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ABSTRACT 

Objectives:  1). To determine the prevalence of ESBLs producing Klebsiella species. 2). To examine 
their antibiogram profile. 3). To evaluate the association between ESBLs production and antibiotics 
resistance in Klebsiella isolates.   
Materials and methods: This prospective study included 116 non repeated isolates of Klebsiella 
species 62 obtained from urine and 54 recovered from wounds. These bacterial isolates were re-
identified and tested for antibiotic sensitivity against 19 selected antimicrobial agents. Also, these 
isolates were evaluated for extended spectrum beta lactamases (ESBLs) by double disk synergy test. 
Results: Extended spectrum beta lactamases were found to be produced by 16.4% of the total 
studied Klebsiella isolates. Amikacin showed the lowest resistance rate (27.6%), while the highest 
one was detected against cephalothin, penicillin, cloxacillin and ampicillin (98.3%). The statistical 
analysis between ESBLs production and antibiotics resistance revealed a significant association only 
with ceftriaxone (p<0.05), cefotaxime (p<0.001), cefixime (p<0.001), gentamicin (p<0.05) and 
nitrofurantoin (p<0.05). Moreover, it was found that the strains produced ESBLs showed a higher 
resistance to all the used antibiotics except for levofloxacin. 
Conclusions: This study highlights the emergence of ESBLs producing strains of Klebsiella, which 
endowed with extremely wide spectrum of antibiotics resistance including resistance to pencillins, 
cephalosporin, aminoglycosides and fluroqunilones. This increased resistance to antimicrobial agents 
may result in treatment failure. 
 

 
  الخالصة
الحيوية لتلك  تدراسة حساسية المضادا. )٢. تحديد انتشار البيتا الآتميز الواسع الطيف في عزالت الكلبسيال). ١ :األهداف
تقيم العالقة اإلحصائية بين إنتاج إنزيم البيتا الآتميز الواسع الطيف والمقاومة للمضادات الحيوية في  .)٣. العزالت

  .جرثومة الكلبسيال
منها جمعت من عينات البول و  ٦٢, عزلة غير متكررة من جرثومة الكلبسيال ١١٦هذه الدراسة تضمنت  :والطرقلمواد ا

آما . مضاد حيوي ١٩تم إعادة تمييز هذه الجراثيم وفحصها لحساسية المضادات الحيوية باستخدام . عزلت من الجروح ٥٤
  .ميز الواسع الطيف باستخدام طريقة القرص المزدوجفحصت قابلية هذه العزالت على إنتاج  إنزيم  البيتا الآت

استنتج من فحص الحساسية  .من جرثومة الكلبسيال% ١٦,٤ آان توليد إنزيم البيتا الآتميز الواسع الطيف في :النتائج
 والبنسللينوآانت أعلى مقامة ضد آل من السيفالوثين %) ٢٧,٦(للمضادات الحيوية أن اقل مقاومة آانت لالميكاسين 

دراسة العالقة اإلحصائية بين إنتاج البيتا الآتميز الواسع الطيف %. ٩٨,٣الكلوآساسلين واالمبسلين حيث بلغت نسبة و
والمقاومة للمضادات الحيوية اثبت أن هناك عالقة إحصائية هامة مع آل من السيفوترايكسون وسيفوتاآسيم والسيفيكزيم 

المقاومة للمضادات الحيوية في العزالت التي ولدت إنزيم البيتا الآتميز الواسع آما أن . والجنتاميسين والنايتروفيرانتوين
  .الطيف أعلى من الجراثيم التي لم تنتجه
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مما أدى إلى زيادة ، البيتا الآتميز الواسع الطيف عزالت للكلبسيال المولدة النزيم ظهور هذه الدراسة ُتبرز :االستنتاجات
يكوسايد االمينوجالوالسيفالوسبورينات والبنسلينات لك المقاومِة إلى تمتد ت و الحيويةلمضادات ل مقاومة هذه الجرثومة

  .للمضادات الحيوية قد تؤدي إلى فشل في المعالجةمقاومِة ال في  هذه الزيادِة. الفلوروآوينيلونو
  
  

lebsiella is an opportunistic pathogen and 
has been associated with various 

infections such as urinary tract infection (UTI), 
septicemia, wound infection, respiratory tract 
infection and diarrhea (1). The resistant strains 
of Klebsiella gain their resistance by producing 
the enzymes extended spectrum beta 
lactamases (ESBLs), which are predominantly 
Bush class A (2).  
  The ESBLs are defined as enzymes capable 
of hydrolyzing and inactivating a wide variety 
of beta lactam drugs including third generation 
cephalosporins, penicillins and aztreonam. 
The majority of ESBLs are results of mutation 
of TEM1, TEM2 and SHV genes (3). They are 
now distinguished into more than 30 types 
based on their physical properties, and all are 
inhibited by clavulante, sulbactam and 
tazobactam, a property which has been used 
to detect them (1).  All these beta lactamases 
are found in a variety of species of the family 
Enterobacteriaceae. The majority of ESBLs 
producing strains are Klebsiella pneumoniae, 
Klebsiella oxytoca and Escherichia coli. Other 
organisms reported to harbor ESBLs include 
Enterobacter species, Salmonella species, 
Morganella morganii, Proteus mirabilis, 
Serratia marcescens and Pseudomonas 
aeruginosa.  However, the frequency of ESBLs 
production in these bacteria is low (4).  The 
ESBLs producing strains are probably more 
prevalent than currently recognized because 
they are often not detected by routine 
susceptibility testing methods (1). 
  The ESBLs are encoded by transferable 
conjugative plasmids, which are often 
coexisting on the same plasmid encoding the 
mechanism of resistance to different antibiotics 
(5). Recent reports have recorded the 
emergence of ESBLs producing Klebsiella 
strains with an extremely wide spectrum of 
antibiotics resistance, such as resistance to 
aminoglycosides, fluoroquinolones, tetracyc- 
line, chloramphenicol and sulfonamide (4, 6).   

  The beta lactamases mediated resistance 
may be overcome by combining beta lactam 
antibiotics with beta lactamases inhibitor which 
bind irreversibly to beta lactamases rendering 
them inactive thus sparing the beta lactam 
antibiotics (7). 
  The National Committee for Clinical 
Laboratory Standards (NCCLS) recommended 
ESBLs screening method and confirmatory 
test (8). However, their use in microbiology 
laboratories has been neglected. Delay in the 
detection and reporting of ESBLs production 
by gram negative bacteria is associated with 
prolonged hospital stay and increased 
morbidity, mortality and health care costs (9). 
Institutional microbial sensitivity tests or local 
patterns of susceptibility are the first steps that 
are crucial for treatment of ESBLs producing 
bacteria. 
 

Aims of the study 
The present study was conducted with 
objectives to determine the prevalence of 
ESBLs producing Klebsiella species and to 
examine their antibiogram profile. In addition, 
to evaluate the association between ESBLs 
production and antibiotics resistance.  
 

Materials and methods 
Bacterial isolates 
A total of 116 non-repeated isolates of 
Klebsiella were collected from 4 different 
Teaching Hospitals in Mosul- Iraq during a 
period from September 2010 to January 2011. 
The specimens yielded these bacterial strains 
included urine (62) and wound swabs (54). 
The bacterial isolates were re-identified using 
the conventional bacteriological and 
biochemical tests (10). 
 

Antimicrobial sensitivity testing  
Antimicrobial sensitivity test was done using 
disk diffusion method against 19 selected 
antimicrobial agents according to NCCLS 
guide lines (11).  A bacterial suspension with 
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turbidity equal to 0.5 McFerland was prepared 
and this suspension was inoculated on 
Mueller- Hinton agar plate using a sterile 
swab. The following antibiotics were tested 
amikacin (10 mcg), levofloxacin (5 mcg), 
ciprofloxacin (5 mcg), norfloxacin (10 mcg), 
enrofloxacin(10 mcg), nalidixic acid (30 mcg), 
nitrofurantoin (100 mcg),  kanamycin (30 mcg), 
gentamicin (10 mcg), cefotaxime (10 mcg), 
cefixime (5 mcg), ceftriaxone (10 mcg), 
cefoxitin (30 mcg), piperacillin (30 mcg), 
cephradine (30 mcg), penicillin (10 mcg), 
cephalothin (30 mcg), cloxacillin (10 mcg), 
ampicillin (30 mcg). 
 

Screening for Beta lactamases production 
The Klebsiella isolates were tested for their 
ability to produce beta lactamases using direct 
rapid iodometeric method. These isolates were 
further tested for their ability to produce ESBLs 
using double disk synergy test. This test was 
done to determine the synergy between a disk 
of amoxicillin/ clavulanic acid (20 mcg/ 10 
mcg) and cefotaxime disk (30 mcg). These two 
disks were placed on inoculated Mueller 
Hinton agar at a distance of 2.5 mm center to 
center. A positive result was defined as a 5 
mm or more increase in zone of inhibition 
diameter compared to disk without clavulanic 
acid (12). 
 

Results 
In the present work, 116 isolates of Klebsiella 
were collected (62 from urine and 54 from 
wound infection), Klebsiella pneumoniae 
represented 65.5% of the total isolates, while 
Klebsiella oxytoca formed 34.5% of the 
studied microorganisms.  
  The beta lactamases were detected using the 
rapid iodometric method, 67.2% of the total 
Klebsiella strains were rapid beta lactamases 
producers. Furthermore, the formation of 
ESBLs in these strains was also evaluated, 
16.4% were ESBLs producers while 83.6% of 
them were non producers (Figure 1).      
  In the current study, Klebsiella pneumoniae 
produced ESBLs in a higher percentage than 
that of Klebsiella oxytoca (11.2, 5.2 
respectively). The statistical analysis of ESBLs 
formation and the difference in species 
revealed no significant association (Table 1). 

  Concerning the site of isolation and ESBLs 
production, Klebsiella strains isolated from 
wounds produced ESBLs in a rate of 18.5%, in 
comparison to 14.5% recovered from urine. 
However, the statistical analysis showed no 
significant difference between these two 
values (Table 2). 
  The antibiogram profile of Klebsiella isolates 
was determined against a panel of 
antimicrobial agents. The microorganism 
revealed the lowest resistance rate (27.6%) 
against amikacin, while the highest rate was 
detected against cephalothin, penicillin, 
cloxacillin and ampicillin (98.3%) as presented 
in table 3. Klebsiella isolated from wounds 
showed a higher resistance rate than those 
recovered from urine against all the tested 
drugs except cefoxitin, enrofloxacin, 
cefotaxime and nalidixic acid (Table 3).   
  The statistical association between ESBLs 
production and resistance to antibiotics was 
evaluated using X2 test, the drugs that showed 
a statistical association were ceftriaxone 
(p<0.05), cefotaxime (p<0.001), cefixime 
(p<0.001), gentamicin (p<0.05) and 
nitrofurantoin (p<0.05). The remaining 
antibiotics revealed no significant association 
(Table 4). Although there was no significant 
statistical difference between resistance to 
most of the tested drugs and ESBLs formation, 
the strains produced ESBLs showed a higher 
resistance to all the used antibiotics except for 
levofloxacin (Table 4).  
  

 
 
Figure (1): Rates of ESBLS producer and non 
producer in Klebseilla species. 
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Table (1): Percentages of ESBLs production in 
Klebsiella pneumoniae and Klebsiella oxytoca.  

 
Table (2): Percentages of ESBLS production in 
wounds and urinary Klebsiella isolates. 

 
Table (3): Antimicrobial resistance of Klebsiella 
isolates. 
 

Antimicrobial 
agents 

% of 
resistance 

in urine 
isolates 

% of 
resistance 
in wound 
isolates 

% of 
resistance in 
total isolates 

Amikacin 25.8 29.6 27.6 

Levofloxacin 22.3 40.7 31 

Ciprofloxacin 32.3 37 34.4 

Norfloxacin 35.5 40.7 37.9 

Enrofloxacin 45.2 37 41.3 

Nalidixic acid 41.9 40.7 41.4 

Nitrofurantoin 41.9 48.1 44.8 
Kanamycin 48.1 51.9 50 
Gentamicin 64.5 74.1 69 

Cefotaxime 74.2 70.4 72.4 

Cefixime 59 81.5 74.1 

Ceftriaxone 80.6 81.5 81 

Cefoxitin 90.3 81.5 86.2 
Piperacillin 87.1 89.9 87.9 
Cephradine 93.5 100 96.8 

Penicillin 96.7 100 98.3 

Cephalothin 96.7 100 98.3 

Cloxacillin 96.7 100 98.3 

Ampicillin 96.7 100 98.3 

Table (4): Percentages of antimicrobial 
resistance and P-value results in ESBLs 
producer and non producers Klebsiella strains. 
 

Antimicrobial 
agent 

% of 
resistance 
in ESBLs 
producer 
isolates 

% of 
resistance 
in ESBLs 

non 
producer 
isolates 

X2 test 
results 

P-
value 

Amikacin 42.1 24.7 0.1607 <0.5 

Levofloxacin 21.1 32.9 0.5735 <0.5 

Ciprofloxacin 36.8 34 0.0225 <0.5 
Norfloxacin 42.1 37.1 0.022 <0.5 
Enrofloxacin 52.6 39.2 0.696 <0.5 
Nalidixic acid 63.7 37.1 3.434 <0.1 
Nitrofurantoin 68.4 40.2 4.0367 <0.05 
Kanamycin 57.9 48.5 0.251 <0.5 
Gentamicin 84.2 60.8 4.0169 <0.05 
Cefotaxime 100 77.7 7.0381 <0.001 
Cefixime 100 69.1 6,3951 <0.001 
Ceftriaxone 100 77.3 3.8789 <0.05 
Cefoxitin 100 91.8 0.643 <0.5 
Piperacillin 100 85.6 1.906 <0.5 
Cephradine 100 95.9 0.045 <0.5 
Penicillin 100 98.9 0.8411 <0.5 
Cephalixin 100 98.9 0.8411 <0.5 
Cloxacillin 100 98.9 0.8411 <0.5 
Ampicillin 100 98.9 0.8411 <0.5 
 

Discussion 
Klebsiella is an important nosocomial 
pathogen that has the potential to cause 
severe morbidity and mortality. In the present 
work, Klebsiella pneumoniae was isolated from 
the clinical samples in a higher percentage 
than Klebsiella oxytoca, which was consistent 
with other workers (13).     
  The prevalence of ESBLs producing bacteria 
in most hospitals remains unknown in spite of 
numerous reports of nosocomial outbreaks of 
infections due to these microorganisms. In this 
study, the percentage of Klebsiella produced 
ESBLs was 16.4%, which was in agreement 
with the result recorded by other researchers 
(14, 15). On the other hand, Shubla and 
Ananthan reported a lower incidence (6%) (1), 
while other worker mentioned a higher (40%) 
one (16, 17). The occurrence of ESBLs varied 
from one locality to another, which may be due 
to infection control practice among different 
regions or to the difference in the uses of new 
extended spectrum antimicrobial agents. 

Klebsiella 
isolates 

ESBLs 
producers 
No. (%) 

ESBLs 
non- 

producer 
No. (%) 

Total 
No. (%) 

P 
value 

Klebsiella 
Pneumoniae 

13 
 (11.2) 

63 
 (88.8) 

67 
(65.5) 

<0.5 Klebsiella 
oxytoca 

6 
 (5.2) 

34 
 (94.8) 

40 
(34.5) 

Total 
19 

 (16.4) 
97 

 (83.6) 116 

Klebseilla 
isolates 

ESBLs 
producers 
No. (%) 

ESBLs 
non-

producer 
No. (%) 

Total 
No. 
(%) 

P 
value 

Wound 10 (18.5) 44 (81.5) 54 

<0.5 Urine 9 (14.5) 53 (83.5) 62 

Total 19 (16.4) 97 (83.6) 116 
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  Klebsiella pneumoniae isolates produced 
ESBLs in a higher percentage than Klebsiella 
oxytoca. Mulvey and coworkers (2004) 
reported the same results (13). Furthermore, 
there was no significant statistical association 
between the species and ESBLs formation 
which was in agreement with the findings of 
Hosoglu and his coworkers (18). This result may 
be explained on the basis that ESBLs 
production is plasmid mediated which is 
transferred to different bacteria regardless of 
their species. Moreover, the strains isolated 
from wound infection produced ESBLs in 
percentage higher than those recovered from 
urinary isolates, which simulate the work of 
others (19).  
  The antibiogram study of Klebsiella isolates 
showed a higher resistance against 
penicillines and the first and second 
generation cephalosporines (98.3%); similar 
results were reported by other researchers (17, 

20). The resistance against third generation 
cephalosporines especially ceftriaxone was 
high (81%), while cefotaxime and cefixime 
were more effective agents. Other 
investigators reported similar results (17), while 
a lower resistance (54%) was recorded by 
other investigators. (20)  
  Aminoglycosides have a good effect against 
the clinically important gram negative bacilli 
(21). In the current study, amikacin showed the 
lowest resistance rate (27.96%). This result 
was similar to the findings (26.96%) of Ullah 
and his colleagues (20), although it was higher 
than the result observed by Aminzahed and 
his coworkers (17) and lower than that of 
Revathi and Puri (22). Since the least resistance 
was against amikacin, it may serve as the drug 
of choice in treating infection caused by 
Klebsiella strains, where the organism showed 
a resistance rate of 69% and 50% to 
gentamicin and kanamycin respectively. These 
results were in concinnity with the work of 
Ullah and his colleagues (20), while Revathi and 
Puri (22) reported a less effectiveness of these 
two drugs. 
  The observed resistance to ciprofloxacin, 
norfloxacin, nalidixic acid and nitrofurantoin 
were 34.4%, 37.9%, 41.4% and 44.8% 
respectively. These findings were in 

agreement with the results recorded by 
another work (17). Ullah and his coworkers (20) 
recorded a higher resistance rate against 
ciprofloxacin (52.17%) while Procop and 
colleagues (23) reported a lower resistance rate 
(20%). Moreover, the resistance percentage 
against levofloxacin was 31%, so this drug 
might be still a good choice for treatment of 
infections caused by Klebsiella. 
  A significant statistical difference in 
susceptibility profile between ESBLs producers 
and ESBLs non producers Klebsiella species 
to ceftriaxone, cefotaxime and cefixime, was 
recorded during the study. These findings 
were consistent with the results of other 
workers (24). Also, there was a significant 
difference between gentamicin and 
nitrofurantoin which goes with the work of 
Procop and colleagues (23).  The resistance to 
ciprofloxacin, amikacin and nalidixic acid had 
no significant differences with the production 
of ESBLs which were inconsistence with 
another study (23). 
  Furthermore, the Klebsiella strains produced 
ESBLs were more resistant to almost all the 
tested antimicrobial agents than the non 
producer ones, similar observation has been 
reported by Mulvey and his coworkers (13). This 
high antibacterial resistance in ESBLs 
producing microorganisms has caused major 
therapeutic problems all over the world. These 
findings support the hypothesis that ESBLs 
producing strains were more likely to have 
diminished susceptibility to non-beta lactam 
antibiotics as well as beta lactam ones 
compared with ESBLs non-producing isolates. 
Therefore, the accurate detection and 
reporting of ESBLs production in clinical 
isolates is of great importance. 
 

Conclusion  
This study highlights the emergence of ESBLs 
producing strains of Klebsiella, which endowed 
with extremely wide spectrum of antibiotics 
resistance including resistance to penicillins, 
cephalosporins, aminoglycosides and 
fluroquinolones. This increased resistance to 
antimicrobial agents may cause failure in 
treatment of infection caused by these 
microorganisms. Due to the importance of 
ESBLs producing organisms and difficulty in 
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treatment of infection caused by these 
bacteria, there is a necessity for rapid 
identification of ESBLs. Therefore, clinical 
laboratories should adopt simple test based on 
CLSI recommendations for confirming ESBLs 
production in enterobacterial species and 
doing antimicrobial susceptibility test for 
precise treatment thus, avoiding haphazard 
therapy.   
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