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Abstract: Periprosthetic joint infections (PJIs) are important factors in decreasing the success of hip
and knee arthroplasties. It is a necessity to explore the epidemiological data and develop applications
for rational antibiotic use, to address future infection control concerns. We aimed to investigate the
microorganisms that were responsible and the related antibiograms in 121 patients with PJI, who were
managed by two-stage revision surgery. Patients’ data records, demographics, comorbidities, sites of
arthroplasty, synovial fluid and deep tissue culture results and antibiotic treatment were summarized
on a standardized case report form. There were 43 (35.5%) culture-negative PJI cases and 12 (9.9%)
polymicrobial growths. The causative pathogens included Gram-positive (50.4%) and Gram-negative
microorganisms (23.1%) and fungi (0.8%). Methicillin resistance was 64.3% for S. aureus and 89.5%
for coagulase-negative staphylococcus (CoNS). The extended spectrum beta lactamase (ESBL) rate
for Enterobacteriaceae was 68.4%. This study shows that antibiotic resistance is encountered in more
than half of the cases, which is valid for all microorganisms most common in PJI. The success of
treatment decreases significantly in cases where antibiotic-resistant microorganisms are isolated or in
cases where the culture is negative.
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1. Introduction

Knee and hip arthroplasty surgeries are largely successful elective surgical procedures
with a 10-year follow-up survival rate of over 95% [1]. However, periprosthetic joint
infections (PJIs) are one of the most important factors in lowering this success [2], and
so much so that the presence of infection ranks first among the reasons for revision after
knee arthroplasty with a rate of 25.2%, and accounts for 14.8% of revisions after hip
arthroplasty [3,4]. There are studies suggesting that PJIs occur at a rate of 1% per year for
hip arthroplasties and between 1% and 2% per year after knee arthroplasties [5,6].

Antibiotic administration is the standard practice for both prophylaxis and treatment
against PJI after joint arthroplasties [7]. However, the Centers for Disease Control (CDC)
reports that the majority of all antibiotics prescribed against infections after joint arthro-
plasties in acute care hospitals are unnecessary or inappropriate [8]. This practice may
lead to an increase in antibiotic resistance and may cause additional morbidities due to
harmful side effects without providing any benefit to the patient. Therefore, optimizing the
selection, dose and duration of antibiotics is necessary for effective infection treatment and
is important for preventing possible resistance development and undesirable side effects.
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In a previous study, the most common organisms isolated from the infected joints
were reported to be methicillin-resistant and methicillin-sensitive Staphylococcus aureus
and methicillin-resistant and methicillin-sensitive Staphylococcus epidermidis [9]. A study
conducted in Europe reported that 12% of Streptococcus pneumoniae strains had a decreased
susceptibility to penicillin, more than 15% of S. aureus strains were resistant to methicillin,
and approximately 9% of Enterococcus species had become resistant to vancomycin [10]. The
rate at which microorganisms develop resistance and the lack of new antibiotic discoveries
to keep up with this pace are worrying in terms of future infection control. It is an
absolute necessity to explore the epidemiological data and develop applications for rational
antibiotic use.

For this reason, in our study, we aimed to investigate our epidemiological data by
examining the microorganisms responsible and the related antibiograms during follow-up
of patients post joint replacement in our tertiary hospital in Turkey.

2. Results

One hundred and twenty-one patients were included in this study. Their demographic
features are shown in Table 1. The median age was 68 years (IQR 12.0) and 37 (30%) were
male. Of the patients, 74 (64.2%) had the knee as the PJI site, which was the most commonly
infected site. Diabetes was the most common comorbidity (52.9%). Diabetes was followed
by hypertension, rheumatoid arthritis, chronic renal failure and coronary artery disease,
respectively. Forty-three patients (35.5%) had a previous history of PJI. Seventy-six patients
(62.8%) had a history of antibiotic use in the last 3 months. The majority of the patients had
late PJI (66.9%). Twenty-four of the patients had delayed PJI and 9.1% had early PJI.

Table 1. Baseline demographic and clinical characteristics.

Age, median (IQR) 68.000 (12.000)

Sex, (male), n (%) 37 (30.6)

Comorbidities, n (%)
Diabetes 64 (52.9)
Hypertension 24 (19.8)
Rheumatoid arthritis 7 (5.8)
Chronic renal failure 4 (3.3)
Coronary artery disease 1 (0.8)

Prosthetic joint site, n (%)

Knee 74 (61.2)

Hip 43 (35.5)

Shoulder 3 (2.5)

PJI history, n (%) 43 (35.5)

Previous antibiotic use, n (%) 76 (62.8)

Polymicrobial growth, n (%) 12 (9.9)

Culture negative PJI, n (%) 43 (35.5)

PJI time, n (%)

Type 1 (≤1 mo) 11 (9.1)

Type 2 (>1 mo to ≤12 mo) 29 (24)

Type 3 (>12 mo) 81 (66.9)
Abbreviations: PJI; prosthetic joint infection.

There were 43 (35.5%) culture-negative PJIs in our study group. Twenty-three (53.4%)
of the culture-negative PJI patients had a history of antibiotic use. There were 90 causative
pathogens in 78 patients. There were 12 (9.9%) polymicrobial growths. The causative
pathogens included Gram-positive (50.4%) and Gram-negative microorganisms (23.1%)
and fungi (0.8%) (Table 2). The most common causative microorganisms were Staphylococcus
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aureus (23.1%), coagulase-negative staphylococci (CoNS) (15.7%) and Escherichia coli (7.4%).
Methicillin resistance was 64.3% for S. aureus and 89.5% for CoNS (Table 2). The ESBL rate
for Enterobacteriaceae was 68.4% (Table 3).

Table 2. Distribution of isolated agents in patients with prosthetic joint infection.

Microorganisms n (%)

Gram-positive microorganisms 61 (50.4)

S. aureus 28 (23.1)

-MRSA 18 (14.9)

Coagulase-negative staphylococci 19 (15.7)

-MRCoNS 17 (14.1)

Streptococcus spp. 8 (6.6)

Enterococcus spp. 3 (2.5)

Bacillus spp. 2 (1.7)

Corynebacterium striatum 1 (0.8)

Gram-negative microorganisms 28 (23.1)

Enterobacteriaceae 19 (15.7)

E. coli 9 (7.4)

Klebsiella spp. 6 (5.0)

Serratia marcescens 3 (2.5)

Proteus mirabilis 1 (0.8)

Non-fermentative Gram-negative bacilli

Pseudomonas aeruginosa 4 (3.3)

Burkholderia cepacia 3 (2.5)

Achromobacter spp. 1 (0.8)

Other

Moraxella spp. 1 (0.8)

Fungi

Scedosporium spp. 1 (0.8)
Abbreviations: MRSA; methicillin-resistant Staphylococcus aureus, MRCoNS; methicillin-resistant coagulase-
negative staphylococci.

Table 3. Distribution of methicillin and ESBL resistance, Gram-positive and -negative microorganisms,
and polymicrobial and culture-negative cases, and their relationship with treatment success.

Cured Infection (n = 89) Uncured Infection (n = 32) p-Value

Methicillin resistance 22 (24.7) 12 (37.5) 0.096

ESBL resistance 7 (7.9) 6 (18.8) 0.687

Resistance to any
antibiotic

30 (33.7) 20 (62.5) 0.005

Gram-negative
microorganism

11 (12.4) 17 (53.1) 0.002

Gram-positive
microorganism

44 (49.4) 17 (53.1) 0.020

Polymicrobial 5 (5.61) 7 (21.9) 0.008

Culture-negative 5 (15.6) 38 (57.3) 0.006
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The mean C-reactive protein (CRP) of PJI patients before prosthesis removal was
83.8 mg/dL (±80.486). The mean CRP before revision surgery was 6.4 mg/L (±3.549).

Empiric antibiotic therapy was started in all patients until the microorganism was
isolated in an intraoperative culture. Monotherapy was given in 21 (17.4%) patients and
combination therapy was given in 100 (82.6%) patients. Teicoplanin was the most frequently
preferred antibiotic in empirical monotherapy. In combination therapy, the combination of
teicoplanin, piperacillin and tazobactam was the most frequently preferred combination
(Table 4). In 16 (13.2%) patients who received empirical antibiotic treatment, the initial
antibiotics were revised because it was not effective against the isolated microorganism. In
62 (51.2%) patients, empirical treatment was appropriate for the isolated microorganism.
However, due to the broad spectrum of empirical treatment, antibiotherapy was deescalated.
The mean duration of antibiotic use after prosthesis removal was 34.86 ± 12.762 days.

Table 4. Intravenous antimicrobial therapy used for prosthetic joint infections (n = 121).

Empirical Antibiotherapy, n (%) Definitive Antibiotherapy, n (%)

Monotherapy Teicoplanin 12 (1) Teicoplanin 30 (24.8)

Piperacillin–tazobactam 3 (2.5) Meropenem 9 (7.4)

Sulbactam ampicillin 3 (2.5) Sulbactam ampicillin 5 (4.1)

Meropenem 2 (1.7) Ertapenem 3 (2.5)

Daptomycin 1 (0.8) Ceftriaxone 2 (1.7)

Ceftazidime 1 (0.8)

Piperacillin tazobactam 1 (0.8)

Amoxicillin clavulanate 1 (0.8)

Moxifloxacin 1 (0.8)

Cefazolin 1 (0.8)

Tigecycline 1 (0.8)

Voriconazole 1 (0.8)

Combination Teicoplanin + Piperacillin–tazobactam 53 (43.8) Teicoplanin + Ciprofloxacin 57 (47.1)

Teicoplanin + Ciprofloxacin 34 (28.1) Teicoplanin + Meropenem 4 (3.3)

Teicoplanin + Meropenem 8 (6.6) Teicoplanin + Ceftriaxone 2 (1.7)

Teicoplanin + Ciprofloxacin 5 (4.1) Teicoplanin + Piperacillin–tazobactam 1 (0.8)

Meropenem + Amikacin 1 (0.8)

3. Discussion

Our study is one of several large case series of PJI in the medical literature [11,12]. This
study provides information about the local epidemiology of causative microorganisms in
PJI in Turkey. Use of antibiotics before a surgical procedure may result in a false negative
culture. So, for patients undergoing joint replacement surgery, it is recommended that the
antibiotics be discontinued at least 2 weeks prior to the surgical procedure to detect the
causative organism [13]. The patients in our study had stopped antibiotic treatment at
least 2 weeks before. But, despite this, there were 43 (35.5%) culture-negative PJIs in our
study group. In similar previous studies, the rate of culture-negative PJI ranged from 7 to
41% [11,12,14]. Culture negativity was associated most frequently with a history of previous
antibiotic use [12,15]. Negative cultures may have resulted from previous antibiotic us, as
was the case in 23 (53.4%) patients from our study who had used antibiotics. Other causes
of culture negativity are the use of antibiotic-impregnated cement, biofilm development on
the prosthesis surface, inappropriate culture medium and prolonged time to transfer the
specimen to the laboratory [13]. In our study, patients received a two-stage revision and all
the cultures we evaluated were specimens taken at the prosthesis removal stage. Therefore,
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patients did not have antibiotic-impregnated cement. Our hospital is a large campus, so it
was thought that the lack of growth of anaerobic microorganisms might have been related
to inappropriate culture media and prolonged transfer times.

Antibiotic resistance of microorganisms and treatment successes are shown in Table 3.
In our study, the most common causative microorganism of PJI was S. aureus, followed
by CoNS. In similar previous studies, S. aureus was the most common causative agent in
PJI [11,12,16]. Methicillin resistance is a serious problem for CoNS and S. aureus. In our
study, methicillin resistance was 64.3% for S. aureus and 89.5% for CoNS. It was observed
that the success of treatment decreased significantly in cases where antibiotic-resistant
microorganisms were isolated or in cases where the culture was negative (Table 3).

According to Okay et al., the rate of methicillin-resistant staphylococci was 24.3%
between 2011 and 2017 [17]. A 2012 Australian study reported a 45% rate of methicillin-
resistant staphylococci [18]. This rapid increase in antibiotic resistance over the years has
become a significant problem in PJIs’ treatment [7]. Joint infections are a public health
problem creating many challenges such as limited treatment options due to antibiotic
resistance, prolong hospitalization as well as increased healthcare costs [19–21].

In our study, the rate of Gram-negative microorganisms in culture-positive PJIs was
23.1%. In previous studies, the rate of PJI caused by Gram-negative microorganisms was
reported to be between 6% and 23% [22–24]. Especially in the treatment of culture-negative
PJI, Gram-negative microorganisms should be kept in mind as well as Gram-positive ones
during empirical treatments. The ESBL resistance rate for Enterobacteriaceae was 68.4% in
our study groups. The treatment options in such cases are limited, especially for resistant
Gram-negative infections, which may lead to treatment failure and long hospital stays [25].

Although the polymicrobial growth rate in PJI patients was 9.9%, the empirical com-
bination antibiotic use rate was 82.6%. Empirical treatment should target staphylococci
(including methicillin resistant) and Gram-negative bacilli [26]. Consistent with the litera-
ture, we mostly preferred teicoplanin and piperacillin–tazobactam in combination. In our
study, the antibiotic regimen in 64.5% of cases was based on laboratory results. A lack of
efficacy was the reason in 13.2% of cases, whereas, in 51.2% of cases, empiric antibiotic
therapy appeared to be broad spectrum and, therefore, was deescalated. Our combination
antibiotic use rate was high. Treatment of infected joints should not be delayed; therefore,
we preferred broad-spectrum therapy and later deescalated as the isolated microorganisms
were identified. In the two-stage prosthesis infection treatment, antibiotic use is recom-
mended for 4–6 weeks after the prosthesis is removed [26]. In our study, the mean duration
of antibiotic use was 34.86 ± 12.762 days. Our duration of antibiotic use is consistent with
the guideline recommendation.

The limitations of our study include the retrospective design, which may have caused
leaked data. By planning the study prospectively, risk factors for resistant microorganisms
can be determined with a larger sample group. Despite the limitations, our study was
conducted in the major orthopaedic centre of our country. Our orthopaedic centre is a
578-bed hospital within a large health complex with 4190 beds. Our hospital is a tertiary
hospital and a reference centre that accepts patients from all over our country. So, this
study contributes considerably to the country’s epidemiological data. Furthermore, we
believe that these data will contribute to the empirical antibiotic selection for PJI.

4. Materials and Methods

Our retrospective study was conducted between January 2019 and December 2022. All
cases of PJIs managed by two-stage revision surgery were evaluated in our tertiary reference
hospital. Ethical approval was granted by our hospital’s Research Ethics Committee
(approval date: 26 July 2023, approval number: E1-23-3831).

Patients were managed by infectious disease physicians and orthopaedic surgeons
in a multidisciplinary team. Infected prostheses were removed and culture samples were
taken from at least 3 different tissues during the operation. If the patient was receiving
antibiotic treatment, it was discontinued at least 2 weeks before surgery to avoid a false
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negative culture. Patients who were <18 years old and had missing data were excluded
from analysis. International Consensus Meeting 2018 criteria were used for the diagnosis
of PJI. Persistent elevation of the erythrocyte sedimentation rate (ESR) (>30 mm/h), C-
reactive protein (CRP) (>1 mg/dL) and D-dimer (>860 ng/mL) were considered as 1, 2
and 2 points, respectively. A synovial fluid white blood cell count >3000 cells/µL was
given 3 points, an alpha defensin level higher than the cut-off value was given 3 points, a
leukocyte esterase test (++) was given 3 points, a polymorphonuclear cell rate >80% was
given 2 points and a synovial CRP value >6, 9 mg/L was considered as 1 point. Patients
with >6 points were considered infected. Apart from this, the presence of 2 positive
cultures or the development of a sinus tract at the wound site was directly considered as
infection [27]. Classification according to the onset time was defined according to the study
Coventry et al. [28]. Infections occurring after arthroplasty applications were classified
into 3 groups according to their time of occurrence. Accordingly, Type 1 was defined as
early postoperative infection (acute infection that occurs in the first 30 days after surgery),
Type 2 was defined as late chronic infection (long-term infection that occurs >30 days after
surgery) and Type 3 was defined as late hematogenous infection (two years after surgery).

All patients received intravenous empiric antimicrobial therapy in the postopera-
tive period. If a microorganism was isolated in intraoperative cultures, the treatment
was revised according to the antibiotic sensitivity pattern of the microorganism. If the
microorganism could not be isolated from the culture, treatment was continued empirically.

Treatment success was defined as being antibiotic-free and symptom-free for at least
one year after completing infection treatment. Treatment failure was defined as one of
the following: the recurrence of the same joint infection with the same or a different
microorganism within the first year; presence of acute inflammation in the periprosthetic
tissue on histopathological examination or in any surgery performed within 1 year after
infection treatment; the development of a sinus tract to the joint; or death from joint
infection. Death of a patient due to sepsis in whom no other focus of infection other than
joint infection was detected was defined as PJI-related death. Antibiotic history was defined
as antibiotic use within the last 3 months. History of PJI was defined as previous infection
in the same joint.

Data were collected from the medical records. Patients’ data records such as demo-
graphics, comorbidities, site of arthroplasty, synovial fluid and deep tissue culture results
and administered antibiotic treatment were reviewed and summarized on a standardized
case report form.

The identification of isolates in cultures was performed with a VITEK-2 (BioMeriux,
Marcy-l’Étoile, France) automated identification device. Antibiotic susceptibility tests
were performed automatically on the VITEK-2 (BioMeriux, France) identification device.
Methicillin resistance was evaluated with cefoxitin. Resistance rates and MIC (minimal
inhibitory concentration) values were determined according to EUCAST (The European
Committee on Antimicrobial Susceptibility Testing) standards.

Descriptive statistical analysis was performed using IBM SPSS Statistics 25 software
(SPSS Inc., Chicago, IL, USA, 2011). The assumptions of normality and homogeneity of
variance were investigated by Shapiro–Wilk and Levene tests, respectively. Descriptive
statistics were expressed as the mean ± standard deviation, median (25th percentile–75th
percentile) or median (minimum-maximum) for continuous numerical variables, while
categorical variables were expressed as the number of cases and %. The significance of the
differences between the groups in terms of averages was analysed by Student’s t test, while
the significance of the differences in terms of continuous numerical variables for which
parametric test statistical assumptions were not met was evaluated by the Mann–Whitney
U test.

Fisher’s exact test was used for the analysis of categorical data. On the other hand, the
effect of the mean width of the thickest thigh on the development of PJI was investigated
by univariate logistic regression analysis by calculating the odds ratios and 95% confidence
intervals. p ≤ 0.05 results were considered statistically significant.



Antibiotics 2024, 13, 306 7 of 8

5. Conclusions

PJI treatment is difficult and requires teamwork. Adding to the challenge is antibiotic
resistance, which causes difficulties in the treatment of joint infection, as in other infections.
To combat the threat it poses, gaining knowledge of country and world epidemiological
data is highly important for ensuring rational antibiotic stewardship. Gram-positive
microorganisms are the most common pathogens for PJI, so they may be the focus; however,
it is necessary to acknowledge that Gram-negative microorganisms are still the causative
pathogen in one out of every five patients.

Author Contributions: Conceptualization, B.C. and M.A. (Mustafa Akkaya); investigation, B.C., M.A.
(Müge Ayhan), M.B. and H.I.O.; methodology, B.C. and M.A. (Müge Ayhan); project administration,
M.A. (Mustafa Akkaya); supervision, M.C. and M.A. (Mustafa Akkaya); validation, M.C. and M.A.
(Mustafa Akkaya); writing—original draft, B.C., M.B. and H.I.O.; writing—review and editing, M.D.,
M.C. and M.A. (Mustafa Akkaya). All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of Ankara Bilkent City Hospital
(approval date: 26 July 2023, approval number: E1-23-3831).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The data presented in the study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Kurtz, S.; Ong, K.; Lau, E.; Mowat, F.; Halpern, M. Projections of primary and revision hip and knee arthroplasty in the United

States from 2005 to 2030. J. Bone Jt. Surg. Am. 2007, 89, 780–785. [CrossRef]
2. Koh, C.K.; Zeng, I.; Ravi, S.; Zhu, M.; Vince, K.G.; Young, S.W. Periprosthetic joint infection is the main cause of failure for modern

knee arthroplasty: An analysis of 11,134 knees. Clin. Orthop. Relat. Res. 2017, 475, 2194–2201. [CrossRef] [PubMed]
3. Parvizi, J.; Pawasarat, I.M.; Azzam, K.A.; Joshi, A.; Hansen, E.N.; Bozic, K.J. Periprosthetic joint infection: The economic impact of

methicillin-resistant infections. J. Arthroplast. 2010, 25, 103–107. [CrossRef] [PubMed]
4. Bozic, K.J.; Kurtz, S.M.; Lau, E.; Ong, K.; Chiu, V.; Vail, T.P.; Rubash, H.E.; Berry, D.J. The epidemiology of revision total knee

arthroplasty in the United States. Clin. Orthop. Relat. Res. 2010, 468, 45–51. [CrossRef]
5. Dale, H.; Hallan, G.; Espehaug, B.; Havelin, L.I.; Engesæter, L.B. Increasing risk of revision due to deep infection after hip

arthroplasty. Acta Orthop. 2009, 80, 639–645. [CrossRef] [PubMed]
6. Kurtz, S.M.; Ong, K.L.; Lau, E.; Bozic, K.J.; Berry, D.; Parvizi, J. Prosthetic joint infection risk after TKA in the Medicare population.

Clin. Orthop. Relat. Res. 2010, 468, 52–56. [CrossRef] [PubMed]
7. Myers, T.G.; Lipof, J.S.; Chen, A.F.; Ricciardi, B.F. Antibiotic Stewardship for Total Joint Arthroplasty in 2020. J. Am. Acad. Orthop.

Surg. 2020, 28, e793–e802. [CrossRef]
8. CDC: Core Elements of Hospital Antibiotic Stewardship Programs. Available online: https://www.cdc.gov/antibiotic-use/

healthcare/implementation/core-elements.html (accessed on 11 November 2018).
9. Pulido, L.; Ghanem, E.; Joshi, A.; Purtill, J.J.; Parvizi, J. Periprosthetic joint infection: The incidence, timing, and predisposing

factors. Clin. Orthop. Relat. Res. 2008, 466, 1710–1715. [CrossRef] [PubMed]
10. European Centre for Disease Prevention and Control. Antimicrobial Resistance Surveillance in Europe 2012; Annual Report of the

European Antimicrobial Resistance Surveillance Network (EARS-Net); ECDC: Stockholm, Sweden, 2013.
11. Bejon, P.; Berendt, A.; Atkins, B.L.; Green, N.; Parry, H.; Masters, S.; Mclardy-Smith, P.; Gundle, R.; Byren, I. Two-stage revision

for prosthetic joint infection: Predictors of outcome and the role of reimplantation microbiology. J. Antimicrob. Chemother. 2010, 65,
569–575. [CrossRef]

12. Tsai, J.-C.; Sheng, W.-H.; Lo, W.-Y.; Jiang, C.-C.; Chang, S.-C. Clinical characteristics, microbiology, and outcomes of prosthetic
joint infection in Taiwan. J. Microbiol. Immunol. Infect. 2015, 48, 198–204. [CrossRef]

13. Del Pozo, J.L.; Patel, R. Infection Associated with Prosthetic Joints. N. Engl. J. Med. 2009, 361, 787–794. [CrossRef] [PubMed]
14. Berbari, E.F.; Marculescu, C.; Sia, I.; Lahr, B.D.; Hanssen, A.D.; Steckelberg, J.M.; Gullerud, R.; Osmon, D.R. Culture-negative

prosthetic joint infection. Clin. Infect. Dis. 2007, 45, 1113–1119. [CrossRef] [PubMed]

https://doi.org/10.2106/00004623-200704000-00012
https://doi.org/10.1007/s11999-017-5396-4
https://www.ncbi.nlm.nih.gov/pubmed/28573549
https://doi.org/10.1016/j.arth.2010.04.011
https://www.ncbi.nlm.nih.gov/pubmed/20570103
https://doi.org/10.1007/s11999-009-0945-0
https://doi.org/10.3109/17453670903506658
https://www.ncbi.nlm.nih.gov/pubmed/19995313
https://doi.org/10.1007/s11999-009-1013-5
https://www.ncbi.nlm.nih.gov/pubmed/19669386
https://doi.org/10.5435/JAAOS-D-19-00850
https://www.cdc.gov/antibiotic-use/healthcare/implementation/core-elements.html
https://www.cdc.gov/antibiotic-use/healthcare/implementation/core-elements.html
https://doi.org/10.1007/s11999-008-0209-4
https://www.ncbi.nlm.nih.gov/pubmed/18421542
https://doi.org/10.1093/jac/dkp469
https://doi.org/10.1016/j.jmii.2013.08.007
https://doi.org/10.1056/NEJMcp0905029
https://www.ncbi.nlm.nih.gov/pubmed/19692690
https://doi.org/10.1086/522184
https://www.ncbi.nlm.nih.gov/pubmed/17918072


Antibiotics 2024, 13, 306 8 of 8

15. Kurtz, S.M.; Lau, E.; Schmier, J.; Ong, K.L.; Zhao, K.; Parvizi, J. Infection burden for hip and knee arthroplasty in the United
States. J. Arthroplast. 2008, 23, 984–991. [CrossRef] [PubMed]

16. Trampuz, A.; Piper, K.E.; Jacobson, M.J.; Hanssen, A.D.; Unni, K.K.; Osmon, D.R.; Mandrekar, J.N.; Cockerill, F.R.; Steckelberg,
J.M.; Greenleaf, J.F.; et al. Sonication of removed hip and knee prostheses for diagnosis of infection. N. Engl. J. Med. 2007, 357,
654–663. [CrossRef] [PubMed]

17. Okay, G.; Bolukcu, S.; Durdu, B.; Gultepe, B.S.; Tuncay, I.; Koc, M.M. Investigation of the changing etiology and risk factors of
prosthetic joint infections: A university hospital surveillance study from 2011–2017. Acta Orthop Belg. 2020, 86, 54–63. [PubMed]

18. Peel, T.N.; Cheng, A.C.; Buising, K.L.; Choong, P.F. Microbiological aetiology, epidemiology, and clinical profile of prosthetic joint
infections: Are current antibiotic prophylaxis guidelines effective? Antimicrob. Agents Chemother. 2012, 56, 2386–2391. [CrossRef]

19. Premkumar, A.; Kolin, D.A.; Farley, K.X.; Wilson, J.M.; McLawhorn, A.S.; Cross, M.B.; Sculco, P.K. Projected economic burden of
periprosthetic joint infection of the hip and knee in the United States. J. Arthroplast. 2020, 36, 1484–1489.e3. [CrossRef]

20. Alp, E.; Cevahir, F.; Ersoy, S.; Guney, A. Incidence and economic burden of prosthetic joint infections in a university hospital: A
report from a middle-income country. J. Infect. Public. Health 2016, 9, 494–498. [CrossRef]

21. Murray, C.J.L.; Ikuta, K.S.; Sharara, F.; Swetschinski, L.; Aguilar, G.R.; Gray, A.; Han, C.; Bisignano, C.; Rao, P.; Wool, E.; et al.
Global burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet 2022, 399, 629–655. [CrossRef]

22. Zimmerli, W.; Ochsner, P. Management of infection associated with prosthetic joints. Infection 2003, 31, 99–108. [CrossRef]
23. Tattevin, P.; Crémieux, A.-C.; Pottier, P.; Huten, D.; Carbon, C. Prosthetic joint infection: When can prosthesis salvage be

considered? Clin. Infect. Dis. 1999, 29, 292–295. [CrossRef] [PubMed]
24. Hsieh, P.H.; Shih, C.H.; Chang, Y.H.; Lee, M.S.; Shih, H.N.; Yang, W.E. Two-stage revision hip arthroplasty for infection:

Comparison between the interim use of antibiotic-loaded cement beads and a spacer prosthesis. J. Bone Jt. Surg. Am. 2004, 86,
1989–1997. [CrossRef]

25. Hsieh, P.; Lee, M.S.; Hsu, K.; Chang, Y.; Shih, H.; Ueng, S.W. Gram-negative prosthetic joint infections: Risk factors and outcome
of treatment. Clin. Infect. Dis. 2009, 49, 1036–1043. [CrossRef] [PubMed]

26. Matthews, P.C.; Berendt, A.R.; McNally, M.A.; Byren, I. Diagnosis and management of prosthetic joint infection. BMJ 2009, 338,
b1773. [CrossRef] [PubMed]

27. Parvizi, J.; Tan, T.L.; Goswami, K.; Higuera, C.; Della Valle, C.; Chen, A.F.; Shohat, N. The 2018 Definition of Periprosthetic Hip
and Knee Infection: An Evidence-Based and Validated Criteria. J. Arthroplast. 2018, 33, 1309–1314.e2. [CrossRef]

28. Pellegrini, A.; Suardi, V.; Legnani, C. Classification and management options for prosthetic joint infection. Ann. Jt. 2022, 7, 3.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.arth.2007.10.017
https://www.ncbi.nlm.nih.gov/pubmed/18534466
https://doi.org/10.1056/NEJMoa061588
https://www.ncbi.nlm.nih.gov/pubmed/17699815
https://www.ncbi.nlm.nih.gov/pubmed/32490774
https://doi.org/10.1128/AAC.06246-11
https://doi.org/10.1016/j.arth.2020.12.005
https://doi.org/10.1016/j.jiph.2015.12.014
https://doi.org/10.1016/S0140-6736(21)02724-0
https://doi.org/10.1007/s15010-002-3079-9
https://doi.org/10.1086/520202
https://www.ncbi.nlm.nih.gov/pubmed/10476729
https://doi.org/10.2106/00004623-200409000-00018
https://doi.org/10.1086/605593
https://www.ncbi.nlm.nih.gov/pubmed/19691430
https://doi.org/10.1136/bmj.b1773
https://www.ncbi.nlm.nih.gov/pubmed/19482869
https://doi.org/10.1016/j.arth.2018.02.078
https://doi.org/10.21037/aoj-20-86

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Conclusions 
	References

