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Abstract 

The present study was carried out to determine the frequency of bacteria responsible for hip and 

knee infections at a hospital in Baghdad/Iraq and to get an updated knowledge about their 

antibiotic resistance pattern during a period of study which extended from 1 October, 2016 till 1 

October, 2017. Identification of bacteria at species level was done by using Analytic Profile 

Index (API) system (Bio-Merieux, France). The antimicrobial susceptibility test was performed 

according to Kirby-Bauer (disk diffusion) technique. The frequency of positive aspiration of hip 

and knee joint infections cultures was 25(65.79%) cases out of 38 hip and knee joint aspiration. 

Out of 25 positive aspirations of hip and knee joint infections cultures, 3(12%) cultures gave mix 

growth of bacteria. Frequency of positive hip and knee joint infections cultures was higher in 

male than female patients, 19(76%) vs. 6(24%) (P-value ≤ 0.05). 

Out of 28 isolated bacteria, Gram positive was the most frequently isolated bacteria in hip and 

knee joint infection cultures, 22(78.6%) vs. 6(21.4%) (P-value < 0.05). Staphylococcus 

epidermidis was the most frequently isolated 13(46.5%) isolates followed by Staphylococcus 

aureus isolates 7(25%). On other hand Pseudomonas aeruginosa was the most frequently isolated 

Gram negative bacteria 3(10.7 %%) in hip and knee joint infection cultures.  

The most effective antibiotic on Gram-positive isolates was Vancomycin which showed 95.5%. 

In Gram negative bacteria the most effective antibiotics were Imipenem (100%) followed by 

Amikacin which showed sensitivity rate 83.33. 
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1. Introduction 
 

Osteomyelitis is the progressive infection of bone and bone marrow by micro-organisms, 

resulting in inflammatory destruction of bone, bone necrosis and new bone formation. Bone 

infections differ with regard to duration, etiology, pathogenesis, extent of bone involvement and 

class of host (1). 

         

Osteomyelitis is generally categorized as acute or chronic based on histopathologic findings, 

rather than duration of the infection. Acute osteomyelitis is associated with inflammatory bone 

changes caused by pathogenic bacteria, and symptoms typically present within two weeks after 

infection. Necrotic bone is present in chronic osteomyelitis, and symptoms may not occur until 

six weeks after the onset of infection (2). 

          

Osteomyelitis infection is based on open wound, haematogenous or direct bacterial inoculation 

inside bone (3). It may be occurring direct inoculation of causative organism in bone. Normal 

bone is highly resistant to infection occur in case of injury, trauma, and existence of foreign 

bodies (4). 

          

Gram-positive (GP) bacteria, especially Staphylococcus, classically cause this disease, but Gram-

negative bacteria have grown in importance as causative agents (5&6). Such importance can be 

explained by the increasing number of orthopedic surgeries with the use of implants and, 

especially, the rising number of high-energy traumas associated with open fractures, as a 

consequence of traffic accidents and war injuries (7&8). Progressively, methicillin-resistant 

Staphylococcus aureus is separated from patients with osteomyelitis (4). Other persistent cases 

may be caused Pseudomonas aeruginosa, Escherichia coli and Staphylococcus epidermidis (9).  

       

 Antibiotic resistance is a constantly evolving phenomenon and a threat to infection and disease 

control; it complicates patient management and treatment strategy and prolongs hospital stays. 

Nowadays, this international public health problem is recognised as one of the scourges of the 

21st century (10). The treatment of osteomyelitis should be based on culturing and in vitro 

antimicrobial susceptibility testing (11). This study was aimed to determine the frequency of 

bacterial isolates from aspiration specimens of osteomyelitis of hip and knee infections and 

study their antimicrobial resistance patterns in patients with hip and knee joint during revision 

arthroplasty at a hospital in Baghdad.  

 

2. Materials and Methods  
 

2.1. Collection of Specimens  

          

A total of 38 aspiration specimens were collected from hip and knee joint during revision 

arthroplasty of patients with osteomyelitis infections in Abn- Sina hospital in Baghdad, Iraq. 

 

2.2. Period of Study 

          

This study was conducted during the period extended from 1 October, 2016 till 1 October, 2017. 
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2.3. Isolation and Identification of Bacterial Isolates 

 
All aspiration specimens from hip and knee joint infections were cultured and the bacteria were 

isolated according to standard microbiology methods (12), then bacteria were identified at 

species level by using Analytic Profile Index (API) system (Bio-Merieux, France), including: 

API Staph for the identification of the Stphylococcus spp, API 20 Strep for the identification of 

the Streptococcus spp, API 20 E which is a standardized identification system for members of 

Enterobacteriaceae family and API 20 NE which is a standardized system for the identification 

of bacteria belong to non Enterobacteriaceae family. 

 
2.4. Antimicrobial Susceptibility Test 

          

The antimicrobial susceptibility test was performed according to Kirby-Bauer (disk diffusion) 

technique (13), using Muller-Hinton agar and different single antimicrobial discs supplied 

commercially (Hi-Media, India) including: Norofloxacin, Doxyccline, Levofloxacin, Amikacin, 

Tobramycin, Oxacillin, Moxifloxacin, Tetracycline, Ampicillin, Erythromycin, Vancomycin, 

Aoxicillin/Clavulanic acid, Aztreonam, Clindamycin, Piperacillin/Tazobbactam, Ceftriaxon, 

Ceftazidime, Cefepime, Ciprofloxacin, Gentamicin, Imipenem, penicillin G and Trimethoprime- 

Sulphamethoxazole. 

          

Inhibition zones developed around the discs were measured by millimeter (mm) using a metric 

ruler according to Clinical Laboratories Standards Institute (CLSI, 2011). Results were read 

according to the National Committee for Clinical Laboratory Standards guidelines (NCCLS) 

(14).  

 

2.5. Statistical Analysis 

         

The analysis was done by SPSS (Statistical Package for Social Sciences) version 16. Categorical 

variables were reported using frequencies and Fisher’s test was used to analyze the significance 

of different observations. For all analysis, statistical significance was considered at highly 

significant level P-value of <0.01, significant level P-value of <0.05 and insignificant level P-

value >0.05. 

 

3. Results and Discussions  

 

3.1. Study Patients 

          

Aspiration specimens were collected from 38 patients with hip and knee joint infections during 

revision arthroplasty in Abn- Sina hospital in Baghdad along a period extended from 1 October, 

2016 till 1 October, 2017.  
 

3.2. Aspiration of Hip and Knee Joint Infections Cultures 

          

The frequency of positive aspiration of hip and knee joint infections cultures that indicates 

bacterial infections in the studied patients was 25 (65.79%) cases out of 38 aspiration specimens 
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from osteomyelitis of hip and knee joint infections. Out of 25 positive aspirations of hip and 

knee joint infections cultures, 3 (12%) cultures gave mix growth of bacteria. 

 
The positive osteomyelitis of hip and knee joint infections cultures were from patients within 

different ages, but according to gender, frequency of positive osteomyelitis of hip and knee joint 

infections cultures was higher in male than female patients, 19(76%) vs. 6 (24%) (P-value ≤ 

0.05) as shown in figure-2.   

 

 
Figure 1: The percentage of male and female with positive hip and knee joint infection cultures 

 

3.3. Frequency of Bacteria among Aspiration of Hip and Knee Joint Infections Cultures 

           

Frequencies of isolated bacteria causing osteomyelitis of hip and knee joint infections in Abn- 

Sina hospital were summarized in table-1. In which, out of 28 isolated bacteria (25 isolates from 

positive osteomyelitis aspiration of hip and knee joint infections cultures plus 3 isolates from mix 

growth), the isolation rate of Gram positive and Gram negative isolates was 22(78.6%) and 

6(21.4%), respectively (figure-2).   

          

From figure-2, Gram positive was the most frequently isolated bacteria in hip and knee joint 

infection cultures, 22(78.6%) vs. 6((21.4%) (P-value< 0.05).  

 

Table 1: Frequency and distribution of bacterial isolates from blood cultures 

Bacterial isolates No. % 

Staphylococcus epidermidis 13 46.5% 

Staphyllococcus aureus 7 25% 

Enterococcus faecalis 2 7.1% 

Pseudomonas aeruginosa 3 10.7% 

Escherichia coli  2 7.1% 

Klebsiella pneumoniae 1 3.6% 

Total 28 100% 

76% 

24% 
male

female
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Figure 2: Numbers of Gram -Positive and Gram –Negative bacteria isolated from osteomyelitis 

of hip and knee joint infection cultures. 

 

As shown in table-1, Staphylococcus epidermidis was the most frequently isolated bacteria in hip 

and knee joint infection cultures, 13(46.5%) isolates followed by Staphylococcus aureus isolates 

7(25%). 

          

It also shown in table-1, that Pseudomonas aeruginosa was the most frequently isolated Gram 

negative bacteria 3(10.7%%) in hip and knee joint infection cultures followed by Escherichia 

coli  2(7.1%). 

          

The diagnosis of pathogen and effective treatment are necessary to prevent complications of 

infections (15). Increasing bacterial resistance is linked with the volume of antibiotic prescribed, 

as well as missing doses when taking antibiotics (16). 

        

In this study, out of 38 aspiration specimens from osteomyelitis of hip and knee joint infections, 

the frequency of positive cultures the studied patients was 25 (65.79%) and Staphylococcus 

epidermidis was the most frequently isolated bacteria is followed by Staphylococcus aureus . In 

comparison with other studies, cultures from joint aspiration and tissue specimen identified 

Staphylococcus aureus and Candida albicans (17). In another study done by (18), showed that 

Gram-positive organisms caused the majority of hip and knee infections. 

 

3.4. Antimicrobial Susceptibility Test 

         

The susceptibility rate to all antibiotics for Gram -Positive and Gram-Negative bacteria was 

summarized in figure-3 and figure-4, respectively. In Gram-Positive bacteria the most effective 

antibiotic was Vancomycin which showed 95.5%. This study also showed a highest resistance to 

penicillin G (95.5 %.) followed by Erythromycin (86.36%). On the other hand, the bacterial 

isolates were revealed different degrees of resistance towards remaining antibiotics figure-3. 

 

22 

6 
Gram positive bacteria
Gram negative bacteria
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Figure 3: Resistance patterns of Gram-positive isolated bacteria towards various antibiotics 

         

In Gram-Negative bacteria, the most effective antibiotics the isolates were Imipenem (100%) 

followed by Amikacin which showed sensitivity rate 83.33. On the other hand, the Gram-

Negative bacteria were revealed different degrees of sensitivity towards remaining antibiotics as 

shown in figure-4. 

 

 
Figure 4: Resistance patterns of Gram-negative isolated bacteria towards various antibiotics 

 
This study showed that Vancomycin was the most effective antibiotic against Gram-Positive 

bacteria while penicillin G showed the highest resistance rate, in other hand the most effective 

antibiotics was Imipenem (100%) against Gram-Negative bacteria. In comparison with other 

studies, one study found that 88% of the bacteria isolated from hip and knee infections were 

sensitive to gentamicin; 96%, to vancomycin; and 61%, to cefazolin (18).   
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