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Abstract  
Background: Extended-spectrum beta (β)-lactamase (ESBL)-producing enterobacteria are major emerging pathogens in nosocomial 

infections.  

Methodology: The combination disk synergy test was used to evaluate 202 consecutive non-repeated Klebsiella pneumoniae (K. pneumonia) 

strains for ESBL production.  The strains were isolated from various clinical specimens of hospitalized patients over the period from July 

2005 to March 2007. Their antibiotic susceptibility pattern was also determined by the disk diffusion method.  Demographic and medical 

data of the patients were recorded using a questionnaire.  

Results: One hundred and fifty-seven (77.7%) of the isolates were confirmed as ESBL-producers. By univariate analysis, young age, stay in 

intensive care unit (ICU)/medical wards, recent stay in ICU, and number of days of ICU stay were found to be risk factors for acquisition of 

resistant bacteria (χ2 and Mann-Whitney U tests, P < 0.05). However, binary logistic multivariate regression analysis confirmed that stay in 

ICU [Odds ratio (OR) 6.09, 95% confidence interval (CI) 2.36-15.72; P < 0.001] or medical wards [OR 3.72, 95% CI 1.42-9.75; P = 0.007] 

were significantly associated with ESBL production. Imipenem, ofloxacin, cefoxitin and norfloxacin (against urinary isolates) were found to 

be highly active against ESBL-producing isolates in vitro (100%, 75.2%, 69.4% and 66.7% susceptibility, respectively). In addition to most 

β-lactams, they showed co-resistance with other antibiotics such as ciprofloxacin, aminoglycosides, trimethoprim/sulfamethoxazole and 

tetracycline. 

Conclusion: Our results showed a high prevalence of ESBL-producing K. pneumoniae in our hospital setting. As the available treatment 

options are limited, antibiotic control policies together with the implementation of infection control measures remain of high importance. 
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Introduction  

Extended-spectrum beta (β)-lactamases (ESBLs) 

are enzymes conferring broad resistance to penicillins, 

cephalosporin and monobactams, but not 

carbapenems. ESBLs are often plasmid-mediated and 

most are members of the TEM and SHV families of 

enzymes. Plasmids containing genes encoding for 

ESBLs often contain resistance determinants for 

other classes of antimicrobial agents and are readily 

transmissible from strain to strain and between 

different species of enteric Gram-negative bacilli [1]. 

ESBLs are detected most commonly in Klebsiellae 

pneumonia (K. pneumoniae) and Escherichia coli (E. 

coli). ESBL-producing K. pneumoniae strains have 

been implicated in numerous outbreaks of 

nosocomial infections over the last two decades [2,3]. 

Considering the extensive use of β-lactam 

antibiotics including third-generation cephalosporins 

for the treatment of both hospital- and community-

acquired infections in Iran, prevalence of ESBL 

positive clinical isolates is very probable. A single 

report on these resistant bacteria from Iran denoted 

the occurrence of K. pneumoniae producing ESBL as 

high as 44.5% [4]. In this study, we determined the 

prevalence of ESBL production among K. 

pneumoniae isolated from inpatients, their 

susceptibility patterns, as well as the risk factors 

associated with the acquisition of these isolates.   

 

Materials and Methods 
Study population and specimen types  

This study was conducted at Milad Hospital, a 

tertiary care hospital with 1,000 beds belonging to 

The Social Security Organization, located in Tehran, 

Iran. From July 2005 to March 2007, consecutive, 

non-duplicate nosocomial isolates of K. pneumoniae 
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were collected from various specimens of patients 

who were hospitalized for at least 48 hours. 

Specimens included urine, wound, respiratory tube, 

blood, cerebrospinal fluid, eye swab, etc.    

Medical and demographic data of the patients 

were collected using a questionnaire. Data recorded 

were as follows: demographic characteristics (age, 

gender); underlying diseases (diabetes mellitus, 

chronic renal failure, cancer, hepatitis and cardiac 

disorders); presence of intravascular or urinary 

catheters; hospitalization; history of intensive care 

unit (ICU) stay and length of stay; being on 

mechanical ventilation; previous therapy with third-

generation cephalosporins (ceftazidime, cefotaxime 

and ceftriaxone); recent hospitalization; and recent 

surgery.  

Previous hospitalization was defined as 

admission to a hospital ward within one year prior to 

the current admission. Recent surgery was defined as 

any major surgical procedure performed in the 

operating room within the past year. Previous therapy 

with third-generation cephalosporins was defined as 

treatment with any of the antibiotics ceftazidime, 

cefotaxime and ceftriaxone given for at least two 

days within 60 days preceding isolation of the 

organism. 

 

Microbiological methods 

All samples were routinely cultured on 

MacConkey and blood agar plates. Blood and sputum 

were cultured on chocolate agar plates. All suspected 

colonies were identified by Gram staining, colony 

characteristics, motility and biochemical reactions [5]. 

 

Antibiotic susceptibility testing 

Antimicrobial susceptibility testing of the 

isolated organisms was performed by the disk 

diffusion technique according to the 

recommendations of the Clinical and Laboratory 

Standards Institute (CLSI) [6]. Data were reported as 

sensitive, intermediate or resistant. For statistical 

purposes, in some cases the susceptibility data were 

categorized as susceptible and non-susceptible 

(including intermediate and resistant groups). All 

disks were obtained from Oxoid Ltd. (Basingstoke, 

UK). The antibiotic potency of the disks was 

standardized against the reference strains E. coli 

ATCC 25922, E. coli ATCC 35218 and 

Pseudomonas aeruginosa ATCC 27853. 

 

Detection of ESBL   

Production of ESBL in the isolates was 

determined by the combination disk technique using 

antibiotic disks containing ceftazidime (30 μg), 

cefotaxime (30 μg) and cefpodoxime (10 μg) either 

alone or in combination with clavulanic acid (10 μg). 

The results were interpreted according to the 

recommendations of the CLSI [6], providing the 

isolates were shown to be ESBL-producers with 

respect to the three antibiotics. K. pneumoniae ATCC 

700603 and E. coli ATCC 25922 were used as 

positive and negative controls for ESBL production, 

respectively.   

 

Statistical analysis 

Data were entered into a database using SPSS 

11.5 for Windows (SPSS Inc., Chicago, IL). In the 

case of bivariate comparisons, the Pearson χ2 test 

was used for categorical and Mann-Whitney U-test 

for quantitative variables. To analyze any association 

between the presence of ESBL-producing isolates 

and the possible covariates, a step-by-step analysis 

was designed. In the first step, using an appropriate 

preliminary analysis, factors highly unlikely to be 

correlated with the presence of ESBL were 

determined (covariates with P-values > 0.2 were not 

included in the final analysis). In the second step, any 

interactions between eligible factors obtained in the 

first step were determined using the χ2 test, Mann-

Whitney U-test or Kruskal-Wallis H-test. Those 

interactions with P-values < 0.05 were then 

considered for inclusion in the multivariate model. In 

the final step, a multivariate logistic regression 

analysis was performed using a backward stepwise 

selection process. A two-tailed P-value < 0.05 was 

considered statistically significant.  

 

Results 
During the study period, a total of 202 K. 

pneumoniae were isolated from a range of clinical 

specimens of patients hospitalized in various wards 

of Milad Hospital, Tehran, Iran. K. pneumoniae 

isolates were frequently isolated from patients at the 

extreme ages (i.e., less than two years [35.6%] and 

61+ years [30.7%]; males (57.0%); cases in ICU 

wards (53.0%); those recently stayed in ICU (59.4%); 

and those having intravascular or urinary catheters 

(63.4%), often cultured from urine samples (45.0%). 

As few as 0.99% of the patients had undergone renal 

transplant. Only one case had a history of stay in a 

long-term care facility.  

The prevalence of ESBL-producing K. 

pneumoniae was 77.7% (157/202). As shown in 
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Table 1, based on the Mann-Whitney U and χ2 tests, 

factors such as young age, stay in ICU/medical wards, 

history of ICU stay and its length were found to be 

major risk factors for the acquisition of ESBL-

producing K. pneumoniae (P < 0.05). All K. 

pneumoniae isolated from blood or eye specimens 

were ESBL-producing. Moreover, production of 

ESBL in K. pneumoniae isolated from various 

specimens was analyzed using the χ2 test. K. 

pneumoniae isolated from urine samples was shown 

to produce ESBL at a significantly different rate (P < 

0.05) depending on gender (data not shown). 

Specimens were put into two groups, urine and non-

urine, and the χ2 test repeated. ESBL production with 

84% vs. 60% was significantly higher (P = 0.018) in 

K. pneumoniae isolated from males' urine samples. 

As shown in Table 1, prevalence of ESBL production 

was higher in K. pneumoniae isolated from non-urine 

samples. Patients were grouped as ≤ 18 years old and 

19+ years old and their specimens were categorized 

as urine, respiratory tube and others, for statistical 

purposes. ESBL production was more often seen in K. 

pneumoniae isolated from respiratory tube specimens 

of patients 19+ years old. However, this difference 

was not significant. Conversely, the prevalence of 

ESBL production was much greater (P < 0.05) in K. 

pneumoniae isolated from non-respiratory tube 

specimens of patients ≤ 18 years old (data not shown). 

By multivariate analysis, K. pneumoniae isolation 

from specimens of patients staying either in ICU (odd 

ratio (OR) 6.09, 95% confidence interval (CI): 2.36-

15.72; P < 0.001) or in medical wards (OR 3.72, 95% 

CI 1.42-9.75; P = 0.007) remained significantly 

associated with ESBL production.  

The results of antibiotic susceptibility testing are 

shown in Table 2. In general, susceptibility rates of K. 

pneumoniae isolates to third- and fourth-generation 

cephalosporins, aztreonam, amoxicillin/clavulanic 

acid, piperacillin/tazobactam, aminoglycosides and 

tetracycline were low. Fluoroquinolones, cefoxitin, 

trimethoprim/sulfametoxazole (SXT) and 

nitrofurantoin (against urinary isolates) showed 

moderate activity on K. pneumoniae isolates. 

Imipenem was shown to be the most active antibiotic 

against these isolates. ESBL production rendered K. 

pneumoniae isolates resistant to most β-lactams as 

well as to non-β-lactams such as ciprofloxacin and 

aminoglycosides. Their resistance rates to most 

antibiotics were significantly (P < 0.05) higher than 

those of ESBL-negative isolates. However, all ESBL 

producers were susceptible to imipenem. 

Susceptibility rate was moderate to ofloxacin (75.2%), 

norfloxacin (66.7%) and cefoxitin (69.4%). 

Aminoglycosides, with ca. 65% susceptibility, 

showed decreased activity even against ESBL-

negative K. pneumoniae. ESBL production by the 

isolates could not markedly influence their 

susceptibility pattern to cefoxitin, ofloxacin, SXT and 

nitrofurantoin. Finally, tetracycline was shown to be 

of no use in the treatment of infections caused by K. 

pneumoniae.  

            

Discussion  
Although many international studies have 

addressed the emergence of ESBL-producing K. 

pneumoniae, there is only one report on this issue 

from Iran [4]. The current study demonstrated a very 

high prevalence of ESBL production (77.7%) by K. 

pneumoniae isolates in our hospital setting. This high 

ESBL frequency may have been caused by the 

excessive use of broad-spectrum antibiotics in our 

hospital and to a higher level in our community 

setting, together with a lack of attention to laboratory 

screening of ESBL production by clinical isolates. 

Actually, ceftriaxone was the most common 

antibiotic in the hospital, as observed during this 

study and in our previous report [7], despite its 

reduced activity against pathogens such as K. 

pneumoniae (susceptibility 13.4%). On the other 

hand, the high rate of ESBL production could 

possibly be due to the spread of one single clone 

and/or plasmid within our hospital setting. Owing to 

a number of limitations, we could not exclude this 

possibility by determining plasmid profiles and 

pulse-field gel electrophoresis patterns of the isolates. 

The prevalence of ESBL-producing K. pneumoniae 

has been reported at hospitals in the SENTRY 

surveillance programme [8]. K. pneumoniae isolates 

with an ESBL phenotype were more prevalent in 

Latin America (45.4%), followed by the Western 

Pacific region (24.6%), Europe (22.6%), the United 

States (7.6%) and Canada (4.9%). In the Middle East, 

where Iran is located, prevalence of ESBL-producing 

K. pneumoniae is as follows: Saudi Arabia 12.2% [9], 

Lebanon 20.0% [10], Egypt 37.5% [11], Israel 

32.0%-79.0% [12,13], Turkey 50.0% [14], and 

Jordan 80% [15]. In Pakistan, a study performed in 

Karachi showed an ESBL prevalence of 36.0% in 

nosocomial K. pneumoniae isolates [16]. A higher 

rate was reported from India where 80.0% of K. 

pneumoniae isolates in a tertiary care center were 

labeled as ESBL producers [17]. The ESBL 

prevalence in our study may be underestimated  
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Variable
a
 

ESBL-non-

producer (n=45) 

ESBL-producer 

(n=157) 

Risk ratio (95% 

CI) 
P-value

b
 

Age (years)  

Male 

Hospital admission ward 

    ICU 

    Medical 

    Surgical 

ICU stay 

Days of ICU stay 

Intravascular or urinary catheter 

Mechanical ventilation 

Surgery in the preceding year 

Hospitalization in the preceding year 

Underlying disease 

Previous use of third-generation cephalosporin
c
 

Clinical specimen 

    Urine  

    Respiratory tube  

    Others 

47.1±29.5 

24 (20.7) 

 

16 (15.1) 

16 (22.5) 

13 (52.0) 

18 (15.0) 

9.5±11.5 

27 (21.1) 

10 (14.3) 

9 (25.7) 

22 (27.5) 

21 (25.3) 

3 (23.1) 

 

25 (27.5) 

10 (19.2) 

10 (16.9) 

31.0±31.8 

92 (79.3) 

 

90 (84.9) 

55 (77.5) 

12 (48.0) 

102 (85.0) 

19.7±31.3 

101 (78.9) 

60 (85.7) 

26 (74.3) 

58 (72.5) 

62 (74.7) 

10 (76.9) 

 

66 (72.5) 

42 (80.8) 

49 (83.1) 

- 

1.24 (0.64-2.41) 

- 

 

 

 

2.78 (1.41-5.49) 

- 

1.20 (0.61-2.37) 

2.17 (1.00-4.69) 

0.79 (0.34-1.84) 

0.67 (0.34-1.30) 

0.75 (0.38-1.45) 

1.02 (0.26-3.98) 

- 

 

0.008 

0.609 

<0.001 

 

 

 

0.003 

0.032 

0.603 

0.052 

0.655 

0.300 

0.396 

1.000 

0.259 

 

Antibiotic ESBL-non-

producer (n=45) 

ESBL-producer 

(n=157) 

Total  

(n=202) 

P-value
a
 

Ceftazidime 

Cefotaxime 

Cefpodoxime 

Ceftriaxone 

Cefepime 

Aztreonam 

Cefoxitin 

Imipenem 

Amoxicillin/clavulanic acid 

Piperacillin/tazobactam 

Ciprofloxacin 

Ofloxacin 

Norfloxacin
b
 

Amikacin 

Gentamicin 

SXT 

Tetracycline 

Nitrofurantoin
b
 

62.2 

57.8 

62.2 

57.8 

71.1 

57.8 

62.2 

93.3 

53.3 

48.9 

71.1 

86.7 

76.0 

66.7 

64.4 

62.2 

2.2 

73.3 

1.9 

0.6 

0.0 

0.6 

9.6 

0.6 

69.4 

100.0 

4.5 

28.7 

47.8 

75.2 

66.7 

15.9 

9.6 

47.1 

1.9 

60.0 

15.3 

13.4 

13.9 

13.4 

23.3 

12.9 

68.3 

98.5 

15.3 

33.2 

53.0 

77.7 

69.2 

27.2 

21.8 

50.5 

2.0 

63.6 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

0.371 

0.01 

<0.001 

0.013 

0.007 

0.109 

0.454 

<0.001 

<0.001 

0.091 

1.000 

0.531 

Table 1. Distribution of patients based on the studied variables and the results of univariate analyses (n = 202). 

 

ESBL, extended-spectrum β-lactamase; CI, confidence interval; ICU, Intensive Care Unit.  

a Quantitative variables, i.e. age and length of ICU stay, are presented as mean value ± standard deviation; categorical variables are presented as number (%).   

b Univariate analysis was performed using Mann–Whitney U-test for quantitative and the χ2 test for categorical variables. A P-value < 0.05 was considered statistically significant. 

c Only 124 patients could provide an answer to this question and thus were entered in the statistical analysis. 

Table 2. Antibiotic susceptibility rate (%) of extended-spectrum β-lactamase (ESBL)-positive and ESBL-negative Klebsiella 

pneumoniae isolates. 

SXT, trimethoprim/sulfamethoxazole 

a Exact P-values were determined by the χ2 test. For statistical analysis, the response of isolates to antibiotics was categorized as susceptible and non-susceptible (consisting of intermediate and 

resistant groups). A P-value <0.05 was considered statistically significant. 

b Norfloxacin and nitrofurantoin were respectively tested against 91 and 55 of urinary isolates only. 
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owing to the limitations of phenotypic detection of 

ESBL-producing isolates [18,19].  

In terms of risk factors for the acquisition of 

ESBL-producing K. pneumoniae in this study setting, 

age was shown to be one of these factors. In fact, 

ESBL production was most frequent in patients at the 

lower extreme of age, who have underdeveloped 

immunity and are therefore more likely susceptible to 

infections with opportunistic pathogens such as K. 

pneumoniae. This finding was similar to that 

obtained by Jabeen et al. [16]. The increased ESBL 

prevalence in the lower age group studied herein is 

likely to be attributed to high ESBL load in our 

setting, a hypothesis supported by other surveillance 

studies from Asia and the Asian Pacific region [20]. 

ESBL-producing isolates from urine were more 

common in males than females, in agreement with a 

previous report [21]. ESBL-producing K. 

pneumoniae were frequently isolated from ICU 

patients, who tended to be more debilitated, more 

likely to need ventilatory assistance, and had greater 

exposure to antimicrobial agents. This risk factor has 

also been confirmed by other investigators [21]. 

Sixty-four out of 72 infants (88.9%) were staying in 

neonatal ICUs with an ESBL-positivity rate of 89.1%. 

Outbreaks of ESBL-producing K. pneumoniae in 

NICUs have been notable for high attack rates and 

the large number of colonized infants [22]. In 

contrast to the report by Graffunder et al. [21], 

previous use of third-generation cephalosporins 

played no role as risk factor for ESBL production in 

our study. This could be related to the overuse of 

antibiotics in Iran's community and hospital settings, 

resulting in selection and spread of resistant 

organisms. Other risk factors such as male gender, 

intravascular/urinary catheterization, mechanical 

ventilation, prior surgery/hospitalization, and 

underlying diseases were not shown to be 

significantly associated with the acquisition of 

ESBL-producing isolates, in contrast to previous 

reports [21,23], possibly due to a masking effect of 

high ESBL load in our setting.      

The overall resistance rate of the K. pneumoniae 

isolates studies was distressingly high, at 86.6% for 

ceftriaxone, 66.8% for piperacillin/tazobactam, 47.0% 

for ciprofloxacin, 72.8% for amikacin, 78.2% for 

gentamicin, 49.5% for SXT, and as high as 98.0% for 

tetracycline (Table 2). ESBL-producing isolates in 

this study were found to be concomitantly resistant to 

various antibiotic classes, indicating the co-transfer 

of a range of genes accounting for resistance to these 

antibiotics [1]. Therefore, therapeutic choices became 

limited in our hospital. Based on our in vitro findings, 

imipenem was the most effective antibiotic against 

ESBL-producing K. pneumoniae (100%), followed 

by ofloxacin (75.2%) and cefoxitin (69.4%). K. 

pneumoniae isolates, even those producing ESBL, 

were reported to be 100% sensitive to imipenem by 

different research groups, e.g., Jones et al. [24]. 

Many investigators prefer imipenem and meropenem 

as the drugs of choice for life-threatening infections 

due to ESBL-producing Enterobacteriaceae or in an 

outbreak setting [18]. However, to preserve the 

therapeutic value of carbapenems, based on 

institutional patterns of susceptibility results, 

piperacillin/tazobactam, fluoroquinolones or an 

aminoglycoside would be preferable. Ofloxacin, with 

75.2% susceptibility, was shown to be moderately 

active against ESBL-producing isolates, in contrast to 

ciprofloxacin. The resistance to ciprofloxacin in this 

study was comparable to previous reports [8,9] but 

was higher than that observed in other studies [14,24]. 

However, some other reports implied higher 

resistance to this antibiotic [10,12,17]. Reports have 

shown a close association between ESBL production 

and ciprofloxacin resistance [22]. Cefoxitin, which 

resists hydrolysis by ESBLs, showed only fair 

activity against isolates producing ESBL in our study. 

This could be attributable to the concomitant 

presence of a plasmid-mediated AmpC-type β-

lactamase that effectively hydrolyses this antibiotic 

or to porin-deficient mutants [18]. Reduced in vitro 

susceptibility to aminoglycosides in the isolates (< 

30%) has voided their use in the treatment of 

infections. Similar findings have been documented 

previously [10,17]. Alternatively, some other studies 

have demonstrated better aminoglycosides activity 

against ESBL-producing K. pneumoniae [8,24]. 

Cefepime showed a very low activity (Table 2) 

against K. pneumoniae producing ESBL. Similar 

results were found in another study [9]. In contrast to 

our finding, this fourth-generation cephalosporin with 

a susceptibility rate of > 87% has been reported to be 

highly active against ESBL-producing K. 

pneumoniae in Canada and the USA [8]. 

Nevertheless, even if it shows such in vitro activity, 

cefepime would not be recommended for empirical 

therapy of Gram-negative bacillary infections in 

centers where ESBL-producing organisms 

predominate [18]. This is also true for other 

cephalosporins and penicillins to which all confirmed 

ESBL-producing strains are reported as resistant for 

clinical use [6]. One of the most striking findings of 

the present study was the high prevalence of resistant 
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strains among ESBL-producing K. pneumoniae to 

piperacillin/tazobactam. Another study group from 

Iran reported 33% resistance to this antibiotic 

combination, which was much less than our finding 

[4]. This resistance rate, however, was consistent 

with those from Lebanon [10], Israel [12], and India 

[17]. In fact, although piperacillin/tazobactam has 

been used successfully to treat bloodstream infections 

in preterm infants and UTI caused by ESBL-

producing K. pneumoniae [25], it should be noted 

that therapeutic failures with this antibiotic 

combination have already been documented [22] and 

thus in vitro susceptibility may not necessarily 

predict in vivo efficacy. With moderate activity 

against urinary ESBL-producing isolates, 

nitrofurantoin might be useful in the therapy of lower 

urinary tract infection, at least in patients who could 

take oral medications. Feizabadi et al. reported higher 

resistance (74%) of ESBL-producing K. pneumoniae 

to this antibiotic [4]. With a susceptibility rate as low 

as 47%, SXT was shown to be of no value in the 

treatment of infections caused by ESBL-producing 

isolates. This finding was much worse than that 

reported in previous studies [8], but comparable with 

some others [4,23]. 

Briefly, a high prevalence of ESBL-producing K. 

pneumoniae was observed in our hospital setting. As 

the available treatment options are limited, antibiotic 

control policies together with the implementation of 

infection control measures remain of high importance. 

Because of the new challenges presented by the 

changing nature and distribution of these enzymes, 

clinicians need to be familiar with the clinical 

significance of these enzymes, and clinical 

microbiology laboratories require adopting a 

technique most appropriate to them for their detection. 

Conducting molecular and epidemiological studies 

will help to identify various types of ESBLs and 

establish the relationship between ESBL-producing 

isolates. A national surveillance study in Iran as a 

vast country is also recommended.   
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