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Abstract. Introduction: While Gram-negative periprosthetic joint infections (PJIs) are generally known for
their poor outcome, few data on Proteus species exist. Therefore, we investigated the prevalence, clinical char-
acteristics, microbial spectrum, outcomes, antimicrobial treatment, and surgical procedures of Proteus-species-
associated PJIs. Methods: We retrospectively evaluated 1776 culture-positive revision hip and knee arthroplas-
ties (hereafter rTHA and rTKA, respectively) from a single institution between 2008 and 2024. The European
Bone and Joint Infection Society and International Consensus Meeting criteria were used for classification. The
Charlson comorbidity score and tier classification were used for evaluating risk factors and success and failure
rates. Statistical analysis was performed using the chi-square test and binary logistic regression. Results: Among
1776 culture-positive revision arthroplasties, we identified 26 (1.5 %) Proteus-species-associated PJIs. The ma-
jority were observed in rTHA, mostly in chronic (65.4 %) and polymicrobial (57.7 %) infections. Chronic PJIs
were associated with polymicrobial infections (p = 0.027), resulting in a higher failure rate (p = 0.041). Among
polymicrobial infections (15 of 26 cases), Enterococcus faecalis (5 of 15), Staphylococcus epidermidis (4 of 15),
and Pseudomonas aeruginosa (3 of 15) were most frequently observed. The most frequently used surgical ap-
proach was a two-stage revision (46.2 %), with a success rate of 25 % (3 of 12). Proteus-species-associated PJIs
were mainly treated with fluoroquinolone, especially ciprofloxacin showed higher success rates (p = 0.018).
The reinfection-free survival rate was 48.5 % after 12 months and 22.6 % after 40 months. Conclusion: Proteus
species represent a rare group of pathogens and are predominantly found in chronic and polymicrobial PJIs,
with a higher occurrence in rTHA than rTKA. Despite an overall high clinical failure rate, ciprofloxacin showed
promising antimicrobial treatment efficacy.

1 Introduction

Periprosthetic joint infections (PJIs) are among the most se-
vere complications of total joint arthroplasty (TJA). While
PJIs are predominantly caused by Gram-positive (GP)
pathogens, Gram-negative (GN) bacteria are increasingly be-
ing reported as causing PJIs (up to 23 % of cases) (Benito et
al., 2016; Hsieh et al., 2009; Sebastian et al., 2019). Although
GN PJIs are associated with poor outcomes, most studies
have focused on GP pathogens; thus, data on GN-pathogen-

associated PJIs remain limited (Aboltins et al., 2011; Tande
and Patel, 2014; Uçkay and Bernard, 2010).

Pseudomonas (20 %–36 %) and E. coli (3 %–30 %) are the
most common pathogens among GN PJI, whereas Proteus
spp. only comprise 3 %–15 % of cases (Hsieh et al., 2009;
Rodríguez-Pardo et al., 2014; Zmistowski et al., 2011). Pro-
teus spp. are GN opportunistic pathogens known for their
clinical manifestation in urinary tract infections (UTIs) and
catheter-associated urinary tract infections (CAUTIs) (Schaf-
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fer and Pearson, 2015). While recent data indicate a growing
number of infections caused by Proteus, little is known about
Proteus-species-associated PJI (Armbruster et al., 2018; Fac-
ciolà et al., 2022).

Recent studies have proposed that outcomes and treat-
ments differ greatly among GN bacteria, necessitating
pathogen-specific therapies (Gonzalez et al., 2024; Uçkay
and Bernard, 2010). Given the increasing incidence of GN
PJIs and their unique challenges, pathogen-specific stud-
ies are required to better understand and manage infections
caused by GN organisms. Additionally, the growing concern
of antimicrobial resistance among Proteus isolates further
complicates the management of these infections and may ne-
cessitate extended antimicrobial therapy and multiple surgi-
cal interventions.

Therefore, this study evaluated the frequency, clinical
characteristics, microbial spectrum, surgical procedures, an-
tibiotic treatment, and outcome of total hip and knee arthro-
plasty revisions (hereafter rTHA and rTKA, respectively) as-
sociated with Proteus spp.

2 Materials and methods

After receiving institutional ethics board approval (EK
10/2020; blinded for review), we investigated 1776 culture-
positive knee and hip revision arthroplasties from January
2008 until June 2024 from our prospectively maintained in-
house arthroplasty registry and PJI database. All patients
who had a positive intraoperative culture for Proteus spp.
were included in this study. For PJI classification, the In-
ternational Consensus Meeting (ICM) 2018 (Shohat et al.,
2019) and the European Bone and Joint Infection Society
(EBJIS; McNally et al., 2021) criteria were used. PJI cases
were classified as acute if the onset occurred within 3 months
or as chronic if the onset was longer than 3 months after
the primary implantation (Li et al., 2018). Patient specific
risk factors were assessed, using the McPherson classifica-
tion (Coughlan and Taylor, 2020) and the Charlson comor-
bidity index (CCI; Charlson et al., 1987).

2.1 Microbiological analysis

For microbiological analysis, the following samples were uti-
lized: preoperatively collected synovial fluid, periprosthetic
tissue samples, intraoperative swabs, and sonication fluid.
Swabs were accepted as positive cultures only when col-
lected intraoperatively. The median number of samples taken
per surgery was five, with a median number of four positive
intraoperative cultures. Explanted devices were immediately
placed into sonication containers, into which saline solution
was added to completely cover the implants. The container
was then sonicated and vortexed (Trampuz et al., 2007). Tis-
sue samples and sonication fluid (0.1 mL) were further anal-
ysed for bacterial and fungal identification using standard mi-
crobiological techniques (Frank et al., 2021). Antimicrobial

susceptibility profiling was determined using the BD sys-
tem (Becton Dickinson and Company, Franklin Lakes, NJ),
according to the manufacturer’s recommendations, and in-
terpreted following the European Committee on Antimicro-
bial Susceptibility Testing (EUCAST) guidelines (EUCAST,
2024).

Antibiotic treatment was initially given according to the
institutional protocols and subsequently adjusted based on
the antibiogram results. Antibiotic resistance was evaluated
in all patients. All patients received antimicrobial treatment
consisting of at least two antimicrobial agents in combina-
tion.

2.2 Follow-up and clinical outcome

Four patients died during the follow-up period. Patients who
had treatment failure within 1 year were included, although
they did not achieve a 1-year follow-up. If additional infor-
mation on the follow-up was needed, patients were contacted
by phone. Detailed demographic data are displayed in Ta-
ble 1.

The treatment failure and success rates were calculated us-
ing the tier classification by the Musculoskeletal Infection
Society (Fillingham et al., 2019). Cases classified in the first
group of the tier classification (Tier 1) were considered suc-
cessful, as the infection was successfully eradicated without
further antibiotic treatment. We also included spacer implan-
tation followed by successful reimplantation and complete
infection control in the first category. Tier 2 includes patients
on suppressive antibiotic therapy. Tier 3 consists of all pa-
tients with following surgery and is divided into different
subcategories: A – aseptic revision after 1 year; B – septic
revision after 1 year; C – aseptic revision within 1 year; D
– septic revision within 1 year; E – amputation, resection
arthroplasty, and arthrodesis; F – retained spacer. Tier 4 in-
cludes all of the patients who either died within 1 year (A) or
after 1 year (B).

2.3 Statistical analysis

Demographic variables are presented as means with stan-
dard deviations. The body mass index (BMI) and CCI are
shown as the mean, standard deviation, and interquartile
range (IQR) for age, calculated for all patients. Categorical
variables were compared using the chi-square test, while con-
tinuous variables were analysed using the Mann–Whitney U

test or the t test for normally distributed values. Results were
accepted as statistically significant at a p value < 0.05. Sta-
tistical analyses were performed using IBM SPSS Statistics
version 26 (SPSS Inc, Chicago, IL, USA).

3 Results

Out of 1776 culture-positive revision arthroplasties, 26 of
1776 (1.5 %) revision surgeries showed intraoperatively pos-
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Table 1. Demographic data of the study population.

Culture-positive revision TJA (2008–2024)
Proc. no.: 1776

Hip/knee: 1036/740
Pat. no.: 1389

Proteus-species-positive revision TJA
Proc. no. (%): 26/1776 (1.5)
Pat. no. (%): 25/1389 (1.8)

Total
Proc.: 26

Pat.: 25

Hip
Proc.: 23/26 (88.5 %)

Pat.: 22/25 (88.0 %)

Knee
Proc.: 3/26 (11.5 %)

Pat.: 3/25 (12.0 %)

Male/female 8/17 6/16 2/1
Age in years
(mean±SD)

71.2± 12.2 71± 12.8 74± 5.3

BMI (mean±SD) 32.0± 7.3 32.6± 7.5 28.2± 3.5

UPIC 1 (3.8) 1 (3.8) 0 (0.0)
Septic 25 (96.2) 22 (84.6) 3 (11.5)

Acute PJI (%) 9 (36) 7 (28) 2 (8)
Chronic PJI (%) 16 (64) 15 (60) 1 (4)

Inf. primary TJA (%) 9/25 (36) 8 (32) 1 (4)
Inf. revision TJA (%) 16/25 (64) 14 (56) 2 (8)

Monomicrobial (%) 11 (42.3) 10 (38.5) 1 (3.8)
Polymicrobial (%) 15 (57.7) 13 (50.0) 2 (7.7)

Single-stage (%) 3 (11.5); s/f: 1/3 3 (11.5) 0
DAIR (%) 10 (38.5); s/f: 2/10 8 (30.8) 2 (7.7)
Two-stage (%) 12 (46.2); s/f: 3/12 11 (42.3) 1 (3.8)
UPIC (%) 1 (3.8); s/f: 0/1 1 (3.8) 0

ICM 2018
Infected (%) 24 (92.3) 21 (80.8) 3 (11.5)
Inconclusive (%) 0 (0.0) 0 (0.0) 0 (0.0)
Not Infected (%) 2 (8.0) 2 (7.7) 0 (0.0)

EBJIS 2021
Confirmed (%) 22 (84.6) 19 (73.1) 3(11.5)
Likely (%) 4 (15.4) 4 (15.4) 0 (0.0)
Unlikely (%) 0 (0.0) 0 (0.0) 0 (0.0)

CCI, median±SD 4.3 ± 2.1 4.1 ± 2.1 5.7 ± 2.1

McPherson score
Infection grade

I 7 7 0
II 3 1 2
III 16 15 1

Systemic host grade
A 13 12 1
B 11 10 1
C 2 1 1

Local extremity grade
1 4 4 0
2 18 16 2
3 4 2 2

Abbreviations/acronyms used in the table are as follows: TJA – total joint arthroplasty; SD – standard deviation; Proc. no. – procedure
number; Pat. no. – patient number; Inf. – infected; UPIC – unexpected positive intraoperative culture; PJI – periprosthetic joint infection;
ICM – International Consensus Meeting; EBJIS – European Bone and Joint Infection Society; CCI – Charlson comorbidity index; DAIR –
debridement antibiotic, and implant retention; s/f – success/failure. Note: one patient received different surgeries consecutively, counted as
one patient in DAIR and one in two-stage procedures.
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itive results for Proteus spp. These involved 25 patients (8
male and 17 female) who underwent hip (23 of 26, 88.5 %)
and knee (3 of 26, 11.5 %) revision surgeries. One case (1 of
26, 3.8 %) was a presumed aseptic rTHA with an unexpect-
edly positive intraoperative culture (UPIC). Using the ICM
criteria, 24 cases were defined as infections, and 2 were iden-
tified as not infected, whereas according to EBJIS criteria,
22 cases were identified as infections, and 4 were consid-
ered likely to have an infection. The mean age was 71.2 years
(IQR: 78.8–68), and the mean BMI (kg m−2) was 32.0± 7.3.
No statistically significant difference between BMI, CCI,
age, and sex between rTHA and rTKA was found. The me-
dian follow-up period was 26.9 months (IQR: 5.8–40.6).

3.1 Microbial analysis and polymicrobial infections

In total, 132 samples were collected from 26 revision pro-
cedures; of these 104 (78.8 %) had a positive intraopera-
tive culture. Overall, a total of 143 microorganisms were
identified, including 80 (55.9 %) cases of Proteus spp. and
63 (44.1 %) cases of other pathogens. Monomicrobial infec-
tions with Proteus mirabilis were identified in 11 (42.3 %)
of the 26 surgeries. Polymicrobial infections were found in
15 (57.7 %) of the 26 procedures, with P. mirabilis identified
in 14 (93.3 %) cases and Proteus vulgaris in 1 (6.7 %) case.
Moreover, polymicrobial infections were more frequently
observed in patients with chronic PJI (p = 0.027), especially
those with chronic hip PJI (p = 0.02). The same effect could
not be shown in knee PJI (p = 0.667). Distributions of the
microbiological spectrum in rTKA and rTHA are displayed
in Table 2.

The most common combinations were between Proteus
spp. and Enterococcus faecalis in 5 of 15 cases (33.3 %),
Staphylococcus epidermidis in 4 of 15 cases (26.7 %), and
Pseudomonas aeruginosa in 3 of 15 cases (20 %). The total
number of microbial samples (n= 63) detected in polymi-
crobial infections and their distribution in rTHA and rTKA
are shown in Table 2. There were combinations of Proteus
spp. with up to four microorganisms taken from one joint.
The detailed combinations of pathogens in polymicrobial in-
fections are shown in Table 3.

3.2 Resistance pattern and antimicrobial treatment

Antibiograms showed resistance against amoxicillin clavu-
lanic acid (in 3 of 25 cases, 12 %), ampicillin (in 7 of 19
cases, 36.8 %), ciprofloxacin (in 5 of 25 cases, 20 %), gen-
tamicin (in 3 of 22 cases, 13.6 %), fosfomycin (in 3 of 15
cases, 20 %), piperacillin (in 2 of 17 cases, 11.8 %), to-
bramycin (in 5 of 17 cases, 29.4 %), amikacin (in 1 of 22
cases, 4.5 %), ceftazidime (in 1 of 22 cases, 4.5 %), ce-
furoxime (in 7 of 23 cases, 30.4 %), cefepime (in 1 of 20
cases, 5 %), and trimethoprim–sulfamethoxazole (in 5 of 20
cases, 25 %). With respect to fluoroquinolones, ciprofloxacin
showed resistance in 5 out of 25 tested samples (20 %),

moxifloxacin showed resistance in 1 out of 3 tested sam-
ples (33.3 %), and levofloxacin showed resistance in 5 out
of 22 tested samples (22.7 %). Antibiotic resistance patterns
are shown in Fig. 1.

Perioperatively, cefuroxime alone or in combination with
other antibiotics was administered in 7 out of 26 patients.
Teicoplanin was given to 9 out of 26 patients during surgery
and had already been started in 6 out of 9 patients preoper-
atively because of previous GP infections in some cases and
continued during surgery. The remaining patients received
various other antibiotics as empirical therapy. Detailed an-
tibiotic treatments against Proteus spp. are presented in Ta-
ble 3, and antibiotic therapies targeting other pathogens are
summarized in Table S1 in the Supplement. Empiric ther-
apy was then de-escalated according to the resistance pat-
tern. The antimicrobial treatment was given for a mean of
14.4± 7.5 weeks. A fluoroquinolone was administered in 18
out of 26 cases, with ciprofloxacin used in 10 cases (36 %)
and moxifloxacin in 6 cases (23.1 %). In 10 of 26 cases
(36 %), ciprofloxacin alone or combined with other antibi-
otics was given. Ciprofloxacin administration showed a sig-
nificant association with a success rate of 5 out of 10 cases
(50 %; p = 0.018). However, no statistically significant as-
sociation between all fluoroquinolones and the success rate
could be identified (p = 0.292).

3.3 Surgical procedures and outcomes

Overall, in the 26 patients, 9 (34.6 %) infected primary TJA
and 17 (65.4 %) infected revision TJAs were identified. In-
fected revision TJAs were primarily associated with persis-
tent infections in 14 of 17 cases (82.4 %), with other microor-
ganisms identified in prior septic revisions. In the case of
chronic infections of revision TJAs, a higher failure rate was
observed (p = 0.041) compared to acute infections. Polymi-
crobial and monomicrobial infections did not significantly
correlate with the success or failure rate (p = 0.612). Revi-
sions performed at culture sampling were debridement an-
tibiotic, and implant retention (DAIR) in 10 of 26 cases
(38.5 %); two-stage revisions in 12 of 26 cases (46.2 %;
spacer in 9 of the 12 cases and resection arthroplasty in 3
of the 12 cases); septic single-stage revision in 3 of 26 cases
(11.5 %); and presumed aseptic single-stage revision in 1 of
26 cases (3.8 %). Differences in success rates depending on
the surgical procedure were not observed (p = 0.579), with
overall success in 6 of 26 cases (23.1 %). The highest suc-
cess rate of 1 of 3 cases (33.3 %) was observed in single-stage
procedures, whereas the success rate in two-stage procedures
was 3 of 12 cases (25.0 %). In contrast, DAIR procedures
were related to septic failure in 8 of 10 cases (80.0 %). Addi-
tionally, the UPIC case resulted in a septic failure in the con-
secutive re-revision procedure. The overall reinfection rate is
illustrated in Fig. 2. Infection-free survival after 12 months
was 48.5 %, whereas it was 22.6 % after 40 months.
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Table 2. Detailed microbiological spectrum in PJI associated with Proteus spp. and categorized in hip and knee infections.

Overall Hip Knee

Primary PJI Revision PJI Primary PJI Revision PJI

Samples total, n (%) 132 (100) 27 (29.5) 82 (62.1) 7 (5.3) 16 (12.1)

Periprosthetic tissues 71 (53.8) 12 (16.9) 39 (54.9) 6 (8.5) 14 (19.7)
Intraoperative swabs 45 (34.1) 8 (17.8) 37 (82.2) 0 (0.0) 0 (0.0)
Sonication fluids 16 (12.1) 7 (43.8) 6 (37.5) 1 (6.3) 2 (12.5)

Positive microbiological samples, n (%) 104 (78.8) 25 (24.0) 57 (54.8) 7 (6.7) 15 (14.4)

Detected microorganism, n (%) 143 (100) 33 (23.1) 71 (49.7) 14 (9.8) 25 (17.5)

In monomicrobial infections, n (%) 37 (25.9) 2 (5.4) 28 (75.7) 0 (0.0) 7 (18.9)
In polymicrobial infections, n (%) 106 (74.1) 31 (29.2) 43 (41.1) 14 (13.2) 18 (17.0)

In periprosthetic tissues 74 (51.7) 12 (16.2) 30 (40.5) 12 (16.2) 20 (27.0)
In intraoperative swabs 44 (30.8) 10 (22.7) 34 (77.3) 0 (0.0) 0 (0.0)
In sonication fluids 25 (17.5) 11 (44) 7 (28) 2 (8) 5 (20)

Co-pathogens in polymicrobial infections 63 (44.1) 17 (27.0) 23 (36.5) 7 (11.1) 16 (25.4)
Enterococcus faecalis 21 (33.3) 6 (21.6) 8 (38.1) 0 (0.0) 7 (33.3)
Pseudomonas aeruginosa 9 (14.3) 9 (100)
Citrobacter koseri 9 (14.3) 1 (11.1) 8 (50)
Staphylococcus aureus 7 (11.1) 7 (100)
Staphylococcus lugdunensis 6 (9.5) 6 (100)
Staphylococcus epidermidis 5 (9.4) 4 (80) 1 (20)
Escherichia coli 4 (6.3) 4 (100)
Cutibacterium avidum 1 (1.6) 1 (100)
Klebsiella pneumoniae 1 (1.6) 1 (100)

Figure 1. Antibiotic resistance pattern, giving the total number of tested isolates categorized as resistant and susceptible. Abbreviations
used in the figure are as follows: AMC – amoxicillin/clavulanic acid; AMP – ampicillin; AZT – aztreonam; CIP – ciprofloxacin; GEN –
gentamicin; FOS – fosfomycin; MOX – moxifloxacin; PIP – piperacillin; TOB – tobramycin; AMI – amikacin; CTZ – ceftazidime; CIX –
cefixime; CPO – cefpodoxime; CTR – ceftriaxone; CUR – cefuroxime; CEP – cefepime; NOR – norfloxacin; LEV – levofloxacin; MER –
meropenem; TRS – trimethoprim–sulfamethoxazole; PIT – piperacillin–tazobactam; ERT – ertapenem.

4 Discussion

In this study, Proteus pathogen was identified in 26 of
1776 cases (1.5 %) in rTHAs and rTKAs. Notably, Proteus-
species-associated PJIs were observed to be more prevalent
in rTHAs (88.5 %) compared to rTKAs (11.5 %). Further-

more, the majority of the Proteus-species-associated PJIs
were identified in polymicrobial infections (15 of 26 cases,
57.7 %) and chronic revisions (16 of 25 cases, 64 %), result-
ing in a high failure rate.

The prevalence of Proteus spp. in 1.5 % of rTHA and
rTKA surgeries observed in our study was lower compared
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Figure 2. Kaplan–Meier estimates of the probability of infection-
free survival after Proteus spp. culture-positive PJI in rTHA and
rTKA for 25 patients.

with the respective values of 4.8 % and 2.6 % reported by
Benito et al. (2016) and van Veghel et al. (2024). More-
over, the higher incidence of Proteus-species-associated PJI
in rTHA (88.5 %) than in rTKA (11.5 %) is corroborated
by van Veghel et al. (2024). Polymicrobial infections were
more prevalent in chronic rTHA (p = 0.02) than in chronic
rTKA (p = 0.667), with Enterococcus spp., Pseudomonas
spp., and S. epidermidis being the most frequent pathogens.
Enterococcus spp. and E. coli as co-pathogens were espe-
cially prevalent in rTHA, mainly due to the hip’s unique
anatomical and microbiological environment and gut colo-
nization of Enterococcus spp., which could lead to contam-
ination during or after surgery (Chisari et al., 2022; Mit-
terer et al., 2024). The reason for the more frequent asso-
ciation of Proteus with rTHA compared to rTKA remains
unknown. However, Loewik et al. (2019) demonstrated a sig-
nificantly higher prevalence of Proteus spp. in rTHA in ex-
tremely obese patients compared to rTKA, which is consis-
tent with our findings. Although the association of obesity
and Proteus spp. infections was not investigated in our co-
hort, compared to other cohorts, the mean BMI in our cohort
was > 30 kg m−2, which could have influenced the risk of
Proteus infections. While Proteus is known for its common
colonization of the urogenital tract and its association with
UTIs, recent studies have identified a correlation between
UTIs and PJIs (Blanchard et al., 2022). However, the present
study could not identify any association between UTIs and
Proteus-species-associated PJIs.

Notably, persistent infections with Proteus spp. were rare,
as only one patient presented with a Proteus infection in two
consecutive surgeries. This may be attributed to the frequent
changes in microorganisms throughout revision surgeries and
their association with polymicrobial infections, making their
detection more difficult (Frank et al., 2021; McCulloch et al.,
2023). As previous studies have shown, changes in the mi-
crobial spectrum throughout revision surgeries are not nec-

essarily considered to be new infections but, rather, infec-
tions that have not been previously detected (Frank et al.,
2021). This study showed that polymicrobial infections were
especially found in chronic revisions, as corroborated by pre-
vious findings (Li et al., 2021). Additionally, studies found
that the number of pathogens increases with the number of
revisions, leading to a higher occurrence of polymicrobial in-
fections in chronic PJI (McCulloch et al., 2023). Kavolus et
al. (2019) recently proved that polymicrobial infections have
poorer outcomes. In congruence with their findings, we also
observed a low success rate of Proteus-species-associated
polymicrobial PJIs.

The most common antibiotic treatment in our study in-
cluded fluoroquinolones, a recommended treatment for Pro-
teus spp. infections (Osmon et al., 2012) due to their biofilm
penetration (Przekwas et al., 2022) and ability to achieve ef-
fective therapeutic concentrations in tissue as well as bone
penetration (Landersdorfer et al., 2009). This was evident, as
PJIs treated with ciprofloxacin had a higher success rate. Pre-
vious studies have also shown a better outcome in patients
with GN PJI treated with ciprofloxacin (Martínez-Pastor et
al., 2009). However, Proteus isolates in our study showed
resistance to ciprofloxacin in 20 % of the tested samples, re-
sulting in treatment failures. Kwiecinska-Piróg et al. (2013)
reported even higher resistance of Proteus spp. isolates to
ciprofloxacin (40 %, or 20 of 50 cases) (2013).

Two-stage procedures are recommended for GN and
chronic PJI (Hsieh et al., 2009; Kildow et al., 2022). In this
study, most interventions were two-stage revisions due to the
chronic nature of the PJIs. Two-stage and one-stage revisions
had the highest success rate, up to one-third of all cases, re-
sulting in infection control. The low number of DAIR proce-
dures is because most of the Proteus-species-associated PJIs
were chronic PJIs. Previous studies showed that DAIR pro-
cedures are not recommended in chronic revision cases or
GN-associated infections (Zhu et al., 2021). However, due to
the small number of surgical procedures, no recommendation
for a surgical procedure can be made.

This study has limitations due to its retrospective nature
and the small number of Proteus-species-associated PJIs
identified, resulting in a heterogeneous analysis. Moreover,
the number of sample acquisitions differed greatly depend-
ing on the surgeon’s preference, and tissue extraction was
not standardized earlier. Consequently, many swabs were ac-
cepted as intraoperative cultures, although they were not tis-
sue cultures. This discrepancy may result in differences and
inaccuracies in microbial analysis. Furthermore, this work
was a single-centre study, resulting in differences in PJI etiol-
ogy and antibiotic resistance compared to other institutions.
However, to our knowledge, no prior studies have focused
on Proteus-species-associated PJIs in this context, making
direct comparisons challenging.
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5 Conclusion

In conclusion, Proteus spp. present significant challenges
in revision arthroplasty, as they mainly occur in polymi-
crobial and chronic revision PJIs, with a higher prevalence
in hip PJIs. Treatment options for chronic and polymicro-
bial infections are limited and make it difficult to carry out
successful treatment. Although fluoroquinolones, especially
ciprofloxacin, showed a promising antimicrobial treatment,
the growing resistance is concerning. Future studies are re-
quired to develop pathogen-specific strategies for optimal
treatment of these cases.
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