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Abstract
BACKGROUND
Urinary tract infection (UTI) is one of the most common bacterial infections. Acute pyelonephritis or upper urinary tract infection is often accompanied by bacteremia; however, bacteremia resolves in most cases without complication. Rarely, complications due to bacteremia occur. One of these is osteomyelitis. It mainly affects the lumbar vertebral bodies, and rarely affects other site.

CASE SUMMARY
An 80-year-old woman presented to the hospital with a two-month history of pain in both legs. Two months ago, she was admitted to the hospital for fever, flank pain, and urinary frequency and was diagnosed with bacteremic UTI. During hospitalization, she complained of pain in both legs; however, the pain resolved shortly after, and no abnormalities were observed on physical examination. Therefore, she was placed on 2-wk antibiotic therapy for UTI without further evaluation for leg pain. However, pain recurred after discharge and persisted; therefore, an imaging test was performed. Bone scan and magnetic resonance imaging suggested osseous infection in both femurs, tibiae and patellae. Surgical treatment was performed, and tissue- and bone cultures revealed Escherichia coli, a previously observed pathogen, which demonstrated same antibiotic sensitivities, as noted in previous UTI. She was diagnosed with disseminated osteomyelitis, as a complication of UTI, and was placed on an 8-wk antibiotic therapy.

CONCLUSION
Indication for osteomyelitis should be high regardless of bone pain at sites other than lumbar spine after or during UTI.
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Core tip: Osteomyelitis caused by urinary tract infections rarely occurs, and most cases involve the lumbar vertebral bodies. The involvement of sites other than the lumbar vertebrae has only been reported in a few cases. This study presents a rare case of disseminated osteomyelitis (involving bilateral femur, knee and tibia) caused by urinary tract infection (UTI) in an immunocompetent patient. Escherichia coli was isolated from both surgically excised tissue and bone cultures, and demonstrated same antibiotic sensitivities, as observed in the previous UTI. This case highlights that osteomyelitis after UTI can occur at sites other than the lumbar spine.

INTRODUCTION
Urinary tract infection (UTI) is one of the most common bacterial infections, and it is often accompanied by bacteremia. Nevertheless, metastatic infection or complication due to bacteremic UTI is rare[1]. Rarely, osteomyelitis can occur in the context of a UTI[2]. Most cases involve lumbar vertebral bodies; there are only a few reports involving the non-vertebral bones in the literature. Only one case reported of multifocal osteomyelitis, including both femur and tibia in a renal allograft patient after urosepsis[3]. We present the first case of both femur and tibia osteomyelitis after UTI caused by Escherichia coli (E. coli) in a previously healthy patient.

CASE PRESENTATION
Chief complaints
An 80-year-old woman presented to the hospital with a two-month history of pain in both legs.

History of present illness
Two months ago, pain initially manifested in both legs during hospitalization for UTI. The pain was vague, heavy and diffuse, ranging from the knee to the pelvis. Because the pain shortly resolved and no abnormalities were observed on physical examination, no further evaluation was performed for the leg pain. She was placed on a 2-wk antibiotic therapy for UTI. Subsequently, she was discharged and the antibiotic was discontinued because of improvements in clinical symptoms (to normal), as demonstrated by laboratory examinations. However, after discharge, the pain recurred and worsened over time.

History of past illness
The patient had a 10-mo history of hypertension with medication.

Physical examination
On admission, the patient’s vital signs were within normal range. She complained of diffuse tenderness in both lower extremities, without definite erythema, warmth, or edema. Muscular strength in both legs was normal, and there were no limitations of movement.

Laboratory examinations
Complete blood count revealed normal white blood cell count (WBC), with a neutrophil percentage slightly elevated at 73.4%. Serum C-reactive protein levels significantly increased to 112.82 mg/L (normal range 0-5 mg/L) and the erythrocyte sedimentation rate was 33 mm/h. Other biochemistries and urinalysis were normal. Knee joint aspiration revealed WBC of 24000/μL [PMN (polymorphonucleocytes) 90%] and RBC of 100/μL.

Imaging examinations
Physical examination revealed no prominent local inflammation; however the pain did not resolve continuously. So, bone scan was performed, and revealing diffuse increased uptake in the shaft of both femurs (more severe in the left than the right) and the periarticular bones of both knee joints (Figure 1). Because these findings can be equally observed in the context of tumors and osseous infections, magnetic resonance imaging (MRI) was performed. 
Large intramedullary lesions with diffuse irregular contours were observed in both mid- to distal femurs, both proximal tibiae, and both patellae. Multiple T2 high and T1 low SI fluid collections with peripheral thick enhancement were observed, extending from diaphysis to epiphysis. Diffuse enhancement of surrounding soft tissue was observed along the periosteum with focal cortical disruption in the medial portion of the supra-condyle of the right femur (Figure 2).

Further diagnostic work-up
An imaging test suspected osseous infection and involvement of the knee joint, we performed joint aspiration and cultures. The joint fluid analysis revealed WBC of 24000/μL (PMN 90%), RBC of 100/μL, and culture-negative. Considering the MRI findings, the possibility of osseous infection was high. Exclusion of bone tumor through histopathological examination was necessary for the following reasons: (1) the involvement of bones other than the lumbar vertebrae is rare in adult osteomyelitis caused by the hematogenous spread of infection; and (2) increased uptake on bone scan can similarly be observed in bone tumor. 
       Surgical drainage and biopsy were performed. Gross examination revealed grey colored pus-like discharge and inflammatory tissue in the femoral medulla, and periosteal reactions were observed in the cortex. Extended-spectrum beta-lactamases (ESBL)-producing E. coli was observed in tissue- and bone cultures. This bacterium was the previously observed pathogen, which demonstrated same antibiotic sensitivities, as observed in the previous UTI. Similarly, pathological findings indicated acute osteomyelitis.

FINAL DIAGNOSIS
The final diagnosis of this case was bilateral femur, knee, and tibia osteomyelitis due to UTI caused by ESBL-producing E. coli.

TREATMENT
Initially, the patient was exclusively treated with intravenous antibiotics (meropenem, 1 g every 8 h for 4 wk); however, clinical symptoms and inflammatory markers did not improve. Medical treatment failure had to be differentiated from bone tumor, and surgery was performed. Incision and drainage, antibiotics bead insertion was performed because the surgical findings indicated osseous infection. We did not perform extensive debridement. Because the lesions were extremely wide, and if all the lesions were removed, the patient would be disabled. Following surgical drainage, she was placed on long-term antibiotic therapy (meropenem, 1 g every 8 h for 8 wk).

OUTCOME AND FOLLOW-UP
After the completion of intravenous antibiotic therapy, symptoms and inflammatory markers improved to normal. At a follow-up visit 1 year after surgery, the patient was asymptomatic. Bone scan revealed complete remission of the multifocal increased uptake.

DISCUSSION
Osteomyelitis is a bone infection that can be associated with severe sequelae if not diagnosed early and treated properly. Osteomyelitis can be classified into hematogenous and non-hematogenous (contagious and by direct inoculation), based on the route of entry. Hematogenous osteomyelitis accounts for approximately 20% of adult osteomyelitis; the most common site of infection is vertebrae in adults and femur and tibia in children[4]. Gram-positive bacteria, such as Staphylococcus aureus are the most common causative agents. Osteomyelitis caused by gram-negative bacilli is rare; most cases of contagious spread occur in the context of predisposing factors, such as open fracture, vascular insufficiency, prothesis, immunosuppression, or underlying joint disease[5,6]. Very rarely, gram-negative vertebral osteomyelitis of hematogenous origin has been reported in the elderly[7]. A common port of entry is the urinary tract[8]. Osteomyelitis secondary to UTI in adults usually involves the lumbar vertebrae, although there are a few rare cases of other involved bones (cervical spine, sternum, and ribs, among others)[2,5,9]. Only one case have been reported in a patient who developed both femur and tibia osteomyelitis due to UTI, and this patient was a renal allograft recipient[3]. There have been no reports of bilateral femur, knee and tibia osteomyelitis caused by hematogenous infection in an immunocompetent patient. 
Multifocal uptake in bone scan can be observed not only in osseous infection but also in bone tumors, such as osteosarcoma and osteochondroma. Therefore, in this case, additional imaging (MRI) and histological confirmation were performed. The surgical and pathological findings indicate acute osteomyelitis. E. coli was observed in tissue and bone cultures. 
In addition to UTIs, infections of the biliary tract, gastrointestinal tract and female genital tract can similarly be possible sources of E. coli osteomyelitis. Nevertheless, the organism cultured from her bones appeared to be identical to 
that which caused the previous bacteremic UTI. No other possible focus was observed. Possibly, bacteria seeded her bones during the previous hospitalization for UTI. Two weeks of antibiotic therapy is sufficient for the treatment of simple bacteremia and UTIs; however, it is insufficient to eradicate the foci of bone infection. Her symptoms may have improved transiently in response to antibiotic treatment and recurred after the termination of antibiotics. 
There are several classification systems used for osteomyelitis. Among them, the Cierny-Mader staging system (Table 1) is the most clinically relevant. This system stratifies hosts into three categories (A-C) based on physiologic comorbidities and designates four anatomic stages of infection that are combined to produce 12 classifications[4,10]. Generally, treatment of osteomyelitis should be accompanied by surgical drainage alongside antibiotic treatment; however, in the case of hematogenous spread of osteomyelitis, surgical treatment is generally unnecessary[11]. 
Because of the patient’s poor response to antibiotic treatment alone, her anatomical stage was type IV, and we were obliged to exclude bone tumor. For these reasons, surgery was performed along with antibiotic treatment. She was successfully treated with surgical drainage and eight weeks of long-term antibiotic treatment.

CONCLUSION
As the number of elderly patients continues to increase, complications of UTI are equally increasing. Nevertheless, osteomyelitis due to UTI is rare, and infection of bones other than the lumbar vertebrae remains rare. We reported the first case of bilateral femur, knee and tibia E. coli osteomyelitis secondary to a UTI in an immunocompetent adult. Early diagnosis and prompt treatment is important for prognosis. Because of vague symptoms and unspecific findings, diagnosis can be delayed more than three months in up to 50% of vertebral osteomyelitis cases[12]. The index of suspicion for osteomyelitis should be high even if there is bone pain at sites other than lumbar spine after or during a UTI. 
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Figure 1 Tc-99m bone scan. A: Diffuse increased uptake in the shaft of bilateral femurs (more severe in the left than on the right) and periarticular bones of bilateral knee joints; B: Blood pool phase (first row) revealing increased uptake in both femur shafts and knees; bone phase (second and third row) illustrates increased uptake in the same bones and joints. 
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Figure 2 Magnetic resonance imaging. Diffuse irregular contours from a large intramedullary lesion are observed in both mid- to distal femurs (A), both proximal tibiae (B) and both patellae (C) (arrow head). There are T2 high and T1 low SI multiple fluid collection, from the diaphysis to the epiphysis and along the periosteum (arrow). These findings indicate osteomyelitis.

Table 1 Cierny-Mader staging system
	Anatomic type
	Physiologic class

	Stage 1: Medullary osteomyelitis
	A Host: Normal host

	Stage 2: Superficial osteomyelitis
	B Host: Systemic compromise (Bs)

	Stage 3: Localized osteomyelitis
	  Local compromise (Bl)

	Stage 4: Diffuse osteomyelitis
	  Systemic and local compromise (Bls)

	
	C Host: Treatment worse than the disease

	Systemic or local factors that affect immune surveillance, metabolism and local vascularity

	Systemic (Bs)
	Local (Bl)

	 Malnutrition
	 Chronic lymphedema

	 Renal, hepatic failure
	 Venous stasis

	 Diabetes mellitus
	 Major vessel compromise

	 Chronic hypoxia
	 Arteritis

	 Immune disease
	 Extensive scarring

	 Malignancy
	 Radiation fibrosis

	 Extremes of age
	 Small vessel disease

	 Immunosuppression or neuropathy
	 Complete loss of sensation

	 Immune deficiency
	 Tobacco abuse
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