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ABSTRACT 

Aim Meropenem Yearly Susceptibility Test Information Collecti-
on (MYSTIC) Program is a longitudinal global surveillance study 
to monitor in vitro data on microbial susceptibility in centers that 
prescribe meropenem. Results of the six years period (2002-2007) 
for the antimicrobial efficacy of meropenem compared to other 
broad-spectrum agents against Gram-negative and Gram-positive 
isolates collected at pediatric intensive care units of the University 
Hospital Center Zagreb in Croatia were reported.

Methods A total of 110 Gram-negative and 43 Gram-positive  pat-
hogens from pediatric specimens were tested. The minimum-inhi-
bitory concentrations (MICs) were determined by broth microdi-
lution method according to CLSI.  

Results There was no resistance to either imipenem or meropenem 
observed for Escherichia coli, Klebsiella pneumoniae and Proteus 
mirabilis. High resistance rates of K. pneumoniae to ceftazidime 
and gentamicin (50%) are a raising concern. Pseudomonas aeru-
ginosa was the most resistant Gram-negative species with  two 
(12%) of  the  strains resistant to meropenem,  three (18%) to imi-
penem, 10 (47%) to gentamicin and  six (35%) to piperacillin/ta-
zobactam and ciprofloxacin. According to our results meropenem 
remains an appropriate antibiotic for the treatment of severe infec-
tions caused by Gram-negative bacteria in pediatric population.  

Conclusions The results indicate that meropenem has excellent 
potency and spectrum of activity despite being prescribed for a 
long time for the treatment of seriously ill patients, and still appe-
ars to be a reliable option for the initial empirical therapy of serio-
us nosocomial infections in children. However, later studies have 
shown the emergence of carbapenem-resistant Gram-negative 
bacteria  after 2008.

Key words: MYSTIC, meropenem, imipenem,  resistance mec-
hanisms
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INTRODuCTION

The MYSTIC program is an international, multicen-
ter surveillance study, that compares the activity of 
meropenem, in centers that are prescribers, with that 
of imipenem, ceftazidime, piperacillin/tazobactam, 
ciprofloxacin and gentamicin (1). Antimicrobial 
resistance among pathogens causing hospital-acqu-
ired infections is a major worldwide issue which 
must be dealt with continuously (2). Surveillance 
programs are valuable tools and offer important 
information on bacterial resistance trends, by geo-
graphical location and by disease type in communi-
ty and hospital setting (3-4). The increasing use of 
antimicrobials and the relationship with increasing 
resistance has become strongly supported by many 
studies (4).  The trend towards increased antimi-
crobial resistance shown by many Gram-negative 
bacteria is worrying, and has developed as a con-
sequence of widespread and /or inappropriate use of 
various agents (5). Bacterial resistance to b-lactam 
antibiotics among Gram-negative bacteria occurs 
principally via b-lactamases (5). Extended-spec-
trum b-lactamases (ESBL) are widespread among 
Klebsiella spp and Escherichia coli and confer re-
sistance to oxymino-cephalosporins and aztreonam. 
Resistance patterns that are currently problematic 
in Europe can vary greatly within the same species 
over time, among various patient populations and 
among geographic regions on the same continent 
(6). This overview provides data on the suscepti-
bility of Gram-negative and Gram-positive isolates 
from clinical specimens of children hospitalized in 
pediatric intensive care units of the University Hos-
pital Center Zagreb during 2002-2007. 

MATERIAL AND METhODS

Isolates

A MYSTIC study was conducted between 2002 
and 2007 in two Croatian hospitals (University 
Hospital Center Zagreb and University Hospital 
Split). In this study results only from the Univer-
sity Hospital Center Zagreb are shown. Universi-
ty Hospital Center Zagreb is a 1724-bed univer-
sity  hospital and the largest hospital in Croatia 
with all medical specialties including organ and 
tissue transplantation patients. It provides servi-
ces to a part of Zagreb population and acts as a 
referral hospital for the entire Croatian popula-
tion for specific patients/procedure groups, thus 

covering population of about 4,000,000 people. 
The study outlines that 100 non-duplicate aero-
bic Gram-negative and 100 aerobic Gram-po-
sitive clinicallly relevant isolates from serious 
infections are submitted to the reference labo-
ratory every year. In total, 110 Gram-negative or-
ganisms collected at pediatric intensive care units 
were analyzed (38 Escherichia coli, 26 Klebsiella 
pneumoniae, four Proteus mirabilis, and Serratia 
marcescens respectively, 12 Enterobacter spp, 17 
Pseudomonas aeruginosa, 7 Acinetobacter ba-
umannii and two Moraxella catarrhalis) and 40 
Gram-positive organisms (19 Staphylococcus au-
reus, eight coagulasa negative staphylococci, e. 
g. (Staphylocccus epidermidis), 12 Enterococcus 
faecalis and one Sarcina lutea). Isolates from spe-
cies with known intrinsic resistance mechanisms to 
carbapenems were excluded (methicillin-resistant 
S. aureus, Enterococcus faecium and Stenotrop-
homonas maltophilia). Collected strains included 
isolates from blood, sputum, urine, cerebrospinal 
fluid, bronchoalveolar lavage fluids, tracheal aspi-
rates and wound swabs. Organisms were identified 
by standard biochemical tests and all isolates were 
kept in deep agar cultures. 

Susceptibility tests

Minimum-inhibitory concentrations (MIC) of 
meropenem, imipenem, ceftazidime alone and 
combined with clavulanic acid, cefepime, pipera-
cillin/tazobactam, gentamicin and ciprofloxacin 
were determined by broth microdilution method 
according to CLSI (7).  An inoculum equivalent 
to the turbidity of 0.5 Mc Farland was prepared, 
diluted to approximately 5x105 CFU/ml and then 
dispensed into wells of 96 well microtiter plates 
containing double dilutions of antibiotics (0.008-
128 µg/ml). Microtiter plates were incubated at 
37°C in ambient air for 18-24 h. All interpreta-
tions of susceptibility were based on CLSI cri-
teria (7). Quality control was performed with 
ATCC strains of E.  coli ATCC 25922, P. aeru-
ginosa ATCC 27853, two β-lactamase positive 
strains: K. pneumoniae 1951 producing SHV-5 
β-lactamase (high level ESBL),  K. pneumoniae 
1204 harboring SHV-2 β-lactamase (low level 
ESBL), one β-lactamase negative strain (E. coli 
911) provided by Astra Zeneca, Staphylococcus 
aureus ATCC 29213 and Enterococcus faecalis 
ATCC 29212. The antibiotic powders were su-
pplied by Astra Zeneca. 

Bedenić et al. Antibiotic susceptibility of pediatric isolates
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Detection of extended-spectrum β-lactamases 
(ESBL) and AmpC β-lactamases

K. pneumoniae, E. coli, P. mirabilis and Entero-
bacter spp. strains showing at least eightfold re-
duction in ceftazidime MIC by clavulante were 
considered as ESBLs producers. A double-disk-
synergy test (DDST) using the combination of 
amoxycillin/clavulanate with cefotaxime, ceftri-
axone, ceftazidime, and cefepime was performed 
to confirm the production of ESBLs (8). Distorti-
on of the inhibition zones around cephalosporin 
disks towards central disk was considered as a po-
sitive result. Putative AmpC producers were reco-
gnized based on resistance phenotype: resistance 
to cefazidime, lack of synergism with clavulanate 
and preserved susceptibility to cefepime.  

RESuLTS 

Bacterial strains

Escherichia coli was predominantly isolated 
from tracheal aspirates (13) and urine (12). Four 
isolates were obtained from blood cultures (Ta-
ble 1). Tracheal aspirate was the dominant sour-
ce of Klebsiella pneumoniae whereas three iso-
lates were obtained from urine and nasal swab 
respectively (Table 1). The most Enterobacter 
spp. isolates originated from tracheal aspirates 
(six strains) and two were isolated from nasop-
haringeal swab (Table 1). One strain of  Serra-

tia marcescens originated from blood culture, 
cerebrospinal fluid, conjuctival swab and urine 
respectively. Three isolates of Proteus mirabilis 
were collected from urine and one from tracheal 
aspirate and umbilicus swab, respectively. Ele-
ven Pseudomonas aeruginosa strains were obta-
ined from tracheal aspirate and three from urine. 
Three strains of Acinetobacter baumannii were 
isolated from tracheal aspirate and one from ear 
swab, drain and canulla aspirate. The dominant 
source of Staphylococcus aureus was the swab 
of nasal vestibulum, while one strain was isola-
ted from tracheal aspirate, conjuctival swab, and 
intravascular and umbilical catheter swab respec-
tively). Three coagulase negative staphylococi 
originated from blood cultures, and one from 
cerebrospinal fluid, intravascular catheter tip and 
nose vestibulum, respectively (Table 1).
Enterococcus faecalis was dominantly isolated 
from urine (four strains), blood culture and trache-
al aspirate with three strains, and one from umbi-
licus swab and stomach fluid. One strain of  Strep-
tococcus pyogenes was isolated from throat swab. 
Two strains of Moraxella catarrhalis originated 
from nasopharyngeal swab and conjuctival swab. 

Antimicrobial susceptibility

E. coli showed high susceptibility to most tested 
antibiotics; four  (10%) isolates were resistant 
to ceftazidime due to ESBL production and  one 
(2.6%) to piperacilin/tazobactam. Meropenem 

Origin of the 
isolates

Escheri-
chia coli

Klebsiella 
pneumo-

niae

Entero-
bacter 

cloacae

Serratia 
marces-

cens

Proteus
mira-
bilis

Pseudo-
monas 

aeruginosa

Acine-
tobacter 

baumannii

Staphylo-
coccus 
aureus

Staphylo-
coccus epi-

dermidis

Strepto-
coccus 

pyogenes

Entero-
coccus 
faecalis

Sar-
cina. 
lutea

Moraxe-
lla catarr-

halis
Canulla swab 0 0 0 0 0 0 1 0 0 0 0 0 0
Nasopharinge-
al swab 0 1 0 0 0 0 0 0 0 0 0 0 0

Tracheal 
aspirate 13 14 6 0 1 11 3 1 0 0 3 0 0

BAL 0 0 1 0 0 0 0 0 0 0 0 0 0
Drain swab 0 0 0 0 0 0 1 0 0 0 0 0 0
Nasal swab 3 3 2 0 0 0 0 14 1 0 0 0 1
Umbilicus 
swab 0 0 0 0 1 0 0 0 0 0 1 0 0

Wound swab 2 0 1 0 0 0 0 0 0 0 0 0 0
Conjuctival 
swab 0 0 0 1 0 0 0 1 0 0 0 0 1

Ear swab 1 0 0 0 0 0 1 0 0 0 0 0 0
Pharyngeal 
swab 1 1 1 0 0 0 0 0 0 1 0 0 0

Blood culture 4 1 0 1 0 0 0 0 3 0 3 0 0
IV catheter 0 0 0 0 0 0 0 1 1 0 0 0 0
Cerebrospinal 
fluid 0 0 0 1 0 0 0 0 1 0 0 1 0

Tubus 0 1 0 0 0 0 0 0 0 0 0 0 0
Umbilicus 
catheter 0 0 0 0 0 0 0 1 0 0 0 0 0

Urine 12 3 1 1 3 3 0 0 0 0 4 0 0
Stomach fluid 1 0 0 0 0 0 0 0 0 0 1 0 0

Table 1.  Distribution of the isolates according to patient’s specimen
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was the most potent antibiotic with MIC90 of 0.06 
mg/L, followed by ciprofloxacin with MIC90 of 
0.12 mg/L. The highest MIC90 was observed for 
piperacilin/tazobactam (16 mg/L), but it was still 
below the resistant breakpoint (128 mg/L) (Table 
2). Meropenem was twice more potent than imi-
penem and eightfold more potent than ceftazidi-
me according to MIC90. 
K. pneumoniae isolates showed full susceptibility 
to carbapenems and only one (4%) strain was  resi-
stant to  ciprofloxacin. High resistance rates to cef-
tazidime and gentamicin were observed, and detec-
ted in 13 (50%) isolates due to ESBL production. 
Meropenem and ciprofloxacin were the most po-
tent antibiotics with MIC90 of 0.03 mg/L (Table 2). 

potent antibiotic with MIC90 of 0.12 mg/L and its 
activity was fivefold greater than that of imipe-
nem (MIC90 2 mg/L).  Meropenem was fourfold 
more active than imipenem and >twelvefold more 
efficient than ceftazidime according to MIC90. 
P. mirabilis was uniformly susceptible to all te-
sted antibiotics except to gentamicin (one stra-
in was resistant). Meropenem and ciprofloxacin 
expressed the lowest MICs (<0.008-0.25). 
S. marcescens showed good susceptibility to all 
antibiotics except to gentamicin. Resistance to 
gentamicin was observed in 75% (3/4) of the te-
sted strains. 
P. aeruginosa was the most resistant Gram-nega-
tive species. Two (12%) isolates were resistant to 
meropenem and three (18%) to imipenem. High 
resistance rates were observed to ceftazidime, 
observed in eight (8.47%) isolates, to gentami-
cin in 10 (59%) isolates, and to piperacilin/ta-
zobactam and ciprofloxacin in 6 (35%) isolates. 
Ciprofloxacin was the most efficient antibiotic 
with MIC90 od 0.25 mg/L ahead of imipenem and 
meropenem (MIC90 of 2 and 4 mg/L, respecti-
vely). Meropenem and imipenem were equally 
active against P. aeruginosa according to MIC90 
but both agents were >fivefold more active than 
ceftazidime (Table 3).  

Antibiotic (breakpo-
int MIC, mg/L)

MIC range 
(mg/L) 

MIC50 
(mg/L)

MIC90 
(mg/L)

No (%) of 
strains 

E. coli (38)
Meropenem (≥16) ≤0.008-0.5 0.0016 0.06 0 (0%)
Imipenem (≥16) ≤0.008-1 0.06 ≥256 0 (0%)
Ceftazidim (≥32) ≤0.008->128 0.12 16 4/38 (10%)
Ceftazidim/cl (≥32) ≤0.008->128 0.03 0.5 1/38 (2.6)
Cefepim (≥32) ≤0.008-1 0.06 1 0 (0%)
Piperacilin/tzp  (≥128) 0.016->128 4 16 1/38 (2.6)
Gentamicin (≥8) ≤0.008->128 2 32 10/38 (3.8)
Ciprofloksacin (≥4) ≤.008-0.5 ≤0.008 0.12 0 (0%)
K. pneumoniae (26)
Meropenem (≥16) ≤0.008-0.06 0.0016 0.06 0 (0%)
Imipenem (≥16) ≤0.008-1 0.0016 0.5 0 (0%)
Ceftazidim (≥32) ≤0.008-≥128 16 ≥128 13/26 (50%)
Ceftazidim/cl (≥32) 0.016-≥128 0.25 4 1/26 (4%)
Cefepim (≥32) ≤0.008->128 0.5 32 3/26 (0%)
Piperacilin/tzp  (≥128) 1->128 8 >128 5/26 (19%)
Gentamicin (≥8) ≤0.008-128 4 64 13/26 (50%)
Ciprofloksacin (≥4) ≤.0008-0.5 ≤0.008 0.06 1/26 (4%)
E. cloacae (12)
Meropenem (≥16) ≤0.008-≥128 0.016 0.12 1 (8)
Imipenem (≥16) ≤0.008-≥128 0.25 2 1 (8)
Ceftazidim (≥32) 0.25-≥128 2 128 3 (25)
Ceftazidim/cl (≥32) 0.03-≥128 2 128 2 (16)
Cefepim (≥32) 0.03-≥128 0.12 16 1 (8)
Piperacilin/tzp  (≥128) 1->128 8 ≥128 2 (16)
Gentamicin (≥8) ≤0.008-≥128 0.5 ≥128 3 (25)
Ciprofloksacin (≥4) ≤0.008-≥128 ≤0.008 16 2 (16)

Table 2. Cumulative minimum inhibitory concentration (MIC) 
values and percentage of resistant strains for various antibi-
otics of Enterobacteriaceae

Antibiotic (MIC 
breakpoint, mg/L)

MIC range 
(mg/L)

MIC50 
(mg/L)

MIC90 
(mg/L) 

No (%) of 
strains

Pseudomonas aeruginosa (n=17)
Meropenem (≥16) ≤0.008->16 2 16 2 (12)
Imipenem (≥16) 0.03->16 4 16 3 (17)
Ceftazidim (≥32) 0.5-≥128 8 ≥128 8 (47)
Ceftazidim/cl (≥32) 0.5->128 32 ≥128 9 (53)
Cefepim (≥32) 0.06-32 8 32 4 (23)
Piperacilin/tzp  (≥128) 0.5-≥128 8 128 6 (35)
Gentamicin (≥8) 0.25-≥128 8 ≥128 10 (59)
Ciprofloksacin (≥4) ≤0.008-64 0.25 16 6 (35)
Acinetobacter baumannii (n=7)
Meropenem (≥16) 0.03-2 0.12 0.5 0
Imipenem (≥16) 0.03-4 1 4 0
Ceftazidim (≥32) 2-≥128 16 ≥128 2 (28)
Ceftazidim/cl (≥32) 2-≥128 8 16 1 (14)
Cefepim (≥32) 1-32 16 32 4 (23)
Piperacilin/tzp  (≥128) 2-³≥128 16 128 2 (28)
Gentamicin (≥8) 0.25-≥128 8 ≥128 10 (59)
Ciprofloksacin (≥4) ≤0.008-64 0.25 16 6 (35)

Table 3. Cumulative minimum inhibitory concentration (MIC) 
values and percentage of resistant strains for various antibi-
otics of non-fermentative bacteria

Enterobacter spp demonstrated the highest re-
sistance rates among Enterobacteriaceae. One 
(8%) isolate was resistant to both carbapenems 
while three (25%) isolates showed resistance to  
ceftazidime and gentamicin. Two (16%) isolates 
displayed resistance to the combination of cefta-
zidime with clavulanate, piperacilin/tazobactam 
and ciprofloxacin, while only one isolate showed  
resistance to cefepime. Meropenem was the most 

There was no resistance to carbapenems in A. 
baumannii and resistance rates to cephalosporins 
(ceftazidime i cefepime) were moderate, and de-
tected in one (14%) and in two (28%) isolates, 
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respectively. High resistance rates were observed 
only to gentamicin in 10 (43%) isolates. Only one 
(14%) isolate showed resistance to ciprofloxacin. 
MIC90 was the lowest for ciprofloxacin and the 
highest for gentamicin (≥128 mg/L). Meropenem 
was threefold more active against A. baumannii 
in comparison with imipenem and sixfold more 
active than ceftazidime (Table 3). 
Among Gram-positive bacteria S. aureus showed 
full or intermediate susceptibility to all antibiotics 
except of cefepime and gentamicin (18/19, 96%).  
MIC90 was the lowest for imipenem (≤0.008 mg 
/l) and ciprofloxacin (0.03 mg/L).  Imipenem was 
threefold more active than meropenem (Table 4).  

Enterococcus faecalis was the most resistant 
Gram-positive species. All isolates were unifor-
mly resistant to both cephalosporins as expec-
ted and even 11 (92%) strains were resistant to  
gentamicin. Two (16%) isolates were resistant 
to meropenem and one (8%) to imipenem. Three 
(25%) isolates displayed resistance to cipro-
floxacin. The lowest MIC90  was noticed for ci-
profloxacin (1 mg/L) followed by imipenem (2 
mg/L) (Table 4). 

Resistance mechanisms

The prevalence of ESBLs in Enterobactericeae 
was 29% (25/84).  ESBLs were detected in 50% 
(13/26) of K. pneumoniae strains, 25% (1/4) 
Serratia marcescens and P. mirabilis respective-
ly, 21% (8/38) of  E. coli and 16% (2/12) Entero-
bacter spp. ESBL producing organisms had ele-
vated ceftazidime MICs which were significantly 
reduced by clavulanic acid and were resistant to 
gentamicin. 
One E. coli and two Enterobacter cloacae strains 
were identified as AmpC producers based on the 
phenotype of resistance. 

DISCuSSION 

Tracheal aspirate was the most important source 
of the majority of bacteria isolates indicating co-
lonization and not infection in this study. E. coli 
and K. pneumoniae were uniformly susceptible 
to carbapenems. However, resistance to expan-
ded-spectrum cephalosporins and gentamicin was 
observed in ESBL producing organisms. Higher 
resistance rates to expanded-spectrum cephalos-
porins and gentamicin were observed in Polish 
pediatric intensive care units (9). Enterobacter 
spp. was the most resistant species in the family 
of Enterobacteriacea in this study. Resistance to 
expanded-spectrum cephalosporins was due to the 
production of ESBLs and AmpC- β-lactamases in 
our investigation. Other European reports from 
pediatric wards found higher resistance rates to 
all tested antibiotics except of carbapenems and 
ciprofloxacin (9). The prevalence of ESBLs in En-
terobactericeae of 29% in this study is higher than 
those reported in most European countries (10). 
It correlates with other MYSTIC data, which un-
derlined a particularly high prevalence of ESBL-
positive strains (28%) from Eastern and Southern 
European countries in comparison with those from 

Antibiotic (MIC break-
point, mg/L)

MIC range 
(mg/L)

MIC50 
(mg/L)

MIC90 
(mg/L)

No (%) of 
strains

S.  aureus (n=19)
Meropenem (≥16) ≤0.008-0.12 0.06 0.12 0
Imipenem (≥16) ≤0.008-0.12 <0.008 0.03 0
Ceftazidim (≥32) 0.25-16 2 16 0
Ceftazidim/cl (≥32) <0.008-8 0.12 8 0
Cefepim (≥32) 0.5-32 2 16 1/9 (4)
Piperacilin/tzp  (≥128) 0.5-16 2 16 0
Gentamicin (≥8) ≤0.008-128 0.12 0.5 1/9 (4)
Ciprofloksacin (≥4) ≤0.008-0.25 0.03 0.25 0
S.  epidermidis (8)
Meropenem (≥16) 0.12-128 4 16 1(14)
Imipenem (≥16) ≤0.008-128 0.06 8 1(14)
Ceftazidim (≥32) 2->128 1 32 3 (37)
Ceftazidim/cl (≥32) 0.03-≥128 0.5 64 3 (37)
Cefepim (≥32) 0.06-128 4 32 3 (37)
Piperacilin/tzp  (≥128) 0.5-≥128 2 32 1(14)
Gentamicin (≥8) ≤0.008-128 8 128 41(50)
Ciprofloksacin (≥4) ≤0.008-16 0.03 0.25 1(14)
E. faecalis (n=12)
Meropenem (≥16) 0.12-32 4 16 2(16)
Imipenem (≥16) 0.06-16 2 8 1(8)
Ceftazidim (≥32) 32-≥128 ≥128 ≥128 12(100)
Ceftazidim/cl (≥32) 64-≥128 ≥128 ≥128 12 (100)
Cefepim (≥32) 64->128 ≥128 ≥128 12 (100)
Piperacilin/tzp  (≥128) 0.06-≥128 8 ≥128 2(16)
Gentamicin (≥8) 0.016-≥128 ≥128 ≥128 11(91)
Ciprofloksacin (≥4) ≤0.008-64 1 16 3(25)

Table 4. Cumulative minimum inhibitory concentration (MIC) 
values and percentage of resistant strains for various antibi-
otics of Gram-positive bacteria

Koagulase-negative staphylococci (S. epider-
midis) displayed higher resistance rates to most 
antibiotics compared to S. aureus; four (50%) of 
the strains were resistant to gentamicin and three 
(37%) to ceftazidime and cefepime. One isolate 
(14%) was resistant to carbapenems, piperaci-
lin/tazobactam and ciprofloxacin (Table 4). The 
lowest MIC90 was observed for ciprofloxacin. 
Imipenem was slightly more active than merope-
nem (one dilution).
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the rest of Europe (10). The prevalence of ESBLs 
in pediatric isolates of Enterobacteriaceae was 
lower in other studies from South America (1.7%) 
(11), Poland (13%) (12), and South Korea (25%) 
(13). The molecular characterization of ESBLs 
was not performed in this study.  However, it is 
still possible that the prevalence of ESBL-produ-
cing isolates of 29% was underestimated because 
ESBLs were detected only with ceftazidime alone 
and combined with clavulanate; therefore CTX-
M-type of ESBLs could be missed. The frequent 
occurrence of CTX-M β-lactamase in Enterobac-
teriaceae is a raising problem in Europe including 
Croatia (14). ESBL positive K. pneumoniae and 
E. coli were shown to have high resistance rates 
to gentamicin. This is due to the fact that genes 
encoding aminoglycoside resistance often reside 
on the same plasmid as blaESBL genes. Resistance 
rates to ceftazidime and cefepime were modera-
te in E. coli except in ESBL producing organisms 
but according to CLSI all ESBL producing Ente-
robacteriaceae should be reported as resistant to all 
cephalosporins (7).  
Among non-fermentors P. aeruginosa showed 
moderate resistance rates to carbapenems in this 
study. Since the strains displayed resistance to 
both carbapenems it is likely to assume that it 
was due to the production of metallo-β-lactamase 
(MBL) (15). However, the molecular charac-
terization of β-lactamases in this study was not 
performed. The later studies found VIM-2  MBL 
among P. aeruginosa strains from the Univer-
sity Hospital Center Zagreb (16). Resistance to 
carbapenems in P. aeruginosa is most likely to 
occur through the interplay of excess β-lactamase 
production, impermeability via loss of the porin 
protein OprD, together with the upregulation of 
multi-drug –efflux systems primarily MexAB-
OprM (17).  High resistance rates to expanded-
spectrum cephalosporins found in this study were 
likely to be caused by hyperproduction of AmpC 
β-lactamases due to induction or derepression 
(17). Previous reports from pediatric units in Eu-
rope showed lower resistance rates to carbape-
nems and all other tested antibiotics compared to 
our isolates (17). The rate of  multidrug-resistant 
phenotype (MDR) phenotype found in this study 
was lower (6%) than in other Eastern European 
countries (around 50%) (17). A. baumannii anal-
yzed in this study was uniformly susceptible to 

carbapenems. Carbapenem-resistant strains of 
this species started to emerge at the University 
Hospital Center Zagreb from 2008 conferred by 
production of OXA-24-like and OXA-58-like 
β-lactamase (18). Previous reports from pedia-
tric units in Europe showed similar or higher re-
sistance rates to aminoglycosides, ciprofloxacin 
and cephalosporins than in  our study (19-20).  
High resistance rates to cephalosporins and 
emergence of carbapenem-resistance in coagu-
lase-negative staphylococci was probably due to 
misinclusion of methicillin-resistant S. epidermi-
dis (MRSE) strains in the study. All enterococci 
have intrinsic resistance to cephalosporins (21), 
which is in concordance with high MICs of ce-
fazidime and cefepime in this species observed 
in this study. Resistance to carbapenems noticed 
in some strains could be explained by misidenti-
fication of E. faecium as E. faecalis. S. pyogenes 
and M. catarrhalis were as expected susceptible 
to all tested antibiotics. Low resistance rates to 
ciprofloxacin in the majority of tested species is a 
consequence of non-prescription of fluoroquino-
lones in children age group  (22). 
Resistance patterns that are currently problematic 
in Europe can vary greatly with the same speci-
es over time, among various patient populations 
and among geographic regions on the same con-
tinent (23). These data provide evidence that des-
pite continued use of meropenem, carbapenem 
resistance was not noticed in pediatric intensive 
care units among the species tested except of P. 
aeruginosa within the studied units, and suggest 
that clinicians can be confident in prescribing 
carbapenems as a reliable and effective choice in 
managing serious nosocomial infections in chil-
dren. Continued surveillance is necessary so that 
we can recommend to clinicians which agents 
are likely to exhibit the necessary activity against 
a particular hospital pathogen. However, recent 
studies have shown the emergence of carbape-
nem-resistant Enterobacteriacea due to the pro-
duction of NDM and KPC β-lactamases (24-25) 
and A. baumannii (26) in different hospital units 
of the University Hospital Center Zagreb inclu-
ding pediatric wards. Further surveillance studies 
in the following years will show whether mero-
penem will retain its full microbiological profile 
and therefore remain a useful option for empiri-
cal monotherapy for serious infections. 
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SAŽETAK 

Cilj  Mystic (Meropenem Yearly Susceptibility test Information Collection) je globalna multicentrična, 
longitudinalna studija koja je pratila aktivnost meropenema u usporedbi s  različitim antibioticima ši-
rokog spektra. 

Metode  U studiju je uključeno ukupno 110 gram-negativnih i 40 gram-pozitivnih bakterija iz dječjih 
uzoraka. Osjetljivost na antibiotike bila je testirana bujonskom mikrodilucijskom metodom prema CL-
SI-u. Cilj istraživanja bio je pratiti trend rezistencije na meropenem i ostale antibiotike širokog spektra, 
na pedijatrijskim jedinicama intenzivnog liječenja u KBC-u Zagreb, tokom petogodišnjeg razdoblja.

Rezultati  Nije zapažena rezistencija na imipenem ili meropenem u Escherichia coli, Klebsiella pneu-
moniae i Proteus mirabilis. Zabrinjavajuće su visoke stope rezistencije u K. pneumoniae na ceftazidim 
i gentamicin, zabilježene u 13 sojeva (50%). Pseudomonas aeruginosa bio je najrezistentnija gram-ne-
gativna vrsta, s dva (12%) soja rezistentna na imipenem, tri (18%) na meropenem, 10 (47%) na genta-
micin, te šest (35%) na piperacillin/tazobactam i ciprofloksacin. 

Zaključak  Meropenem i dalje ostaje antibiotik izbora za liječenje teških infekcija uzrokovanih gram-
negativnim bakterijama u dječjoj populaciji. Rezistencija na meropenem nije se značajno povećavala 
u testiranom razdoblju, osim u vrste P. aeruginosa unutar KBC-a Zagreb, te ga se može i dalje koristiti 
kao antibiotik izbora za liječenje bolničkih infekcija. Međutim, kasnija istraživanja pokazala su pojavu 
karbapenem-rezistentnih gram-negativnih bakterija (nakon 2008. godine). 

Ključne riječi:  MYSTIC, meropenem, imipenem, rezistencija


