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Abstract: Infections caused by ESBL-producing Klebsiella pneumoniae are problematic because when 
coresistance to other antimicrobial classes is present, limited antibiotic options are available.  
K. pneumoniae is often associated to urinary tract infections (UTIs) in immunosuppressed patients  
after renal transplantation where cystitis and pyelonephritis are the most common forms of bacterial 
infections. The objective of this study was to characterize an outbreak of 10 severe UTIs caused by K. 
pneumoniae using molecular methods and to describe an epidemic diffusion of ESBL producing K. 
pneumoniae.  All isolates were MDR (Multidrug-resistance) but sensitive to imipenem. PCR detection, 
using gene-specific primers, showed that all strains harbored the blaCTX-M gene, six cases associated 
with blaTEM , and only one strain carried the blaSHV together with blaTEM and blaCTX-M. 
Pulsed-field gel electrophoresis (PFGE) typing of all strains revealed 2 clonal types, A and B, where 
clone B was ciprofloxacin and amikacin susceptible.  
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The emergence of  extended-spectrum β-lactamase (ESBL)-producers, along with multidrug-resistant (MDR) 1 

isolates, poses a serious problem in hospital settings.  ESBLs are capable of  hydrolysing penicillins, broad-2 

spectrum cephalosporins and aztreonam. Since the first report of  ESBL-producing Klebsiella in 1983 from a 3 

patient in Germany [1,2,3], a worldwide distribution of these enzymes has been reported [4], and in some 4 

countries (e.g., Argentina, Greece,  Japan, Spain  and Taiwan), the CTX-M-type enzymes are more prevalent 5 

than TEM- and SHV-type ESBLs [5, 6]. In Europe, where the TEM- and SHV-type ESBLs were first 6 

reported and are widespread [7, 8], a rapid and massive dissemination of isolates producing CTX-M-type 7 

ESBLs has recently been reported [9] and is a matter of major concern. In Italy the presence of CTX-M-type 8 

ESBLs was previously reported in clinical isolates of Enterobacteriaceae from some hospitals [10], as well 9 

as from pets [11]. In 2003, the second Italian nationwide survey on ESBL production among 10 

Enterobacteriaceae was carried out, and the results showed that CTX-M-type enzymes were common 11 

(around 20%) among ESBL producers [12]. The CTX-M family is recognized as a rapidly growing family of 12 

ESBLs that selectively prefer to hydrolyze cefotaxime rather than ceftazidime [1]. However, variants of 13 

CTX-M with increased hydrolyzing activity against ceftazidime have emerged. The widespread use of 14 

antibiotics coupled with the transmissibility of resistant determinants mediated by plasmids, trasposons and 15 

gene cassettes in integrons are factors that contribute to the increase in antibiotic resistance in bacterial 16 

pathogens[13]. In renal transplant recipients, urinary tract infections (UTIs), including asymptomatic 17 

bacteriuria, cystitis and pyelonephritis, are the most common forms of bacterial infections [14]. UTIs are 18 

frequently associated with early onset chronic rejection and may lead to reduced transplantation survival. 19 

Susceptibility to bacterial infection in renal transplantation recipients is directly related to the level and 20 

duration of the pharmacological immunosuppression [15].  21 

From March to September 2009, 27 consecutive UTIs and 3 bacteremia were diagnosed in 60 patients who 22 

had had renal transplantation at the University hospital of Catania. Twenty patients developed an 23 

asymptomatic bacteriuria and were diagnosed only using a positive urine culture (>10
5
 microrganisms/mm

3
) 24 

(E. coli in 7 cases, Enterococcus faecalis in 6, K. pneumoniae in 4,  Enterobacter spp, Pseudomonas 25 

aeruginosa and Staphylococcus coagulase negative  in one case each), and did not undergo any antibiotic 26 

therapy.  27 



Three patients developed bacteremia, seven patients developed symptomatic UTIs,  due to the presence of 1 

fever, urgency, frequency, dysuria, and suprapubic tenderness, caused by K. pneumoniae : 5 patients 2 

presented with acute pyelonephritis (PN),  2  patients presented with acute graft dysfunction with anuria and 3 

raised serum creatinine levels.  4 

All K. pneumoniae isolates were identified by standard methods [16]. Antimicrobial susceptibility testing 5 

was performed by using broth microdilution method and interpreted according to CLSI breakpoints (CLSI 6 

2010). All strains were screened for ESBL production using ceftriaxone, ceftazidime and aztreonam discs as 7 

recommended by the CLSI (2010). Double-disc synergy tests (DDSTs) were performed according to 8 

previously published methods [2] using ceftazidime, ceftriaxone, aztreonam, cefepime and amoxicillin-9 

clavulanics discs. Quality control was performed by testing Escherichia coli ATCC 25922 and  all quality 10 

control results were within published MIC ranges [17]. ESBL-encoding genes were detected as previously 11 

published [10] and clonal and epidemiological correlations were studied by macrorestriction analyses 12 

(PFGE). Pulsed-field gel electrophoresis was performed using the restriction endonuclease XbaI enzyme as 13 

previously described [10]. The isolates were classified according to previously described criteria [18]. 14 

Table 1 shows the characterization of the Klebsiella pneumoniae strains.  All patients empirically underwent 15 

an antibiotic therapy with imipenem 2 g/die for 15 days and the therapy was successful as confirmed by  in 16 

vitro susceptibility testing results. Using DDTs, 10 strains were found to be ESBL producers and were 17 

confirmed by PCR. All strains showed positive amplification for bla- CTX-M , in six cases associated with bla-18 

TEM; only one strain carried the bla-SHV  together with the bla-TEM  and bla-CTX-M. The ten strains belonged to 19 

two different clones, A and B, and clone A was an MDR clone, resistant to all β-lactams and amikacin, 20 

piperacillin/tazobactam and ciprofloxacin. Clone B was susceptible to amikacin and ciprofloxacin. Subtle 21 

differences in the bla gene content were observed among both clones, demonstrating that lateral gene 22 

transfer drives the diffusion of many antibiotic resistance genes. In seven patients infection completely 23 

resolved with restoration of a normal graft function. One patient lost his graft due to recurrent K. pneumoniae 24 

infections six months after the first episode. Unfortunately two patients died: one patient developed a diffuse 25 

Kaposi Sarcoma in both legs and finally developed a pulmonary infection caused by clone A,  while the 26 

other patient developed a hemophagocitic syndrome.  27 



The rapid and massive spread of CTX-M-type ESBLs is rapidly changing the ESBL epidemiology in Italy 1 

and in some geographical areas  these enzymes are now the most prevalent ESBLs in Enterobacteriaceae 2 

[19]. In our hospital Enterobacteriacae carrying CTX-M as a prevalent ESBL is increasing (data not shown). 3 

In conclusion, from March to September 2009 , there was a diffusion of two MDR K.pneumoniae clones in 4 

the renal transplant unit, harbouring various ESBLs. These clones had  never been isolated before and were 5 

responsible, for the first time, for severe upper UTIs with difficult resolution: one failure and one relapse. In 6 

conclusion, UTIs remain the most frequent infections among renal transplant recipients. Until recently 7 

infections were sustained by susceptible microrganisms in which complete resolution of infections was easily 8 

obtained; the increase of potentially life-threatening multi-resistant strains now emerging in hospital settings 9 

for renal transplant recipients, has changed the severity of infections and the corresponding outcome.   10 

It is mandatory to continue epidemiological surveillance of transplantation units in order to tailor a correct 11 

therapy to maintain potent antibiotics, such as carbapenem, that are losing their potency. 12 

 REFERENCES 13 

[1]. Bradford, P.A. Extended-spectrum β-lactamases in the 21st century: characterization, epidemiology and 14 

detection of this important resistance threat. Clin Microbiol Rev 2001; 14: 933-951. 15 

[2].  Jarlier, V., Nicolas-Chanoine, M.H., Fournier, G & Philippon, A. Extended-broad spectrum β-16 

lactamases conferring transferable resistance to newer β-lactam agents in Enterobacteriaceae : hospital 17 

prevalence and susceptibility patterns. Rev Infect Dis 1988; 10: 867-878. 18 

[3].  Livermore, D. M., Canton, R., Nordmann, P., Rossolini, G.M., Arlet, G., CTX-M: changing the face of 19 

ESBls in Europe. J Antimicrob Chemother 2007; 59: 165-174. 20 

[4]. Bonnet, R. Growing group of extended-spectrum β-lactamases: the CTX-M enzymes. Antimicrob. 21 

Agents Chemother 2004; 48: 1–14. 22 

[5]. Quinteros, M., M. Radice, N. Gardella, M. M. Rodriguez, N. Costa, by et al. Extended-spectrum β-23 

lactamases in Enterobacteriaceae in Buenos Aires, Argentina, public hospitals. Antimicrob. Agents 24 

Chemother 2003; 47: 2864–2867. 25 

[6]. Valverde, A., T. M. Coque, M. P. Sanchez-Moreno, A. Rollan, F. Baquero, and R. Canton.. Dramatic 26 

increase in prevalence of fecal carriage of extended-spectrum β-lactamase-producing Enterobacteriaceae 27 

during non outbreak situations in Spain. J. Clin. Microbiol 2004; 42:4769–4775. 28 



 [7].  Paterson, D. L., and R. A. Bonomo.. Extended-spectrum β-lactamases: a clinical update. Clin. 1 

Microbiol  Rev 2005; 18: 657–686. 2 

[8]. Perilli, M., E. Dell’Amico, B. Segatore, M. R. De Massis, C. Bianchi, F. Luzzaro, by et al. Molecular 3 

characterization of extended-spectrum β-lactamases produced by nosocomial isolates of Enterobacteriaceae 4 

from an Italian nationwide survey. J. Clin. Microbiol 2002; 40: 611–614. 5 

[9]. Woodford, N., M. E. Ward, M. E. Kaufmann, J. Turton, E. J. Fagan, D. James, by et al. Community and 6 

hospital spread of Escherichia coli producing CTX-M extended-spectrum β-lactamases in the UK. J. 7 

Antimicrob. Chemother 2004; 54: 735–743. 8 

[10].  Pagani, L., E. Dell’Amico, R. Migliavacca, M. M. D’Andrea, E. Giacobone, G. Amicosante, by et al. 9 

Multiple CTX-M type extended-spectrum β-lactamases in nosocomial isolates of Enterobacteriaceae from a 10 

hospital in northern Italy. J. Clin. Microbiol 2003; 41: 4264–4269. 11 

[11]. Carattoli, A., S. Lovari, A. Franco, G. Cordaro, and A. Battisti. Extended-spectrum β-lactamases in 12 

Escherichia coli isolated from dogs and cats in Rome, Italy, from 2001 to 2003. Antimicrob. Agents 13 

Chemother 2005; 49: 833–835. 14 

[12]. Luzzaro, F., M. Mezzatesta, C. Mugnaioli, M. Perilli, S. Stefani, G. Amicosante, by et al. Trends in the 15 

production of extended spectrum β-lactamases among enterobacteria of medical interest. Report of the 16 

second Italian survey. J. Clin. Microbiol 2006; 44: 1659–1664. 17 

[13]. Kang, H. Y., Young, S. J., Jae, Y. O., Sung, H. T., Chui, H. C., Dong, C. M., by et al. Characterization 18 

of antimicrobial resistance and class 1 integrons found in Escherichia coli strains from humans and animals 19 

in Korea. J Antimicrob Chemother 2005; 55: 639-644. 20 

[14]. Valera B, Genti MA, Cabello V, by et al. Epidemiology of urinary infections in renal transplant 21 

recipients. Transplant Proc 2006; 38: 2414.  22 

[15].  Fishman, J. A. Infection in renal transplant recipients. Semin. Nephrol 2007; 27: 445–461. 23 

[16].  Farmer, J.  III. 2003.  Enterobacteriacae:  introduction and identification.  In:  P. R. Murray, E. J. 24 

Baron, M. A. Pfaller, editors. Manual of clinical microbiology, 8
th
 ed. ASM press, Washington, DC. 25 

[17].  Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility 26 

testing, Twentieth Informational Supplement, 2010. Wayne, PA. 27 



[18]. Tenover, F. C., R. D. Arbeit, R. V. Goering, P. A. Mickelsen, B. E. Murray, by et al. Interpreting 1 

chromosomal DNA restriction patterns produced by pulsed-field gel electrophoresis: criteria for bacterial 2 

strain typing. J. Clin. Microbiol 1995; 33: 2233–2239. 3 

[19].  Rossolini GM, D’ Andrea MM,  Mugnaioli C. The spread of CTX-M-type extended-spectrum beta-4 

lactamases Clin Microbiol Infect 2008; 14 Suppl 5: 21-24. 5 



IMP CEF CTX CAZ ATM TZP CIP AK

1 7/18/2009 Complicated urinary tract infection 0.5 >64 32 >64 >128 >128 16 8 CTX-M A Imipenem Cure

2 7/23/2009 Complicated urinary tract infection 0.25 8 64 >64 128 >128 >4 >8 TEM+CTX-M A Imipenem Cure

3 5/1/2009 Bacteremia 0.25 >64 32 16 128 64 >4 4 TEM+CTX-M A Imipenem

Death,              

hemophagocitic 

syndrome

4 7/20/2009 Complicated urinary tract infection 0.5 >64 32 >64 >128 >128 16 8 CTX-M A Imipenem Cure

5 7/25/2009 Complicated urinary tract infection 1 2 >64 64 128 64 >4 8 CTX-M A Imipenem Cure

6 7/28/2009 Bacteremia 0.25 4 >64 >64 128 64 16 8 TEM+CTX-M A Imipenem Failure, death

7 3/19/2009 Complicated urinary tract infection 0.25 8 64 >64 128 >128 >4 >8 TEM+CTX-M A Imipenem Cure

8 4/30/2009 Complicated urinary tract infection 1 >64 >64 >64 64 128 32 4 TEM+CTX-M A Imipenem

Relapse,       

lost graft

9 5/24/2009 Bacteremia 1 2 16 8 64 32 0.25 <2 CTX-M B Imipenem Cure

10 9/29/2009 Complicated urinary tract infection 0.5 4 64 16 >64 128 0.5 <2 SHV+TEM+CTX-M B Imipenem Cure

Table.1 Clinical findings and antibiotic susceptibility of patients with multi-resistant infections

PFGE Antibiotic Outocome

a 
Abbreviations. PFGE= pulsed field gel electrophoresis; IPM= imipenem; CEF= cefepime; CAZ= ceftazidime;CTX=cefotaxime; ATM= aztreonam; TZP= 

piperacillin/tazobactam; CIP= ciprofloxacin; AK= amikacin;

Patients Date Type of infection
Mechanism of 

resistance

MIC (mg/liter) 
a

Table 1


