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            Abstract

            
               
Citrobacter generally colonizes the gastrointestinal and urogenital tracts of humans, but musculoskeletal infection by Citrobacter
                  in the elderly is extremely rare. To our knowledge, less than 15 cases of C. koseri causing musculoskeletal infection have been reported in the literature. In the last few years, there has been a considerable
                  increase in the incidence of prosthetic knee joint infection in the United States, with a higher risk of infection in the
                  first two years following surgery. Although gram-positive bacteria like Staphylococcus and Streptococci are more common cause
                  of PJI, gram-negative bacteria can also be found in infected joints. We report the first case of PJI in the left knee due
                  to C. koseri in an 82-year-old adult two years after bilateral knee arthroplasty. This case report intends to educate and raise awareness
                  for C. koseri causing PJI as a long term post-op complication even in healthy individuals. 
               

               We searched articles on Pubmed and Medline for PJI and citrobacter infection. We report clinically and microbiologically confirmed
                  C. koseri in a synovial fluid sample of the left knee joint. C. koseri should be considered as a possible pathogen for PJI in long term setting even in an otherwise healthy individual.
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               Learning Points

            
                  
                  	
                     Citrobacter koseri has never been reported as a causal pathogen for PJI in the knee. 
                     

                  

                  	
                     PJI is a serious complication and it is unusual for this to occur 3 years after surgery. C. koseri being a resistant bacterium necessitates prompt treatment with the appropriate antibiotics and removal of the hardware. 
                     

                  

                  	
                     Despite being a commensal organism in humans, the source and risk factors that lead to C. koseri infection in an otherwise healthy adult remain unknown. 
                     

                  

               

            

         

         
               Case Presentation

            An 82-year-old obese man with a past medical history of diabetes mellitus, hypertension, and osteoarthritis presented to an
               outpatient orthopaedic clinic with progressive worsening pain and swelling in the left knee for the one month.(Figure  1) During this time, he also complained of inability to bear weight on his left leg and difficulty while walking. He denied
               any fever, chills, redness, or edema. He had a past surgical history of bilateral knee arthroplasty three years prior for
               severe osteoarthritis and was on apixaban. He was not on any immunosuppressive medications. Radiographic imaging of the left
               knee was positive for effusion.(Figure  2, Figure  3) Serologic testing was ordered and the patient underwent knee joint aspiration for cell count and culture. 
            

            One week later, the patient presented to the emergency department with confusion, myalgia, left-sided weakness, and limited
               mobility of the left knee joint for 12 hours. Computed tomography and magnetic resonance imaging of the head were negative
               for cerebrovascular accidents. As he reported improved neurological symptoms within a few hours, a Transient ischemic attack
               was suspected. However, the patient's left knee was swollen, warm, tender to palpation or bear weight. On examination, the
               left knee was held at 30 degrees of flexion, with a limited range of motion, and the patient was unable to turn the opposite
               side or cross the legs. He denied habitual alcohol or tobacco use. Vitals on admission demonstrated a temperature of 97.8
               fahrenheit, a heart rate of 68 beats per minute, a blood pressure of 169/69 mmHg, and an oxygen saturation of 99% in room
               air. Blood and synovial fluid results are shown in Table  1. Synovial fluid was sent for culture, and grew Citrobacter koseri, which was susceptible to cefazolin, gentamicin, and amoxicillin/clavulanate. Blood culture was sent and revealed no growth.
               The patient was started on ceftriaxone, and repeat arthrocentesis was performed for symptomatic relief. One week later, the
               patient was scheduled for a two-step revision surgery to remove the prosthesis. 
            

            
                  
                  Table 1

                  Laboratory results of blood and synovial fluid sample from the patient

               

               
                     
                        
                           	
                              
                           
                            Lab findings on admission

                           
                        
                        	
                              
                           
                            Values (unit)

                           
                        
                     

                     
                           	
                              
                           
                            Blood:

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            White Blood Count (WBC)

                           
                        
                        	
                              
                           
                            10,300 /mm3 
                           

                           
                        
                     

                     
                           	
                              
                           
                            Neutrophils 

                           
                        
                        	
                              
                           
                            8,600/mL

                           
                        
                     

                     
                           	
                              
                           
                            Platelets

                           
                        
                        	
                              
                           
                            295,000/L 

                           
                        
                     

                     
                           	
                              
                           
                            Erythrocyte Sedimentation Rate (ESR)

                           
                        
                        	
                              
                           
                            106 mm/hr

                           
                        
                     

                     
                           	
                              
                           
                            C-reactive protein

                           
                        
                        	
                              
                           
                            69.2 mg/L

                           
                        
                     

                     
                           	
                              
                           
                            Synovial Fluid:

                           
                        
                        	
                              
                           
                            

                           
                        
                     

                     
                           	
                              
                           
                            Color

                           
                        
                        	
                              
                           
                            Hazy-yellow

                           
                        
                     

                     
                           	
                              
                           
                            Red Blood Count

                           
                        
                        	
                              
                           
                            >15,000/mm3 

                           
                        
                     

                     
                           	
                              
                           
                            Total Nucleated Cells

                           
                        
                        	
                              
                           
                            >35,830/mm3

                           
                        
                     

                  
               

            

            

            
                  
                  Figure 1

                  Swollen left knee joint
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                  Figure 2

                  Antero-posterior X-ray view of left knee joint
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                  Figure 3

                  Lateral X-ray of left knee joint
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               Discussion

            Knee arthroplasty is the most common joint replacement surgery in the United States, and associated with a 2.3% incidence
               of knee PJI.1, 2, 3 To our knowledge, C. koseri has not yet been reported in the literature to cause prosthetic knee joint septic arthritis.4 The most common PJI causing organisms include aerobic gram-positive bacteria, followed by aerobic gram-negative bacteria,
               particularly pseudomonas and enterobacteriaceae. Citrobacter is a gram-negative bacillus in the Enterobacteriaceae family.
               It is known to cause paediatric central nervous system infections. However, in adults, the majority of cases are reported
               among immunocompromised or hospitalised post-surgical patients.5 Till date, there has been no case reported in the literature by C. koseri responsible for prosthetic knee joint infection three years after the surgery. 
            

            Kaufman et al.5 reported a case of early periprosthetic infection after 3 weeks of primary total hip arthroplasty that revealed C. koseri in the patient's deep tissues. In a study by Maynou et al.,6 C. koseri was identified as the pathogenic organism that caused infected shoulder arthroplasty requiring resection arthroplasty. The
               source of infection remains unclear; however, the urinary tract, lower respiratory tract, and gastrointestinal tract are the
               most common sites colonised by Citrobacter species in humans.7 Bacteremia due to this microorganism has been implicated in some cases of neonatal septicemia.8 Various risk factors have been identified for PJI, including poorly controlled diabetes mellitus, tobacco use, malnutrition,
               and obesity, which are all modifiable.9 In our case, the patient had a long-standing history of diabetes and obesity but was on no immunosuppressive medications
               and was otherwise healthy. Though there is no single cause for increased susceptibility to infection in the postoperative
               period, various patient-related factors have been identified that can reduce the risk of PJI. A high HbA1c level has been
               significantly associated with increased infection susceptibility; hence, optimal glycemic control (less than 7.0) and the
               upper range of blood glucose levels should be maintained at less than 180 mg/dl in the postoperative period. Further, patients
               should be screened for other features of the metabolic syndrome, including BMI >30kg/m2, central obesity, hyperlipidemia,
               hyperglyceridaemia, and hypertension. Similarly, malnutrition also poses an increased risk, and investigations including total
               lymphocyte count <1500 cells/mm3, transferrin < 200 mg/dl, and serum albumin <3.5g/dl can identify patients at risk. Tobacco
               use, low vitamin D levels (20 ng/dl), and positive MRSA have been shown to increase the risk of infections during the perioperative
               and postoperative periods. Although aspirin use for 30 days after surgery is recommended, aggressive anticoagulation should
               be avoided except in high-risk patients with a history of thromboembolism or clotting disorders.9

            Accurate diagnosis is necessary to rule out non-infectious joint failure. Blood tests and inflammatory markers can aid in
               the diagnosis; however, arthrocentesis remains the gold standard. Synovial fluid should be cultured ideally both aerobically
               and anaerobically. The significance of imaging remains unclear as it does not help identify the pathogen. During surgery,
               joint tissue and hardware specimens should be sent for cultures. 
            

            Source control with surgery and appropriate antibiotic therapy remain the mainstay of treatment. For acute infections, debridement
               and antibiotics with implant retention may be tried but in a majority of cases a resection arthroplasty of either one stage
               or two stage revisions is required. Intravenous antibiotic therapy is recommended for 6-12 weeks.2 S. Mohanty et al. reported a high degree of resistance by Citrobacter species to cephalosporins, piperacillin and ciprofloxacin,
               and minimum resistance to carbapenems.7 In our case, the synovial specimen was sensitive to cefazolin, therefore, the patient was transitioned to ceftriaxone for
               2 weeks following which he was scheduled for hardware removal with spacer placement and was discharged on antibiotics with
               possible second revision surgery for new joint replacement in the future. Being a resistant organism, the majority of the
               cases need prompt removal of the infected hardware.
            

         

         
               Conclusion

            PJI can lead to functional impairment and financial burden to both patients as well as the healthcare system. In cases of
               PJI 2 years after total knee arthroplasty, atypical organisms like Citrobacter should be considered with high suspicion in
               patients with risk factors. Early recognition is important and an operative approach should be provided for the best outcomes.
               Orthopaedic surgeons and infectious disease physicians should be consulted for atypical organisms such as Citrobacter koseri, which can cause PJI years after surgery. 
            

         

         
               Consent

            Consent has been taken by the patient to write regarding details of the case, use the images and publish the article.

         

         
               Source of Funding

            None.

         

         
               Conflict of Interest

            There are no conflicts of interest.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Ayoade, F, Li, DD, Mabrouk, A & Todd, JR,   (2022).  Prosthetic Joint Infection (Internet).  Treasure Island (FL): StatPearls Publishing.  
                     

                  

                  
                     
                        2 
                              

                     

                     Patel, R,   (2023). Periprosthetic Joint Infection. N Engl J Med, 388(3), 251–62.
                     

                  

                  
                     
                        3 
                              

                     

                     Premkumar, A, Kolin, DA, Farley, KX, Wilson, JM, Mclawhorn, AS & Cross, MB,   (2021). Projected Economic Burden of Periprosthetic Joint Infection of the Hip and Knee in the United States. J Arthroplasty, 36(5), 1484–9.
                     

                  

                  
                     
                        4 
                              

                     

                     Kwaees, TA, Hakim, Z, Weerasinghe, C & Dunkow, P,   (2016). Musculoskeletal infections associated with Citrobacter koseri. Ann R Coll Surg Engl, 98(7), 446–9.
                     

                  

                  
                     
                        5 
                              

                     

                     Kaufman, AM, Watters, TS, Henderson, RA, Wellman, SS & Bolognesi, MP,   (2011). Citrobacter koseri as a cause of early periprosthetic infection after primary total hip arthroplasty. J Arthroplasty, 26(6), 978. 10.1016/j.arth.2010.10.004

                  

                  
                     
                        6 
                              

                     

                     Maynou, C, Ménager, S, Senneville, E, Bocquet, D & Mestdagh, H,   (2006). Clinical results of resection arthroplasty for infected shoulder arthroplasty. Rev Chir Orthop Reparatrice Appar Mot, 92(6), 567–74.
                     

                  

                  
                     
                        7 
                              

                     

                     Mohanty, S, Singhal, R, Sood, S, Dhawan, B, Kapil, A & Das, BK,   (2006). Citrobacter infections in a tertiary care hospital in Northern India. J Infect, 54(1), 58–64.
                     

                  

                  
                     
                        8 
                              

                     

                     Christo, GG, Mathai, J, Nalini, B, Baliga, M & Venkatesh, A,   (1990). Neonatal citrobacter sepsis: clinical and epidemiological aspects. Indian J Pediatr, 57(6), 781–4.
                     

                  

                  
                     
                        9 
                              

                     

                     Alamanda, VK & Springer, BD,   (2019). The prevention of infection: 12 modifiable risk factors. Bone Joint J, 101(1), 3–9.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      A rare first case of prosthetic knee joint infection by 


      
        		
          Content
        


      


    
  

