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Prosthetic joint infections (PJIs) are typically caused by Staphylococcus aureus and coagulase-negative
Staphylococci species. Corynebacterium species are microorganisms of the human skin and mucous
membranes that are often considered contaminants when grown in culture. In the past, Corynebacterium
species were often classified as diphtheroids based on growing as gram-positive rods in aerobic envi-
ronments, but with advances in technology, the identification of Corynebacterium species has improved.
Corynebacterium can cause infection, but there are few case reports of orthopaedic infection. We present
3 cases of total hip arthroplasty and 3 cases of total knee arthroplasty PJI caused by Corynebacterium
species. We found a high failure rate of surgical treatment of Corynebacterium PJI, defined as reoperation
for infection. This information adds to the limited literature on these organisms in total joint arthroplasty
PJI.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Total hip arthroplasty (THA) and total knee arthroplasty (TKA)
reliably relieve pain from osteoarthritis. One of the dreaded com-
plications for both patients and surgeons is prosthetic joint infection
(PJI). PJIs have a large economic burden [1], and they are associated
with both morbidity and possibly mortality for the patient [2,3].
Treatments for PJI typically include debridement, antibiotics, and
implant retention (DAIR); one-stage exchange arthroplasty; or
2-stage exchange arthroplasty. The most commonly identified
pathogens causing PJI are gram-positive cocci, specifically Staphy-
lococcus aureus and coagulase-negative Staphylococci species [4].

Corynebacterium species are ubiquitous microorganisms of the
human skin and mucous membranes and when isolated from
various clinical samples are typically considered contaminants.
However, Corynebacterium has increasingly been recognized as the
causative pathogen in many clinical scenarios. Historically,
am, NC 27710, USA. Tel.: þ1-
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distinguishing between Corynebacterium species has been chal-
lenging as many biochemical tests are required and many were
simply classified as diphtheroids based on growing as gram-
positive rods in aerobic environments. However, the increasing
presence of matrix-assisted laser desorption ionization-time of
flight mass spectrometry has made identification of Corynebacte-
rium species fast, cheap, and accurate [5]. As a result, many cultures
that may have previously been identified as diphtheroids are now
being identified as a particular Corynebacterium species.

Corynebacterium species are responsible for many types of in-
fections including, but not limited to, skin and soft-tissue in-
fections, pneumonia, postsurgical infections, urinary tract
infections, prostatitis, cerebrospinal fluid infections, peritoneal
dialysiserelated infections, and endocarditis [6-13]. Although there
are several case reports of Corynebacterium PJIs, joint infections, or
bone infections [7,8,14-16], the data on diagnosing and treating
THA and TKA PJI caused by Corynebacterium species are limited. We
present 6 THA and TKA PJI cases thought to be caused by Coryne-
bacterium species. The institutional database was retrospectively
queried to find these cases. We classified patients by Musculo-
skeletal Infection Society (MSIS) criteria as well as host and ex-
tremity status as defined by McPherson et al. [17-19]. Follow-up
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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Figure 2. Articulating spacer in case 1.
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was defined as from the operation for Corynebacterium PJI to the
most recent clinical follow-up. The operations for Corynebacterium
PJI were performed by multiple surgeons at a single institution.
Institutional review board approval was obtained for this
investigation.

Case histories

Case 1

A 69-year-old woman with a preoperative body mass index
(BMI) of 30 kg/m2 and a past medical history of rheumatoid
arthritis presented with a painful right THA. She underwent a right
THA in January 2017 (Fig. 1). Twenty-two days postoperatively, she
developed increasing pain, erythema, swelling, and drainage. On
initial presentation, she had an erythrocyte sedimentation rate
(ESR) of 100mm/hr (Ref: 0-15mm/hr), a C-reactive protein (CRP) of
24 mg/dL (reference: � 0.6 mg/dL), and aspiration showed a sy-
novial white blood cell (WBC) count of 17,650 cells/ mm3 with 54%
neutrophils. She underwent DAIR in February 2017, and 5 of 5
cultures grew Corynebacterium striatum. She had persistent
drainage after surgery, and 2 weeks later, she underwent resection
arthroplasty with placement of an articulating antibiotic spacer
(Fig. 2). The patient’s host and extremity status were B2. The patient
met MSIS major criteria with 2 positive cultures for C. striatum. She
completed antibiotic therapy with intravenous (IV) vancomycin for
6 weeks without additional oral antibiotics. Unfortunately, she had
increased pain in her hip in August 2017. Laboratory tests showed
her ESR had increased from 9mm/hr in May to 22 mm/hr in August
2017; her CRP had increased from 4.4 mg/dL in July to 22.7mg/dL in
August 2017; and her aspiration had changed from 4 cells/ mm3
Figure 1. THA at presentation in case 1. THA, total hip arthroplasty.
with 60% neutrophils in July to 1446 cells/ mm3 with 60% neutro-
phils in August 2017. It was decided that she may not have cleared
her infection, or she had infection reoccurrence. In September 2017,
she underwent a spacer exchange to another articulating spacer.
From this surgery, 2 of 2 intraoperative cultures were positive for
Enterococcus faecalis. She did well postoperatively, and aspiration
before reimplantation showed a WBC count of 55 cells/ mm3 with
8% neutrophils. Reimplantation was performed in May of 2018. She
developed recurrent E. faecalis PJI 1 year later and underwent
resection and placement of an articulating spacer. The current plan
is to retain the articulating spacer if the patient has reasonable pain
control and function. Any future infection or failure will likely be
treated with a definitive resection arthroplasty. Her most recent
clinical follow-up was August 2019, giving 30 months of follow-up.
Figure 3. (a) and (b). AP and lateral radiograph of TKA at presentation in case 2. TKA,
total knee arthroplasty.
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Case 2

A 63-year-old man with a preoperative BMI of 40 kg/m2 and a
past medical history significant for type 2 diabetes, cerebrovascular
accident, and tobacco use underwent right TKA in 2015 for osteo-
arthritis at an outside institution. He presented to our hospital in
June of 2018 because of chronic right knee pain with a 15-degree
flexion contracture. On presentation, his hemoglobin A1C was 8%,
ESR was 46 mm/hr, CRP was 1.91 mg/dL, and aspiration showed an
elevated synovial WBC count of 112,650 cells/ mm3 and 92% neu-
trophils. His presenting radiographs are shown in Figure 3a and b.
The patient had multiple interventions regarding smoking cessa-
tion without success. He underwent resection and placement of a
static spacer in August of 2018 (Fig. 4). C. striatum grew from 3 of 6
operative cultures. The patient’s host status and extremity status
were B2. He met major MSIS criteria with 2 positive cultures of
C. striatum. He was treated with 6 weeks of IV vancomycin. He
underwent reimplantation in January of 2019. At his latest follow-
up, his range of motion was 4 degrees shy of full extension with
flexion to 100 degrees. His most recent clinical follow-up was in
September 2019, giving 13 months of follow-up.
Case 3

A 70-year-old woman with a BMI of 28.8 kg/m2 and a past
medical history significant for rheumatoid arthritis, type 2 diabetes
mellitus, and hypoalbuminemia underwent a left TKA for osteoar-
thritis in May 2018 at our institution. Her hemoglobin A1Cwas 6.3%
before her index TKA. Seven weeks after index TKA, she was
admitted for wound dehiscence, purulent drainage, and fever
(Fig. 5). Aspiration on admission revealed synovial WBC count of
172,060 cells/ mm3 with 84% neutrophils, and blood tests revealed
an ESR of 116mm/hr and CRP of 35mg/dL. She underwent DAIR and
was started on IV vancomycin and piperacillin-tazobactam post-
operatively. Four of 4 intraoperative cultures were positive for
C. striatum, and 3 of the 4 were also positive for Peptoniphilus
asaccharolyticus and Prevotella bivia. She met major MSIS criteria
for PJI with 2 positive cultures, and her host and extremity grade
were C2. Two weeks later while still in the hospital, purulent
drainage was noted from the incision site and she underwent a
resection with placement of a static spacer. She continued to have
signs of infection, leading to repeat irrigation and debridement
(I&D). Vascular surgery was consulted for acutely increased left
Figure 4. Static spacer in case 2.
lower extremity pain and darkening of her toes. A computed to-
mography angiogram revealed severe chronic multilevel vascular
disease in her left leg, and she ultimately underwent above-knee
amputation (AKA) in July 2018 after a multidisciplinary team
concluded that amputation provided the best chance to eradicate
her severe infection in the setting of poor blood supply. She was
discharged in August 2018 after 6 revisions of her AKA. She sub-
sequently required repeated hospitalizations for multiple in-
fections and complications of peripheral vascular disease in the
contralateral extremity, and she ultimately expired from sepsis 11
months after her index TKA in April 2019.
Case 4

A 77-year-old woman with a BMI of 37 kg/m2 and past medical
history significant for atrial fibrillation, bilateral TKA, and right THA
presented to us with chronic THA PJI. She underwent index right
THA in 2011 and had a 2-stage exchange in 2013 for PJI. She pre-
sented to our institution in January 2019 with continued hip pain,
erythema, and a draining sinus tract while taking oral ampicillin
and doxycycline for suppression (Fig. 6). Radiographs showed
lucency around her cup, and the preoperative ESR and CRP were 90
mm/hr and 12.71 mg/dL, respectively. She underwent a resection
arthroplasty in May of 2019 with placement of a static spacer. Five
Figure 5. Wound dehiscence in case 3.



Figure 6. Draining sinus tract at presentation in case 4.

Figure 7. Poor wound healing with drainage after resection and before AKA in case 5.
AKA, above-knee amputation.
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of 6 intraoperative cultures grew C. striatum, meeting major MSIS
criteria for PJI. Her host and extremity status were A2. She received
8 weeks of IV vancomycin and ertapenem postoperatively. She was
placed on ertapenem in addition to vancomycin because one of 6
intraoperative cultures grew Mycobacterium avium, and at pre-
sentation to our institution, she had a chronic sinus while on
ampicillin and doxycycline. In August of 2019, she showed no signs
or symptoms of infection, ESR and CRP remained within normal
limits, and an aspiration of the hip had no microbial growth. She
underwent reimplantation in November 2019. Seven weeks after
her reimplantation, she suffered a dislocation that could not be
closed reduced. She therefore underwent open reduction and her
femoral head was exchanged from a 36- to 40-mm head. Tenweeks
after her reimplantation, she presented to the emergency depart-
ment with fevers and chills as well as new erythema and drainage
at her incision site. The ESR was 129 mm/hr, CRP was 22.9 mg/dL,
and joint aspirate was positive for E. faecium. She subsequently
underwent DAIR in January of 2020. Four of 4 intraoperative cul-
tures were positive for E. faecium, and 2 of 4 cultures were positive
for Staphylococcus epidermidis. She was placed on a 6-week course
of IV vancomycin. Her most recent follow-up was in February 2020,
giving 9 months of follow-up.

Case 5

A 66-year-old man with a BMI of 24.13 kg/m2 and with a past
medical history significant for rheumatoid arthritis and left olec-
ranon septic bursitis presented with a chronic, right TKA PJI. His
index TKAwas performed in 2015. The patient’s infected olecranon
bursitis first occurred after a rheumatoid nodule was removed in
2014 and his elbow was noted to have drainage; he underwent
multiple I&Ds of the elbow. These were culture positive for Pseu-
domonas aeruginosa, Staphylococcus warneri, and S. epidermidis. The
patient presented to our institution in February of 2018with a sinus
tract about his TKA. He continued to havemedical care at an outside
institution, and later in February, he underwent a DAIR at an
outside hospital. He presented back to our institution in April with
a nonhealing wound. Blood work from April 2018 showed an ESR of
65 mm/hr, CRP 43.9 mg/dL, and a knee aspirate showed a WBC
count of 2853 cells/ mm3 with 46% neutrophils. In April 2018, the
patient underwent resection arthroplasty with placement of an
articulating spacer and a right knee gastrocnemius flap to cover a
soft-tissue defect. Seven intraoperative cultures were taken, 3 of
which were positive for C. striatum. The patient met major MSIS
criteria with 2 positive cultures. The patient’s host status and ex-
tremity status were C3. The patient completed 6 weeks of IV van-
comycin. Three weeks after resection the patient began having
subjective fevers and increased purulent and foul-smelling
drainage (Fig. 7). The decision was made to perform an AKA in
May 2018. This was further complicated by a surgical site abscess,
and the patient underwent 5 additional debridements. At his most
recent follow-up he has had no other issues with his leg. His most
recent clinical follow-up was in May 2019, giving 12 months of
follow-up.
Case 6

A 72-year-old female with a preoperative BMI of 36.13 kg/m2

and past medical history significant for rheumatoid arthritis pre-
sented with a chronic, right THA PJI. She had her index surgery at
our institution in 2012. In 2013, she underwent revision for aseptic
loosening of her acetabular component. In 2015, the patient had a
custom triflange acetabular component for pelvic discontinuity. In
March 2015, 2 weeks after her revision, the patient was noted to
have persistent drainage at her first post-operative visit, concern-
ing for PJI. From March to December of 2015, she was treated with
multiple DAIRs, with intraoperative cultures over this time period
coming back positive for a variety of organisms including Escher-
ichia coli, vancomycin-resistant E. faecium, Proteus vulgaris, and
Serratia marcescens. The patient eventually underwent resection
arthroplasty in December of 2015. The patient was stable on sup-
pressive cephalexin until May 2018 when she presented with a
sinus tract about the hip. Blood work showed an ESR of 108 mm/hr
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and a CRP of 17.9 mg/dL. Aspiration of the hip showed an elevated
synovialWBC count of 22,448 cells/ mm3with 92% neutrophils. The
patient underwent an I&D in July 2018 with 4 of 5 intraoperative
cultures positive for C. striatum and 3 of 5 cultures positive for
vancomycin sensitive E. faecium. The patient met major MSIS
criteria as she had a sinus tract. The patient’s host status and ex-
tremity status were C2. The patient was treated with tedizolid for
8 weeks, as she developed bullous dermatitis previously on van-
comycin and had a history of vancomycin resistant organisms. The
patient was noted to have persistent drainage following the I&D. An
aspiration in September 2018 showed a synovial WBC count of
18,310 cells/ mm3 with 93% neutrophils. She underwent an I&D in
November 2018. Three out of 3 intraoperative cultures grew
C. striatum, and one of the 3 cultures was positive for vancomycin-
sensitive E. faecium. At the most recent follow-up, she was noted to
have a nonhealing wound over her hip, and she is currently being
treated with local wound care. Her most recent clinical follow-up
was in September 2019, giving her 14 months of follow-up. Given
the persistent nature of her infection and poor host and extremity
status, there is currently no plan for reimplantation.

Discussion

Corynebacterium is a rare but challenging pathogen that causes
PJIs. In the current case series,we found a high failure rate of surgical
and medical treatment of Corynebacterium PJI, defined as reopera-
tion for infection (Table 1). Most patients were treated with IV an-
tibiotics as these organisms are typically resistant to oral antibiotics.
This information adds to the limited literature on these organisms
and can aid surgeons, infectious disease physicians, and the patient
regarding the difficult management of Corynebacterium PJIs.

There are limited reports of Corynebacterium orthopaedic in-
fections. von Graevenitz et al. [16] found 73 Corynebacterium iso-
lates from open fracture and PJIs in 60 patients over a 5-year time
period. In this study, some of the most frequent species were
Table 1
Details of Corynebacterium prosthetic joint infections.

Patient
case
number

TKA or
THA

Type of surgery for
Corynebacterium-
related PJI

Preoperative
culture from
aspirate

Intraoperative
cultures

1 THA DAIR NG Corynebacterium
striatum (5/5)

2 TKA Resection
arthroplasty with
static spacer

Corynebacterium
striatum

Corynebacterium
striatum (3/6)

3 TKA DAIR Corynebacterium
striatum

Corynebacterium
striatum (4/4),
Prevotella bivia (3/
4), Peptoniphilus
asaccharolyticus (3/
4)

4 THA Resection
arthroplasty with
static spacer

No aspirate Corynebacterium
striatum (5/
6), Mycobacterium
avium (1/6)

5 TKA Resection
arthroplasty with
articulating spacer

Corynebacterium
striatum

Corynebacterium
striatum (3/7)

6 THA I&D Corynebacterium
striatum

Corynebacterium
striatum (4/5),
Enterococcus
faecium (3/5)

THA, total hip arthroplasty; TKA, total knee arthroplasty; PJI, prosthetic joint infection; DA
PO, oral; AKA, above-knee amputation; I&D, irrigation and debridement.
Corynebacterium amycolatum, C. striatum, and Corynebacterium
diphtheria. Scholle [15] discussed the case of a spontaneous joint
infection in a left knee with C. striatum. They noted that this isolate
was resistant to most antibiotics. Achermann et al. [7] describes the
case of a Corynebacterium bovis shoulder PJI. This patient was
treated with a 2-stage exchange protocol and 3 months of antibi-
otics. Sonication of the prosthesis helped to identify the pathogen.
These studies highlight that Corynebacterium can be difficult to
detect and can cause true orthopaedic infection.

In our series, many patients had compromised host and ex-
tremity status, had undergone prior operations for PJI, or had pol-
ymicrobial infection, which could have been factors associatedwith
the high rate of infection recurrence [20-22]. Corynebacterium is an
opportunistic pathogen that has been reported in those with pro-
longed hospitalizations, immunocompromised states, or prosthetic
devices [9]. It is challenging to tell if it is the Corynebacterium or the
complex nature of the infections in this study that led to a high rate
of infection recurrence, but it is likely that both play a role.

Rates of infection eradication vary depending on the surgical
treatment and the organism. Two-stage exchange protocol in TJA
has led to infection eradication in 73%-78% of patients [23,24],
while DAIR has been less promising with success rates ranging from
37% to 66% [25-27]. In the present study, all 3 patients treated with
DAIR or I&D required reoperation for infection. Only one patient
with resection arthroplasty who went on to reimplantation has
remained infection free at latest follow-up (Table 1). Neither DAIR
nor 2-stage exchange was associated with good infection eradica-
tion, albeit in a very small series.

It is important to note that Corynebacterium species are resistant
to many antibiotics. Isolates can be resistant to penicillin, levo-
floxacin, sparfloxacin, cephalosporins, clindamycin, erythromycin,
minocycline, linezolid, and imipenem [15,28-31]. Because many
Corynebacterium species are resistant to oral antibiotics, a course of
IV antibiotics is typically necessary. This makes long-term suppres-
sion with oral antibiotics unlikely to be successful in these patients.
Type of antibiotic(s) Duration of
antibiotic(s)
(wk)

Infection
recurrence

Additional surgical
treatment

IV vancomycin 6 Yes Resection and
articulating spacer,
spacer exchange,
reimplantation,
resection and
articulating spacer

IV vancomycin 6 No Reimplantation

IV vancomycin and
piperacillin/
tazobactam

12 Yes Resection with
static spacer, I&D,
AKA with multiple
debridements

IV vancomycin and
ertapenem

8 Yes Reimplantation,
revision, DAIR

IV vancomycin 6 Yes AKA with multiple
debridements

PO tedizolid 8 Yes I&D

IR, debridement, antibiotics, and implant retention; NG, no growth; IV, intravenous;



N.M. Hernandez et al. / Arthroplasty Today 6 (2020) 163e168168
Summary

In conclusion, our case series of Corynebacterium PJIs demon-
strates that this organism can be the cause of THA and TKA PJI.
C. striatum was an organism in all our cases and was resistant to
many oral antibiotics, eliminating the option for oral suppression.
These infections were often present in patients whoweremedically
compromised hosts and were associated with a high rate of
recurrence. Therefore, these patients should be followed up closely
by both orthopaedic surgery and infectious disease physicians for
signs of infection recurrence. In addition, an effort should be made
to medically optimize these patients before surgery.
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