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Abstract 

The present study was designed to evaluate the antimicrobial susceptibility patterns of Multi 
Drug Resistance (MDR) and to determine the genes encoding Extended Spectrum β-Lactamases 
(ESBLs) in clinical isolates of Enterobacteriaceae and non-fermenting Gram negative rods (NFGNR) 
(Pseudomonas aeruginosa and Acinetobacter baumannii) circulating in an intensive care unit of a 
Cardiovascular Diseases Prof. C.C. Iliescu from Bucharest (CCI), Romania, isolated during 2012-
2013.  

The most prevalent ESBLs in Enterobacteriaceae isolates were blaCTX-M, blaTEM and blaSHV, 
while in NFGNR were blaGES, blaSHV and blaVEB genes. This study is the first report of VEB-like 
enzymes in Romania. 

The presence of ESBLs in MDR strains has important implications as carbapenems remain the 
only choice of treatment for infections caused by these organisms. The control measures include 
judicious use of antibiotics and implementation of appropriate infection control measures to control the 
spread of these strains in the hospital environment. 

 
Keywords: β-lactams, ESBL producers, Pseudomonas aeruginosa, Acinetobacter baumannii, 
Enterobacteriaceae. 
 
 
1. Introduction 

Fermenting Gram negative rods (Enterobacteriaceae family) and some non-
fermenting rods like Pseudomonas (P.) aeruginosa and Acinetobacter (A.) baumannii are 
responsible for the majority of hospital acquired infections. The β-lactam antibiotics are the 
most commonly used antibacterial agents in the present chemotherapeutic armamentarium, 
and β-lactamases, the enzymes that hydrolyze β-lactam antibiotics, are the major cause of 
resistance to these compounds (KOTRA L.P. & al. [1]). 

Resistance to β-lactam antibiotics is mostly mediated by β-lactamases which inactivate 
the antibiotic by hydrolyzing the β-lactam ring. Many genera of Gram negative bacteria 
possess a naturally occurring, chromosomally mediated β-lactamases (AmpC), with inducible 
expression. Even so, the most important enzymes in clinical settings are represented by 
plasmid-mediated β-lactamases. 

The wide use of numerous new β-lactam antibiotics in the recent decades led to the 
emergence of ESBLs, which are mostly derivatives of TEM-1(for Temoneira patient’s name) 
and SHV-1(Sulfhydryl Variable) enzymes, being capable of hydrolyzing a wide range of β-
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lactams, excepting carbapenems. Moreover, several mechanisms of resistance (additional 
antibiotic resistance genes, efflux pumps, impermeability) may coexists in the same host, 
leading to MDR occurrence (F. DEPARDIEU & al. [2]), (A. MAGIORAKOS & al. [3]). In 
some countries the lack of epidemiological control measures contributes to the widespread of 
the resistance determinants amongst clinically significant strains. Thus, the aim of this study 
was to evaluate the antimicrobial susceptibility patterns of MDR strains and to determine the 
genes encoding ESBLs in clinical isolates of Enterobacteriaceae and non-fermenting Gram 
negative rods (NFGNR) (P. aeruginosa and A. baumannii) circulating in an intensive care 
unit (ICU) of CCI hospital from Bucharest, Romania, isolated during 2012-2013. 
 
2. Materials and methods 
2.1. Bacterial strains. A total number of 122 Gram negative bacilli strains consisting in 82 
Enterobacteriaceae isolates (45 Klebsiella (K.) pneumoniae, 25 Escherichia (E.) coli, 10 
Enterobacter (E.) cloacae, 1 Serratia (S.) marcescens, 1 Proteus (P.) vulgaris) and 40 
NFGNR strains (23 P. aeruginosa and 17 A. baumannii) were consecutively selected in 2012-
2013 from the ICU of one big hospital from Bucharest receiving patients with cardiology 
related issues from all over the country. The selection criteria consisted in the presence of 
resistance to third and fourth generation cephalosporins and of MDR phenotype (F. 
DEPARDIEU & al. [2], A. MAGIORAKOS & al. [3]). All the strains were isolated from 
clinical specimens. Strains identification and quantitative antibiotic susceptibility assays were 
performed by the Vitek II automatic system interpreted according to CLSI Clinical 
Laboratory Standard Institute (CLSI) guidelines (CLSI [4]). 
2.2. Additional antibiotic susceptibility testing and phenotypic determination of 
ESBL producers. All strains were additionally tested by disk diffusion method for different 
cephalosporins, as Vitek II panels does not contain all the antibiotics necessary for confirming 
some resistance phenotypes. 

The presence of ESBLs in Enterobacteriaceae and NFGNR was investigated by the 
double disc synergy test (L. DRIEUX & al. [5]). Ceftazidime - CAZ (30 µg), cefotaxime - 
CTX (30 µg), cefepime - FEP (30 µg), ceftriaxone - CRO (30 µg) and aztreonam - ATM (30 
µg) discs were placed next to an amoxicillin/clavulanic acid - AMC (20/10 µg)-containing 
disc at a distance of 20 mm (centre to centre) on a Mueller–Hinton agar plate inoculated with 
the tested organism, using E. coli ATCC 25922 and P. aeruginosa ATCC 27853 as control 
strains. After overnight incubation at 37 °C, an enhancement of the inhibition zone around at 
least one of these discs toward the clavulanic acid-containing disc indicated the presence of 
ESBLs. The sensitivity of P. aeruginosa and A. baumannii isolates to the third-generation 
cephalosporins (3GC) (CAZ, CTX, CRO) was determined by disc diffusion method using P. 
aeruginosa ATCC 27853 as control strain. Results were interpreted according to the CLSI 
guidelines (CLSI [4]). Confirmation of some uncertain ESBL phenotypes was performed by 
E-test method, according to manufacturer indications. When encountered, carbapenem 
resistance mediated by carbapenemase producing was investigated by E-test and for 
Enterobacteriaceae also by Modified Hodge Test. The ”hidden” ESBL phenotype by 
carbapenemase production was revealed with supplemental test as described by (L. DRIEUX 
& al. [5]). 
2.3. Screening of ESBLs genes. The genetic support of the -lactam resistance mediated 
by enzymatic mechanisms was investigated by PCR, using a reaction mix of 25μl (PCR 
Master Mix 2X, Thermo Scientific) containing 1μl of thermal-lysed bacterial cells suspension 
and the following primers for ESBL genes: blaSHV-like, blaVEB-like, blaGES-like for NFGNR and 
blaTEM-like, blaSHV-like, blaCTX-M-like for Enterobacteriaceae strains (Table 1) and the following 
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thermal cycling protocol: 5 min at 96°C and 30 cycles of amplification, consisting of 30 s at 
96°C, 30 s at 58°C, and 1 min at 72°C, with 5 min at 72°C for the final extension step for 
blaSHV-like; 7 min at 94°C and 35 cycles of amplification, consisting of 50 s at 94°C, 40 s at 
50°C, and 1min at 72°C, with 5 min at 72°C for the final extension step for blaGES-like; and 15 
min at 95°C and 30 cycles of amplification consisting of 30 s at 94°C, 90 s at 57°C, and 90s at 
72°C, with 10 min at 72°C for the final extension for blaVEB-like. PCR products were separated 
by horizontal electrophoresis in 1.5% agarose gel.  

 
Table 1. Primers used for detecting ESBLs genes among Pseudomonadaceae and Enterobacteriaceae isolates 

Gene Primers Primers sequence Size (bp) Reference 
blaSHV 

Pseudomonadaceae 
SHV-F 
SHV-R 

F: 5'-GCCCTCACTCAAGGATGTAT-3' 
R: 5'-TTAGCGTTGCCAGTGCTCGA-3' 

888 
T. NAAS & al. 

[6] 
blaGES 

Pseudomonadaceae 
GES-C 
GES-D 

5´GTTTTGCAATGTGCTCAACG 3´ 
5´TGCCATAGCAATAGGCGTAG 3´ 

371 
A.M. QUEENAN 
& K. BUSH [7]. 

blaVEB 
Pseudomonadaceae 

VEB-F 
VEB-R 

5´CGACTTCCATTTCCCGATGC3´ 
5´TGTTGGGGTTGCCCAATTTT3 

390 
P. BOGAERTS 

& al. [8] 

blaCTX-M 

Enterobacteriaceae 
CTX-M-F 
CTX-M-R 

5-CGCTGTTGTTAGGAAGTGTG-3 
5-GGCTGGGTGAAGTAAGTGAC-3 

730 
A. ISRAIL & al. 

[9] 

blaTEM 

Enterobacteriaceae 

TEM-F 
TEM-R 

5´-ATAAAATTCTTGAAGACGAAA-3´ 
5´-GTCAGTTACCAATGCTTAATC-3´ 

1080 
F. EFTEKHAR & 

al. [10] blaSHV 

Enterobacteriaceae 

SHV-F 
SHV-R 

5´-TGGTTATGCGTTATATTCGCC -3´ 
5´-GGTTAGCGTTGCCAGTGCT-3´ 

868 

 
3. Results and Discussions 
 Our study establishes the antibiotic resistance patterns and the frequency of ESBL 
genes in MDR Gram negative rods isolated from the ICU of one big hospital from Bucharest, 
receiving patients with cardiology-related issues from all over the country.  
3.1. Antibiotic resistance patterns of the Gram negative isolated strains. All the 
Enterobacteriaceae strains were resistant to at least two cephalosporins, i.e.: 92.7% to CRO 
(n = 76), 90.72% to CAZ (n = 74), 79.3% to FEP (n = 65) and 59.7% to FOX (n = 49). A 
great number of strains were resistant to monobactams, i.e. 86.6% to ATM (n = 71) and also 
to carbapenems, i.e. 39% to IPM (n = 32) and 44% to MEM (n = 36). All the selected strains 
were ESBL producers, and 38% (n = 31) expressed a MBL (metallo-β-lactamase) phenotype 
(Figure 1). 

 
 

 

Figure 1.Determination of simultaneous ESBL and MBL phenotypes in an extended drug resistant 
(XDR) E. cloacae strain. The cefotaxime (CTX) and ceftazidime (CAZ) disks are located at 30 mm 

(up) and 20 mm from the amoxicillin/ clavulanic acid (AMC) disks. A – Control Double Disk 
Diffusion Test (DDST). B – DDST with EDTA added to AMC reveals the ESBL phenotype exhibited 

by the synergism between clavulanic acid and cephalosporins. 
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The investigation of antibiotic resistance profiles revealed the association of β-lactam 
resistance with aminoglycoside and quinolone resistance (Figure 2), suggesting the possible 
common genetic determinants (A. CARATTOLI & al. [11]), or the clonal distribution of 
several highly resistant strains (A. NOVAIS &al. [12], T. M. COQUE & al. [13], L. 
SANDEGREN & al. [14]). 

 

 
Figure 2. Resistance to non β-lactam antibiotics. The values are established by the resistance 

to at least one antibiotic in each listed class. There is an oblivious association of ESBL phenotype and 
resistance to aminoglycosides and quinolones in the strains isolated from the Romanian hospital unit.  

 
Out of the 40 P. aeruginosa and A. baumannii clinical isolates 47.5% were found to be 

positive for ESBL production. Of the 40 NFGNR isolates 91.27% of P. aeruginosa and 
92.64% of A. baumannii were 3GC-resistant (Figure 3). This high resistance to 3GC was 
found to coexist with resistance to other antibiotics. Maximum level of resistance (100%) was 
observed with IMP, followed by CRO (97.8%). The least effective drugs was aztreonam 
(Figure 3). 

 

 
Figure 3. β-lactam resistance profiles in Pseudomonas aeruginosa and Acinetobacter baumannii 

strains. The graphs reveal the higher rates of resistance amongst A. baumannii strains 
(AMC – amoxicillin-clavulanic acid; ATM – aztreonam; CAZ – ceftazidime; CRO – ceftriaxone; 

CTX – cefotaxime; FEP – cefepime; FOX – cefoxitin; IPM – imipenem; MEM – meropenem; PIP – 
piperacillin; PIP-TZP – piperacillin-tazobactam. 
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3.2. ESBL genes. Molecular studies among Enterobacteriaceae strains revealed the 
presence, in decreasing frequency order, of the following genes: blaCTX-M-like (73%), blaTEM-like 
(60%), blaSHV-like (27%). More than a half of E. coli and K. pneumoniae exhibited 
simultaneously more than one ESBL gene (Figure 4). E. cloacae, S. marcescens and P. 
vulgaris exhibited only the blaCTX-M-like gene.  

The most frequent association of ESBL genes was blaCTX-M-like and blaTEM-like.  
CTX-M (for Cefotaxime first isolated in Munich) ESBL was first described in 1989 in 

a clinical isolate of E. coli in Germany (A. BAUERNFEIND & al. [15]). CTX-M-type 
enzymes confer resistance to penicillins and extended-spectrum cephalosporins with a usually 
higher hydrolysis of CTX than CAZ for most variants (R. BONNET & al. [16]). 

CTX-M enzymes can be classified into five clusters according to their amino acid 
sequences (R. BONNET & al. [16]). The CTX-M-1 cluster is the most prevalent and includes 
β-lactamases of major clinical impact, notably CTX-M-15, CTX-M-3, and CTX-M-1, and 
other widely-distributed variants (G.M. ROSSOLINI & al. [17]). Other important clusters are 
CTX-M-2, CTX-M- 8, CTX-M-9 and CTX-M-25.  

CTX-M enzymes have been rarely identified in NFGNR. A single A. baumannii 
isolate producing CTX-M-2 was identified in Japan (N. NAGANO & al. [18]). In addition, 
CTX-M-43 and CTX-M-2 producers have been detected in A. baumannii from Bolivia and 
Pennsylvania, respectively (G. CELENZA & al. [19]). 

So far, 196 TEM variants have been identified around the world. TEM-enzymes can 
be classified into four groups according to their biochemical characteristics: broad-spectrum 
TEM-variants hydrolyse only penicillins and early-generation cephalosporins, inhibitor-
resistant TEM variants (IRT) possess similar hydrolysis spectra but are not inhibited by the 
clavulanic acid, TEM-type ESBLs possess an hydrolysis profile activity against penicillins 
and broad-spectrum cephalosporins with higher activity against CAZ than CTX, sparing 
cephamicins and carbapenems, and complex-mutant TEM-variants (CMT) including TEM 
variants that possess an extended-spectrum of hydrolysis toward cephalosporins together with 
an inhibitor-resistant hydrolysis profile (L. POIREL & al.[20]). 

In our study TEM variants seem to be ESBL type in the strains where is the only β-
lactamase identified, while in those strains where is associated with CTX-M type enzymes 
could be a broad spectrum variant. Previous studies often associate CTX-M-15 β-lactamase 
with TEM-1 variant (E. MACHADO & al. [21]), but only sequencing data will provide the 
reliable answer.  
 
 

Figure 4. Profiles of ESBL genes amongst E. coli (A) and K. pneumoniae (B) strains: the most 
frequent was blaCTX-M-like, followed by blaTEM-like and blaSHV-like and in K. pneumoniae were 

observed that 78% of the strains exhibit multiple associations of ESBL genes, the most 
frequent being blaCTX-M-like + blaTEM-like, followed by blaTEM-like + blaSHV-like. Noticeably, in E. 
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coli, 60% of the strains harboured one ESBL gene, while in K. pneumoniae only 22% of the 
strains harboured one ESBL gene. 

 
The results of ESBLs genes detection showed that 82.6% of P. aeruginosa and 

11.76% of A. baumannii isolates carried blaGES gene (Figure 5). 
The blaGES-1  (Guiana Extended Spectrum β-lactamase) gene was initially identified as 

a plasmid-borne enzyme in a K. pneumoniae clinical isolate recovered in France from a 
patient originating from French Guyana (L. POIREL & al. [22]), and in isolates from 
Argentina, Brazil, Portugal and The Netherlands from K. pneumoniae, P. aeruginosa, S. 
marcescens (T. NAAS & al. [23]). GES-1 possesses activity against penicillins and broad-
spectrum cephalosporins, not cephamicins and carbapenems but unlike most ESBLs does not 
hydrolyze monobactams (L. POIREL & al. [22]). 

Another GES-variant was recently described in a A. baumannii, namely GES-14 
which posses hydrolysis spectrum toward carbapenems, cephamicins and monobactams.  

GES-2 was described in isolates from South Africa from a P. aeruginosa clinical 
isolate, GES-5, GES-6, GES-7 and GES-8 from Greece, and GES-3 and GES-4 from Japan 
(L. POIREL & al. [22]). GES-enzymes are also increasingly reported in A. baumannii since 
GES-11, GES-12 and GES-14 was also described in Belgium (P. BOGAERTS & al. [24]). 
Presently, there are described 20 variants of the GES β-lactamase. 

Our data revealed that 21.73% of P. aeruginosa and 23.52% of A. baumannii tested 
strains carried the blaSHV, and 8.69% of P. aeruginosa carried the blaVEB gene (Figure 5).  

SHV-type ESBL possesses a hydrolysis profile including activity against penicillins 
and broad-spectrum cephalosporins with highest activity against CTX comparing to 
ceftazidime, and sparing cephamicins and carbapenems (L. POIREL & al. [20]). Some SHV-
type ESBLs are widely distributed around the world, notably the SHV-2, SHV-2a and SHV-5. 
In Europe, SHV-12 and SHV-5 have been identified in clinical isolates in Poland, Hungary, 
France, Italy and Spain (T.M. COQUE & al. [13]). Despite the fact that blaSHV-like genes are 
mainly found in enterobacterial isolates, there have been some reports which revealed the 
presence of these genes in A. baumannii and P. aeruginosa strains (L. POIREL & al. [20]). 

The blaVEB gene was described among enterobacterial isolates from Europe but also in 
P. aeruginosa from Thailand and Kuwait (D. GIRLICH & al. [25]) and A. baumannii from 
France and Argentina (T.NAAS & al. [26]; F. PASTERAN & al. [27]). Outbreaks involving 
isolates producing VEB-1-like enzymes have been described, including a nationwide outbreak 
of VEB-1 A. baumannii in France and Belgium, of P. mirabilis in Korea, and VEB-3-
producing E. cloacae in China (T.NAAS & al. [23]). The VEB-1 has been the very first ESBL 
gene to be identified as a form of a gene cassette in a class 1 integron structure (L. POIREL & 
al. [22]). 

This study represents the first description of blaVEB like in P. aeruginosa clinical 
isolates from Romania. The future sequencing of the blaVEB like identified in P. aeruginosa 
clinical isolates from Romania will highlight the origin of these strains and their relationship 
with other clones circulating in different geographical areas. 
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Figure 5. Prevalence of genes encoding ESBLs in NFGNR strains. 

 
 
4. Conclusions 

In conclusion, we report here the characterization of phenotypic and genotypic β-
lactam-resistance in NFGNR and Enterobacteriaceae strains isolated from ICU in Bucharest, 
Romania. The Gram negative strains isolated during 2012-2013 exhibited a high prevalence 
of bla genes, emphasizing the necessity of the early recognition of ESBL producing isolates, 
rigorous infection control, and restricted clinical use of broad-spectrum ß-lactams. 
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