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                                             Summary 

      Two species of Enterobacter (84 isolates) E.cloacae (75 isolates) and  

E.sakazakii (9 isolates) were isolated from different clinical specimens .  

         They are observed , all isolates (84) were resistant to β– lactam antibiotics 

(amoxicillin and cefoxitin) but the resistance for cephalothin ,cephalexin and 

ampicillin , were 98% , 92% and 90% respectively , 75% , 61% and 50% for 

doxycycline , nitrofurantion and chloramphenicol respectively .The high values 

of MICs were registered to cefoxitin (46-256) µg / ml , while the lower MICs 

values of cefepime , imipenem and ciprofloxacin  were (0.5 -32 , 0.5 -16 , 0.5 – 

4) µg / ml respectively . 

         From the study 72 (86%) of isolates were produced β– lactamase , 63 

isolates (84%) of E.cloacae can produce β –lactamase , and all isolates (9)of 

E.sakazakii gave positive result for β –lactamase.  

Introduction 

           With few exceptions, the major classes of antibiotics are used to manage 

of Enterobacter infections , include the beta – lactam groups. The 

fluoroquinolones , the aminoglycosides , and TM – SMZ . Because most 

Enterobacter species are either very resistant to these agents or can develop 

resistance during antimicrobial therapy, the choice of appropriate antimicrobial 

agents is complicated (Paterson , 2006) . The emergence of multidrug resistant 

Enterobacteriaceae is of particular concern because of the potential for 

widespread dissemination, and difficulties in treating infected patients 

(Karlowsky et al ., 2003 ; Yu et al ., 2006 ) . One of these resistances include : 
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β – lactam resistance   

               β – lactam agents ;  penicillins , cephalosporins and other compounds 

that feature a β– lactam ring in their structure (Greenwood et al., 2007) . All of 

these compounds bind to proteins situated at the cell wall - cell membrane 

interface (Laurence et al., 1997) .The penicillin binding proteins are involved 

in cell wall construction, including the cross – linking of the peptidoglycan 

strands that gives the wall its strength. 

         The β–lactam groups differ from each other by additional rings or side 

chains (five – membered thiazolidine ring of pencillins, six members 

dihydrothiazine ring of cephalosporins,  carbapenems  substitute carbon atom 

for a sulful atom and add a double bond to the penicillin nucleus , and 

monobactams are monocyclic compounds). The various antibiotics in each 

group differ by the nature of one or two side chains (Poole, 2004; Greenwood 

et al., 2007 ) . 

        Resistance to β–lactam it is most often caused by the presence of β–

lactamase enzymes . But mutations in PBPS resulting in reduce affinity for β–

lactam antibiotics are also commonly observed, and less frequently caused by 

reduced uptake due to changes in the cell – wall or active efflux. The main drug 

– resistance mechanism of gram – negative bacteria is producing β–lactamase 

(Bush et al., 1995 ; Brooks et al., 2007).  

Materials and Methods 

. Antibiotics susceptibility tests 

            It was used two methods for study bacterial susceptibility to 

antibiotics:  

        1- Disk diffusion method                              
           It was carried out by using Kirby Baur method to show the effect of 

antibiotics on bacterial isolates (NCCLS, 2003).                                         
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2 -  Minimal inhibitory concentration (MIC)   

    The serial agar dilutions method was used for determination of MICs 

according to the method suggested by ( Piddock , 1990; Stock & Ridgway, 

1987 )  

Detection of β- lactamase production  

        This test was performed for all bacterial isolates that were resistant to β - 

lactam antibiotics .It was used the direct capillary tubes method to detecting the 

bacterial ability to produce β- lactamase (Koneman et al., 1992) as follows:  

A-It was added 2ml of phenol red reagent (dissolving 2.5 g of phenol red in 40 

ml of sodium hydroxide (0.1N) solution, then the volume was completed to 500 

ml for result final concentration (0.5%)) to penicillin G solution (dissolving 1 

million unit of penicillin powder  in 1.16 ml of D.W.).  

B-The pH was adjusted by use sodium hydroxide (1N until the color solution 

was became purple PH
 
=8.5 .   

C-Capillary tubes in diameter (0.7 -1) mm was immersed in phenol red –

penicillin G solution until the high was reached to (1-2) cm. 

D-The end of capillary tube was embittered on several colonies of 24 hr.-old 

bacterial cultures on nutrient agar for make microbial blocking .for touched the 

colonies with solutions inside the tubes. With checking the air bubbles were not 

found between the solution and bacterial mass. 

C-The tube were incubated in vertical at 37˚ C, and the result was reading 

during 5-15 min. , change of color above the colonies to yellow was indicated 

to positive result .   

Results                                                                                                             
 

Effect of different antibiotics on Enterobacter isolates 

         A- Disk diffusion methods  

        The susceptibility patterns of Enterobacter isolates to antibiotics was 

tested using disk diffusion method , the result revealed that all bacterial isolates 
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(E.cloacae ,E.sakazakii) were resistant to amoxicillin , all isolates of 

E.sakazakii were resistant to ampicillin  , but 89% of E.cloacae were resistant 

to ampicillin  . 

        The results showed that all isolates of E.cloacae were founded to be 

resistant to cephalothin , but 78% of E.sakazakii were resistant to this 

antibiotic, while 95% , 66.7% isolates of E.cloacae and E.sakazakii were 

resistant to cephalexin respectively   .  

     The finding revealed that all isolates 100% were recorded to be resistant to 

cefoxitin .  

        The resistance of isolates to cefotaxime , ceftriaxone and ceftazidime were 

variant , 56% of Enterobacter isolates have intermedium resistance to 

cefotaxime , and most isolates of Enterobcter  were high resistance to 

ceftriaxone , it was reached to 84% for E.cloacae and 100% for E.sakazakii , 

but they were more sensitive to ceftazidime (51% , 66.7%)  respectively . 

         Enterobacter spp. were resistant to aztreonam , which reached to 72%  in 

E. cloacae  isolates and 56% in E.sakazakii isolates. It was demonstrated that, 

the resistance of Enterobacter isolates to cefepime were low, the sensitivity of 

E. cloacae and E.sakazakii were registered 67% and 78% respectively.     

        Bacterial isolates were found to be sensitive to imipenem  , the sensitive 

rate was reached to 51% in E. cloacae and 66.7% in E.sakazakii. 

       The bacterial susceptibility to other non β –lactam antibiotics were also 

revealed 56% of E. cloacae and 66.7% of E.sakazakii were sensitive to TM –

SMX . 

        The resistance of E. cloacae to aminoglycosides (tobramycin , gentamicin 

and amikacin) was recorded 44% , 28% , 39% respectively and it found in 

(33.3% , 33.3% , 66.7%) of E.sakazakii isolates respectively . The 

susceptibility of quinolones (ciprofloxacin, nalidixic acid) was found 61%, 

77.8% for ciprofloxacin respectively, but 82% and 11% for nalidixic acid 

respectively.  

High resistance was appeared for doxycycline (77% and 56%) and (60%, 89%) 

for tetracycline respectively. 
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       All isolates of E. sakazakii 100% were appeared sensitive to trimethoprime 

, versus 39% of E.cloacae were resistant to this antibiotic .Resistance of  

isolates  to nitrofurantion registered 56% and 100% in E.cloacae and 

E.sakazakii  isolates respectively . At the same time, it was also demonstrated 

that , 49%  of E.cloacae were resistant to chloramphenicol and resistance of 

E.sakazakii  was registered in 56% of isolates (Fig.1 ). 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

      

 

 

 

 A: E.cloacae , B: E.sakazakii , T: Total of isolates 

Figure (1): Antibiotics resistance of Enterobacter isolates. 

 

B - Determination of Minimum Inhibitory  Concentration (MIC) 

         The study include the determined of MICS for ten of antibiotics from that 

were used in disk diffusion method , these antibiotics include : gentamicin 

,ciprofloxacin ,tetracycline , ampicillin , cefotaxime , cefepime , cefoxitin , 

ceftazidime , aztreonam and imipenem .The values were compared with the 

break point recommended by CLSI (2007) . The results were shown in table (1 

) indicated that all isolates of Enterobacter (E.cloacae and E.sakazakii) were 

Antibiotics 
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highly resistant to cefoxitin (100%) with concentrations reached above the 

break point values (≥64 µg /ml) .The table also revealed that the MICS values 

of ampicillin were less than that of cefoxitin (8-32) µg /ml for E.cloacae 

isolates and ≥32 µg /ml for E.sakazakii . The results showed the MICS values 

of imipenem were (0.5-16) µg /ml, which were a very effective drug on two 

species of Enterobacter , followed by cefepime which its MICs values were 

(0.5-32) µg /ml , and ciprofloxacin (0.5-4) µg /ml for E.cloacae isolates and 

(0.5-1) µg /ml for E.sakazakii .  

Table (1): MICS of selected antibiotics to Enterobacter isolates   

  

 

Antibiotics 

        E.cloacae 

      N= 75 

          E.sakazakii 

n=9 

Total 

n=84 

 

MICS 

range    

µg /ml 

 

  

No.& 

(% )  

   S 

 

No.& (% 

)  

   R 

 

MICS 

range       

µg /ml   

 

 

No.& 

(%)  

   S 

 

No.& (% 

)  

   R 

 

 

No.& 

(%)  

   S 

 

No.& (%)     

   R 

Gentamicin    0.5-16 

 

50     

(66.7) 

 

16 

(21%) 

 

0.5-8 

 

7 

(78%) 

2 

(22%) 

57 

(68%) 

18 

(21%) 

Ciprofloxaci

n 
0.5-4 53 

(71%) 

12 

(16%) 
0.5-1 9 

(100%) 

0 

(0%) 

62 

(74%) 

12 

(14%) 

Teyracycline 
1-256 12 

(16%) 

40 

(53%) 
1-128 1 

(11%) 

8 

(89%) 

13 

(15%) 

48 

(57%) 

Ampicillin 
8-32 

4 

(5%) 

 

66 

(88%) 
32-256 0 

(0%) 

9 

(100%) 

4 

(4.8%) 

75 

(89%) 

Cefotaxime 
0.5-512 5 

(6.7%) 

28 

(37%) 
0.5-128 4 

(44%) 

4 

(44%) 

9 

(11%) 

32 

(38%) 

Cefepime 
0.5-32 57 

(76%) 

18 

(24%) 
0.5-32 8 

(89%) 

1 

(11%) 

65 

(77%) 

19 

(23%) 

Cefoxitin 
64-256 0 

( 0%) 

75 

(100%) 
64-128 0 

(0%) 

9 

(100%) 

0 

(0%) 

84 

(100%) 
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   β –lactamase detection 

       The β –lactamase –producing isolates of Enterobacter species will be 

illustrated in table (2 ) . It was found that, 63 / 75 isolates (84%) of E.cloacae 

can produce β –lactamase , and all isolates of E.sakazakii gave positive result 

for β –lactamase 9/9.  

  Table (2 ) : β –lactamase –producing of Enterobacter isolates 

 

 

 

 

Ceftazidime 
0.5-256 43 

(57%) 

32 

(43%) 
0.5-128 7 

(78%) 

2 

(22%) 

50 

(60%) 

34 

(40%) 

Aztreonam 
0.5-256 20( 

27%) 

53 

(71%) 
0.5-128 4 

(44%) 

5 

(56%) 

24 

(29%) 

58 

(69%) 

Imipenem 
0.5-16 65( 

87%) 

10 

(13%) 
0.5-16 7 

(78%) 

2 

(22%) 

72 

(86%) 

12 

(14%) 

Enterobacter 

species      

No. of     

Isolates   

No.&(%)of 

β –lactamase 

–producers 

No.&(%)of 

β –lactamase –Non-

producers 

E.cloacae 57  %(48 )36 %(63)61 

E.sakazakii 9 %(611)9 %(1)1 

Total 48 %(43)51 %(68)61 
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Discussion 

 The antibiotics susceptibility patterns 

        One of the most curious and puzzling aspects of infections due to 

Enterobacter species is the predilection of these organisms to develop 

antimicrobial resistance during therapy (Chow et al., 1991). 

      The study, used two methods (disk diffusion method and MICs )to 

determined antibiotic susceptibility of Enterobacter isolates. 

         The results were revealed, that all isolates of Enterobacter (E.cloacae and 

E.sakazakii) have higher resistance to penicillins (amoxicillin , ampicillin  , this 

may be due to the production of β – lactamases or failed antibiotics in reaches 

to the target ( PBPs) (Harwood et al., 2000) . In relation to cephalosporins  , it 

was also most isolates of two species of Enterobacter are resistant to 

cephalothin and cephaloxin (first generation cephalosporins) and the resistance 

to these antibiotics can be attributed to poor permeation of bacteria by the drug 

or lack of BPBs or degradation of drug by β-lactamases ( Brooks et al., 2007) . 

As well as all isolates of this study were resistant to cefoxitin ( second 

generation of cephalosporins) , these results are agreement with Lngram et 

al.(2011) they found that no isolates were  susceptibile to cefoxitin among the 

isolates of Enterobacteriaceae , this may be due to have production of AmpC β 

–lactamase enzymes that hydrolysis of cephamycin or porin deficiency and 

carbapenemases (Livermore , 1995). 

        Regarded to third generation of cephalosporins (cefotaxime , ceftriaxone 

and ceftazidime ) , it was appeared that all isolates (E.cloacae and E.sakazakii) 

are possess high resistant to cefotaxime and ceftriaxone , its an important 

indicator for the presence of ESBLs (CLSI, 2006) . Most of isolates of 

Enterobacter that included with this study were sensitive to ceftazidime  , these 

results are identical with those obtained by Tzouvelekis et al.(2000) they found 

CTX –M β-lactamases play a significant role in resistance to third generation 

cephalosporin ,and the activity of these enzymes against cefotaxime is 

markedly higher than that against ceftazidime .  
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        Resistance of Enterobacter isolates to aztreonam also, may be results from 

production of ESBLs (CLSI, 2006). 

      At the same time, it was also demonstrated from the results, that, the overall 

bacterial isolates were sensitive to cefepime (fourth generatin cephalosporins). 

        Cefepime and cefpirome rapidly penetrate into gram –negative bacteria, 

have a high affinity for essential PBPs and are stable to attack from 

chromosome – encoded β -lactamase (Kesseler et al., 1985) .  

         Regarding to susceptibility to imipenem (carbapenems) , it was found , 

that some isolates of Enterobacter were resistant to imipenem , that are 

agreement with those obtained by Tumbarello et al.( 2006) ; Yigit et al.( 2002) 

they found resistance to carbapenems among Enterobacter isolates are of great 

concern . In general, carbapenem resistance may be mediated by three major 

mechanisms: (i) they hyperproduction of a β -lactamase with weak carbapenem 

– hydrolyzing activity ( such as AmpC β-lactamase or ESBLs) combined with 

decreased drug permeability through the outer membrane , (ii) a decreased 

affinity of the PBPs that constitute target proteins for carbapenems . and (iii) 

carbapenem-hydrolyzing β-lactamase production (Nordmann & Poirel, 2002; 

Tumbarello et al., 2006 ) .  

          The results were shown, that most isolates of Enterobacter were 

sensitive to TM-SMX. These results were disagreed with those obtained by 

Salman (2006) who found high resistance of E.cloacae to this antibiotic. This 

sensitivity of isolates to TM –SMX , may be due to have sulfa compund 

combinat with trimethoprime effects on different segments of bacterial folate 

synthesis , which has synergistic effects ( Wang , 2002) .  

         Aminoglycosides such as tobramycin , gentamicin and amikacin also 

used in antibiotics susceptibility test of all isolates of Enterobacter . Most 

isolates of E.cloacae are high sensitive to these antibiotics. the results are 

correlated with results of Kolar et al.(2010) who found ,that all isolates were 

susceptible to aminoglycosides , while all isolates of E.sakazakii were sensitive 

to tobramycin and gentamicin , but were appeared resist to amikacin , these 

results are agreement with Park et al. (2003), had stated that the resistance rate 
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of Enterobacter to gentamicin was (33.3%) , and amikacin (54%) . The 

mechanism of Enterobacter spp. resistance to aminoglycosides is mediated by 

the production of more than one type of aminoglycosidases located on the R 

plasmid (Maes&Vanhoof , 1992).  

         Results showed that the quinolones (ciprofloxacin) had a good activity 

against Enterobacter isolates, therefore, ciprofloxacin can be used to treat  

infections caused by these bacterial species , but it is not recommended for 

patients blew 18 years of age , because of the possibility of the erosion to the 

growing cartilage (Orthropathy) (Harvey & Champe , 2006) .These results are 

agreement with that of Kunapuli et al.(2003)who found that the susceptibility 

rate for ciprofloxacin was more than 85% for E.cloacae.  

          In contract the sensitivity of Enterobacter isolates to nalidixic acid was 

lower than that in ciprofloxacin .Nalidixic acid one of earlier quinolones and 

the resistance to this antibiotic involves one of two mechanism – either an 

alteration in the A subunit of the target enzyme , DNA gyrase , or a change in 

outer membrane permeability (Brooks et al ., 2007) .Regarding susceptibility to 

doxycyclin and tetracycline , Enterobacter isolates were appeared more 

resistance to these antibiotics , these results are agreement with those obtained 

by Zhihui et al.,(2003) they found that all isolates of Enterobacter have high 

resistance to both antibiotics . This resistance is under the control of 

transmissible plasmids (Brooks et al., 2007).Furthermore, all isolates of 

E.sakazakii were resist to trimethoprime  , but resistance of E.cloacae was 

lower than that in E. sakazakii .Mayer et al.(1985) reported that TMP 

resistance in multiple species of Enterobacteriaceae was found to be spread in 

one hospital by a single , stable conjugative plasmids that has  wide host range 

and encodes the type II DHFR gene .  

        Resistance rates of Enterobacter isolates to nitrofurantion were high. 

These results are disagreement with other results obtained by Astal (2005) who 

reported that the Enterobacter sp., were more susceptible to this antibiotic.   

         The relatively high resistance of isolates to chloramphenicol was 

observed in results of the study , these results resemble those obtained by Abid 
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(2006) who showed that the Enterobacter spp. that isolated from clinical 

specimens were highly resistant to chloramphenicol . This resistant may be due 

to production chloramphenicol acetyl transferase that coden by genes are lies 

on plasmids (Murray & Show, 1997). 

           The values of MICs were based on break point recommended by CLSI 

(2007) for estimation of the response .  

        The MICs values of selected β – lactam antibiotics were high for all 

isolates. MICs of cefoxitin were with concentrations reached beyond the break 

point values, this may be due to production of AmpC- β – lactamase or to the 

lack of permeation porin (Manchanda &Singh ,2003) . It was also found, high 

resistant to ampicillin with MIC values (8-32) µg /ml for E.cloacae and 

exceeding 32 µg / ml for E.sakaakii . Bradford et al. (1996) showed that the β - 

lactamase provided selective resistance to penicillins and cephamycins .  

        According to results of MIC determination of imipenem which was a very 

effective drug against Enterobacter isolates were more sensitive to this 

antibiotic with MIC values ≤16 µg / ml. These results were in accordance with 

results being reported by Vatopoulos et al.(1990) who showed that , the MICs 

of imipenem for some strains of gram negative which included Enterobacter 

spp. remained low . MIC values of cefepime were equal for two species of 

Enterobacter and below the break point value ≤ 32 µg / ml. These results are 

identical with those obtained by Sanders et al. (1996) who found, that the MICs 

of cefepime in derepresed strains of Enterobacter spp. remain within the 

susceptible rang (MICs ≤4 µg / ml ). These antibiotics may be suitable for 

treating infections caused by inducible and derepressed AmpC producing 

Enterobacteria .  

      Ciprofloxacin was another antibiotic that effect on Enterobacter isolates 

which had MIC values , extremely below the break point value (0.5-1) µg / ml 

for E.sakazakii and above these values for E. cloacae , this may be due to the 

distribution of E.sakazakii in hospitals was less than that with E. cloacae . The 

sensitivity of isolates to this antibiotic may be due to that limited use of this 

antibiotic in treatment of infections (Martinez et al., 1998; Abid ,2006) . 
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The production of β - lactamases 

            In gram – negative bacteria, one of the important mechanisms of β- 

lactam resistance, is the production of beta – lactamases which inhibit protein 

transpeptidases participating in bacterial cell wall synthesis (Bradford , 2001 ; 

Paterson & Bonomo ,2005). 

         It was used direct capillary tubes method to detection of β - lacamase , the 

principle of this method depends on the detection of penicilloic or cephalospoic 

acid that resulted from breakdown of amide bond in the β - lactam ring of each 

penicillins or cephalosporins (Livermore , 1995) . It was found from the results 

, that two species of Enterobacter were able to produce β – lactamase, these 

results were agreement with those proposed by Pitout et al .(1997)  who 

indicated , that the species of Enterobacter can possess a variety of β – 

lactamases that are responsible for beta –lactam resistance.  

        Increase and the prevalence of Enterobacter spp. producing β – lactamase 

may be due to prevalence of this genus as a nosocomial pathogen. 

 

 

                                                                                                                         الحساسيت الذوائيت لبكتريا E.cloacae and E.sakaakii الوعزولت هن عيناث هرضيت هختلفت

       سين العوارحا. م. د. ههذي                                                              نعين عبذ انتظار 

كليت العلىم    –قسن علىم الحياة   قسن التحليلاث الورضيت   -  كليت العلىم                                                  

 جاهعت ري  قار                                                                          جاهعت الكىفت               

 الخلاصت                                                

 زلممم   E. cloacae 57( ، تضممم مك   تررممم  48).Enterobacter sppتمممز  مممزن ممممك ري  مممي   تررممم  

 %(  ي  رم ك  رضر   ختلف . 61.5 زلاك ) 9 زن  كاقع  إذ  E. sakazakiiك  %(49.6)

  Amoxicillin   ،Cefoxitinلا تم ز –(   مك  ق ك   ل ض داك ال رتم  48لكحظ أي ج رع العزلاك )  

% 91% ،94ف  مممممك  CephaothinكAmpicillin، Cephalexinأ مممم  مامممم   ال ق ك مممم  ل ممممن  ممممي 

   % ل ممن  ممي  ضمم داك 71% ك 36%، 57%  لمما التممكالذ ، ممذلت أظاممرك  ق ك مم   مامم   91ك

Doxycycline، Nitrofurantion ك Chloramphenicol  لا التكالذ.اجن  ض د Cefoxitin   
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(  م ر ركرراز /  من ،  رم م  اقمن 173- 38( ، اذ تراكحمك  مري )MICsأ لا قرز للترا رز ال ث ط  المدمر  )

-1.7اذ تراكحمك  مري) ) Cefpime  ،Imipenem ،Ciprifloxacin  ممك ل ضم داك   MICsقمرز لمم

 ( (   ر ركرراز /  ن  لا التكالذ .1.7-8( ، )1.7-63( ، )61

%(  ي العزلاك   مك لا  الق  لر   لما إمتم ا امزر م ك ال رتم  43)51أظارك مت ئج الدراا  الح لر  أي     

                                            .لا ت  رز–
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