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(01.05.2008–31.12.2019) were included. A nested case–control study to identify risk 
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1  |  INTRODUC TION

The number of patients undergoing solid organ transplantation and 
those undergoing orthopedic surgery with implantation of fracture 
devices or prosthetic joints is rising worldwide.1 With the progress 
attained in the field of transplantation, survival has significantly in-
creased with transplant recipients frequently requiring orthopedic 
interventions and/or implants.2,3 The epidemiology and risk factors 
for osteo-articular and implant infections in the transplant popula-
tion remain largely unknown. The existing sparse literature almost 
exclusively reports on unusual pathogens in transplanted patients 
with prosthetic joint infections and in hematopoietic stem cell trans-
plant (HSCT) recipients.4–7 Moreover, all available data concern sin-
gle centre experiences and no nationwide data have been published 
to date specifically on this topic. There is need for contemporary 
detailed data on osteo-articular and implant infections in solid organ 
transplant recipients (SOTr). Using data collected through the Swiss 
Transplant Cohort Study (STCS) we are reporting on the epidemiol-
ogy, risk factors and clinical outcomes of osteo-articular and implant 
infections in a large multi-centre prospective cohort of SOTr.

2  |  METHODS

2.1  |  Study design and objectives

The STCS is a prospective national cohort and represents >95% of SOTr 
in Switzerland.8 A written informed consent was signed by all patients 
included in this cohort. Patient data are prospectively collected and 
entered in the STCS database at the time of transplantation, at six and 
twelve months, and yearly thereafter.9,10 We performed a retrospec-
tive observational cohort study including all adult (≥18 years of age) 
SOTr with bone and joint infections (BJI) between May 1, 2008 and 

December 31, 2019, with at least 6 months of follow-up. For patients 
who received more than one SOT sequentially, only the first SOT was 
included (censoring at the time of the second SOT). Pediatric patients 
and patients without a signed informed consent form were excluded. 
In addition, a nested case–control study was performed to identify risk 
factors for BJI among SOTr. Patients with BJI were considered as cases 
and matched at a 1:2 ratio with controls based on: (1) SOT type within 
6 months of the index case performed at the same centre, (2) BJI event 
free during the study period, and (3) time post-SOT as long as the time 
between transplantation and BJI for the index case. The study was ap-
proved by the relevant Ethics Committee (2020–02123).

2.2  |  Data collection

Pertinent data were retrospectively collected for all SOTr: (1) using the 
existing STCS database: demographics: age, gender; underlying dis-
ease leading to transplant; SOT-related variables (type of transplant, 
immunosuppression data [induction, maintenance at BJI-diagnosis], 
prophylaxis, donor-related data [age, living or dead]) and (2) by chart 
review for BJI events (date of BJI-diagnosis, BJI-type [septic arthritis, 
osteomyelitis, peri-prosthetic joint infection or other orthopedic im-
plant infection], origin [primary, hematogenous, surgical site infection, 
SSI], clinical characteristics [localization, concomitant infection, signs 
of sepsis], laboratory characteristics, imaging, microbiological diagno-
sis [samples, pathogens, method of diagnosis], antimicrobial treatment, 
surgical treatment and clinical outcomes).

2.3  |  Definitions

Proven bacterial infections were defined as previously reported 
and adjusted to international recommendations and guidelines.11 

Funding information
University Hospitals; Swiss National 
Science Foundation; Swiss Transplant 
Cohort Study

factors for BJI was performed. Among 4482 patients, 61 SOTr with 82 BJI were in-
cluded, at an incidence of 1.4% (95% CI 1.1–1.7), higher in heart and kidney-pancreas 
SOTr (Gray's test p < .01). Although BJI were predominately late events (median of 
18.5 months post-SOT), most infections occurred during the first year post-transplant 
in thoracic SOTr. Diabetic foot osteomyelitis was the most frequent infection (38/82, 
46.3%), followed by non-vertebral osteomyelitis (26/82, 31.7%). Pathogens included 
Gram-positive cocci (70/131, 53.4%), Gram-negative bacilli (34/131, 26.0%), and 
fungi (9/131, 6.9%). BJI predictors included male gender (OR 2.94, 95% CI 1.26–6.89) 
and diabetes (OR 2.97, 95% CI 1.34–6.56). Treatment failure was observed in 25.9% 
(21/81) patients and 1-year mortality post-BJI diagnosis was 14.8% (9/61). BJI remain 
a rare event in SOTr, associated with subtle clinical presentations, high morbidity and 
relapses, requiring additional studies in the future.

K E Y W O R D S
BJI, bone and joint infection, epidemiology, solid organ transplant recipients
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Detailed definitions of osteomyelitis, native joint septic arthritis, 
peri-prosthetic joint infection, and other orthopedic implant in-
fection or osteosynthesis-associated infection are described in 
Supplementary materials. Osteomyelitis was divided into three groups: 
osteomyelitis associated with diabetic foot infection (diabetic foot os-
teomyelitis [DFO]), vertebral osteomyelitis, and non-vertebral osteo-
myelitis. Sepsis and septic shock were defined according to the Third 
International Consensus Definitions (Sepsis-3 definition).12 Success of 
treatment was adapted from the Delphi-based international multidis-
ciplinary consensus for PJI, with presence of the following criteria to 
meet favorable outcome13: (1) infection eradication, characterized by 
a healed wound without sinus tract, persisting drainage, or pain, and 
no infection recurrence caused by the same pathogen; (2) no subse-
quent surgical intervention for infection after reimplantation surgery 
in case of implant-associated infection; and (3) no BJI-related mortality. 
Treatment failure was defined as progression, recurrence with isola-
tion of the same microorganism for the same BJI, or reinfection in case 
of different pathogen at the same infection site.

2.4  |  Statistical analysis

Categorical variables were described by counts and percentages, 
while mean and standard deviation or median and interquartile range 
(IQR) were used to summarize continuous variables. Cumulative in-
cidence of BJI was calculated using patients with an infection. If no 
BJI was observed during follow-up, patients were censored at death, 
graft failure, next SOT, loss to follow-up or administrative censoring 
date (June 30, 2020), whatever came first. Risk factor analyses to 
identify predictors of BJI was carried out on the case–control pa-
tient population with univariable and multivariable analyses by con-
ditional logistic regression. For continuous variables, the hypothesis 
of log-linearity was tested before introducing them into the logistic 
regression model: if this hypothesis was rejected, the variables were 
categorized for statistical analysis. Clinically significant variables and 
variables with a p-value ≤.1 in univariable analyses were introduced 
in a backward stepwise fashion into a logistic regression model. 
Results are presented as odds ratios (OR) with 95% confidence inter-
vals (CI), with a p-value <.05 considered as significant. The Pearson 
correlation coefficient was used to determine the strength of pos-
sible correlations between independent variables. Data were ana-
lyzed using STATA 16.1 (StataCorp LLC, TX). Charts were created 
with either Microsoft Excel for Apple Mac (version 16.56) or STATA.

3  |  RESULTS

3.1  |  Patient characteristics

Between 01.05.2008 and 31.12.2019, 4482 patients (2441 kid-
ney, 1048 liver, 442 lung, 359 heart, 177 combined [including 123 
kidney-pancreas/islets] and 15 pancreas/islets recipients) were 
included in the STCS, of which 61 (1.4%) had at least one BJI; 13 

patients had >1 BJI. Hence, 61 SOTr with 82 BJI were included in this 
study. The patient baseline characteristics overall and by SOT type 
are detailed in Table 1. There was a predominance of male patients 
(n = 52, 85.2%), with a median age at transplantation of 57.5 years 
(IQR: 50.4–63.8). The incidence of BJI was 1.4% (95% CI 1.1–1.7) 
for all patients: 3.4% (95% CI 1.5–7.3), 2.8% (95% CI 1.5–5-1), 1.6% 
(95% CI 0.8–3.3), 1.4% (95% CI 1.0–2.0) and 0.3% (95% CI 0.1–0.9) in 
combined (only kidney-pancreas), heart, lung, kidney, and liver trans-
plant recipients, respectively (Figure 1A,B). The incidence rate was 
281.4 (95% CI 219.0–361.7) per 100 000 patient-years for any SOTr, 
and 667.2 (95% CI 299.7–1485.1) for kidney-pancreas, 614.9 (95% CI 
330.9–1142.8) for heart, 363.7 (95% CI 173.4–763.0) for lung, 278.3 
(95% CI 199.8–387.6) for kidney, and 65.6 (95% CI 21.2–203.4) for 
liver transplantation per 100 000 patient-years.

3.2  |  Bone and joint infection characteristics

Eighty-two BJI were diagnosed at a median time after transplanta-
tion of 18.5 months (range 0–123). Most infections in lung and heart 
transplant recipients occurred during the 1st year post-transplant, at 
a median time of 5 (IQR 2.5–6.5) and 9 months (IQR 1–33), respec-
tively, while for all other organ recipients BJI median time to diag-
nosis was during the second year after transplantation (Figure 1C).

The most common infection was DFO (n = 38/82, 46.3%), fol-
lowed by non-vertebral osteomyelitis (n  =  26/82, 31.7%), sep-
tic arthritis (n  =  8/82, 9.8%), osteosynthesis-associated infection 
(n  =  6/82, 7.3%), peri-prosthetic joint infection (n  =  2/82, 2.4%) 
and vertebral osteomyelitis (n  =  2/82, 2.4%), with incidence rates 
of 119.3 (95% CI 81.2–175.2), 100.8 (95% CI 66.4–153.1), 22.8 (95% 
CI 9.5–54.9), 22.9 (95% CI 9.5–54.9), 9.1 (95% CI 2.3–36.5), and 4.6 
(95% CI 0.6–32.4) per 100 000 patient-years, respectively (Table 2). 
The distribution of BJI based on SOT category, time to infection 
since transplantation, and pathogens identified is presented in 
Figure S1a–c. Kidney and kidney-pancreas recipients were the most 
frequently SOTr affected by DFO, while non-vertebral osteomyeli-
tis accounted for the majority of infections in lung and heart recip-
ients. All native joint septic arthritis occurred in kidney recipients 
(Figure 2A). More than two thirds of cases (n = 54/82, 65.9%) were 
considered as primary infections, while SSI accounted for a quarter 
of cases (n  =  22/82, 26.8%), and only six (7.3%) cases were asso-
ciated with bloodstream infections. The lower limb was the most 
frequent site (n = 52/82, 63.4%), particularly the foot (n = 45/82, 
54.9%). The sternum was a frequent infection site in thoracic trans-
plant recipients. Details of infections by type of organ transplant are 
provided in Supplementary materials.

At hospital admission, local inflammation was the most frequent 
clinical sign (n = 61/79, 77.2%), while fever was present in only one 
third of patients (n = 23/78, 29.5%), and few had criteria for sepsis 
(n = 4/79, 5.1%) or septic shock (n = 1/79, 1.3%). C-reactive protein 
(CRP) was moderately elevated with a median of 70.7 mg/L (range 
2.2–440), and white blood cell count were normal or slightly in-
creased in most cases, with a median of 9.6 × 109/L (IQR: 6.8–12.2).
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Most BJI were monomicrobial (n = 50/82, 61.1%) and rarely 
associated with bacteraemia (n = 11/82, 13.4%). When looking 
at pathogen categories, Gram-positive cocci were predominant, 
followed by Gram-negative bacilli, except for lung transplant 

recipients where fungal infections represented the majority of 
BJI (Figure 2B). In addition, anaerobic infections were predomi-
nately identified in liver, followed by heart transplant recipients. 
The latter were also commonly infected by aerobic Gram-positive 

TA B L E  1  Baseline patient characteristics

Patient characteristics
All patients, 
n = 61

Heart, n = 10 
(16.4%)

Kidney, n = 35 
(57.4%)

Kidney-pancreasa, 
n = 6 (9.9%)

Liver, n = 3 
(4.9%)

Lung, n = 7 
(11.5%)

Sex, female, n (%) 9 (14.8) 2 (20) 3 (8.6) 2 (33.3) 0 2 (28.6)

Age at infection (year), median 
(IQR)

57.5 (51.4–67.0) 51.3 (39.5–57.0) 64.6 (54.2–68.8) 55.0 (40.4–62.9) 54.7 (48.3–59.3) 54.3 (43.6–61.9)

Age at transplantation (year), 
median (IQR)

57.5 (50.4–63.8) 50.2 (39.5–57.0) 62.7 (54.1–66.8) 53.5 (36.4–60.6) 53.7 (47.3–59.3) 54.3 (43.6–61.9)

Type of donor, n (%)

Cadaveric 48 (78.7) 10 (100) 22 (62.9) 6 (100) 3 (100) 7 (100)

Living 13 (21.3) 0 13 (37.1) 0 0 0

Comorbidities at transplantation

Diabetes mellitus 33 (54.1) 2 (20.0) 22 (62.9) 6 (100) 1 (33.3) 2 (28.6)

Hypertension 41 (67.6) 2 (20.0) 32 (91.4) 5 (83.3) 2 (66.7) 0

Chronic kidney disease 44 (72.1) 5 (50.0) 33 (94.3) 6 (100) 0 0

without RRT 11 (28.3) 5 (50.0) 6 (17.1) 0 0 0

with RRT 33 (54.1) 0 27 (77.1) 6 (100) 0 0

Coronary artery disease 26 (42.6) 3 (30.0) 22 (62.9) 0 0 1 (14.3)

Peripheral arterial disease 16 (26.2) 1 (10) 13 (37.1) 2 (33.3) 0 0

LVEF<30% 8 (13.1) 7 (70.0) 1 (2.9) 0 0 0

COPD 3 (4.9) 1 (10.0) 1 (2.9) 0 0 1 (14.3)

Immunosuppressive treatments

Induction, n (%)b

Basiliximab 41 (69.5) 10 (100) 30 (88.2) 2 (33.3) 2 (100) 7 (100)

Thymoglobulinc 21 (35.6) 10 (100) 7 (20.6) 4 (66.7) 0 0

Rituximab 4 (6.6) 0 5 (14.3) 0 0 0

Other induction 2 (3.3) 1 (10) 1 (2.9) 0 0 0

None 2 (3.3) 0 1 (2.9) 0 1 (33.3) 0

Maintenance, n (%)d

Corticosteroid 56 (68.3) 10 (100) 36 (78.3) 2 (15.4) 0 8 (100)

MMF or EC-MPS 71 (86.6) 8 (80.0) 40 (87.0) 12 (97.3) 4 (80.0) 7 (87.5)

Ciclosporine 17 (20.7) 3 (30.0) 10 (21.7) 2 (15.4) 1 (20.0) 1 (12.5)

Tacrolimus 60 (73.2) 5 (50.0) 35 (76.1) 10 (76.9) 3 (60.0) 7 (87.5)

Everolimus 5 (6.1) 3 (30.0) 2 (4.4) 0 0 0

Sirolimus 3 (3.7) 0 1 (2.2) 1 (7.7) 1 (20.0) 0

Azathioprine 4 (4.9) 2 (20.0) 1 (2.2) 0 0 1 (12.5)

PCP prophylaxis by TMP-SMX, 
n (%)e

21 (25.6) 5 (50.0) 8 (17.4) 0 2 (40.0) 6 (75.0)

Abbreviations: COPD, chronic obstructive pulmonary disease; EC-MPS, enteric-coated mycophenolate sodium; IQR, interquartile range; LVEF<30%, 
left ventricular ejection fraction <30%; MMF, mycophenolate mofetil; PCP, Pneumocystis jirovecii pneumonia; RRT, renal replacement therapy;  
TMP-SMX, trimethoprim-sulfamethoxazole.
aOr islets of Langerhans.
bInformation for induction was available for 59 patients.
cRabbit anti-thymocyte globulin (ATG) or murine monoclonal anti-T cell antibody (OKT3).
dMaintenance immunosuppression was registered at the time of the infection episode.
ePCP prophylaxis was registered at the time of the infection episode.
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F I G U R E  1  Cumulative incidence of bone and joint infection among solid organ transplant recipients: (A) overall and (B) by organ 
transplanted. Time to infection by organ transplant categories (C). [Color figure can be viewed at wileyonlinelibrary.com]

(A)

(B)

(C)
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bacilli. Overall, 132 pathogens were isolated as detailed in 
Table  S1 and Figure  S2a. Staphylococcus aureus was the most 
frequent (n  =  28/132, 21.2%), followed by Enterobacterales 
(n  =  20/132, 15.3%), Streptococcus spp. (n  =  20/132, 15.3%) 
and coagulase-negative Staphylococcus (n  =  14/132, 10.6%). 
Pseudomonas aeruginosa (n  =  11/132, 8.4%) and enterococci 
(n = 8/132, 6.1%) were less frequently encountered. Of partic-
ular interest, Nocardia farcinica/kroppenstedtii was responsible 
for one infection (olecranon osteomyelitis in a heart transplant 
recipient), and fungal infections were identified in eight cases: 
Candida albicans in 6/132 (4.5%) and Aspergillus fumigatus in 
2/132 (1.5%).

A detailed list of antimicrobial therapies administered is de-
scribed in Table S2. Penicillin antibiotics were the most frequently 

prescribed antimicrobial therapies (n  =  111/303, 36.6%), followed 
by fluoroquinolones (n = 41/303, 13.5%), and glycopeptides or dap-
tomycin (n = 37/303, 12.2%); a large variety of other antimicrobial 
agents were used (Figure 3A). Amoxicillin-clavulanate was the most 
commonly used antibiotic and accounted for almost half of first-line 
therapies (n  =  34/82, 41.5%), followed by piperacillin-tazobactam 
(n  =  18/82, 22.0%) (Figure  S2b). A surgical intervention was per-
formed in most cases (n = 73/82, 89.0%), with an irrigation/drain-
age/debridement being the most frequently observed intervention 
(n = 39/82, 47.6%; Figure 3B), followed by amputation (n = 26/82, 
21.7%), which was the first choice for patient with DFO (n = 19/38, 
50%). Among cases requiring a surgical procedure, multiple surgical 
interventions were necessary for almost half of them (n  =  33/73, 
45.8%).

F I G U R E  2  Distribution of bone and 
joint infections (A) and pathogens (B), by 
organ transplanted. [Color figure can be 
viewed at wileyonlinelibrary.com]

(A)

(B)
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F I G U R E  3  Presentation of bone and joint infection treatments, based on (A) antimicrobial treatments administered and (B) surgical 
procedure. [Color figure can be viewed at wileyonlinelibrary.com]

(A)

(B)
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3.3  |  Risk factor for bone and joint infection

An analysis of risk factors for developing BJI in SOTr was per-
formed using patient demographics, comorbidities, and transplant-
related variables in the case–control population (Table  3). In 
univariable analysis, male gender (OR: 3.24, 95% CI 1.51–6.92, 
p =  .002), diabetes (OR: 3.40, 95% CI 1.73–6.69, p < .001),  

coronary artery disease (OR: 2.33, 95% CI 1.12–4.86, p =  .024) 
and peripheral arterial disease (OR: 2.98, 95% CI 1.30–6.86,  
p =  .01) were associated with an increased risk of BJI, without 
detection of any multicollinearity. Multivariable analysis revealed 
male gender (OR: 2.94, 95% CI 1.26–6,89, p = .013) and diabetes 
(OR: 2.97, 95% CI 1.34–6.56, p =  .007) as the only significant 
predictors of BJI.

Variable Univariate analysis Multivariable analysisa

OR 95% CI p-value OR 95% CI p-value

Demographics

Gender, male 3.24 1.51–6.92 .002 2.94 1.26–6.89 .013

Age at transplantation

≤45 1 (ref.)

45–65 1.14 0.48–2.71 .76

>65 1.52 0.57–4.08 .41

Diabetes mellitus 3.40 1.73–6.69 <.001 2.97 1.34–6.56 .007

Hypertension 0.95 0.43–2.10 .89

CKD without RRT 1.38 0.59–3.22 .46

CKD with RRT 1 0.39–2.53 1

Coronary artery 
disease

2.33 1.12–4.86 .024 1.14 0.49–2.63 .764

Peripheral arterial 
disease

2.98 1.30–6.86 .01 2.29 0.82–6.38 .11

LVEF<30% 4.00 0.41–39.00 .23

COPD 1 0.16–6.42 1

Transplant characteristics

Donor type, 
cadaveric

1.19 0.76–1.87 .44

Maintenance IS

Azathioprine 0.67 0.13–3.30 .62

Ciclosporine 1.10 0.39–3.10 .86

EC-MPS 0.41 0.215–1.18 .10 0.44 0.13–1.55 .20

Everolimus 1.62 0.31–8.40 .57

MMF 1.67 0.70–3.99 .25

Sirolimus 2.00 0.28–14.20 .49

Steroids 2.41 0.97–5.98 .058 2.04 0.69–6.04 .20

Tacrolimus 1.73 0.60–4.94 .31

Induction IS

Basiliximab 0.85 0.22–3.33 .81

Thymoglobulin 1.44 0.49–4.27 .51

Any induction 1.50 0.34–6.70 .60

Prophylaxis

TMP-SMX 0.68 0.23–1.98 .48

Abbreviations: CI, confidence interval; CKD, chronic kidney disease defined as creatinine 
clearance<60 ml/min/1.73 m2; COPD, chronic obstructive pulmonary disease; EC-MPS, enteric-
coated mycophenolate sodium; IS, immunosuppression; LVEF<30%, left ventricular ejection 
fraction <30%; MMF, mycophenolate mofetil; NA, not applicable; OR, odds ratio; RRT, renal 
replacement therapy; TMP-SMX, trimethoprim-sulfamethoxazole.
aOnly small correlations were identified between DM and PAD, and between gender and CAD 
(Pearson correlation coefficients: r = 0.2973, p < .001, and r = 0.2367, p = .001, respectively).

TA B L E  3  Risk factor analysis for 
bone and joint infections in solid organ 
transplant recipients
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3.4  |  Clinical outcomes

Clinical response was known in 81 of 82 cases. Successful treat-
ment was reported in 60/81 (74.1%) patients, while treatment fail-
ure was observed in the rest of cases due to: infection recurrence 
(n  =  13/81, 16.0%), progression (n  =  7/81, 8.6%), and reinfection 
(n = 1/81, 1.2%). Most failures were observed in patients with DFOs 
(n = 14/21, 66.7%), predominately affecting kidney (n = 8/21, 38.1%) 
or kidney-pancreas transplant recipients (n  =  9/21, 42.9%). There 
were no deaths at 30 days post-BJI diagnosis, but three patients died 
because of progression of their initial BJI, at 36, 38, and 46 days. All-
cause mortality at 90 days, 180 days, and 1 year post-BJI diagnosis 
was 4.9% (n = 3/61), 9.8% (n = 6/61), and 14.8% (n = 9/61), respec-
tively, considering the last BJI for patients with >1 BJI. Among the 
9 patients who were dead by 1-year post-BJI, three had >1 BJI and 
four were labeled as treatment failure.

All relevant independent variables, including demographics, 
SOT characteristics, type and presentation of BJI as well as med-
ical and surgical treatment variables were analyzed in univariable 
analyses to identify potential predictors of clinical failure. The type 
of SOT was associated with clinical failure (OR: 1.56, 95% CI 1.19–
2.05, p  =  .001), with more failures in kidney-pancreas transplant 
recipients (9/13, 69%) compared to other organs (12/68, 17.6%; 
p < .0001).

4  |  DISCUSSION

In this largest cohort to date, we report that BJI remain a relatively 
rare and late event in SOTr, with some variability in the type of BJI 
and pathogens identified across different SOT types. Clinical pres-
entations were subtle and could lead to delays in medical care. 
Treatment includes a large variety of antibiotic agents and almost 
universally some type of surgical intervention. Clinical outcomes 
remain rather favorable in their majority with very low mortality ob-
served, albeit with rather frequent recurrences.

With an incidence as low as 1.4% and some variability across 
different SOT types, BJI remain a rare event in SOTr. This is perti-
nent, when considering that this observation was made in a large 
national multi-center cohort of >4000 SOTr, suggesting that indeed 
BJI are rarely encountered in SOTr. Combined kidney-pancreas and 
heart transplant recipients appeared to have higher rates of BJI than 
other SOT categories. This could be attributed to the type of differ-
ent infections encountered in these two patient populations: DFO in 
kidney-pancreas transplant recipients, patients often suffering and 
transplanted for diabetes complications and SSI in thoracic trans-
plant recipients, with surgical intervention requiring sternal incision. 
The above come to add to the existing body of literature, showing 
some variability of bacterial complications across the different SOT 
categories.10 For instance, in another study using the STCS data-
base on bloodstream infections in SOTr, higher rates of bacteraemia 
were observed in lung transplant recipients, followed by heart, liver 
and kidney-pancreas transplant recipients.10 Similarly, the Spanish 

cohort study RESITRA reported highest incidence rates of bacte-
raemia in lung and pancreas transplant recipients.14 In contrast, a 
Danish national cohort study reported higher incidence of bacterae-
mia in liver and kidney SOTr as compared to other SOT categories.15

Most BJI were rather late post-transplant complications, with the 
exception of thoracic organ transplant recipients, who developed an 
infection within the 1st year post-transplant, predominately non-
vertebral osteomyelitis. In fact, when we looked at time to infection 
for thoracic (heart and lung) versus abdominal (liver, kidney, kidney-
pancreas) transplant recipients, BJI occurred significantly earlier in 
the former (median 5.5 months, IQR: 1–14 versus 22 months, IQR: 
10.5–54.5; p = .0001). It is likely that a number of those infections 
of thoracic SOTr were post-operative infections, a rather common 
complication in non-transplant cardiothoracic surgical patients.16,17 
The above could inform clinical practice and alert clinicians to early 
identification of such complications during the 1st year after a tho-
racic transplant. In contrast, BJI was a rather late event in abdomi-
nal organ transplant recipients presenting predominately with DFO, 
followed by non-vertebral osteomyelitis. The incidence of DFO and 
non-vertebral osteomyelitis in this transplant cohort was higher 
compared to the general population.18–21 This may be related to the 
higher proportion of patients with diabetes, frequently observed in 
kidney and kidney-pancreas transplant patients. Furthermore, pa-
tients requiring kidney and/or pancreas or islet transplantation are 
frequently patients who have been on dialysis for many years with 
macro- and/or micro-angiopathy, and polyneuropathy, all predispos-
ing factors for DFO.22–24 In fact, diabetes was identified as one of 
the strongest predictors for BJI in this cohort, in addition, to male 
gender, both well-known risk factors for developing a BJI.25–27 This 
may, in part, be due to the higher proportion of DFO in our SOTr co-
hort, as compared to another study in HSCT recipients, where septic 
arthritis was the most common BJI.7

Most BJI were due to Gram-positive cocci, followed by aer-
obic Gram-negative bacilli, consistent with data in the gen-
eral population.18,28–35 Overall, S. aureus, Streptococcus spp. and 
Enterobacterales represented the vast majority of pathogens iden-
tified. Infections due to antibiotic resistant pathogens were rarely 
encountered. Data on antimicrobial resistance were not recorded 
in the STCS database until 2012 and since then resistance data re-
porting might have not been complete. Nevertheless, given the low 
number of carbapenem administration, it is likely that infections due 
to multidrug-resistant (MDR) Gram-negative pathogens, such as 
those producing extended-spectrum beta-lactamases (ESBL), were 
rarely encountered in our series. These data are consistent with data 
from the ANRESIS Swiss antibacterial resistance network, show-
ing relatively low rates of ESBL and MDR Gram-negative bacteria 
in Switzerland.36,37 Similarly, there were no methicillin resistant S. 
aureus (MRSA) bloodstream infection observed, consistent with the 
low prevalence MRSA in Switzerland.

Treatment duration was considered appropriate for most BJI 
categories, except for DFO where treatment was longer than the 
recommended 4–6 weeks.38–43 Particularly, when 80% of the 
patients with DFO were surgically treated and half of the cases 
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required amputation, which should have shortened treatment 
duration.31,44 The above could, in part, be attributed to lack of 
clinical response and/or problematic wound healing leading cli-
nicians to prolong the duration of antibiotic treatment. Notably, 
the duration of IV treatment was relatively short, with a median 
of 19 days for antibiotics and 16 days for antifungals. This may 
simply reflect a national practice to transition antibiotic treat-
ment of BJI to highly bioavailable orally administered agents as 
soon as possible. The latter has been reinforced by a recent ran-
domized controlled study on BJI showing non-inferiority of early 
oral step-down versus prolonged IV therapies.45 The majority of 
patients were treated surgically as well, including two cases of 
vertebral osteomyelitis, usually treated conservatively in most 
cases.46 Clinicians in charge of SOTr with BJI may have a lower 
threshold to consider a surgical intervention for their patients, in 
order to rapidly decrease the bacterial (or fungal) load and avoid 
potential complications. Thus, multidisciplinary approach should 
be encouraged for the treatment of BJI in SOTr: indeed, it is well 
known that interdisciplinary teams decrease reoperation rates for 
infection recurrence, improve survival, lower number of surger-
ies, and reduce days of total antibiotic treatment and amputation 
rates.20,47–49

Despite long treatment courses and the fact that most patents 
underwent a surgical intervention for the management of their 
BJI, including a high number of amputations for DFO, treatment 
failure rate was relatively high at 25.9%. The risk of recurrence 
among infections related to arthroplasties and other implants is 
reported to be between 5 and 15%, depending on the context and 
completeness of surgical debridement and antibiotic duration.42,50 
Only difficult-to-operate osteomyelitis and DFO might have 
higher risks of failure.51,52 The less favorable clinical outcomes 
observed in this cohort could, in part, be explained by the con-
comitant comorbidities and administration of immunosuppressive 
treatments in SOTr, potentially hindering tissue healing, and/or 
the rather indolent clinical presentation of BJI in this population. 
Indeed, our data suggest that clinical presentation of BJI in SOT 
recipients can be subtle. Most patients in this cohort were afebrile 
with low white blood cell counts and inflammatory markers. The 
above may be due to the administration of immunosuppression 
including low-dose steroids, which may have not allowed patients 
to mount a significant inflammatory reaction to their infection. 
This observation could alert clinicians caring for these patients to 
promptly respond to -even minor- signs and symptoms potentially 
suggestive of a BJI.

Our study has several limitations, mainly associated with its 
retrospective observational design. Only BJI due to an identified 
pathogen were included, therefore it is possible that the number of 
cases might have been underestimated. Pertinent information on 
diabetes management, particularly considering the high numbers 
of DFO, including A1C was not recorded in the STCS database, and 
hence this information was not included in the manuscript. Only 
patients with their first transplant were included in the study: 

recipients of a second or more organ transplant were excluded 
from the study, potentially decreasing the number of cases. Last, 
SOT practices and prophylactic strategies but also BJI diagnostic 
and treatment modalities might have differed across the different 
centers.

In conclusion, BJI remain rare and late complications in SOTr. 
The clinical presentation can be subtle and the risk of treatment 
failure high, probably related to the immunosuppression and fre-
quent comorbidities of SOTr patients. Thoracic organ transplant 
recipients appear to be at higher risk of developing early onset BJI 
due to fungal and other pathogens, suggesting increased vigilance 
and high degree of clinical suspicion should be applied in this pa-
tient population. The relative rarity of BJI, even in the setting of 
multi-center cohort studies, makes clinical research complicated 
in SOTr.

AUTHOR CONTRIBUTIONS
Study design: TTP, DOA, CvD, IU, DN. Data collection: TTP, DOA, 
SHB, CH, JT, KU, CS, PWS, DS. Data analysis: TTP, DOA, IU, DN. 
Statistics: TTP, SS, DN. Drafting article: TTP. Critical revision of the 
article: all authors.

ACKNOWLEDG MENTS
This study has been carried out in the framework of the Swiss 
Transplant Cohort Study (STCS), supported by the Swiss National 
Science Foundation, the Swiss University Hospitals and transplant 
centres. The authors are indebted to all patients for their willing-
ness to participate in the STCS, and doctors and nurses associated 
with the STCS. Open access funding provided by Universite de 
Geneve.

DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

DISCLOSURE
The authors of this manuscript have no conflicts of interest to dis-
close as described by the American Journal of Transplantation.

ORCID
Truong-Thanh Pham   https://orcid.org/0000-0003-0284-7080 
Diego O. Andrey   https://orcid.org/0000-0003-3247-9274 
Susanne Stampf   https://orcid.org/0000-0003-3399-5078 
Cédric Hirzel   https://orcid.org/0000-0002-7870-912X 
Johnathan Tschopp   https://orcid.org/0000-0002-9369-937X 
Peter W. Schreiber   https://orcid.org/0000-0001-8123-2601 
Noémie Boillat-Blanco   https://orcid.org/0000-0002-2490-8174 
Nina Khanna   https://orcid.org/0000-0002-2642-419X 
Oriol Manuel   https://orcid.org/0000-0001-7607-0943 
Nicolas J. Mueller   https://orcid.org/0000-0002-1059-3191 
Christian van Delden   https://orcid.org/0000-0002-2901-8285 
Dionysios Neofytos   https://orcid.org/0000-0001-6970-2869 

https://orcid.org/0000-0003-0284-7080
https://orcid.org/0000-0003-0284-7080
https://orcid.org/0000-0003-3247-9274
https://orcid.org/0000-0003-3247-9274
https://orcid.org/0000-0003-3399-5078
https://orcid.org/0000-0003-3399-5078
https://orcid.org/0000-0002-7870-912X
https://orcid.org/0000-0002-7870-912X
https://orcid.org/0000-0002-9369-937X
https://orcid.org/0000-0002-9369-937X
https://orcid.org/0000-0001-8123-2601
https://orcid.org/0000-0001-8123-2601
https://orcid.org/0000-0002-2490-8174
https://orcid.org/0000-0002-2490-8174
https://orcid.org/0000-0002-2642-419X
https://orcid.org/0000-0002-2642-419X
https://orcid.org/0000-0001-7607-0943
https://orcid.org/0000-0001-7607-0943
https://orcid.org/0000-0002-1059-3191
https://orcid.org/0000-0002-1059-3191
https://orcid.org/0000-0002-2901-8285
https://orcid.org/0000-0002-2901-8285
https://orcid.org/0000-0001-6970-2869
https://orcid.org/0000-0001-6970-2869


    |  3045
AJT

PHAM et al.

R E FE R E N C E S
	 1.	 Hirschmann M, Schaerer I, Friederich NF. Auswirkungen des de-

mographischen Wandels auf die Hüft- und Knie-Endoprothetik 
in einem Kantonsspital. Schweiz Med Forum. 2009;9(48):869-871. 
doi:10.4414/smf.2009.07001

	 2.	 Chalmers BP, Ledford CK, Statz JM, et al. Survivorship after 
primary Total hip arthroplasty in solid-organ transplant pa-
tients. J Arthroplasty. 2016;31(11):2525-2529. doi:10.1016/j.
arth.2016.04.012

	 3.	 Hatta T, Statz JM, Itoi E, Cofield RH, Sperling JW, Morrey ME. 
Shoulder arthroplasty in patients with immunosuppression 
following solid organ transplantation. J Shoulder Elbow Surg. 
2020;29(1):44-49. doi:10.1016/j.jse.2019.05.042

	 4.	 Gupta A, Clauss H. Prosthetic joint infection with Mycobacterium 
avium complex in a solid organ transplant recipient. Transpl Infect 
Dis. 2009;11(6):537-540. doi:10.1111/j.1399-3062.2009.00433.x

	 5.	 Li JY, Yong TY, Grove DI, Coates PT. Successful control of 
Scedosporium prolificans septic arthritis and probable os-
teomyelitis without radical surgery in a long-term renal 
transplant recipient. Transpl Infect Dis. 2008;10(1):63-65. 
doi:10.1111/j.1399-3062.2007.00240.x

	 6.	 Movassaghi S, Nasiri Toosi M, Bakhshandeh A, Niksolat F, 
Khazaeipour Z, Tajik A. Frequency of musculoskeletal complica-
tions among the patients receiving solid organ transplantation in a 
tertiary health-care center. Rheumatol Int. 2012;32(8):2363-2366. 
doi:10.1007/s00296-011-1970-3

	 7.	 Abad CL, Phuoc V, Kapoor P, et al. Bone and joint infections among 
hematopoietic stem cell transplant recipients. J Bone Jt Infect. 
2019;4(5):209-215. doi:10.7150/jbji.38120

	 8.	 Stampf S, Mueller NJ, van Delden C, et al. Cohort profile: the swiss 
transplant cohort study (STCS): a nationwide longitudinal co-
hort study of all solid organ recipients in Switzerland. BMJ Open. 
2021;11(12):e051176. doi:10.1136/bmjopen-2021-051176

	 9.	 Cusini A, Beguelin C, Stampf S, et al. Clostridium difficile infection 
is associated with graft loss in solid organ transplant recipients. Am 
J Transplant. 2018;18(7):1745-1754. doi:10.1111/ajt.14640

	10.	 van Delden C, Stampf S, Hirsch HH, et al. Burden and timeline of 
infectious diseases in the first year after solid organ transplantation 
in the swiss transplant cohort study. Clin Infect Dis. 2020;71(7):e159
-e169. doi:10.1093/cid/ciz1113

	11.	 Koller MT, van Delden C, Muller NJ, et al. Design and methodol-
ogy of the swiss transplant cohort study (STCS): a comprehensive 
prospective nationwide long-term follow-up cohort. Eur J Epidemiol. 
2013;28(4):347-355. doi:10.1007/s10654-012-9754-y

	12.	 Singer M, Deutschman CS, Seymour CW, et al. The third interna-
tional consensus definitions for sepsis and septic shock (Sepsis-3). 
Jama. 2016;315(8):801-810. doi:10.1001/jama.2016.0287

	13.	 Diaz-Ledezma C, Higuera CA, Parvizi J. Success after treatment of 
periprosthetic joint infection: a Delphi-based international multi-
disciplinary consensus. Clin Orthop Relat Res. 2013;471(7):2374-
2382. doi:10.1007/s11999-013-2866-1

	14.	 Moreno A, Cervera C, Gavalda J, et al. Bloodstream infec-
tions among transplant recipients: results of a nationwide sur-
veillance in Spain. Am J Transplant. 2007;7(11):2579-2586. 
doi:10.1111/j.1600-6143.2007.01964.x

	15.	 Moller DL, Sorensen SS, Perch M, et al. Bacterial and fungal blood-
stream infections in solid organ transplant recipients: results from 
a Danish cohort with nationwide follow-up. Clin Microbiol Infect. 
2022;28(3):391-397. doi:10.1016/j.cmi.2021.07.021

	16.	 Filsoufi F, Castillo JG, Rahmanian PB, et al. Epidemiology of deep 
sternal wound infection in cardiac surgery. J Cardiothorac Vasc 
Anesth. 2009;23(4):488-494. doi:10.1053/j.jvca.2009.02.007

	17.	 Floros P, Sawhney R, Vrtik M, et al. Risk factors and management 
approach for deep sternal wound infection after cardiac surgery 

at a tertiary medical Centre. Heart Lung Circ. 2011;20(11):712-717. 
doi:10.1016/j.hlc.2011.08.001

	18.	 Kremers HM, Nwojo ME, Ransom JE, Wood-Wentz CM, Melton LJ 
3rd, Huddleston PM 3rd. Trends in the epidemiology of osteomy-
elitis: a population-based study, 1969 to 2009. J Bone Joint Surg Am. 
2015;97(10):837-845. doi:10.2106/JBJS.N.01350

	19.	 Rutherford AI, Subesinghe S, Bharucha T, Ibrahim F, Kleymann A, 
Galloway JB. A population study of the reported incidence of na-
tive joint septic arthritis in the United Kingdom between 1998 and 
2013. Rheumatology (Oxford). 2016;55(12):2176-2180. doi:10.1093/
rheumatology/kew323

	20.	 Walter N, Rupp M, Baertl S, Alt V. The role of multidisciplinary 
teams in musculoskeletal infection. Bone Joint Res. 2022;11(1):6-7. 
doi:10.1302/2046-3758.111.BJR-2021-0498

	21.	 Walter N, Rupp M, Lang S, Alt V. The epidemiology of fracture-
related infections in Germany. Sci Rep. 2021;11(1):10443. 
doi:10.1038/s41598-021-90008-w

	22.	 Boulton AJM, Armstrong DG, Kirsner RS, et al. Diagnosis and man-
agement of diabetic foot complications. 2018;2018:1-20.

	23.	 Lipsky BA, Berendt AR, Cornia PB, et al. 2012 Infectious Diseases 
Society of America clinical practice guideline for the diagnosis and 
treatment of diabetic foot infections. Clin Infect Dis. 2012;54(12):e1
32-e173. doi:10.1093/cid/cis346

	24.	 Noor S, Khan RU, Ahmad J. Understanding diabetic foot infection 
and its management. Diabetes Metab Syndr. 2017;11(2):149-156. 
doi:10.1016/j.dsx.2016.06.023

	25.	 Alamanda VK, Springer BD. Perioperative and modifiable risk 
factors for periprosthetic joint infections (PJI) and recommended 
guidelines. Curr Rev Musculoskelet Med. 2018;11(3):325-331. 
doi:10.1007/s12178-018-9494-z

	26.	 Mathews CJ, Weston VC, Jones A, Field M, Coakley G. Bacterial 
septic arthritis in adults. Lancet. 2010;375(9717):846-855. 
doi:10.1016/S0140-6736(09)61595-6

	27.	 McMaster AC. Risk factors for periprosthetic joint infection follow-
ing primary Total hip arthroplasty: a 15-year, population-based co-
hort study. J Bone Joint Surg Am. 2020;102(6):503-509. doi:10.2106/
JBJS.19.00537

	28.	 Arieli MM, Fowler ML, Lieber SB, Shmerling RH, Paz Z. The pro-
file of the causative organisms which lead to septic arthritis of 
native joints over the last two decades in a single tertiary medi-
cal center in the east coast of the United States. Int J Clin Pract. 
2021;75(12):e15003. doi:10.1111/ijcp.15003

	29.	 Benito N, Franco M, Ribera A, et al. Time trends in the aetiol-
ogy of prosthetic joint infections: a multicentre cohort study. 
Clin Microbiol Infect. 2016;22(8):732 e1-732 e8. doi:10.1016/j.
cmi.2016.05.004

	30.	 Depypere M, Morgenstern M, Kuehl R, Senneville E, Moriarty TF, 
Obremskey WT, Zimmerli W, Trampuz A, Lagrou K, Metsemakers 
WJ Pathogenesis and management of fracture-related infection. 
Clin Microbiol Infect May 2020;26(5):572–578. doi:10.1016/j.
cmi.2019.08.006

	31.	 Gariani K, Pham TT, Kressmann B, et al. Three weeks versus six 
weeks of antibiotic therapy for diabetic foot osteomyelitis: a pro-
spective, randomized, noninferiority pilot trial. Clin Infect Dis. 
2021;73(7):e1539-e1545. doi:10.1093/cid/ciaa1758

	32.	 Kehrer M, Pedersen C, Jensen TG, Lassen AT. Increasing incidence 
of pyogenic spondylodiscitis: a 14-year population-based study. J 
Infect. 2014;68(4):313-320. doi:10.1016/j.jinf.2013.11.011

	33.	 McBride S, Mowbray J, Caughey W, et al. Epidemiology, manage-
ment, and outcomes of large and small native joint septic arthritis 
in adults. Clin Infect Dis. 2020;70(2):271-279. doi:10.1093/cid/
ciz265

	34.	 Tai DBG, Patel R, Abdel MP, Berbari EF, Tande AJ. Microbiology of 
hip and knee periprosthetic joint infections: a database study. Clin 
Microbiol Infect. 2022;28(2):255-259. doi:10.1016/j.cmi.2021.06.006

https://doi.org//10.4414/smf.2009.07001
https://doi.org//10.1016/j.arth.2016.04.012
https://doi.org//10.1016/j.arth.2016.04.012
https://doi.org//10.1016/j.jse.2019.05.042
https://doi.org//10.1111/j.1399-3062.2009.00433.x
https://doi.org//10.1111/j.1399-3062.2007.00240.x
https://doi.org//10.1007/s00296-011-1970-3
https://doi.org//10.7150/jbji.38120
https://doi.org//10.1136/bmjopen-2021-051176
https://doi.org//10.1111/ajt.14640
https://doi.org//10.1093/cid/ciz1113
https://doi.org//10.1007/s10654-012-9754-y
https://doi.org//10.1001/jama.2016.0287
https://doi.org//10.1007/s11999-013-2866-1
https://doi.org//10.1111/j.1600-6143.2007.01964.x
https://doi.org//10.1016/j.cmi.2021.07.021
https://doi.org//10.1053/j.jvca.2009.02.007
https://doi.org//10.1016/j.hlc.2011.08.001
https://doi.org//10.2106/JBJS.N.01350
https://doi.org//10.1093/rheumatology/kew323
https://doi.org//10.1093/rheumatology/kew323
https://doi.org//10.1302/2046-3758.111.BJR-2021-0498
https://doi.org//10.1038/s41598-021-90008-w
https://doi.org//10.1093/cid/cis346
https://doi.org//10.1016/j.dsx.2016.06.023
https://doi.org//10.1007/s12178-018-9494-z
https://doi.org//10.1016/S0140-6736(09)61595-6
https://doi.org//10.2106/JBJS.19.00537
https://doi.org//10.2106/JBJS.19.00537
https://doi.org//10.1111/ijcp.15003
https://doi.org//10.1016/j.cmi.2016.05.004
https://doi.org//10.1016/j.cmi.2016.05.004
https://doi.org//10.1016/j.cmi.2019.08.006
https://doi.org//10.1016/j.cmi.2019.08.006
https://doi.org//10.1093/cid/ciaa1758
https://doi.org//10.1016/j.jinf.2013.11.011
https://doi.org//10.1093/cid/ciz265
https://doi.org//10.1093/cid/ciz265
https://doi.org//10.1016/j.cmi.2021.06.006


3046  |   
AJT

PHAM et al.

	35.	 Triffault-Fillit C, Ferry T, Laurent F, et al. Microbiologic epidemiol-
ogy depending on time to occurrence of prosthetic joint infection: a 
prospective cohort study. Clin Microbiol Infect. 2019;25(3):353-358. 
doi:10.1016/j.cmi.2018.04.035

	36.	 Institute for infectious Diseases—University of Bern. Anresis.ch. 
Accessed February 23, 2022, https://www.anres​is.ch

	37.	 Swiss Federal Office of Public Health (FOPH). How is antibiotic re-
sistance evolving? Updated February 23, 2022. Accessed February 
23, 2022, https://www.bag.admin.ch/bag/en/home/krank​heite​n/
infek​tions​krank​heite​n-bekae​mpfen/​antib​iotik​aresi​stenz​en/wie-
entwi​ckelt​-sich-die-antib​iotik​aresi​stenz​lage---.html

	38.	 Lipsky BA, Senneville E, Abbas ZG, et al. Guidelines on the diag-
nosis and treatment of foot infection in persons with diabetes 
(IWGDF 2019 update). Diabetes Metab Res Rev. 2020;36(Suppl 
1):e3280. doi:10.1002/dmrr.3280

	39.	 Spellberg B, Lipsky BA. Systemic antibiotic therapy for chronic 
osteomyelitis in adults. Clin Infect Dis. 2012;54(3):393-407. 
doi:10.1093/cid/cir842

	40.	 Berbari EF, Kanj SS, Kowalski TJ, et al. Infectious Diseases Society 
of America (IDSA) clinical practice guidelines for the diagnosis and 
treatment of native vertebral osteomyelitis in adults. Clin Infect Dis. 
2015;61(6):e26-e46. doi:10.1093/cid/civ482

	41.	 Couderc M, Bart G, Coiffier G, et al. 2020 French recommen-
dations on the management of septic arthritis in an adult na-
tive joint. Joint Bone Spine. 2020;87(6):538-547. doi:10.1016/​
j.jbspin.2020.07.012

	42.	 Bernard L, Arvieux C, Brunschweiler B, et al. Antibiotic ther-
apy for 6 or 12 weeks for prosthetic joint infection. N Engl J Med. 
2021;384(21):1991-2001. doi:10.1056/NEJMoa2020198

	43.	 Osmon DR, Berbari EF, Berendt AR, et al. Diagnosis and man-
agement of prosthetic joint infection: clinical practice guidelines 
by the Infectious Diseases Society of America. Clin Infect Dis. 
2013;56(1):e1-e25. doi:10.1093/cid/cis803

	44.	 Rod-Fleury T, Dunkel N, Assal M, et al. Duration of post-surgical 
antibiotic therapy for adult chronic osteomyelitis: a single-Centre 
experience. Int Orthop. 2011;35(11):1725-1731. doi:10.1007/
s00264-011-1221-y

	45.	 Li HK, Rombach I, Zambellas R, et al. Oral versus intravenous anti-
biotics for bone and joint infection. N Engl J Med. 2019;380(5):425-
436. doi:10.1056/NEJMoa1710926

	46.	 Park KH, Cho OH, Lee YM, et al. Therapeutic outcomes of hema-
togenous vertebral osteomyelitis with instrumented surgery. Clin 
Infect Dis. 2015;60(9):1330-1338. doi:10.1093/cid/civ066

	47.	 Ferguson J, Alexander M, Bruce S, O'Connell M, Beecroft S, 
McNally M. A retrospective cohort study comparing clinical out-
comes and healthcare resource utilisation in patients undergoing 
surgery for osteomyelitis in England: a case for reorganising or-
thopaedic infection services. J Bone Jt Infect. 2021;6(5):151-163. 
doi:10.5194/jbji-6-151-2021

	48.	 Ntalos D, Berger-Groch J, Rohde H, et al. Implementation of a multi-
disciplinary infections conference affects the treatment plan in pros-
thetic joint infections of the hip: a retrospective study. Arch Orthop 
Trauma Surg. 2019;139(4):467-473. doi:10.1007/s00402-018-3079-6

	49.	 Ntalos D, Schoof B, Thiesen DM, et al. Implementation of a 
multidisciplinary infections conference improves the treat-
ment of spondylodiscitis. Sci Rep. 2021;11(1):9515. doi:10.1038/
s41598-021-89088-5

	50.	 Al-Mayahi M, Betz M, Muller DA, et al. Remission rate of implant-
related infections following revision surgery after fractures. Int 
Orthop. 2013;37(11):2253-2258. doi:10.1007/s00264-013-2092-1

	51.	 Uckay I, Jugun K, Gamulin A, Wagener J, Hoffmeyer P, Lew D. 
Chronic osteomyelitis. Curr Infect Dis Rep. 2012;14(5):566-575. 
doi:10.1007/s11908-012-0286-0

	52.	 Lipsky BA, Uckay I. Treating diabetic foot osteomyelitis: a prac-
tical state-of-the-art update. Medicina (Kaunas). 2021;57(4):339. 
doi:10.3390/medicina57040339

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Pham T-T, Andrey DO, Stampf S, et al. 
Epidemiology and outcomes of bone and joint infections in solid 
organ transplant recipients. Am J Transplant. 2022;22:3031-
3046. doi: 10.1111/ajt.17184

https://doi.org//10.1016/j.cmi.2018.04.035
https://www.anresis.ch
https://www.bag.admin.ch/bag/en/home/krankheiten/infektionskrankheiten-bekaempfen/antibiotikaresistenzen/wie-entwickelt-sich-die-antibiotikaresistenzlage---.html
https://www.bag.admin.ch/bag/en/home/krankheiten/infektionskrankheiten-bekaempfen/antibiotikaresistenzen/wie-entwickelt-sich-die-antibiotikaresistenzlage---.html
https://www.bag.admin.ch/bag/en/home/krankheiten/infektionskrankheiten-bekaempfen/antibiotikaresistenzen/wie-entwickelt-sich-die-antibiotikaresistenzlage---.html
https://doi.org//10.1002/dmrr.3280
https://doi.org//10.1093/cid/cir842
https://doi.org//10.1093/cid/civ482
https://doi.org//10.1016/j.jbspin.2020.07.012
https://doi.org//10.1016/j.jbspin.2020.07.012
https://doi.org//10.1056/NEJMoa2020198
https://doi.org//10.1093/cid/cis803
https://doi.org//10.1007/s00264-011-1221-y
https://doi.org//10.1007/s00264-011-1221-y
https://doi.org//10.1056/NEJMoa1710926
https://doi.org//10.1093/cid/civ066
https://doi.org//10.5194/jbji-6-151-2021
https://doi.org//10.1007/s00402-018-3079-6
https://doi.org//10.1038/s41598-021-89088-5
https://doi.org//10.1038/s41598-021-89088-5
https://doi.org//10.1007/s00264-013-2092-1
https://doi.org//10.1007/s11908-012-0286-0
https://doi.org//10.3390/medicina57040339
https://doi.org/10.1111/ajt.17184

	Epidemiology and outcomes of bone and joint infections in solid organ transplant recipients
	1|INTRODUCTION
	2|METHODS
	2.1|Study design and objectives
	2.2|Data collection
	2.3|Definitions
	2.4|Statistical analysis

	3|RESULTS
	3.1|Patient characteristics
	3.2|Bone and joint infection characteristics
	3.3|Risk factor for bone and joint infection
	3.4|Clinical outcomes

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	DISCLOSURE
	REFERENCES


