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Objective: The objective of this study was to preliminarily examine the
demographic profiles, the spectrum of pathogenic bacteria, and the antibiotic
resistance patterns among patients with periprosthetic joint infection (PJI),
while also offering deeper insights into the microbiological characteristics
specifically in diabetic patients with PJI.
Methods: A retrospective analysis of 278 patients diagnosed with PJI from
January 2019 to December 2024 at our institution was performed.
Demographic characteristics of the patients, the distribution of pathogenic
bacteria, and data on antibiotic resistance were statistically analyzed employing
the chi-square test and t-test.
Results: Gram-positive cocci comprised 56.6% of all pathogenic bacteria,
whereas coagulase-negative staphylococci constituted 28.1% of the total.
Throughout the study period, a significant decrease was observed in the
proportion of rifampicin-resistant coagulase-negative staphylococci (CoNS),
from 27.0% to 10.4%. Similarly, a marked decline was noted in the proportion
of gentamicin-resistant Staphylococcus aureus, from 50.0% to 15.4%.
Conversely, there was a dramatic increase in the proportion of amoxicillin-
clavulanate-resistant gram-negative bacilli, from 23.1% to 64.7%. The incidence
of fungal infections was notably higher among diabetic patients with PJI
compared to their non-diabetic counterparts.
Conclusion: This study demonstrates that the distribution pattern of pathogenic
bacteria and their antibiotic resistance profiles among patients with PJI
undergoes continuous variation. Moreover, there exist significant differences in
the distribution of pathogenic bacteria between those with diabetes and those
without diabetes among PJI patients. This serves as a crucial theoretical
foundation and empirical support for the rigorous and tailored development of
anti-infective treatment strategies for patients with various types of PJI.
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1 Introduction

Periprosthetic joint infection (PJI) represents one of the most

prevalent complications subsequent to hip and knee arthroplasty,

serving as a pivotal factor necessitating revision surgery in

patients (1–3). PJI is regarded as a catastrophic outcome of

arthroplasty, given its consequences of not only prolonging

hospital stays and increasing healthcare costs, but also

augmenting the risk of long-term disability among patients (4).

Notably, diabetes mellitus exacerbates the incidence of PJI by

influencing bone metabolism, impeding wound healing, and

diminishing immune system function (5–7). The literature has

reported an incidence of approximately 2%–2.4% for PJI

following total joint replacement in the United States, and

0.33%–1.14% in China (8, 9). Despite the decreasing incidence of

PJI with continuous improvements in perioperative management,

the overall number of PJI patients continues to escalate due to

the rising number of joint replacement surgeries in China, posing

a significant challenge to orthopedic surgeons in clinical

diagnosis and management (10). Consequently, the prompt and

precise identification of causative microorganisms, enabling

timely administration of appropriate antibiotic therapy, is crucial

in the diagnosis and management of PJI (11–13).

Previous studies have demonstrated significant variations in the

distribution of pathogenic microorganisms associated with PJI across

different countries and regions, and have highlighted that these

microbial profiles, as well as antibiotic resistance patterns, undergo

dynamic shifts over time (14–18). Presently, the majority of

research efforts are directed towards diagnostic methodologies, risk

factors, and prognostic evaluations of PJI (19). Conversely, there is

a notable scarcity of studies specifically dedicated to elucidating

the microbiological profile of PJI and antibiotic resistance, with

the majority of these studies being conducted predominantly in

certain countries in Europe and the Americas (20, 21).

Considering the direct correlation between alterations in microbial

profiles and antibiotic resistance, and the treatment outcomes of

PJI, a comprehensive understanding of these dynamic shifts is

paramount for the formulation of scientifically rigorous

perioperative anti-infective treatment strategies.

The aims of this study were (1) to conduct an in-depth analysis

of the microbial profiles and antibiotic resistance characteristics of

patients with PJI in China, and (2) to investigate further the

microbial distribution characteristics among diabetic patients

with PJI. It is anticipated that the findings of this study will serve

as a valuable reference for the prevention and empirical

treatment of PJI in China.
2 Methods

2.1 Data source

The study comprised patients with PJI who underwent

inpatient treatment at our institution from January 2019 to

December 2024. The study adhered strictly to the ethical
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guidelines outlined in the Declaration of Helsinki (Ethical

Principles for Medical Research Involving Human Subjects) and

obtained formal approval from the Ethics Committee of Henan

Provincial People’s Hospital. The study employed retrospective

analysis, reviewing solely the medical electronic records of

patients without exerting any direct or indirect impact on their

clinical treatment. In this study, all participants signed written

informed consent forms.
2.2 Inclusion criteria

Patients diagnosed with PJI were included according to the

criteria established by the Musculoskeletal Infection Society (22).

According to these criteria, PJI is considered when one of the

following major criteria is present: (1) Two positive periprosthetic

cultures with phenotypically identical organisms; (2) The presence

of a sinus tract, or when three of the following five secondary

criteria are met: (1) Elevated serum CRP (>10 mg/L) or ESR

(>30 mm/h); (2) Elevated synovial fluid white blood cell count

(>3,000 cells/ml) or a positive leukocyte esterase strip test (++ or +

++); (3) Elevated synovial fluid percentage of granulocytes (>80%);

(4) A single positive culture; (5) Positive histologic analysis of the

periprosthetic tissue, with >5 neutrophils in each of the five high-

power fields at 400× magnification.
2.3 Data collection and case definition

Over a 6-year period (January 2019 to December 2024), we

gathered demographic information, Type 2 diabetes status, other

comorbidities, pathogenic bacterial species, as well as antibiotic

resistance data for patients with PJI at our institution, utilizing

an electronic medical record system. When encountering

multiple pathogenic bacteria cultured from the same joint at

different time points, priority was given to recording preoperative

or intraoperative culture results. Multiple bacterial infections

were defined as the concurrent isolation of two or more

pathogenic bacteria from periprosthetic tissue and/or synovial

fluid. To enhance study accuracy and minimize errors, the 6-year

period was divided into two consecutive 3-year intervals (2019–

2021 and 2022–2024), during which the microbial profiles and

antibiotic resistance characteristics of these two time periods

were compared and analyzed. Furthermore, an in-depth

exploration of the microbiological distribution characteristics of

diabetic patients was conducted by stratifying all PJI patients

over the 6-year period into a Type 2 diabetic patient group (DM-

group) and a non-diabetic patient group (Control group), based

on their diabetes status.
2.4 Statistical analysis

The linear-by-linear association chi-square test and the t-test

were employed to assess the trends in demographic

characteristics, comorbidity profiles, the distribution of
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TABLE 2 Characterisation of microbial distribution in patients with PJI.

Germ 2019–
2021

2022–
2024

Total P

Gram-postive 80 (53.7) 91 (59.5) 171
(56.6)

0.311
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microorganisms, and patterns of antibiotic resistance among

patients with PJI. Statistical significance was established based

on a P-value threshold of <0.05. SPSS software (version 20.0;

IBM Corp., Armonk, NY, USA) was used for performing

statistical analyses.

CoNS 37 (24.8) 48 (31.4) 85 (28.1) 0.207

Streptococcus aureus 26 (17.4) 26 (17.0) 52 (17.2) 0.917

Streptococci 13 (8.7) 6 (3.9) 19 (6.3) 0.086

Enterococci 2 (1.3) 6 (3.9) 8 (2.6) 0.164

Other 2 (1.3) 5 (3.3) 7 (2.3) 0.267

Gram-negative 26 (17.4) 17 (11.1) 43 (14.2) 0.116

Escherichia coli 12 (8.1) 4 (2.6) 16 (5.3) 0.035*

Pseudomonas
aeruginosa

3 (2.0) 4 (2.6) 7 (2.3) 0.729

Klebsiella pneumoniae 4 (2.7) 0 (0) 4 (1.3) 0.042*

Other 7 (4.7) 9 (5.9) 16 (5.3) 0.646

Fungus 18 (12.1) 10 (6.5) 28 (9.3) 0.097

Negative 25 (16.8) 34 (22.2) 59 (19.5) 0.234

Mycobacterium 0 (0) 1 (0.7) 1 (0.3) 0.324

Total 149 153 302

CoNS, coagulase-negative Staphylococcus.
*Statistically significant (P < 0.05).

TABLE 3 Polymicrobial infections.

Germ 2019–2021 2022–2024
GPC/GPC 7 3

GPC/GNB 3 3

GNB/GNB 0 3

GPC/FUN 4 3

Total 14 12
3 Results

3.1 Analysis of demographic information

From January 2019 to December 2024, a cohort of 278 patients

with PJI was enrolled in this study, comprising 133 patients from

2019 to 2021 and 145 patients from 2022 to 2024. Table 1

presents a comprehensive summary of the demographic

characteristics of the entire cohort of patients with PJI. The study

results indicated no statistically significant variations in gender

distribution or infection site among patients with PJI across the

two time periods. Notably, patients with PJI during the 2022–

2024 period exhibited a significantly greater age compared to

those in the 2019–2021 period (P = 0.025). Regarding

comorbidities, the analysis revealed that the prevalence of

hypertension and ischaemic heart disease was markedly elevated

in patients with PJI from the earlier time period (2019–2021)

compared with those from the later time period (2022–2024)

(P = 0.007 and P = 0.003, respectively). Conversely, no statistically

significant differences were noted in the prevalence of diabetes

and arrhythmias between PJI patients in the two time periods.
GPC, gram-positive cocci; GNB, gram-negative bacteria; FUN, fungus.
3.2 Microbiological profiling of patients
with PJI

As shown in Table 2, a total of 302 pathogenic microorganisms

were isolated and identified from 278 patients diagnosed with PJI

in this study, with their distribution detailed therein. The results

indicated that gram-positive cocci were the predominant

causative organisms among PJI patients, comprising 56.6% of the
TABLE 1 Patient characteristics of PJI.

Category 2019–2021 % 2022–2024 % P
Number 133 145

Gender (n.%)
Female 78 58.6 83 57.2 0.813

Male 55 41.4 62 42.8

Age 64.3 ± 13.3 67.9 ± 9.7 0.025*

Joint (n.%)
Hip 56 42.1 55 37.9 0.479

Knee 77 57.9 90 62.1

Comorbidities (n.%)
Hypertension 42 31.6 64 44.1 0.007*

Diabetes 37 27.8 47 32.4 0.427

IHD 14 10.5 35 17.9 0.003*

Arrhythmia 37 27.8 50 34.5 0.232

IHD, ischemic heart disease.

*Statistically significant (P < 0.05).
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cases. Among these, coagulase-negative Staphylococcus (CoNS)

were the most prevalent, constituting 28.1% of all isolated

pathogenic microorganisms. Gram-negative bacilli, fungi, and

Mycobacterium species accounted for 14.2%, 9.2%, and 0.3% of

all isolated pathogenic microorganisms, respectively.

Furthermore, 19.5% of the bacterial cultures yielded negative

results. Table 3 presents the status of PJI patients infected by

multiple pathogenic microorganisms, with a total of 26 cases. No

significant difference was observed in the infection prevalence

between the two time periods (10.5% vs. 8.3%; P = 0.520).

Overall, the distribution of most pathogenic microorganisms

remained largely unchanged between the two time periods.

Further analysis revealed a slight increase in the proportion of

gram-positive cocci from 2019 to 2021 to 2022 and 2024 (53.7%–

59.5%; P = 0.311). Among the gram-positive cocci, the proportion

of CoNS and enterococci increased slightly in the latter time

period (from 24.8% to 31.4%; P = 0.207) and (from 1.3% to 3.9%;

P = 0.164), respectively, whereas the proportion of Staphylococcus

aureus (S. aureus) and Streptococcus decreased marginally (from

17.4% to 17.0%; P = 0.917) and (from 8.7% to 3.9%;

P = 0.086), respectively.

In the second time period, the proportion of gram-negative

bacilli exhibited a slight decrease (17.4%–11.1%, P = 0.116).

Among these bacteria, the proportions of Escherichia coli

(E. coli) and Klebsiella pneumoniae significantly declined, from
frontiersin.org
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TABLE 4 Characterisation of drug resistance in gram-positive cocci.

Germ P OX E CL GM LVX RA LNZ VA

CoNS
2019–2021 33 26 30 24 24 8 10 0 0

(n = 37) 89.2 70.3 81.1 64.9 64.9 21.6 27.0 0 0

2022–2024 44 30 37 21 20 15 5 0 0

(n = 48) 91.7 62.5 77.1 43.8 41.7 31.3 10.4 0 0

Total 77 56 67 45 44 23 15 0 0

(n = 85) 90.6 65.9 78.9 52.9 52.9 27.1 17.6 0 0

P 0.7 0.456 0.657 0.055 0.055 0.325 0.048* - -

Staphylococcus aureus
2019–2021 25 14 19 20 13 9 4 0 0

(n = 26) 96.2 53.8 73.1 76.9 50.0 34.6 15.4 0 0

2022–2024 25 7 17 17 4 4 3 0 0

(n = 26) 96.2 26.9 65.4 65.4 15.4 15.4 11.5 0 0

Total 50 21 36 37 17 13 7 0 0

(n = 52) 96.2 40.4 69.2 71.2 32.7 25.0 13.5 0 0

P 1 0.050* 0.552 0.363 0.008* 0.113 0.687 - -

P, penicillin; OX, oxacillin; E, erythromycin; CL, clindamycin; GM, gentamicin; LVX, levofloxacin; RA, rifampicin; LNZ, linezolid; VA, vancomycin.

*Statistically significant (P < 0.05).
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8.1% and 2.7% in the first time period to 2.6% and 0% in the

second, respectively (P = 0.035, P = 0.042). Conversely, the

proportion of Pseudomonas aeruginosa remained relatively stable

between the two time periods (2.0%–2.6%, P = 0.729). In

comparison with the first time period, the proportion of fungi

decreased slightly in the second (12.1%–6.5%, P = 0.097), whereas

the proportion of Mycobacterium spp. increased marginally (0%–

0.7%, P = 0.324). It is noteworthy that the proportion of negative

bacterial cultures rose from 16.8% in the first time period to

22.2% in the second (P = 0.234), despite this change failing to

achieve statistical significance.
3.3 Analysis of resistance of pathogenic
microorganisms

In this study, the drug resistance of CoNS and S. aureus was

analyzed in depth. The results showed that CoNS and S. aureus

exhibited the highest resistance to penicillin, with resistance rates

of 90.6% and 96.2%, respectively. However, no significant

difference was observed in the rate of penicillin resistance

between these two bacteria across the two time periods (P = 0.7

and P = 1, respectively; Table 4). For oxacillin, there was no

significant difference in the resistance rate of CoNS between the

two time periods (P = 0.456), whereas the resistance rate of

S. aureus to oxacillin was significantly lower in the second time

period compared to the first (53.8% vs. 26.9%, P = 0.050).

A significant decrease was observed in the rate of CoNS

resistance to rifampicin between the two time periods, from

27.0% in the first to 10.4% in the second (P = 0.048). Likewise,

the resistance rate of S. aureus to gentamicin was significantly

reduced from 50.0% in the first time period to 15.4% in the

second (P = 0.008). Notably, both CoNS and S. aureus

demonstrated a decreasing trend in resistance rates to oxacillin,

erythromycin, clindamycin, gentamicin, levofloxacin, and
Frontiers in Surgery 04
rifampicin in the second time period compared to the first. The

resistance of Gram-negative bacilli was also analyzed (Table 5).

The results indicated that the resistance rate of Gram-negative

bacilli to cefoperazone sulbactam decreased from 19.2% in the

first time period to 0% in the second (P = 0.057). Conversely, the

rate of resistance to amoxicillin and clavulanic acid increased

significantly, from 23.1% in the first time period to 64.7% in the

second (P = 0.007). These results have significant implications for

directing clinical drug utilization and formulating infection

prevention and control strategies.
3.4 Distribution of pathogenic
microorganisms in patients with diabetic PJI

Previous research has demonstrated that the microbial

composition of patients with diabetic PJIs undergoes substantial

alterations (23). Given this, we conducted an extensive analysis

of the microbial distribution patterns in patients with diabetic

PJIs (Table 6). The findings of our study indicated that CoNS

was the most prevalent pathogen in patients with diabetic PJIs,

representing up to 29.5% of cases. The incidence rate of fungal

infections demonstrated a notable increase in diabetic PJIs

compared to non-diabetic PJIs (P = 0.010). It is also worth noting

that no cases of Pseudomonas aeruginosa or Klebsiella

pneumoniae infections were observed in the cohort of diabetic

PJIs investigated in this study.
4 Discussion

In this study, we identified a significant trend towards

increasing age among patients with PJI, accompanied by a

notable rise in the incidence of hypertension and ischaemic

cardiomyopathy. This phenomenon appears to be closely
frontiersin.org
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TABLE 5 Characteristics of drug resistance of gram-negative bacilli.

Germ GM CPX LVX ATM C SCF AMC CARBA TZP

GNB
2019–2021 5 11 11 6 9 5 6 4 3

(n = 26) 19.2 42.3 42.3 23.1 34.6 19.2 23.1 15.4 11.5

2022–2024 5 5 6 6 5 0 11 1 3

(n = 17) 29.4 29.4 35.3 35.3 29.4 0 64.7 5.9 17.6

Total 10 16 17 12 14 5 17 5 6

(n = 43) 23.3 37.2 39.5 27.9 32.6 11.6 39.5 11.6 14.0

P 0.445 0.398 0.649 0.388 0.725 0.057 0.007* 0.348 0.576

GM, gentamicin; CPX, ciprofloxacin; LVX, levofloxacin; ATM, aztreonam; C, cephalosporin III/IV; SCF, cefoperazone and sulbactam; AMC, amoxicillin/clavulanic acid; CARBA, Carbapenems;
TZP, piperacillin–tazobactam.

*Statistically significant (P < 0.05).

TABLE 6 Distribution of PJI pathogenic microorganisms in the diabetic and control groups.

Germ Control group DM-group P-value OR 95% CI

n (%) n (%)
Gram-postive 120 (51.5) 51 (53.7) 0.720 0.916 0.568 1.478

CoNS 57 (24.5) 28 (29.5) 0.348 0.775 0.455 1.320

Streptococcus aureus 38 (16.3) 14 (14.7) 0.724 1.127 0.580 2.193

Streptococci 16 (6.9) 3 (3.2) 0.193 2.261 0.643 7.948

Enterococci 5 (2.1) 3 (3.2) 0.591 0.673 0.157 2.872

Gram-negative 32 (13.7) 11 (11.6) 0.600 1.216 0.585 2.525

Escherichia coli 14 (6.0) 2 (2.1) 0.137 2.973 0.662 13.34

Pseudomonas aeruginosa 7 (3.0) 0 (0) 0.088 0.970 0.948 0.992

Klebsiella pneumoniae 4 (1.7) 0 (0) 0.200 0.983 0.966 1.000

Fungus 14 (6.0) 14 (14.7) 0.010* 0.370 0.169 0.810

Polybacteria 22 (9.4) 4 (4.2) 0.112 2.372 0.795 7.079

OR, odds ratio; CI, confidence interval.

*Statistically significant (P < 0.05).
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associated with the escalating number of elderly patients

undergoing arthroplasty in China. Furthermore, upon comparing

the two distinct time periods, our findings revealed that the

microbial distribution characteristics remained largely unchanged,

with the exception of E. coli and Klebsiella pneumoniae. Notably,

CoNS emerged as the most prevalent causative species among PJI

patients in this study, whereas S. aureus was reported as the

most common causative organism in the United States and

Taiwan (24, 25). Specifically, PJIs attributed to S. aureus

comprised 17.2% of all PJI cases at our institution, which was

marginally higher than the 13.0% reported in Europe (24).

Conversely, the incidence of PJIs caused by enterococci was

relatively low, at 2.6%, concurring with the findings reported by

Helou et al. (26). The study conducted by Benjamin et al.

highlighted that PJIs caused by enterococci pose greater

treatment challenges (27). Given the ongoing evolution of

enterococcal drug resistance profiles, there exists an urgent

necessity for additional research in this domain. It is noteworthy

to mention that previous studies have reported an increasing

trend in the incidence of PJIs caused by streptococci. However,

at our institution, a decrease in the incidence of PJIs caused by

streptococci was observed, albeit this change was not statistically

significant (16).

Although gram-positive cocci are the primary causative agents

of PJIs, gram-negative bacilli also play a significant role in their
Frontiers in Surgery 05
pathogenesis. Prior research has indicated that the proportion of

PJIs attributed to gram-negative bacilli falls within a range of

5%–20%, which aligns closely with the findings of our study

(14.2%) (28, 29). However, the study conducted by Benito et al.

revealed an upward trend in the incidence of PJIs caused by

E. coli, contrasting with the findings of our study (18). We

hypothesize that this discrepancy may arise from the ongoing

enhancement of post-operative care following artificial joint

replacement at our institution, thereby effectively mitigating the

risk of associated infections.

Our research revealed that PJI caused by fungi and

mycobacteria comprised 9.3% and 0.3% of cases, respectively. In

contrast, prior research indicated that PJI caused by fungi and

mycobacteria was less prevalent, with percentages of 5.6% and

2.4%, respectively (30). The incidence of fungal-induced PJI in

our study was elevated compared to previous research. We

hypothesize that this discrepancy may arise from patients having

received broad-spectrum antibiotics at external hospitals prior to

admission, altering the flora distribution; alternatively, the

relatively small sample size in our study may have influenced the

statistical outcomes. Concurrently, the proportion of negative

bacterial cultures among PJI patients at our hospital was 19.5%,

representing an increase compared to previous national research

(15.9%) (10). It is noteworthy that this proportion exhibited a

slight upward trend at our hospital. We hypothesize that this
frontiersin.org
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phenomenon may be attributed to patients having self-

administered broad-spectrum antibiotics before admission,

resulting in a corresponding decline in the positive bacterial

culture rate. Consequently, further measures are necessary to

enhance the positivity rate of bacterial cultures. A robust

correlation exists between PJI resulting from multiple microbial

co-infections and adverse prognosis (31). In this study, our

findings revealed that the number of patients with PJI caused by

multiple bacteria in our hospital showed a slight decreasing

trend, and the incidence of multiple bacterial infections among

diabetic patients diagnosed with PJI exhibited a notably low rate.

This observation may be indicative of the heightened awareness

and vigilance among arthroplasty patients regarding the

prevention and management of PJI, thereby mitigating the risk of

multiple bacterial infections.

During the course of our study, a notable decline was observed

in the resistance rate of S. aureus to oxacillin, which aligns with the

reduction in the prevalence of methicillin-resistant S. aureus

among adults in China (32). Compared with previous studies,

the methicillin resistance rate of S. aureus in PJI patients in

China is significantly lower than the 60% in European countries

at present (33). Furthermore, our study revealed a decreasing

trend in the resistance rates of CoNS and S. aureus to oxacillin,

erythromycin, clindamycin, gentamicin, levofloxacin, and

rifampicin. It is suggested that the decline in resistance rates of

CoNS and S. aureus to most antibiotics may be attributed to the

effective implementation of infection control measures in

Chinese clinical settings. In China, at present, we conduct real-

time monitoring of nosocomial infections and outbreaks in

general hospitals through the Clinical Antibiotic Use and

Resistance Surveillance Network (34). This strategy, combined

with a computer-assisted electronic prescribing system, has

achieved efficient, scientific, and pragmatic management of

antibiotic use. Specifically, by optimizing the antibiotic use

process, this system has significantly shortened patients’ hospital

stays, reduced the abuse of medical resources, and effectively

delayed the emergence of antibiotic resistance (35, 36). In China,

Gram-negative bacilli typically demonstrate high levels of

antibiotic resistance (37). Our study found that the susceptibility

of Gram-negative bacilli to cefoperazone and sulbactam increased

from 80.8% to 100%, whereas their susceptibility to amoxicillin

clavulanic acid decreased markedly from 76.9% to 35.3%.

Additionally, the susceptibility of Gram-negative bacilli in our

study exceeded 70% only for gentamicin, amitranam,

cefoperazone/sulbactam, carbapenems, and piperacillin/

tazobactam. Notably, the susceptibility of Gram-negative bacilli

to ciprofloxacin increased from 57.7% to 70.6%, consistent with

the findings reported by Guo et al. (38). When treating PJI,

empirical treatment with amoxicillin-clavulanic acid and

levofloxacin should be carefully avoided. In contrast, choosing

cefoperazone/sulbactam or carbapenems as empirical treatment

regimens may achieve better therapeutic effects. However, for the

antibiotic treatment of PJI, the most crucial aspect remains the

formulation of an individualized and targeted treatment strategy

based on the drug sensitivity results of the pathogens and the

patient’s drug tolerance.
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Gram-positive cocci infection constitutes one of the primary

causes of both diabetic and non-diabetic PJIs (39). Previous

studies have indicated that patients with diabetic PJI are more

prone to S. aureus infection compared to those with non-diabetic

PJI (40). This susceptibility is typically ascribed to diabetes-

induced peripheral neuropathy and vascular damage, which in

turn promotes S. aureus colonisation on the skin surface (41).

However, the results of this study demonstrated that, although

diabetic PJI patients exhibited a slightly higher tendency for

S. aureus infection than non-diabetic PJI patients, this difference

did not attain statistical significance. We hypothesize that this

may be related to preoperative educational interventions for

diabetic patients, resulting in a heightened focus on glycaemic

control and proactive infection prevention measures during the

postoperative period. Our results indicated that when patients

with diabetes develop PJI, the proportion of fungal infections is

significantly higher than that in non-diabetic PJI patients.

Notably, the study by Yuan et al. demonstrated that diabetes

compromises the function of macrophages and inhibits their

transition from the M1 phenotype to the M2 phenotype, which

may be an important reason for the difficult healing of diabetic

foot wounds (42). Macrophages eliminate fungal infections

through multiple mechanisms, including oxidative killing,

phagolysosome acidification, and activation of the Pyrin

inflammasome (43, 44). Meanwhile, the hyperglycemic milieu

associated with diabetes provides favorable conditions for the

proliferation and colonization of fungi (45). Therefore, the

increased susceptibility to fungal infections in diabetic PJI

patients may be due to the combined effects of a compromised

immune response and a hyperglycemic environment. Notably,

the cycle of mycological testing is often long. In cases where

fungal infection is highly suspected but not yet diagnosed, initial

empirical therapy with broad-spectrum antifungal drugs can be

considered (46). However, it is surprising that some studies have

found that excessive blood glucose can diminish the efficacy of

voriconazole and amphotericin B (47). Therefore, for diabetic

patients after joint arthroplasty, strict control of blood glucose

levels and maintenance of wound hygiene are key measures to

prevent the onset of PJI.

Our study has the following limitations: (1) This study is a

retrospective study and may have some inherent biases. (2) This

study was a single-centre study with a small number of PJI

patients enrolled. (3) The cohort of this study consisted of

mono-ethnic patients, and caution is needed in generalizing to

other ethnicities. Therefore, we need to conduct a multicentre,

multiracial, and large-sample study to further confirm our findings.
5 Conclusion

During the 6-year study period, we observed no notable

alterations in the distribution patterns of pathogenic bacteria,

with CoNS consistently serving as the predominant causative

agent. Significantly, both CoNS and S. aureus exhibited

decreasing levels of resistance to oxacillin, erythromycin,

clindamycin, gentamicin, levofloxacin, and rifampicin.
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Conversely, resistance to amoxicillin-clavulanic acid among Gram-

negative bacilli has increased markedly. Similarly, CoNS remained

the most prevalent pathogen in studies involving patients with

diabetic PJI. Concurrently, we observed a substantial increase in

the incidence of fungal infections among diabetic PJI patients.

Our findings indicate that the distribution patterns and antibiotic

resistance profiles of pathogenic bacteria in PJI patients are in a

constant state of flux. Furthermore, there exist differences in the

distribution of pathogenic bacteria between patients with diabetic

PJI and those without diabetes. By comprehensively considering

the drug sensitivity test results of the patient’s pathogenic

bacteria, their susceptibility to different antibacterial drugs, and

their underlying disease conditions, we can customize the most

suitable antibiotic treatment regimen for patients with prosthetic

joint infection (PJI). This approach not only significantly

enhances the treatment effect but also effectively reduces the risk

of drug resistance, thereby improving the patient’s prognosis.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding authors.
Ethics statement

The studies involving humans were approved by Ethics

Committee of Henan Provincial People’s Hospital. The studies

were conducted in accordance with the local legislation and

institutional requirements. Written informed consent for

participation was not required from the participants or the

participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.
Author contributions

QC: Conceptualization, Data curation, Formal analysis,

Investigation, Resources, Software, Validation, Writing – original

draft, Writing – review & editing. PF: Formal analysis,

Methodology, Software, Writing – review & editing. JF: Data

curation, Formal analysis, Writing – original draft. TC: Data

curation, Formal analysis, Software, Writing – original draft.
Frontiers in Surgery 07
XW: Methodology, Validation, Writing – original draft. CC:

Methodology, Project administration, Supervision, Writing –

review & editing. ZD: Funding acquisition, Project

administration, Resources, Supervision, Writing – review & editing.
Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. This study was

supported by the National Natural Science Foundation of China

(Grant No. 82002300) and the Provincial-Ministry Co-built

Project of Henan Medical Science and Technology Research and

Development Plan (Grant No. SBGJ202303011).
Acknowledgments

We express our profound gratitude to all individuals who
participated in and contributed to this study, as well as to those
who have devoted their careers to the progression of
medical science.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Schwartz AM, Farley KX, Guild GN, Bradbury TL Jr. Projections and
epidemiology of revision hip and knee arthroplasty in the United States to 2030.
J Arthroplasty. (2020) 35(6S):S79–85. doi: 10.1016/j.arth.2020.02.030

2. Koh CK, Zeng I, Ravi S, Zhu M, Vince KG, Young SW. 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(9):2194–201. doi: 10.1007/s11999-
017-5396-4
3. Sarokhan AJ, Scott RD, Thomas WH, Sledge CB, Ewald FC, Cloos DW. Total
knee arthroplasty in juvenile rheumatoid arthritis. J Bone Joint Surg Am. (1983)
65(8):1071–80. doi: 10.2106/00004623-198365080-00006

4. Xu H, Xie J, Wang D, Huang Q, Huang Z, Zhou Z. Plasma levels of D-dimer and
fibrin degradation product are unreliable for diagnosing periprosthetic joint infection
in patients undergoing re-revision arthroplasty. J Orthop Surg Res. (2021) 16(1):628.
doi: 10.1186/s13018-021-02764-0
frontiersin.org

https://doi.org/10.1016/j.arth.2020.02.030
https://doi.org/10.1007/s11999-017-5396-4
https://doi.org/10.1007/s11999-017-5396-4
https://doi.org/10.2106/00004623-198365080-00006
https://doi.org/10.1186/s13018-021-02764-0
https://doi.org/10.3389/fsurg.2025.1566689
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Cao et al. 10.3389/fsurg.2025.1566689
5. Iannotti F, Prati P, Fidanza A, Iorio R, Ferretti A, Pèrez Prieto D, et al. Prevention
of periprosthetic joint infection (PJI): a clinical practice protocol in high-risk patients.
Trop Med Infect Dis. (2020) 5(4):186. doi: 10.3390/tropicalmed5040186.

6. Blanco JF, Díaz A, Melchor FR, da Casa C, Pescador D. Risk factors for
periprosthetic joint infection after total knee arthroplasty. Arch Orthop Trauma
Surg. (2020) 140(2):239–45. doi: 10.1007/s00402-019-03304-6

7. Rodriguez-Merchan EC, Delgado-Martinez AD. Risk factors for periprosthetic
joint infection after primary total knee arthroplasty. J Clin Med. (2022) 11(20):6128.
doi: 10.3390/jcm11206128

8. Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden of
periprosthetic joint infection in the United States. J Arthroplasty. (2012) 27(8
Suppl):61–5.e1. doi: 10.1016/j.arth.2012.02.022

9. Peng HM, Wang LC, Cheng JY, Zhou YX, Tian H, Lin JH, et al. Rates of
periprosthetic infection and surgical revision in Beijing (China) between 2014 and
2016: a retrospective multicenter cross-sectional study. J Orthop Surg Res. (2019)
14(1):463. doi: 10.1186/s13018-019-1520-3

10. Hu L, Fu J, Zhou Y, Chai W, Zhang G, Hao L, et al. Trends in microbiological
profiles and antibiotic resistance in periprosthetic joint infections. J Int Med Res.
(2021) 49(3):3000605211002784. doi: 10.1177/03000605211002784

11. Peel TN, Buising KL, Choong PF. Diagnosis and management of prosthetic joint
infection. Curr Opin Infect Dis. (2012) 25(6):670–6. doi: 10.1097/QCO.0b013e32835915db

12. Osmon DR, Berbari EF, Berendt AR, Lew D, Zimmerli W, Steckelberg JM, et al.
Diagnosis and management of prosthetic joint infection: clinical practice guidelines by
the infectious diseases society of America. Clin Infect Dis. (2013) 56(1):e1–25. doi: 10.
1093/cid/cis966

13. Rodríguez-Pardo D, Pigrau C, Corona PS, Almirante B. An update on surgical
and antimicrobial therapy for acute periprosthetic joint infection: new challenges for
the present and the future. Expert Rev Anti Infect Ther. (2015) 13(2):249–65. doi: 10.
1586/14787210.2015.999669

14. Stefánsdóttir A, Johansson D, Knutson K, Lidgren L, Robertsson O.
Microbiology of the infected knee arthroplasty: report from the Swedish knee
arthroplasty register on 426 surgically revised cases. Scand J Infect Dis. (2009)
41(11-12):831–40. doi: 10.3109/00365540903186207

15. Tsai JC, Sheng WH, Lo WY, Jiang CC, Chang SC. Clinical characteristics,
microbiology, and outcomes of prosthetic joint infection in Taiwan. J Microbiol
Immunol Infect. (2015) 48(2):198–204. doi: 10.1016/j.jmii.2013.08.007

16. Bjerke-Kroll BT, Christ AB, McLawhorn AS, Sculco PK, Jules-Elysée KM, Sculco
TP. Periprosthetic joint infections treated with two-stage revision over 14 years: an
evolving microbiology profile. J Arthroplasty. (2014) 29(5):877–82. doi: 10.1016/j.
arth.2013.09.053

17. Peel TN, Cheng AC, Buising KL, Choong PF. Microbiological aetiology,
epidemiology, and clinical profile of prosthetic joint infections: are current
antibiotic prophylaxis guidelines effective? Antimicrob Agents Chemother. (2012)
56(5):2386–91. doi: 10.1128/AAC.06246-11

18. Benito N, Franco M, Ribera A, Soriano A, Rodriguez-Pardo D, Sorlí L, et al.
Time trends in the aetiology of prosthetic joint infections: a multicentre cohort
study. Clin Microbiol Infect. (2016) 22(8):732.e1–8. doi: 10.1016/j.cmi.2016.05.004

19. Basile G, Gallina M, Passeri A, Gaudio RM, Castelnuovo N, Ferrante P, et al.
Prosthetic joint infections and legal disputes: a threat to the future of prosthetic
orthopedics. J Orthop Traumatol. (2021) 22(1):44. doi: 10.1186/s10195-021-00607-6

20. Alamanda VK, Springer BD. Perioperative and modifiable risk factors for
periprosthetic joint infections (PJI) and recommended guidelines. Curr Rev
Musculoskelet Med. (2018) 11(3):325–31. doi: 10.1007/s12178-018-9494-z

21. Kunutsor SK, Whitehouse MR, Blom AW, Beswick AD. Patient-related risk
factors for periprosthetic joint infection after total joint arthroplasty: a systematic
review and meta-analysis. PLoS One. (2016) 11(3):e0150866. doi: 10.1371/journal.pone.
0150866

22. Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD, Della Valle CJ,
et al. New definition for periprosthetic joint infection: from the workgroup of the
musculoskeletal infection society. Clin Orthop Relat Res. (2011) 469(11):2992–4.
doi: 10.1007/s11999-011-2102-9

23. Mou P, Zhao XD, Tang XM, Liu ZH, Wang HY, Zeng WN, et al. Safety of
perioperative intravenous different doses of dexamethasone in primary total joint
arthroplasty: a retrospective large-scale cohort study. BMC Musculoskelet Disord.
(2024) 25(1):1067. doi: 10.1186/s12891-024-08225-z

24. Aggarwal VK, Bakhshi H, Ecker NU, Parvizi J, Gehrke T, Kendoff D. Organism
profile in periprosthetic joint infection: pathogens differ at two arthroplasty infection
referral centers in Europe and in the United States. J Knee Surg. (2014) 27(5):399–406.
doi: 10.1055/s-0033-1364102

25. Tsai Y, Chang CH, Lin YC, Lee SH, Hsieh PH, Chang Y. Different
microbiological profiles between hip and knee prosthetic joint infections. J Orthop
Surg. (2019) 27(2):2309499019847768. doi: 10.1177/2309499019847768

26. El Helou OC, Berbari EF, Marculescu CE, El Atrouni WI, Razonable RR,
Steckelberg JM, et al. Outcome of enterococcal prosthetic joint infection: is
Frontiers in Surgery 08
combination systemic therapy superior to monotherapy? Clin Infect Dis. (2008)
47(7):903–9. doi: 10.1086/591536

27. Rasouli MR, Tripathi MS, Kenyon R, Wetters N, Della Valle CJ, Parvizi J. Low
rate of infection control in enterococcal periprosthetic joint infections. Clin Orthop
Relat Res. (2012) 470(10):2708–16. doi: 10.1007/s11999-012-2374-8

28. de Sanctis J, Teixeira L, van Duin D, Odio C, Hall G, Tomford JW, et al.
Complex prosthetic joint infections due to carbapenemase-producing Klebsiella
pneumoniae: a unique challenge in the era of untreatable infections. Int J Infect Dis.
(2014) 25:73–8. doi: 10.1016/j.ijid.2014.01.028

29. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl J Med.
(2004) 351(16):1645–54. doi: 10.1056/NEJMra040181

30. Azzam K, Parvizi J, Jungkind D, Hanssen A, Fehring T, Springer B, et al.
Microbiological, clinical, and surgical features of fungal prosthetic joint infections: a
multi-institutional experience. J Bone Joint Surg Am. (2009) 91(Suppl 6):142–9.
doi: 10.2106/JBJS.I.00574

31. Marculescu CE, Cantey JR. Polymicrobial prosthetic joint infections: risk factors
and outcome. Clin Orthop Relat Res. (2008) 466(6):1397–404. doi: 10.1007/s11999-
008-0230-7

32. Hu F, Zhu D, Wang F, Wang M. Current status and trends of antibacterial
resistance in China. Clin Infect Dis. (2018) 67(suppl_2):S128–34. doi: 10.1093/cid/
ciy657

33. Moran E, Masters S, Berendt AR, McLardy-Smith P, Byren I, Atkins BL. Guiding
empirical antibiotic therapy in orthopaedics: the microbiology of prosthetic joint
infection managed by debridement, irrigation and prosthesis retention. J Infect.
(2007) 55(1):1–7. doi: 10.1016/j.jinf.2007.01.007

34. Zhang HH, Du Y, Liu W, Song SD, Zhao W, Huang GW, et al. Effectiveness of
antibiotic use management in Tianjin (2011-2013): a quasi-experimental study. Med
Sci Monit. (2017) 23:725–31. doi: 10.12659/MSM.899848

35. Fang H. Application practice of information management system about rational
use of antibacterial drugs in the management of antibacterial drugs. Chin Pharm.
(2013) 24:1545–7. doi: 10.6039/jlissn.1001-0408.2013.17.04

36. Li JS, Zhang XG, Wang HQ, Wang Y, Wang JM, Shao QD. The meaningful use
of EMR in Chinese hospitals: a case study on curbing antibiotic abuse. J Med Syst.
(2013) 37(2):9937. doi: 10.1007/s10916-013-9937-4

37. Qin X, Ding L, Hao M, Li P, Hu F, Wang M. Antimicrobial resistance of clinical
bacterial isolates in China: current status and trends. JAC Antimicrob Resist. (2024)
6(2):dlae052. doi: 10.1093/jacamr/dlae052

38. Guo RQ, Yang J, Yang YB, Chen YN, Xiao YY, Xiang P, et al. Spectrum and
antibiotic sensitivity of bacterial keratitis: a retrospective analysis of eight years in a
tertiary referral hospital in southwest China. Front Cell Infect Microbiol. (2024)
14:1363437. doi: 10.3389/fcimb.2024.1363437

39. Siu KT, Ng FY, Chan PK, Fu HC, Yan CH, Chiu KY. Bacteriology and risk
factors associated with periprosthetic joint infection after primary total knee
arthroplasty: retrospective study of 2543 cases. Hong Kong Med J. (2018)
24(2):152–7. doi: 10.12809/hkmj176885

40. Ergin M, Budin M, Canbaz SB, Ciloglu O, Gehrke T, Citak M. Microbiological
profiles in periprosthetic joint infections after total knee arthroplasty: a comparative
analysis of diabetic and non-diabetic patients. Int Orthop. (2024) 48(10):2633–40.
doi: 10.1007/s00264-024-06275-5

41. Lipsky BA, Berendt AR, Cornia PB, Pile JC, Peters EJ, Armstrong DG, et al. 2012
Infectious diseases society of America clinical practice guideline for the diagnosis and
treatment of diabetic foot infections. J Am Podiatr Med Assoc. (2013) 103(1):2–7.
doi: 10.7547/1030002

42. Yuan Y, Fan D, Shen S, Ma X. An M2 macrophage-polarized anti-inflammatory
hydrogel combined with mild heat stimulation for regulating chronic inflammation
and impaired angiogenesis of diabetic wounds. Chem Eng J. (2022) 433:1–18.
doi: 10.1016/j.cej.2021.133859

43. Hope WW, Kruhlak MJ, Lyman CA, Petraitiene R, Petraitis V, Francesconi A,
et al. Pathogenesis of Aspergillus fumigatus and the kinetics of galactomannan in
an in vitro model of early invasive pulmonary aspergillosis: implications for
antifungal therapy. J Infect Dis. (2007) 195(3):455–66. doi: 10.1086/510535

44. Yang J, Zhong J, Fu Z, He D, Zhang J, Yuan J. Piezo1 enhances macrophage
phagocytosis and pyrin activation to ameliorate fungal keratitis. Invest Ophthalmol
Vis Sci. (2025) 66(1):33. doi: 10.1167/iovs.66.1.33

45. Belazi M, Velegraki A, Fleva A, Gidarakou I, Papanaum L, Baka D, et al.
Candidal overgrowth in diabetic patients: potential predisposing factors. Mycoses.
(2005) 48(3):192–6. doi: 10.1111/j.1439-0507.2005.01124.x

46. Hoenigl M, Enoch DA, Wichmann D, Wyncoll D, Cortegiani A. Exploring
European consensus about the remaining treatment challenges and subsequent
opportunities to improve the management of invasive fungal infection (IFI) in the
intensive care unit. Mycopathologia. (2024) 189(3):41. doi: 10.1007/s11046-024-00852-3

47. Mandal SM, Mahata D, Migliolo L, Parekh A, Addy PS, Mandal M, et al. Glucose
directly promotes antifungal resistance in the fungal pathogen, Candida spp. J Biol
Chem. (2014) 289(37):25468–73. doi: 10.1074/jbc.C114.571778
frontiersin.org

https://doi.org/10.3390/tropicalmed5040186
https://doi.org/10.1007/s00402-019-03304-6
https://doi.org/10.3390/jcm11206128
https://doi.org/10.1016/j.arth.2012.02.022
https://doi.org/10.1186/s13018-019-1520-3
https://doi.org/10.1177/03000605211002784
https://doi.org/10.1097/QCO.0b013e32835915db
https://doi.org/10.1093/cid/cis966
https://doi.org/10.1093/cid/cis966
https://doi.org/10.1586/14787210.2015.999669
https://doi.org/10.1586/14787210.2015.999669
https://doi.org/10.3109/00365540903186207
https://doi.org/10.1016/j.jmii.2013.08.007
https://doi.org/10.1016/j.arth.2013.09.053
https://doi.org/10.1016/j.arth.2013.09.053
https://doi.org/10.1128/AAC.06246-11
https://doi.org/10.1016/j.cmi.2016.05.004
https://doi.org/10.1186/s10195-021-00607-6
https://doi.org/10.1007/s12178-018-9494-z
https://doi.org/10.1371/journal.pone.0150866
https://doi.org/10.1371/journal.pone.0150866
https://doi.org/10.1007/s11999-011-2102-9
https://doi.org/10.1186/s12891-024-08225-z
https://doi.org/10.1055/s-0033-1364102
https://doi.org/10.1177/2309499019847768
https://doi.org/10.1086/591536
https://doi.org/10.1007/s11999-012-2374-8
https://doi.org/10.1016/j.ijid.2014.01.028
https://doi.org/10.1056/NEJMra040181
https://doi.org/10.2106/JBJS.I.00574
https://doi.org/10.1007/s11999-008-0230-7
https://doi.org/10.1007/s11999-008-0230-7
https://doi.org/10.1093/cid/ciy657
https://doi.org/10.1093/cid/ciy657
https://doi.org/10.1016/j.jinf.2007.01.007
https://doi.org/10.12659/MSM.899848
https://doi.org/10.6039/jlissn.1001-0408.2013.17.04
https://doi.org/10.1007/s10916-013-9937-4
https://doi.org/10.1093/jacamr/dlae052
https://doi.org/10.3389/fcimb.2024.1363437
https://doi.org/10.12809/hkmj176885
https://doi.org/10.1007/s00264-024-06275-5
https://doi.org/10.7547/1030002
https://doi.org/10.1016/j.cej.2021.133859
https://doi.org/10.1086/510535
https://doi.org/10.1167/iovs.66.1.33
https://doi.org/10.1111/j.1439-0507.2005.01124.x
https://doi.org/10.1007/s11046-024-00852-3
https://doi.org/10.1074/jbc.C114.571778
https://doi.org/10.3389/fsurg.2025.1566689
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Comprehensive analysis of the pathogen spectrum and antibiotic resistance profiles in periprosthetic joint infections: a single center retrospective study
	Introduction
	Methods
	Data source
	Inclusion criteria
	Data collection and case definition
	Statistical analysis

	Results
	Analysis of demographic information
	Microbiological profiling of patients with PJI
	Analysis of resistance of pathogenic microorganisms
	Distribution of pathogenic microorganisms in patients with diabetic PJI

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


