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Abstract: 

     Wound infection is one of the most important factors affecting the wound healing process, 

so its effective control is crucial to enhance the wound healing. With the increasing prevalence 

of multidrug-resistant bacterial strains, preventing and treating wound infections has now 

become more challenging, imposing heavy medical and financial burdens on the patients. This 

study aimed to isolate and identify Gram-negative bacteria from wounds and burns and 

investigate the resistance of these bacteria to various antibiotics. In this study, Gram-negative 

bacteria were isolated and identified from pus samples obtained from patients suffering from 

wound and burn infections who were admitted to Al-Salam Teaching Hospital, Mosul General 

Hospital, and the Mosul Center for Burns and Plastic Surgery. The ages of patients ranged from 

5 days to 75 years, included both sexes. The sampling period extended from August 28, 2024, 

to November 23, 2024. Bacterial isolates were identified based on cultural, morphological, 

microscopic characteristics, and biochemical tests. A total of 88 bacterial isolates were obtained 

from 54 pus samples that showed growth on MacConkey agar media for Gram-negative bacteria. 

Identification was further confirmed using the VITEK-2 system to ensure accurate species 

determination. Pseudomonas aeruginosa and Enterobacter cloacae were the most prevalent 
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species, with 28 isolates for each one(31.81%), followed by Klebsiella  pneumoniae with 10 

isolates (11.36%), Klebsiella aerogenes with 6 isolates (7%), Escherichia coli with 7 isolates 

(8%), and Proteus mirabilis, Proteus vulgaris, and Raoultella ornithinolytica with 2 isolates 

each (2.20%). Additionally, Acinetobacter baumannii, Serratia marcescens, and Salmonella 

spp. were each represented by 1 isolate (1. 13%). Antibiotics susceptibility testing revealed a 

high level of resistance among Gram-negative bacteria to cephalosporin antibiotics, with 

resistance rates of 95.5% for ceftazidime, and 93% for both ceftriaxone and cefotaxime. 

Moreover, macrolide antibiotics, specifically azithromycin, showed a resistance rate of 75%. In 

contrast, chloramphenicol demonstrated the highest antibacterial efficacy among the tested 

antibiotics against Gram-negative isolates.  

Keywords: Wounds infection, Burns Infection, Antibiotics Resistance, Gram negative 

bacteria. 

من الجروح  المعزولة  لغراما السالبةعزل وتحديد مقاومة المضادات الحيوية للبكتيريا 

 والحروق 

 

 2، ريم زهير شاكر1إيمان عبد الرزاق الجريسي

 قسم علوم الحياة، كلية التربية للبنات، جامعة الموصل، العراق  2، 1

1Iman.23gep15@student.uomosul.edu.iq, 2reemzuhair@uomosul.edu.iq :الايميل الرسمي 

  

 :الخلاصة

ية أمرٌ بالغ الأهمية لتعزيز  لعاعدوى الجروح من أهم العوامل المؤثرة على عملية التئامها، لذا فإن السيطرة عليها بف  تعُد  

الوقاية من عدوى الجروح وعلاجها   تعملية التئامها. ومع تزايد انتشار سلالات البكتيريا المقاومة للأدوية المتعددة، أصبح

رام غى عزل وتحديد البكتيريا سالبة الهدفت هذه الدراسة إل  أكثر صعوبة، مما يثُقل كاهل المرضى بأعباء طبية ومالية باهظة. 

تضمنت   المختلفة.  الحيوية  للمضادات  البكتيريا  هذه  مقاومة  ودراسة  والحروق  الجروح  الدراسة من  وتشخيص   هذه  عزل 

لغرام المعزولة من عينات القيح التي جمعت من المرضى المراجعين الى مستشفيات السلام التعليمي ومستشفى    االبكتريا السالبة

وبأعمار تراوحت من الموصل العام ومركز الموصل للحروق والجراحة التجميلية المصابين بالتهابات الجروح والحروق  

تم تشخيص العزُلات البكتيرية بالاعتماد على  ،  2024\11\ 23لغاية    2024\ 8\ 28عام( ولكلا الجنسين للمدة    75-يوم    5)

 ( عينة قيح 54( عزلة من مجموع )88الصفات الزرعية، الظاهرية، المجهرية، الاختبارات الكيموحيوية تم الحصول على )

على   نموا  الماكونكيأعطت  اكار  بكتريا.  وسط  وكانت  لغرام  السالبة  للبكتريا   .E  و      p. aeruginosaوالانتخابية 

cloacae ًبكتريا ( يليه %31.81) عزلة بكتيرية وبنسبة28أكثر انتشاراK. pneumoniae   10( 11.36) عزلة وبنسبة%

 .P. mirabilis، Pبكتريا  ( يليه %8)عزلة وبنسبة  E. coli 7بكتريا  ( يليه  %7)عزلة بنسبة  K. aerogenes   6بكتريايليه  

vulgaris, R. ornithinolytica 2(2.20%  يليه )بكترياA. baumannii ,S. marcescens,Salmonella spp   بنسبة

بعدها تم اجراء فحص مقاومة وحساسية   للتاكد من تحديد الأنواع  2وتم دعم نتائج التشخيص باستخدام نظام فايتك ـ  (.1.13%)1
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السيفالوسبورينات    العزلات لمضادات  عالية  مقاومة  لغرام  السالبة  الجراثيم  امتلاك  النتائج  بينت  الحيوية  للمضادات 

(Ceftazidim  بنسبة بنسبة  Cefotoximeو Ceftraxoneو)  % 95.5(  بالـ    % 93(  المتمثلة  المايكروليدات  ومضادات 

Azythromycin    كذلك أظهرت النتائج ان مضادات الكلورمفينيكولات المتمثلة بالمضاد  %75بنسبة .Chlormphenicol 

 كانت من أكثر المضادات فعالية ضدالبكترياالسالبة لغرام.  

  .التهاب الجروح، التهاب الحروق، مقاومة المضادات الحيوية، الجراثيم السالبة لغرام الكلمات المفتاحية:

1. Introduction: 

Wound infection is one of the most important factors affecting the wound healing process, 

so its effective control is crucial to enhance the wound healing process. With the increasing 

prevalence of multidrug-resistant bacterial strains, preventing and treating wound infections has 

now become more challenging, imposing heavy medical and financial burdens on the patient [1] 

     Wound and burn injuries are among the most difficult problems that hinder surgical 

medical progress and cause death for patients because they destroy tissues and lose the skin 

barrier. The presence of dead tissue, the presence of antibiotic-resistant microbes, the ability of 

these microbes to form biofilms, and the weakness of antibiotic treatment - all these factors lead 

to delayed recovery of the patient, especially patients carrying other chronic systemic diseases  

[2,3,4] 

     Over time, microorganisms were exposed to antibiotics, which led to bacteria adapting to 

resist these antibiotics. This adaptation, along with the lack of drug development, has led to a 

reduction in treatment options against bacterial infections [5] The World Health Organization 

(WHO) has stated that the emergence and spread of antibiotic-resistant bacteria is one of the 

most important health problems of our time and poses a threat to the treatment of diseases. This 

leads to an increase in the patient's length of stay in the hospital and an increase in treatment 

costs [6] 

Some previous studies have shown that the most common Gram-negative bacteria that have been 

identified as pathogens causing wound and burn infections are Pseudomonas aeruginosa, 

Enterobacter cloacae, Klebsiella pneumoniae, Klebsiella aerogenes, and E. coli .[7,8,9] 

2. Material and methods: 

2.1    Sample Collection: 103 pus samples were collected, from patients with wound and burn 

infections (including, both male and female, who were admitted to Mosul hospitals (Mosul 

General Hospital, Al-Salam Teaching Hospital, and Mosul Center for Burns and Plastic 

Surgery) between 28, August, 2024 and 23, November, 2024[10]. 
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2.2    Isolation and diagnosis: Samples were cultured on plates containing MacConkey agar 

medium, and then selective media were used to identify bacterial species, such as cetrimidine 

agar and eosin methyl blue agar. The plates were then incubated for 24 hours at 37°C. The 

morphological characteristics of the cultures on the plates and microscopic examinations were 

used to determine the shape and arrangement of these bacterial species. Then, biochemical tests 

were used, which were (catalase, oxidase, and IMVC tests) [10]. To confirm the diagnosis 

results, the Vitek-2 system produced by the French company (Biomerrux) was used (We learned 

that the diagnosis with the Vitek-2 device was performed in an external laboratory). 

• 2.3   Antibiotics susceptibility test: The disk diffusion method based on the Kirby-

Bauer Disk method [11] was used to examine the susceptibility of bacterial isolates to 

the antibiotics shown in Table 1, it was Compared the antibiotic susceptibility test 

results with the standard reference tables, the CLSI table, in terms of bacteria being 

sensitive, resistant, or intermediate which were prepared by the Turkish company 

(Bioanlyase). Mueller-Hinton medium prepared by the Indian company (Himedia) was 

used in this test and was prepared according to the company's instructions. the bacterial 

suspension was prepared and adjusted to match the 0.5 McFarland standard. Then, 100 

µL of the suspension was spread evenly on the surface of Mueller-Hinton agar using a 

sterile cotton swab. After allowing the plates to dry for about 15 minutes, antibiotic 

discs were placed on the surface and the plates were incubated at 37°C for 18–24 hours. 

Table 1: Antibiotics used in the study 

Antibiotic Classes Antibiotic Code 
Tablet/Concentration 

Microgram 

Cephalosporin’s 

Ceftriaxone 

Cefotaxime 

Ceftazidme 

CRO 

CTX 

CAZ 

10µg/disc 

10µg/disc 

30µg/disc 

Carbapenems 
Meropenem 

Imipenem 

MEM 

IPM 

10µg/disc 

10µg/disc 

Aminoglycosides Gentamycin GN 10µg/disc 

Macrolides Azithromycin AZM 15µg/disc 

Fluoroquinolones Ciprofloxacin CIP 10µg/disc 

Tetracycline’s Tetracycline TE 10µg/disc 

Chloramphenicol Chloramphenicol C 10µg/disc 
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3. Results and Discussion 

Laboratory and phenotypic diagnosis: After culturing the samples on MacConkey agar 

medium and incubating for 24 hours at a temperature of 37°C, as shown in Figure (1). 

    

   

       E. coli                                 P. aeruginosa                                           E. cloacae  

Figure 1: McConkey agar 

Gram stain microscopy was performed to identify the shapes and arrangement of bacteria. Then, 

the lactose fermented samples, which appeared pink in color, were transferred to MacConkey 

agar medium and cultured on eosin methyl blue agar medium for the purpose of identifying E. 

coli isolates, as shown in Figure (2). 

 

Figure 2:  E. coli bacteria on Eosin blue medium 

      While the pale-colored isolates on MacConkey agar were cultured on cetrimid agar 

medium for the purpose of diagnosing P. aeruginosa isolates, which appear green as a result of 

their production of pyocyanin pigment, as shown in Figure (3). 
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Figure 3: P. aeruginosa on cetrimid agar 

The results of the biochemical tests are shown in Table, (2) and Figure, (4). 

Table2: the biochemical tests of bacterial isolates 

IMVIC Test 
Catalase Oxidase the name of the bacteria 

IND MR VP CIT 

- - - + + + 
P .aeruginosa 

+ + - - + - 
E.coli 

- + - + + - 
P .mirabilis 

- + - - + - 
k. pneumoniae 

- - + + + - 
E .cloacae 

(+) positive, (-) negative 

 

 

 

               Indole test Red methyl test Voges-Proskauer test 

  

 

 

 

                   Citrate utilization test Oxidase test for the right and catalase test for the left 

Figure 4:  Results of biochemical tests 
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It was identical to the approved specifications for the diagnosis of Gram-negative bacteria 

shown in [10]. Then, all the isolates isolated in this study were confirmed using the Vitek-2 

system, as the results showed that all isolates were consistent with the traditional diagnostic 

methods and showed a level of diagnostic probability between (89%-95%) for Enterobacter 

cloacae isolates and (86%-99%) for Klebsiella pneumoniae isolates and (93%) for 

Pseudomonas aeruginosa isolates and (94%-95%) for each of Klebsiella aerogenes and E. coli 

and (91%) for Raoultella ornithinolytica isolates and (99%) for each of Proteus mirabilis, 

Proteus vulgaris, Acinetobacter baumannii and Serratia marcescens isolates 

 

 Bacterial Isolation Out of a total of 103 samples, 54 samples were obtained that showed 

growth on Macon key agar and selective media for Gram-negative bacteria representing a 

percentage of (53.39%). These samples were distributed among (23) wound samples (17 male 

samples and 6 female samples). As for burn samples, there were (31) samples, distributed 

among (13 male samples and 18 female samples) as in table 3. 

Table 3:  Distribution of samples between males and females 

Insulation source Sex Culture positive Culture negative Total number 

of samples 

Wounds 

 

Male 17 16 33 

Female 6 12 18 

Burns Male 13 10 23 

Female 18 11 29 

The total - 54 49 103 

The total number of bacterial isolates obtained was 88 (This number of bacterial isolates is 

due to the growth of more than one type of bacteria in a single sample) and these results were 

close to the study [8]. In the city of Maysan the percentage in his study reached (86.9%), and 

the study [7] If their isolation rate is (81.7) out of a total of 100 samples. and the results are 

different [12] The isolation rate was 132% of the total 800 samples and the study [13] The 

isolation rate was 100% for a total of 40 samples. The results showed that the bacterial isolates 

were distributed among the different types, with 28 isolates (31.81%) for each of Pseudomonas 

aeruginosa and Enterobacter cloaca, 10 isolates (11.39%) for Kleebsiella pneumonia, 6 

isolates (7%) for Klebsiella aerogenes, 7 (8%) for E. coli, 2 (2.20%) for each of Proteus 
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vulgaris, Proteus mirabilis and Raoultella ornithinolytica, 1 (1.13%) for each of Acinetobacter 

baumanni, Serratia marcescens and Salmonella spp., as shown in Table (4).  

Table 4:  Number and percentages of Gram-negative bacteria isolated from patients 

with wounds and burns 

Gram-negativebacterial species number Percentage of total Gram-negative bacteria No. 

Pseudomonas aeruginosa 28 31.81% 1 

Enterobacter cloacae 28 31.81% 2 

Kleebsiella  pneumoniae 10 11.36% 3 

Klebsiella aerogenes 6 7% 4 

E.coli 7 8% 5 

Proteus vulgaris 2 2.20% 6 

Proteus mirabils 2 2.20% 7 

Raoultella ornithinolytica 2 2.20% 8 

Acinetobacte baumanni 1 1.13% 9 

Serratia  marcescens 1 1.13% 10 

Salmonella spp 1 1.13% 11 

the total 88 100%  

 

The results showed that P. aeruginosa isolates were the most prevalent. This percentage was 

close to a study in the city of Maysan [8]. Also, a study in Libya, [7] The results of this study 

did not agree with a study conducted in Dohuk, [14] In other studies in India and Libya, [12,13] 

respectively. The reason for the dominance of this bacterial species is that P. aeruginosa is one 

of the most common Gram-negative bacteria associated with hospital-acquired infections. This 

is due to its possession of multiple virulence factors, including the possession of biofilms, efflux 

pumps, and its ability to resist various antibiotics due to the possession of mobile genetic 

elements such as jumping genes (Trausposouses, Integrones,Plasmids) [9,15,16] As for the 

Enterobacter cloacae isolates, their percentage within the total number of isolates reached 

(31.81%) within the total negative group. This percentage was different from a previous study 

[8,15] respectively Enterobacter spp. are anaerobic Gram-negative bacteria widely distributed 

in nature and have raised increasing concern in recent years due to their association with 

hospital-acquired infections, especially in immunocompromised individuals [17].  
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       In the present study, Klebsiella pneumonia bacteria were isolated at a rate of 10 

(11.39%) and Klebsiella aerogenes at a rate of 6 (7%). These results were consistent with what 

was reached by a study in Libya, [7] It is consistent with another study [13] It was slightly 

higher than another study [8] This genus plays an active role in causing burn and wound 

infections. It is found in hospitals and is considered a major pathogen due to its possession of 

many genes that have the ability to resist antibiotics [18]. As for the E. Coli species, the isolation 

rate was 7 (8%). This result was similar to a local study and another Arab study [7,8] 

respectively It contradicted another study, [12] The digestive system is the natural home for E. 

Coli, but infection occurs after it leaves the system [7] Or as a result of low immunity, especially 

for immunocompromised patients, the elderly, and children. As for the genus Proteus spp, 

Proteus vulgaris was isolated at a rate of 2 (2.20%) and Proteus mirabilis at a rate of 2 (2.20%), 

which was close to the study [12] Contrasting with another study [8]. Factors contributing to 

differences in bacterial isolation rates between countries vary, including environment, health 

practices, antibiotic use, bacterial genetic diversity, social and economic factors, and laboratory 

techniques. 

Antibiotics sensitivity test: A sensitivity test was conducted on the (88) bacterial isolates under 

study, which caused wound and burn infections, against 10 antibiotics, as shown in Table (5). 

The results showed high resistance to cephalosporin’s, with 84% (95.5%) against Ceftazideme 

and 82% (93%) against both Ceftriaxone and Cefotaxime. Regarding carbapenem antibiotics, 

Meropenem was more effective against the isolates, with a sensitivity rate of 37%, compared 

to Imipenem, which the isolates showed high resistance to, reaching 69.3%) Regarding 

aminoglycosides represented by the antibiotic Gentamycin, the isolates showed medium 

resistance, as the resistance rate reached (69%). As for macrolides represented by the antibiotic 

Azythromycin, the resistance rate of the isolates was (75%), and (72.8%) for the antibiotic 

Ciprofloxacin from fluoroquinolones, while the resistance rate towards tetracyclines 

represented by the antibiotic Tetracycline was low, reaching (47.7%). As for the results of the 

sensitivity of the isolates towards chloramphenicol represented by the antibiotic 

Chlormphenicol, the number of sensitive isolates reached 53 isolates, at a rate of (60%). 
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Table 5:  Total numbers and percentages of bacterial isolates resistant and sensitive to 

antibiotics 

code 

resistant 

isolates 

Moderate 

isolates 

sensitive 

isolates 
Antibiotic 

Classes 
Antibiotic No. 

No. (%) No. (%) No. (%) 

CRO 

CTX 

CAZ 

82 

82 

84 

93% 

93% 

95.5% 

0 

0 

0 

0% 

0% 

0% 

6 

6 

4 

7% 

7% 

4.5% 

Cephalosporin’s 

Ceftriexone 

Cefotaxime 

Ceftazidem 

1.  

MEM 

IPM 

49 

61 

56% 

69.3% 

6 

3 

7% 

3.4% 

33 

24 

37% 

27.3% 
Carbapenems 

Meropenem 

Imipenem 
2.  

GN 61 69% 13 15% 14 16% Aminoglycosides Gentamycin 3.  

AZM 66 75% 0 0% 22 25% Macrolides Azythromycin 4.  

CIP 64 72.8% 12 13.6% 12 13.6% Fluoroquinolones Ciprofloxacin 5.  

C 28 32% 7 8% 53 60% Chloramphenicol Chlormphenicol 6.  

TE 42 47.7% 10 11.35% 36 40.95% Tetracycline’s Tetracycline 7.  

      The above results show that the antibiotic Chloramphenicol was one of the most effective 

antimicrobials against Gram-negative bacterial isolates. The reason is due to the mechanism of 

action of Chloramphenicol, which works to prevent the synthesis of proteins inside the cell [20] 

In general, the results of the study showed the resistance of negative bacteria to most antibiotics, 

especially cephalosporin’s. This result is consistent with another study (which confirmed in 

their results the resistance of most negative bacteria to most of the antibiotics used) [13,14,21] 

The increasing, indiscriminate, and irregular use of antibiotics leads to the failure to kill 

bacteria, making them more resistant and encouraging them to develop resistance mutations, 

which increases the incidence of hospital infections. Despite efforts to combat hospital 

infections, the morbidity and mortality rates are very high, increasing healthcare costs and thus 

leading to an economic crisis. The problem is further complicated by the emergence of 

multidrug-resistant microorganisms that are difficult to treat in the hospital environment [19,22] 

Studies have shown that patients with medical records who take antibiotics for long periods 

may kill the natural flora that acts as the body's immune system and cause the death of sensitive 

bacteria. This leaves only resistant bacteria that carry resistance genes. These genes can be 

spread via plasmids to other types of bacteria. This results in the proliferation of antibiotic-

resistant bacteria at the expense of the body's natural flora [23] Table (6) shows the results of 

antibiotics sensitivity for each isolate separately.  
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Table 6: shows the biological response of Gram-negative bacteria to the antibiotics used 

under study 

Sensitivi

ty 

Pattern 

 
C 

N (%) 

CIP 

N (%) 

AZM 

N (%) 

TE 

N (%) 

GN 

N (%) 

IPM 

N (%) 

MEM 

N (%) 

CAZ 

N (%) 

CTX 

N (%) 

CRO 

N (%) 

S 

I 

R 

P. 

aeruginosa 

(N=28) 

9(32%) 

0(0%) 

19(68

%) 

4(14%) 

5(18%) 

19(68

%) 

3(11%) 

0(0%) 

25(89

%) 

8(28.5%

) 

2(7%) 

18(64.5

%) 

4(14%) 

0(0%) 

24(86

%) 

8(28%) 

1(4%) 

19(68

%) 

12(43%

) 

0(0%) 

16(57%

) 

1(3.5%) 

0(0%) 

27(96.5

%) 

1(3.5%) 

0(0%) 

27(96.5

%) 

1(3.5%) 

0(0%) 

27(96.5

%) 

S 

I 

R 

E. cloacae 

N=28 

20(71

%) 

3(11%) 

5(18%) 

1(4%) 

2(7%) 

25(89

%) 

4(14%) 

0(0%) 

24(86

%) 

11(39%) 

5(18%) 

12(43%) 

2(7%) 

5(18%) 

21(75

%) 

2(7%) 

0(0%) 

26(93

%) 

3(11%) 

3(11%) 

22(78%

) 

0(0%) 

0(0%) 

28(100

%) 

1(3.5%) 

0(0%) 

27(96.5

%) 

1(3.5%) 

0(0%) 

27(96.5

%) 

S 

I 

R 

K.pneumoni

ae 

N=10 

9(90%) 

1(10%) 

0(0%) 

4(40%) 

2(20%) 

4(40%) 

6(60%) 

0(0%) 

4(40%) 

6(60%) 

1(10%) 

3(30%) 

5(50%) 

2(20%) 

3(30%) 

9(90%) 

0(0%) 

1(10%) 

8(80%) 

0(0%) 

2(20%) 

2(20%) 

0(0%) 

8(80%) 

2(20%) 

0(0%) 

8(80%) 

2(20%) 

0)0%) 

8(80%) 

S 

I 

R 

K 

.aerogenes 

N=6 

3(50%) 

1(17%) 

2(33%) 

1(17%) 

0(0%) 

5(83%) 

1(17%) 

0(0%) 

5(83%) 

1(17%) 

0(0%) 

5(83%) 

0(0%) 

2(33%) 

4(67%) 

1(17%) 

0(0%) 

5(83%) 

2(33%) 

0(0%) 

4(67%) 

0(0%) 

0(0%) 

6(100%) 

0(0%) 

0(0%) 

6(100%) 

0(0%) 

0(0%) 

6(100%) 

S 

I 

R 

E. coli 

N=7 

7(100

%) 

0(0%) 

0(0%) 

1(14%) 

0(0%) 

6(86%) 

5(71%) 

0(0%) 

2(29%) 

5(71%) 

0(0%) 

2(29%) 

1(14%) 

2(29%) 

4(57%) 

1(14%) 

0(0%) 

6(86%) 

2(48.5

%) 

3(43%) 

2(28.5

%) 

0(0%) 

0(0%) 

7(100%) 

0(0%) 

0(0%) 

7(100%) 

0(0%) 

0(0%) 

7(100%) 

S 

I 

R 

P.miabils 

N=2 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

0(0%) 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

0(0%) 

1(50%) 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

0(0%) 

0(%) 

2(100%) 

0(0%) 

0(0%) 

2(100%) 

0(0%) 

0(0%) 

2(100%) 

S 

I 

R 

P. vulgaris 

N=2 

1(50%) 

0(0%) 

1(50%) 

0(0%) 

0(0%) 

2(100

%) 

0(0%) 

0(0%) 

2(100

%) 

0(0%) 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

0(0%) 

0(0%) 

2(100%) 

0(0%) 

0(0%) 

2(100%) 

0(0%) 

0(0%) 

2(100%) 

S 

I 

R 

Raoultella 

ornithinolyti

ca 

N=2 

1(50%) 

1(50%) 

0(0%) 

0(0%) 

1(50%) 

1(50%) 

1(50%) 

0(0%) 

1(50%) 

0(0%) 

0(0%) 

2(100%) 

0(0%) 

0(0%) 

2(100

%) 

0(0%) 

1(50%) 

1(50%) 

2(100%

) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

2(100%) 

0(0%) 

0(0%) 

2(100%) 

0(0%) 

0(%) 

2(100%) 

S 

I 

R 

Acinetobact

er baumanni 

N=1 

0(%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

1(100%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

1(100%) 

0(0%) 

0(0%) 

1(100%) 

0(0%) 

0(0%) 

1(100%) 
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1(100

%) 

1(100

%) 

1(100

%) 

1(100

%) 

1(100

%) 

1(100%

) 

S 

I 

R 

Serratia 

marcescens 

N=1 

1(100

%) 

0(0%) 

0(0%) 

1(100

%) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

1(100

%) 

1(100%) 

0(0%) 

0(0%) 

0(0%) 

1(100

%) 

0(0%) 

1(100

%) 

0(0%) 

0(0%) 

1(100%

) 

0(0%) 

0(0%) 

0(0%) 

0(0%) 

1(100%) 

1(100%) 

0(0%) 

0(0%) 

1(100%) 

0(0%) 

0(0%) 

S 

I 

R 

Salmonella 

spp 

N=1 

1(100

%) 

0(0%( 

0(0%) 

0(0%) 

1(100

%) 

0(0%) 

1(100

%) 

0(0%) 

0(0%) 

1(100%) 

0(0%) 

0(0%) 

1(100

%) 

0(0%) 

0(0%) 

1(100

%) 

0(0%) 

0(0%) 

1(100%

) 

0(0%) 

0(0%) 

1(100%) 

0(0%) 

0(0%) 

1(100%) 

0(0%) 

0(0%) 

1(100%) 

0(0%) 

0(0%) 

 

P. aeruginosa isolates showed high resistance to cephalosporin antibiotics. The reason is 

due to their possession of mechanisms to resist these antibiotics, including carrying a 

chromosomal gene that encodes AmpC, an enzyme capable of breaking down cephalosporins, 

including the second and third generation, and their possession of efflux pumps that work to 

expel antibiotics outside the cells. Lack of permeability occurs due to mutations or a decrease 

in the secretion of Porins, as the loss or mutation of the oprD gene leads to strong resistance to 

cephalosporins. Mutations in beta-lactam-binding proteins such as PBP3 affect the 

effectiveness of cephalosporin antibiotics. Bacteria can also obtain ESBL genes through 

horizontal transfer (plasmids), thus acquiring resistance to the third and fourth generation of 

cephalosporins. Finally, P. aeruginosa forms biofilms that block and reduce interaction with 

antibiotics [24] E. caloaceae isolates also showed high resistance to cephalosporin’s, as these 

bacteria possess an inducible chromosomal gene ampC, which when mutated with other genes 

such as ampD or ampR leads to the production of the AMPC enzyme, which destroys the third 

generation of cephalosporin’s. Resistance genes may be transferred to them via plasmids, 

making them more resistant. They may acquire mutations that result in the loss or reduction of 

the outer membrane, which increases resistance. They possess efflux pumps [25]. K. 

pneumoniae, E. Coli, and K. aerogenes isolates have also shown resistance to cephalosporin 

antibiotics due to their formation of biofilms, the possession of efflux pumps, the production of 

beta-lactamase enzymes, or transmission via plasmids from other bacteria and mutations that 

lead to reduced permeability [26,27,28]. 

5. Conclusions 

The results of the study showed that Gram-negative bacteria are among the main and 

common causes of wound and burn infections, and the most common isolates were: 

Pseudomonas aeruginosa, Enterobacter cloacae Kleebsiella pneumonia, Klebsiella aerogenes, 
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E. coli. These isolates showed a significant difference in their sensitivity to antibiotics, as they 

showed high resistance to a number of antibiotics, especially the cephalosporin class, and some 

isolates showed multi-drug resistance. This indicates the spread of resistant strains that pose a 

therapeutic challenge in the hospital environment. On the other hand, it was noted that some 

antibiotics, such as chloramphenicol and tetracycline, showed relative effectiveness against 

some isolates. These results indicate a need to reduce the indiscriminate use of antibiotics and 

recommend intensifying infection control programs and enhancing awareness of sound health 

practices within surgical and burn units. To reduce the spread of resistant bacteria. 
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