm pomigdzy
krazkiem z augmentinem (20ug amoksycylina i 10ug
kwas klawulanowy) a dwoma krazkami z cefalospo-
rynami trzeciej generacji ceftazydymem (30ug) i ce-
fotaksymem (30pg). Produkcje metalo-beta-laktamaz
okreslano przy uzyciu krazkéw imipenem (10pg)
i imipenem/EDTA. W celu detekcji mechanizmu opor-
nosci KPC zastosowano krazki z meropenemem (10
ug) w kombinacji z kwasem fenyloboronowym (300
ng). Wszystkie szczepy zostaty zidentyfikowane przy
uzyciu program TNW Pro6.5.

Analiza statystyczna

W analizie statystycznej wykorzystano arkusz kal-
kulacyjny Microsoft Excel 2007 oraz program Stati-
stica wersja 10.0 (StatSoft). Zastosowano test Fishera,
poziom istotnosci statystycznej wynosit p<0,05.

WYNIKI

W okresie pieciu lat wyizolowano 144 szczepy drob-
noustrojow alarmowych. W 2008 roku odsetek patoge-
now alarmowych wynosit 3,9%. W kolejnych dwoch la-
tach odsetek wzrdst i wynosit w 2009 1. 11,3%, a w 2010
11,1%. W 2011r. odsetek drobnoustrojow alarmowych
wyniost 16,3%, natomiast w 2012 roku 13,6%. Najwyz-
sza warto$¢ odsetka drobnoustrojow alarmowych przypa-
dfa na 2011 rok. Odsetkowy udziat drobnoustrojow alar-
mowych w 2008 roku byl niewielki i w probkach plwoci-
ny wynosit 4,5%, a w poptuczynach oskrzelowych 1,9%.
W kolejnych latach 2009-2011 liczba szczepoéw alarmo-
wych oraz ich odsetek wzrastaly i w przypadku bada-
nych probek plwociny, odsetek wynosit: 11,4%; 11,9%
121,9%, aw 2012 roku—16,7%.W popluczynach oskrze-
lowych odsetek drobnoustrojéw alarmowych w latach
2009-2012 utrzymywat si¢ na podobnym poziomie i wy-
nosit: 11%; 9,1%; 9,3%; 10%. Stwierdzono istotnie czg-
Sciej wystepujace w kolejnych latach réznice pomiedzy
czestoscig wystgpowania badanych drobnoustrojow alar-
mowych (p=0,043) w zaleznosci od badanego materiatu.
Odsetek drobnoustrojow alarmowych Gram-ujemnych
byt wiekszy 1 wynosit: 2,6%; 9,1%; 7,0%; ,2%; 9,5%.
Natomiast odsetek drobnoustrojow alarmowych Gram-
-dodatnich wynosit: 1,3%; 2,2%; 4,0%; 1,1%; 4,1%.

Wyhodowane drobnoustroje alarmowe Gram-do-
datnie nalezaly do gatunku: MRSA, Streptococcus
pneumoniae i Streptococcus pyogenes. Najliczniej wy-
stepujacymi gatunkami drobnoustrojow alarmowych
Gram-ujemnych byly: Enterobacter cloaceae ESBL
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aerogenes ESBL (+), Serratia odorifera ESBL (+),
Pseudomonas aeruginosa, Klebsiella oxytoca ESBL
(+) and Stenotrophomonas maltophilia. Gram-negative
microorganisms showed the highest rate of resistance
to penicillins and penicillins with inhibitors and
cephalosporins. The rate of resistance to penicillins
and penicillin with inhibitors in a five year period
was respectively: 100%, 90.5%, 76.2%, 82.5% and
95.6%. In the following years the rate of resistance to
cephalosporin was: 100%, 71.4%, 90.5%, 87.5% and
100%. Alert Gram-positive microorganisms within
five years showed the highest resistance compared to
macrolides, which was respectively: 66.7%, 100%,
58.3%, 66.7% and 90%. In 2008 and 2010, alert Gram-
positive microorganism also showed resistance to
lincosamides, and it was 66.7% and 58.3% respectively.
On the other hand, in 2011, the rate of resistance to
tetracyclines and macrolides reached the same value,
i.e. 66.7% (Fig.1).
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(+), Klebsiella pneumoniae ESBL (+), Enterobacter
aerogenes ESBL (+), Serratia odorifera ESBL (+),
Pseudomonas aeruginosa, Klebsiella oxytoca ESBL
(+) oraz Stenotrophomonas maltophilia. Drobnoustro-
je Gram-ujemne wykazaty najwyzszy odsetek oporno-
$ci w stosunku do penicylin oraz penicylin z inhibito-
rami oraz cefalosporyn. Odsetek opornosci w stosunku
do penicylin i penicylin z inhibitorami w ciagu pie-
ciu lat wyniost odpowiednio: 100%, 90,5%, 76,2%,
82,5% oraz 95,6%. Odsetek opornosci w stosunku
do cefalosporyn wyniost w kolejnych latach: 100%,
71,4%, 90,5%, 87,5% 1 100%. Drobnoustroje alar-
mowe Gram-dodatnie w okresie pieciu lat wykazaty
najwyzsza opornos¢ w stosunku do makrolidéw, odpo-
wiednio: 66,7%, 100%, 58,3%, 66,7% i 90%. W 2008
i 2010 drobnoustroje alarmowe Gram-dodatnie wyka-
zaty oporno$¢ rowniez w stosunku do linkozamidow,
odpowiednio: 66,7% 1 58,3%. Z kolei w 2011 roku
odsetek opornosci w stosunku do tetracyklin i makro-
lidow osiagnal takg sama wartos¢: 66,7%. (Fig.1).
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Fig. 1 The number of the Gram (+) alert microorganisms showing resistance to individual classes of antibiotics cultured in

sputum and BAL in 2008-2012

Fig. 1 Zestawienie liczby Gram (+) drobnoustrojéw alarmowych wykazujacych oporno$¢ w stosunku do poszczegdlnych
grup antybiotykow wyizolowanych z probek plwociny i BAL-u w latach 2008-2012

1.1. The percentage share of alert Gram-positive
microorganisms and resistance to antibiotics

In 2008-2012, alert Gram-positive microorganisms
belonging to the following species: MRSA, Streptococcus
pneumoniae, Streptococcus pyogenes were cultured
in the tested materials. In 2008 and 2009 MRSA
constituted 0.9% of the total number of pathogenic
strains. Streptococcus pneumoniae constituted 0.4%
of the total number of pathogenic strains in 2008, and
1.3% in 2009. In 2010 the percentage share of MRSA
in the studied materials increased and amounted to
2.4%, of which 1.7% strains were cultured from sputum
and 0.7% strains come from bronchoalveolar lavage.
The percentage share of Streptococcus pneumoniae

1.1. Odsetkowy udzial poszczegdélnych gatun-
kow drobnoustrojow alarmowych Gram-dodatnich
w latach 2008-2012

W latach 2008-2012 wyizolowano z badanych ma-
terialow drobnoustroje alarmowe Gram-dodatnie, nale-
zace do gatunku: MRSA, Streptococcus pneumoniae,
Streptococcus pyogenes. W roku 2008 i 2009 MRSA
stanowil 0,9% ogdlnej liczby szczepéw chorobotwor-
czych. Streptococcus pneumoniae w 2008 roku sta-
nowit 0,4%, w 2009 — 1,3% ogolnej liczby szczepow
chorobotworczych. W 2010 roku odsetek MRSA w ba-
danych materiatach zwigkszyt si¢ 1 wyniost 2,4%, gdzie
1,7%to szczepy izolowane z probek plwociny, a 0,7% to
szczepy izolowane z poptuczyn oskrzelowych. Odsetek
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was 0.3%, and that of Streptococcus pyogenes it was
1.3%, of which 1% strains were cultured in sputum,
and 0.3% in bronchoalveolar lavage. In 2011, the
percentage share of MRSA was 0.8% and that of
Streptococcus pyogenes 0.4%. The highest percentage
share of MRSA was noted in 2012 — 4.2%, of which
1.7% strains were cultured in sputum and 2.5% strains
were cultured in bronchoalveolar lavage.

Macrolides, tetracyclines, lincosamides, quinolones,
glycopeptides, aminoglycosides, sulfonamides and
trimethoprim are groups of antibiotics referred to
determine the susceptibility of Gram (+) microorganisms.
Alert microorganisms showed the highest resistance
to macrolides and lincosamides (66.7%) in 2008, to
macrolides (100%) in 2009, to macrolides (58.3%) in
2010, to macrolides (66.7%) in 2011 and macrolides
(90%) in 2012 (Fig. 1).

1.2. The percentage share of alert Gram-negative
microorganisms and resistance to antibiotics

In 2008, alert Gram-negative microorganisms be-
longing to Enterobacteriaceae family were found in the
tested material. Enterobacter cloacae ESBL (+) was the
bacterial strain which constituted the largest percent-
age share (0.9%). In 2009, bacteria from Enterobacte-
riaceae family as well as non-fermenting bacteria were
found among alert microorganisms. Klebsiella pneumo-
niae ESBL (+) was the species of the highest percent-
age share (2.1%) and then in 2010 it was Pseudomonas
aeruginosa (1.3%) and Enterobacter cloacae ESBL (+)
(1.3%), in 2011, Klebsiella pneumoniae ESBL (+) — 6.1%
and in 2012, Klebsiella oxytoca ESBL (+) — 3.8%.

Penicillins, penicillins with inhibitors, cephalo-
sporins, tetracyclines, sulfonamides and trimetho-
prim, quinolones, aminoglycosides are groups of an-
tibiotics indicated for determining drug sensitivity of
Gram-negative microorganisms. The alert microor-
ganisms showed the highest resistance to penicillins,
penicillins with inhibitors and cephalosporins (100%)
in 2008, to penicillins and penicillins with inhibitors
(90.5%) in 2009, to cephalosporins (90.5%) in 2009, to
cephalosporins (87.5%) in 2011, and to cephalosporins
(100%) in 2012 (Fig. 2)

1.3. The number and percentage of Gram-negative
and Gram-positive alert microorganisms resistant
to various groups of antibiotics cultured in sputum
and BAL in 2008-2012

The alert microorganisms showed the highest
percentage of resistance to penicillin, penicillin with
inhibitors, cephalosporins and tetracyclines (66.7%)
in 2008, to penicillin and penicillin with inhibitors
(73%) in 2009, to cephalosporins (57.5%) in 2010, to
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Streptococcus pneumoniae — 0,3%, a odsetek Strepto-
coccus pyogenes -1,3%, gdzie 1% to szczepy izolowane
z probek plwociny, a 0,3% z poptuczyn oskrzelowych.
W 2011 roku odsetek MRSA wynosit 0,8% a Strepto-
coccus pyogenes - 0,4%. W 2012 roku zanotowano naj-
wigkszy odsetek MRSA —4,2%, gdzie 1,7% to szczepy
izolowane z probek plwociny, a 2,5% to szczepy izolo-
wane z popluczyn oskrzelowych.

Makrolidy, tetracykliny, linkozamidy, chinoliny, gliko-
peptydy, aminoglikozydy oraz sulfonamidy i trimetoprim
to grupy antybiotykow wskazane do oznaczania lekowraz-
liwosci drobnoustrojéw Gram-dodatnich. Drobnoustroje
alarmowe wykazaly najwyzsza opornos¢ w 2008r. w sto-
sunku do makrolidow i linkozamidéw — 66,7%, w 2009 r.
do makrolidow — 100%, w 2010 r. do makrolidow - 58,3%,
w 2011 r. do makrolidow i tetracyklin - 66,7%, a w 2012
w stosunku do makrolidow 90% (Fig. 1).

1.2. Odsetkowy udzial poszczegélnych gatunkow
drobnoustrojéw alarmowych Gram-ujemnych w la-
tach 2008-2012

W 2008 r. wyizolowano z badanych materiatdw drob-
noustroje alarmowe Gram-ujemne, nalezace do rodziny
Enterobacteriaceae. Szczepem wystepujacym w naj-
wyzszym odsetku byt Enterobacter cloaceae ESBL (+)
- 0,9 %. W 2009 r. wéréd wyhodowanych drobnoustrojow
alarmowych znalazty si¢ drobnoustroje z rodziny Entero-
bacteriaceae oraz z rodziny pateczek niefermentujacych.
Gatunkiem wystepujacym w najwyzszym odsetku byta
Klebsiella pneumoniae ESBL (+) - 2,1%. W 2010 szczep
alarmowy wystepujacy w najwyzszym odsetku nalezat
do gatunku: Pseudomonas aeruginosa - 1,3% oraz Ente-
robacter cloaceae ESBL (+) - 1,3%. W 2011 1. Klebsiella
pneumoniae ESBL (+) - 6,1%, w 2012 1. Klebsiella oxy-
toca ESBL (+) - 3,8%

Penicyliny oraz penicyliny z inhibitorami, cefalo-
sporyny, tetracykliny, sulfonamidy i trimetoprim, chino-
lony, aminoglikozydy to grupy antybiotykow wskazane
do oznaczania lekowrazliwosci drobnoustrojow Gram-
-ujemnych. Drobnoustroje alarmowe wykazaty najwyz-
szg opornos¢ w 2008 r. w stosunku do: penicylin oraz
penicylin z inhibitorami i cefalosporyn - 100%, w 2009
do penicylin oraz penicylin z inhibitorami 90,5%,
w 2010 do cefalosporyn - 90,5%, w 2011 do cefalospo-
ryn - 87,5%, w 2012 do cefalosporyn - 100%, (Fig. 2)

1.3. Liczba oraz odsetek Gram-ujemnych i Gram-
-dodatnich drobnoustrojow alarmowych wyizolowa-
nych z probek plwociny i BAL-u w latach 2008-2012,
opornych na poszczegoélne grupy antybiotykéow.
Drobnoustroje alarmowe wykazaly najwyzszy
odsetek opornosci w 2008 r. w stosunku do: penicy-
lin oraz penicylin z inhibitorami, cefalosporyn i tetra-
cyklin — 66,7%, w 2009 r. do penicylin oraz penicy-
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cephalosporins (81.4%) in 2011 and to cephalosporins

(69.6%) in 2012 (Fig. 3, Table 1).

45

lin z inhibitorami - 73%, w 2010 r. do cefalosporyn

- 57,5%, w 2011 r. do cefalosporyn - 81,4% i w 2012 1.
do cefalosporyn 69,6% (Fig.3, Tabela 1).
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Fig. 2 The number of Gram (-) alert microorganisms showing resistance to individual classes of antibiotics cultured in sputum and

BAL in 2008-2012

Fig. 2 Zestawienie liczby Gram-ujemnych drobnoustrojéw alarmowych wykazujacych opornos¢ w stosunku do poszczegolnych
grup antybiotykow wyizolowanych z probek plwociny i BAL-u w latach 2008-2012

Tabela I. Gram-positive and Gram-negative alert pathogens resistance to antibiotics isolated from BAL and sputum from

2008 to 2012
Table 1. Gram-positive and Gram-negative alert pathogens resistance to antibiotics isolated from BAL and sputum from
2008 to 2012
Year
Antibiofics 2008 2009 2010 2011 2012
GH) GG  GH) G(-) G(+) G(-) GH)  G() GH)  G()
(3) (6) ©)] (21) (12) (21) 3) 40) (10) (23)
. A 5 7 2 9
Macrolides 66.7)" - (100) - (58.3) - (667 - (90.0) -
Tetracyclines ! > ! - 12 2 17 6 12
y (33.3) (83.3) 4.8) (57.1) (66.7) (42.5) (60.0) (52.2)
. . 2 4 5 1 6
Linkosamides 66.7) - (80) - 41.7) - (333 - (60.0) -
Sulphonamides 1 3 3 7 1 14 1 17 1 21
and trimethoprim (33.3) (50.0) (60) (33.3) (83) (66.7) (33.3) (42.5) (10.0) (91.3)
Chinolones 1 3 2 3 6 4 1 27 3 19
(33.3) (50.0) (40) (14.3)  (50.0) (19.0) (33.3) (67.5) (30.0) (82.6)
Aminoglycosides - 3 - 3 - 4 - 16 2 6
gy (50.0) (14.3) (19.0) 40) (20.0) (26.1)
Penicillins/ penicillins i 6 i 19 i 16 ) 33 ) 22
with inhibitors (100) (90.5) (76.2) (82.5) (95.7)
Cephalosporins 6 15 19 - 33 23
phalosp (100) (71.4) (90.5) (87.5) (100)

*Values in parentheses indicate the number of alert pathogens found in each year.

"Values in parentheses indicate the percentage of alert pathogens found in each year.

The bolded data indicate the total number and percentage of that group
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There were statistically significant differences
between the incidence of both pathogenic and alert
microorganisms (p = 0.043) in the following years
depending on the material tested.

DISCUSSION

Infections caused by alert pathogens have become
one of the mostimportant problems of modern medicine.
The alert microorganisms constitute a considerable
part of pathogenic flora isolated from sputum and
bronchoalveolar lavage in patients hospitalized for
lung diseases at the Department of Pulmonary Diseases
and Tuberculosis. Based on the obtained results it is
difficult to draw definite conclusions regarding the
trend of changes of the assessed indicator in subsequent
years. One can only conclude that in comparison to the
first analyzed year, in subsequent years this indicator
has increased significantly and fluctuates around
an average value of about 13%. The percentage of
Gram-negative alert microorganisms was higher than
that of Gram-positive alert microorganisms. Gram-
positive bacteria cause exacerbation of many lower
respiratory tract diseases. Infections are most common
in long-term hospitalized patients, patients with
prolonged mechanical ventilation, patients undergoing
broad-spectrum antibiotic treatment, patients after
invasive diagnostic procedures, patients with a serious
underlying disease, such as, e.g. chronic obstructive
pulmonary disease (COPD), cancer, cystic fibrosis,
as well as patients with immunosuppression or
neutropenia (12-15).

Until 2012, there were no publications showing
the incidence of alert microorganisms in inpatient
medical facilities in individual provinces of Poland.
Some information can be found only on the websites
of provincial sanitary and epidemiological stations.
In Lesser Poland Province in 2012, in comparison
to the years 2011 and 2010, there was increased
percentage share of Enterobacteriaceae ESBL (+)
family (Klebsiella sp., Escherichia coli, Enterobacter
sp.), 30%, 27% and 27%, respectively. In the same
years, a similar upward trend remained in Greater
Poland Province with regard to the percentage share
of Enterobacteriaceae ESBL+ (24.6%, 16.8% and
17.3%, respectively). In 2012, as compared to 2011 and
2010, in Lesser Poland the number of Acinetobacter
baumannii infections decreased slightly (12%, 14%
and 14%, respectively). In 2012, the percentage of
patients with MRSA infections was similar in both
provinces (about 10%) (16).

In 2012, in West Pomeranian Province the
following alert microorganism dominated in medical
wards, surgical wards and intensive care units for
adult patients: Klebsiella spp. ESBL (+) — (16.72%),
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Stwierdzono istotnie czesciej wystepujace w ko-
lejnych latach roznice pomiedzy czgstosciag wystepo-
wania badanych drobnoustrojow zarowno chorobo-
tworczych, jak i alarmowych (p=0,043) w zaleznosci
od badanego materiatu.

DYSKUSJA

Zakazenia powodowane przez patogeny alarmo-
we staty si¢ jednym z najwazniejszych problemow
wspolczesnej medycyny. Drobnoustroje alarmowe
stanowig znaczng cz¢$¢ flory chorobotworczej izolo-
wanej z probek plwociny i poptuczyn oskrzelowych
pochodzacych od pacjentow hospitalizowanych na
oddziale choréb ptuc. Na podstawie uzyskanych wy-
nikdéw trudno wyciggna¢ jednoznaczne wnioski odno-
$nie trendu zmian ocenianego wskaznika w kolejnych
latach. Mozna jedynie stwierdzi¢, ze w stosunku do
pierwszego analizowanego roku w kolejnych latach
wskaznik ten wzrdst istotnie i oscyluje wokot sredniej
wartosci ok. 13%. Odsetek drobnoustrojow alarmo-
wych Gram-ujemnych byt wiekszy od drobnoustrojow
alarmowych Gram-dodatnich. Drobnoustroje Gram-u-
jemne sg przyczyna zaostrzen wielu choréb dolnych
drog oddechowych. Zakazeniom najczesciej ulegaja
pacjenci dlugotrwale hospitalizowani, pacjenci z prze-
dhuzajacag si¢ wentylacja mechaniczng, poddawani
antybiotykoterapii o szerokim spektrum, po inwazyj-
nych zabiegach diagnostycznych, z powazng choroba
podstawowa np. z POChP, z choroba nowotworowa,
z mukowiscydozg, w stanach immunosupresji, w neu-
tropenii (12-15).

Do roku 2012 nie istniaty publikacje, ktore przed-
stawiatyby czgstos¢ wystgpowania drobnoustrojow
alarmowych w placowkach lecznictwa zamknigtego
w poszczegolnych wojewodztwach Polski. Pojedyn-
cze informacje w tym zakresie mozna odnalez¢ jedy-
nie na stronach internetowych wojewddzkich stacji
sanitarno-epidemiologicznych. W Malopolsce w roku
2012 w poréwnaniu z latami 2011 i1 2010 stwierdzono
zwigkszenie udziatu procentowego pateczek z rodziny
Enterobacteriaceae ESBL (+) (Klebsiella sp., Esche-
richia coli, Enterobacter sp.) odpowiednio: 30%, 27%
1 27%. Podobna tendencja wzrostowa utrzymywatla si¢
w tych latach w wojewodztwie wielkopolskim w za-
kresie udziatu procentowego pateczek Enterobacteria-
ceae ESBL (+) odpowiednio 24,6%, 16,8% i 17,3%.
W 2012 r., w poréwnaniu z latami 2011 1 2010, w Ma-
topolsce liczba zakazen Acinetobacter baumannii nie-
znacznie spadta (odpowiednio 12%, 14% i 14%). Od-
setek pacjentow z zakazeniem wywotanym szczepem
MRSA w 2012 r. byt podobny w obu wojewddztwach
(okoto 10%) (16).

W wojewoddztwie zachodniopomorskim w 2012
na oddziatach niezabiegowych dla dorostych, zabie-
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Escherichia coli ESBL (+) — (9.86%), Enterobacter
spp. ESBL (+) — (4.57%), MRSA - (10.83%),
Acinetobacter — (6.71%).

The greatest number of Pseudomonas aeruginosa
strains was found in the hospital wards mentioned
above and also in burns unit (8.65%) (17). From 2012
reports on the sources of hospital-acquired infections
have been collected under the new regulation of the
Minister of Health of 23 December 2011 regarding
the list of alert factors, hospital infections registration
and reports on the current epidemiological situation
of hospital (Law Gazette Nr 294, item. 1741). The
most common alert factors which caused outbreaks
of epidemic foci in Polish hospitals in the years 2011
and 2012 are: Acinetobacter baumannii 7.7% and 9%,
Klebsiella pneumoniae ESBL (+) 5.6% and 4.7%,
Klebsiella pneumoniae KPC 1.5% and 1.3%, MRSA
6.2% and 3.7%, Pseudomonas aeruginosa 4.4% and
1%, Enterobacter cloacae ESBL (+) 1.8% and 0.7%
(18).

The results of our study are similar to the results
obtained by P. Paluchowska at al. who determine the
prevalence and susceptibility of alert strains from
Enterobacteriaceae family producing ESBL derived
from clinical specimens taken from patients hospitalized
in different wards of the Rydygier Specialist Hospital
in Cracow from October 2008 to February 2010 (19).
The total of 134 strains were analyzed, among which
there were 96 isolates of Klebsiella pneumoniae (72%)
and 38 isolates of Escherichia coli (28%). The results
obtained by our research also prove that in 2009
Klebsiella pneumoniae ESBL (+) was isolated in the
highest percentage of bronchoalveolar lavage and
sputum. P. Paluchowska et al., showed that among
of all the tested strains, the majority of samples came
from the respiratory tract, urine, swabs from wounds
and blood (24%, 24%, 21% and 18%, respectively).
The isolates showed the highest sensitivity to amikacin
(92%) and piperacillin with tazobactam (76%).

In another paper Paluchowska conducted an
assessment of the prevalence and susceptibility of non-
fermenting bacilli isolated from patients hospitalized
in different wards of the Rydygier Specialist Hospital
in Cracow from October 2008 to February 2010 (20).
105 (70%) isolates of multidrug-resistant strains
Acinetobacter baumannii and 46 (30%) multiresistant
strains Pseudomonas aeruginosa, which were the most
common species of alert pathogens, were examined.
Clinical material from the upper respiratory tract,
wounds and blood was the main source of multidrug-
resistant strains. Acinetobacter baumannii strains were
characterized by resistance to most antibiotics used.
100% strains were found to be piperacillin-resistant,
98% ticacycline-resistant, 97% starins were resistant
to ticarcillin with clavulanate and 92% were resistant

gowych chirurgicznych dla dorostych oraz oddziatach
intensywnej terapii dorostych dominowaly nastepu-
jace czynniki alarmowe: Klebsiella spp. ESBL (+) —
(16.72%), Escherichia coli ESBL (+) — (9.86%), Ente-
robacter spp. ESBL (+) — (4.57%), MRSA — (10.83%),
Acinetobacter — (6.71%). Najwieksza liczbe szczepodw
Pseudomonas aeruginosa stwierdzono w w/w oddzia-
tach oraz w oddziale oparzeniowym (8,65%) (17). Od
2012 roku raporty o ogniskach zakazen szpitalnych sa
gromadzone i raportowane w oparciu 0 nowe rozpo-
rzadzenie Ministra Zdrowia z dnia 23 grudnia 2011r.
w sprawie listy czynnikow alarmowych, rejestrow
zakazen szpitalnych oraz raportdéw o biezgcej sytu-
acji epidemiologicznej szpitala (Dz. U. Nr 294, poz.
1741). Najczestsze czynniki alarmowe, ktore wywoly-
waty ogniska epidemiczne w polskich szpitalach w la-
tach 2011 1 2012 to: Acinetobacter baumannii 7,7%
i 9%, Klebsiella pneumoniae ESBL (+) 5,6% 1 4,7%,
Klebsiella pneumoniae KPC 1,5% i 1,3%, MRSA
6,2% 1 3,7%, Pseudomonas aeruginosa 4,4% i 1%,
Enterobacter cloacae ESBL (+) 1,8% 1 0,7% (18).

Wyniki naszych badan podobne sa do wynikow
uzyskanych przez P. Paluchowskq i wsp., ktorzy ana-
lizowali wystepowanie 1 okreslali lekowrazliwos¢
szczepodw alarmowych z rodziny Enterobacteriaceae
wytwarzajacych ESBL, pochodzacych z materiatow
klinicznych pobranych od pacjentéw hospitalizowa-
nych w réznych oddziatach Szpitala Specjalistyczne-
go im. L. Rydygiera w Krakowie w okresie od paz-
dziernika 2008 do lutego 2010 (19). Analizie poddano
134 szczepy. Wsrod nich byty: Klebsiella pneumoniae
— 96 izolatow (72%) 1 Escherichia coli — 38 izola-
tow (28%). Wyniki naszych badan réwniez dowodza,
iz w roku 2009 w najwyzszym odsetku z poptuczyn
oskrzelowych oraz probek plwociny izolowana byta
Klebsiella pneumoniae ESBL (+). P. Paluchowska
i wsp., wykazali, ze sposrod wszystkich badanych
szczepOw wigkszo$¢ otrzymano z probek drog odde-
chowych, moczu, wymazow z ran i krwi (odpowiednio
24%, 24%, 21% 1 18%). 1zolaty wykazaly najwyzsza
wrazliwo$¢ na amikacyne (92%) i piperacyling z tazo-
baktamem (76%).

W kolejnej pracy Paluchowska P. przeprowadzita
oceng czestosci wystgpowania oraz lekowrazliwosci
pateczek niefermentujacych izolowanych od chorych
hospitalizowanych w réznych oddziatach Szpita-
la Specjalistycznego im. L. Rydygiera w Krakowie
w okresie od pazdziernika 2008 do lutego 2010 (20).
Przebadano 105 (70%) izolatow wieloopornych szcze-
poéw Acinetobacter baumannii oraz 46 (30%) wielo-
opornych szczepdw Pseudomonas aeruginosa, ktore
byly najczesciej wystepujacymi gatunkami patoge-
now alarmowych. Gtownym zroédlem wieloopornych
szczepow byl materiat kliniczny pochodzacy z gor-
nych drég oddechowych, z ran i krwi. Szczepy Acine-
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to piperacillin with tazobactam. Our study also proved
that in 2009 strains of Gram-negative bacteria showed
the highest resistance to beta-lactam antibiotics.
Paluchowska also noted a high percentage of isolates
insensitive to ceftazidime (96%) and cefepime (99%).

With regard to aminoglycosides, the percentage of
resistant Acinetobacter baumannii strains was 95% for
gentamicin, 36% for amikacin and 18% for tobramycin,
respectively. There were no strains resistant to
fluoroquinolones represented by ciprofloxacin and
pefloxacin. The production of metal B-lactamase
MBL using the phenotypic (E-test MBL) method was
found among 24 (22.9%) Acinetobacter baumannii
isolates. The highest resistance among strains of
Pseudomonas aeruginosa was shown in relation to the
ticarcillin (98%), ticarcillin with clavulanate (95%)
and ceftazidime (93%). Resistance to meropenem in
88% and imipenem in 41%, as well as high resistance
to aminoglycosides in the range of 91% to amikacin
of 98% for gentamicin was found. However, no
resistance to fluoroquinolones was detected. Seven
strains (15.2%) out of 46 tested by E-test method have
shown the production of metallo-p-lactamase (MBL).
The production of ESBL was more frequent among
Klebsiella pneumoniae isolates.

A. Behroozi et al. noted the most common
occurrence of ESBL mechanism in Escherichia coli
(from 45.2% to 67.2% of isolates) and in Klebsiella
pneumoniae (from 44.2% to 52% of isolates), which
correlates with the above cited Paluchowska's study
results and the results obtained by our team (21).
Ceftriaxone/tazobactam and piperacillin/tazobactam
have shown efficacy against Klebsiella pneumoniae
and Escherichia coli producing ESBL mechanism. In
turn, amikacin showed efficacy against Escherichia
coli ESBL (+). In works of other authors the efficacy of
combination of ceftriaxone with tazobactam has been
demonstrated in animal models against several species
of bacilli from Enterobacteriaceae family, however
there is no information about this kind of antibiotic
combination in relation to non-fermenting bacteria (22-
24). Research of 4. Fatima et al. focused on defining the
pattern of drug resistance of Pseudomonas aeruginosa,
cultured from sputum, which was the cause of lower
respiratory tract infections among patients admitted
to various hospitals in 2010-2011 (25). Pseudomonas
aeruginosa was isolated from 24% of sputum. Our
research has shown that this alarm microorganism was
most often isolated in 2010. Researchers showed that
the resistance of this bacterium to amikacin was 35%,
to piperacillin with tazobactam 42% and to cefepime
40%. Imipenem turned out to be the most effective
antibiotic (76%). The resistance of Haemophilus
influenzae to penicillins may be subject to change
depending on the region. The prevalence of BLNAR

334

tobacter baumannii charakteryzowaly si¢ opornoscia
wobec wigkszosci stosowanych antybiotykow. Wyka-
zano 100% szczepoéw opornych na piperacyling, 98%
na tikarcyling, 97% na tikarcyling z kwasem klawu-
lanowym oraz 92% na piperacyling z tazobaktamem.
Wyniki naszych badan réwniez pokazuja, iz w roku
2009 szczepy bakterii Gram-ujemnych wykazywa-
ty najwyzsza opornos¢ w stosunku do antybiotykow
beta-laktamowych. Paluchowska P. odnotowata row-
niez wysoki procent izolatéw o braku wrazliwosci na
ceftazydym (96%) oraz cefepim (99%). W odniesie-
niu do aminoglikozydow, odsetek opornych szczepow
Acinetobacter baumannii wyniést odpowiednio 95%
dla gentamycyny, 36% dla amikacyny oraz 18% dla
tobramycyny. Nie stwierdzono szczepdéw opornych na
fluorochinolony reprezentowane przez ciprofloksacy-
n¢ oraz pefloksacyng. Wytwarzanie metalo-beta-lakta-
mazy MBL, przy uzyciu metody fenotypowej (Etest
MBL) stwierdzono u 24 (22,9%) izolatow Acinetobac-
ter baumannii. Najwigkszg opornos¢ wsrod szczepow
Pseudomonas aeruginosa wykazano w odniesieniu
do tikarcyliny (98%), tikarcyliny z kwasem klawula-
nowym (95%) oraz ceftazydymu (93%). Stwierdzono
réwniez oporno$¢ na meropenem w 88% i imipenem
w 41%. Odnotowano rowniez wysoka oporno$¢ na
aminoglikozydy w zakresie od 91% dla amikacyny do
98% dla gentamycyny. Nie stwierdzono opornosci na
fluorochinolony. Siedem szczepow (2%) sposrod 46
badanych w metodzie Etest, wykazalo wytwarzanie
metalo-beta-laktamazy MBL. Produkcja ESBL wyste-
powala cze¢sciej u izolatow Klebsiella pneumoniae.

Behroozi A. 1 wsp. odnotowali najczgstsze wyste-
powanie mechanizmu ESBL u Escherichia coli (od
45,2% do 67,2% izolatow) i u Klebsiella pneumo-
niae (od 44,2% do 52% izolatow), co koreluje z wy-
zej przytoczonymi wynikami badan Paluchowskiej
P. oraz wynikami uzyskanymi przez nasz zespot
(21). Ceftriakson/tazobaktam i piperacylina/tazobak-
tam wykazaly skutecznos¢ w stosunku do Klebsiella
pneumoniae 1 Escherichia coli wytwarzajace mecha-
nizm ESBL. Amikacyna z kolei wykazata skutecznosc¢
na Escherichia coli z mechanizmem opornosci ESBL.
W pracach innych autorow skuteczno$¢ potaczenia
ceftriaksonu z tazobaktamem zostata dowiedziona na
modelach zwierzecych w stosunku do kilku gatunkow
pateczek z rodziny Enterobacteriaceae, natomiast nie
ma pozytywnych informacji dziatania tego polaczenia
antybiotykow w stosunku do pateczek niefermentuja-
cych (22- 24).

Badania Fatima A. 1 wsp. skupity si¢ nad okresle-
niem wzoru lekoopornosci Pseudomonas aeruginosa,
hodowanych z probek plwociny, ktory powodowat
zakazenia dolnych drog oddechowych u pacjentow
przyjmowanych do roznych szpitali w latach 2010-
2011 (25). Pseudomonas aeruginosa wyizolowano
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strains has increased significantly in some countries,
such as Japan, Spain and France. A particularly rapid
growth was observed in Japan, where it amounted
to 5.8 % in 2000, and 34.5% in 2004. The lowest
percentage of strains was recorded in Germany 3%,
while in Korea it was 65% (26).

Our work has shown that over the period of 2008—
2012 an increased percentage of Gram-negative alert
pathogens producing ESBL and KPC was observed
in Public Clinical Hospital No 3 in Zabrze (Poland).
MRSA, Steptococcus pneumoniae and Streptococcus
pvogenes have been found to be the most often
occurring among Gram-positive alert microorganisms.
The percentage of alarm pathogens increased from
2008 (3.9%) to 2011 (16.3%). In 2012, as compared to
the last year, a slight decrease of 13.6% was observed.
Gram-negative and  Gram-positive  pathogens
were more frequently isolated. Gram positive alert
microorganisms within five years showed the highest
resistance to macrolides and lincosamides. Gram
negative alert pathogens showed the highest percentage
of resistance to penicillins, penicillins with inhibitors
and cephalosporins. In the analyzed material, only one
case of a mechanism characterized by the presence
of metalobetalactamase MBL among Pseudomonas
aeruginosa was noted. There was no occurrence of
Staphylococcus aureus VISA, VRSA, Enterococcus
VRE, Klebsiella pneumoniae KPC (+) nor OXA-48
strains.
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