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Prosthetic joint infection (PJI) is a serious complication of prosthetic joint implantation with a prevalence
of about 1-2 % of all prosthetic joint surgeries. While Staphylococcus spp. are the most common
organisms isolated, Salmonella spp. are a rare cause of PJI (estimated prevalence < 0.3 %). We present a
case of a 62-year-old patient with a history of previous joint trauma complicated by osteonecrosis,
infection and chronic alcohol abuse with late hematogenous prosthetic hip infection due to Salmonella
enterica serovar Enteritidis. PJI due to Salmonella spp. should be considered in the differential diagnosis
when a patient has risk factors such as malignancy, hemoglobinopathies, diabetes mellitus, human
immunodeficiency virus/acquired immunodeficiency syndrome, alcohol dependency or immunosup-

pressed state, even without significant preceding gastrointestinal symptoms. Our patient had a few of
these risk factors and required surgical debridement in addition to antimicrobials for treatment of his PJI.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Prosthetic joint infection (PJI) is a serious complication of
prosthetic joint implantation. While Staphylococcus spp. are the
most common organisms isolated, Salmonella spp. are a rare cause
of PJI. We present a case of a 62-year-old patient who developed
late hematogenous prosthetic hip infection due to Salmonella
enterica serovar Enteritidis.

Case report

A 62-year-old African American male with a past medical
history of severe osteoarthritis requiring bilateral hip arthroplas-
ties, alcohol dependence, schizophrenia and chronic untreated
hepatitis C presented with a six-day history of acute left hip pain.
The patient’s history was significant for a fracture of the left hip
prosthesis 3 years prior requiring open reduction and internal
fixation (ORIF) with a course complicated by polymicrobial joint
infection with methicillin resistant Staphylococcus aureus (MRSA),
Enterobacter cloacae complex and Pseudomonas aeruginosa. He was
treated with irrigation and debridement of the joint with retention
of hardware followed by a six weeks course of intravenous
antimicrobial therapy. He was not placed on any chronic
antimicrobial suppression. He continued to do well until his
current presentation to the hospital with acute left hip pain.
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The patient denied any preceding trauma, fevers, chills, skin
changes, vomiting or diarrhea but complained of abdominal pain
and nausea. He reported drinking 6 alcoholic drinks per day,
smoking 10 cigarettes a day with a 52-pack year history, and
denied any intravenous drug use. He lived in the Midwest United
States and denied any recent travel, sick contacts, pets, or contact
with farm animals.

Vitals signs were notable for a blood pressure 94/68 mmHg,
pulse 112 beats/min, respiratory rate 16 respirations/min and
temperature 36.6 C. Physical examination noted a thin, cachectic
male with tenderness to palpation and decreased passive and
active range of motion of the left hip. There were no open wounds
or drainage noted at the hip. Laboratory tests revealed a white
blood cell count (WBC) 9300/l (normal 3,700-10,500/pL),
creatinine 1.1 mg/dL (normal 0.6-1.2 mg/dL), C-reactive protein
17.3 mg/dL (normal <0.5 mg/dL). Left hip X ray revealed sclerotic
lesions concerning for osteonecrosis, as well as presence of
orthopedic hardware (Fig. 1). Left hip arthrocentesis revealed
synovial fluid with a glucose 2 mg/dL, total protein 5.1 mg/dL, and
nucleated cell count 185,988 /L with 94 % neutrophils. Gram stain
demonstrated Gram-negative rods. The patient was started on
piperacillin-tazobactam.

Both blood cultures and synovial fluid grew Salmonella spp.,
which was eventually identified as S. enterica serovar Enteritidis,
and he was diagnosed with late onset hematogenous PJI due to S.
enterica serovar Enteritidis. Repeated blood culture remained
negative. His antimicrobial was changed to ceftriaxone, based on
susceptibility results (Table 1). As additional work up, he
underwent computed tomographic angiography of the chest,
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Fig. 1. X-ray of the left hip showing arthroplasty with long stem implant and
cerclage wires with cortical gap and no significant bone bridging in the proximal
shaft. There were erosive lesions in the proximal shaft/metaphysis of the femur
with prominent heterotopic ossification. Sclerotic lesions in the distal shaft of the
femur is concerning for osteonecrosis.

Table 1
Salmonella enterica serovar Enteritidis susceptibility.

Salmonella enterica serovar Enteritidis

Antimicrobial MIC/Interpretation

Ampicillin 2.0 pg/mL/Susceptible

Ceftriaxone 0.12 pg/mL/Susceptible
Ciprofloxacin 0.03 pg/mL/Susceptible
TMP-SMX 0.12 pg/mL/Susceptible

abdomen and pelvis, which revealed no sign of enteritis, abscess or
endovascular disease. Approximately a week after his admission,
right upper quadrant abdominal pain developed, and evaluation
revealed acute cholecystitis, necessitating cholecystectomy. Or-
thopedic surgeons deferred surgical intervention in the setting of
recent cholecystectomy as well as his multiple comorbidities. His
left hip pain significantly improved with ceftriaxone and he was
discharged to a rehabilitation facility with a plan to continue a
course of 6 weeks of ceftriaxone.

At his follow up, he was transitioned to oral trimethoprim-
sulfamethoxazole (TMP-SMX) as a chronic suppressive therapy, as
he had not had any debridement surgery and had a retained
prosthesis. He had adverse events associated with TMP-SMX (rash
and hyperkalemia) necessitating transition to amoxicillin. Approx-
imately 10 months after his initial first presentation, he presented
with progressive worsening of left hip pain with decreased weight
bearing capacity. A repeat left hip arthrocentesis revealed
nucleated cell count 18,570/.L with 90 % neutrophils and cultures
showing S. enterica serovar Enteritidis. Left hip X-ray showed
orthopedic hardware with loosening and fractured screw at the
acetabular component of his left total hip arthroplasty (Fig. 2).
During this second admission, he underwent resection of the
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Fig. 2. X-ray of the left hip showed arthroplasty with long stem implant and
cerclage wires with cortical gap and no significant bone bridging in the proximal
shaft. There is evidence of acetabular screw fracture and acetabular component
loosening.

acetabular component of the hip with retention of the well-fixed
femoral stem. The patient was treated with 6 weeks of intravenous
ceftriaxone following his surgery. At follow up, the patient’s pain
was significantly better and given the retained femoral stem the
decision was made to transition him to amoxicillin indefinitely for
suppression.

Discussion

The present case underscores the importance of being aware
that Salmonella species can cause PJI and highlights that the
infection can happen without any preceding gastrointestinal
manifestations. The number of total joint arthroplasties proce-
dures has been steadily increasing over the past several decades,
linked to a rapidly aging population in the United States. More than
1 million total hip and knee arthroplasties are done annually. The
total number of arthroplasties is expected to increase to 3.48
million by 2030 [1]. Prosthetic joint infection is one of the most
dreaded complications of total joint arthroplasty, and it is seen in 1
%-2 % arthroplasty recipients [2]. Pl increases healthcare costs and
morbidity because of prolonged hospitalizations, complex and
prolonged antimicrobial therapies and serious impairment in
quality of life for the patient [2-8].

PJls can be classified based on time of onset after the
implantation. PJI is classified as early when presentation is within
3 months of implantation; ‘delayed’ when presentation is between
3 and 24 months; and ‘late’ if presentation is greater than 24
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months after implantation [5]. The most common causative agents
of PJI are Gram-positive organisms such as Staphylococcus spp. and
Streptococcus spp. Gram-negative organisms constitute <10 % of all
episodes of PJI [4,5,7,8], with Escherichia coli and Pseudomonas spp.
being most commonly identified [8]. Salmonella spp. as a causative
organism of PJI is rare [2-4,7-11] and the prevalence of PJI due to
Salmonella spp. is reported less than 0.3 % of all cases of PJI [12].
Salmonella enterica serovar Typhimurium and Salmonella enterica
serovar Enteritidis are the species most commonly linked to bone
and soft tissue infections [2,4].

Salmonella infections are classically associated with gastroen-
teritis syndromes caused by ingestion of contaminated food,
poultry, milk and egg products [7]. However our patient did not
have any clear preceding gastrointestinal complaints similar to
other cases reported in the literature [2-4]. The source of his
Salmonella bacteremia was not evident to us. However, it is notable
that patient had acute abdominal symptoms during the hospitali-
zation requiring cholecystectomy. We postulate he may have had
mild gastroenteritis previously unnoticed and may have developed
acute acalculous cholecystitis as a complication of this gastroen-
teritis and bacteremia.

Salmonella can infect any prosthetic joint, however a review of
the literature notes that the hip is the most commonly affected
joint as was the case in our patient [8,13]. Approximately 45 % of
patients with Salmonella PJI had predisposing risk factors such as
diabetes mellitus, hemoglobinopathies (sickle cell being a com-
mon association), HIV/AIDS or other immunosuppressed state
(e.g., chronic corticosteroids use, history of solid organ transplan-
tation, use of TNF-alpha inhibitors), malignancy, malnutrition and
alcoholism [2-5,7,8,10-12,14-16]. Although our patient was not
clearly immunosuppressed, he had an alcohol use disorder and was
malnourished as evidenced by his cachexia. Hematogenous spread
is the most common route of joint seeding, especially in late PJI
[2,4]. A rare case of intraoperative inoculation leading to an early
joint infection has been described and it was unknown if this
patient was a chronic carrier of the organism [2].

Treatment of Salmonella PJI includes antimicrobials and surgery
[12,17,18]. Antimicrobials commonly prescribed for these infec-
tions include fluoroquinolones or third generation cephalosporins.
Other reasonable antimicrobial alternatives include trimethoprim-
sulfamethoxazole and ampicillin. However, reduced susceptibility
and resistance to fluoroquinolones and third generation cepha-
losporins are being reported [19]. Surgical treatment depends on
the clinical presentation and duration of symptoms in the patient.
Acute infections (symptoms less than three weeks) can be treated
with debridement and retention of the prosthesis, and chronic
infections (> 3 weeks of symptoms) may require one-stage or two-
stage revisions arthroplasties. Salmonella spp. are known to form
biofilms and this feature likely plays a role in the pathogenesis and
impacts management of PJI [8]. Oe et al. reported the success rate
of control of infection without removal of the infected implant to
be 27-40 % [12]. Our patient did not undergo any surgical
intervention in the acute period and presented with treatment
failure requiring surgery. The surgeons were unable to perform one
or two stage exchange due to his comorbidities, and he had
retained hardware necessitating chronic antimicrobial suppres-
sion. The risk of failure with retention of prosthesis rises after
discontinuation of antimicrobials, but extending the duration of
antimicrobial therapy may simply postpone, rather than prevent
failure [7].

In conclusion, Salmonella spp. are capable of causing PJL
Although rare, Salmonella spp. should be included in the differen-
tial diagnosis when a patient has risk factors such as malignancy,
hemoglobinopathies, diabetes mellitus, HIV/AIDS, alcohol depen-
dency or immunosuppressed state, even without significant
preceding gastrointestinal symptoms.
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