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ABSTRACT

Background: One of the most dangerous side effects after joint arthroplasty is prosthetic joint
infections (PJIs), which raise morbidity, hospital stays, and medical expenses. Optimising empirical
therapy requires an understanding of epidemiology and trends in antimicrobial resistance (AMR).
Objectives: To evaluate the demographic profile, microbiological etiology, and antimicrobial
resistance patterns among patients with PJIs. Methods: This cross-sectional study included 98
patients diagnosed with PJIs at MediCiti Institute of Medical Sciences, Medchal, from January 2024
to December 2024. Microbiological cultures were performed, and isolates were tested for
antimicrobial susceptibility. Results: The mean age was 64.5 + 10.3 years, with a male-to-female
ratio of 1.4:1. The most commonly infected joint was the knee (58.2%), followed by the hip (35.7%).
The leading causative organisms were Staphylococcus aureus (43.9%, of which 58.1% were MRSA),
Coagulase-negative staphylococci (CoNS, 26.5%), and Gram-negative bacilli (21.4%). High resistance
was observed to penicillin (87.2%) and ciprofloxacin (69.2%), while linezolid and vancomycin retained
good activity. Among Gram-negatives, Pseudomonas aeruginosa and Klebsiella pneumoniae showed
high resistance to cephalosporins and fluoroquinolones. Conclusion: PJIs at our institution are
predominantly caused by Gram-positive cocci, particularly MRSA and CoNS, with worrying
antimicrobial resistance trends. Routine local surveillance and antibiotic stewardship are essential to
guide empirical therapy.
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INTRODUCTION

Prosthetic joint infection (PJI) remains one of
the most severe and complex consequences
following joint arthroplasty, leading to increased
morbidity, longer hospitalization, and cost
burden In 2025, Ayoade F. et al. [, According
to Sandiford NA et al. (2020) and Singh JA et
al. (2021), the incidence of PJI can be
considerably greater in patients undergoing
revision procedures or those with concomitant
diseases, even though it typically ranges
between 0.5% and 2% globally following initial
joint arthroplasty [3. The clinical and
epidemiological relevance of PJI is anticipated
to increase as a result of the ageing population
and the growing need for joint replacement
procedures, especially in emerging nations like
India.

The most common cause of PJI is bacterial
contamination of the prosthetic implant, which
can occur during surgery or thereafter by direct
inoculation or haematogenous dissemination.
Clinical evaluation, test indicators including

erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP), microbiological cultures,
and radiographic evaluations are frequently
used in the diagnosis of PJI. The diagnosis of
chronic PJIs is difficult, nevertheless, because
of their sometimes vague and slow
presentation. P. Izakovicova and colleagues
(2019) ¥

Staphylococcus aureus and coagulase-negative
staphylococci (CoNS) continue to be the most
prevalent pathogenic organisms in the world,
according to microbiology. Klaschik S et al.
(2015)51, However, there has been a noticeable
change in microbial profiles in recent years,
especially with the rise of multidrug-resistant
organisms (MDROs) like vancomycin-resistant
Enterococci (VRE), methicillin-resistant
Staphylococcus aureus (MRSA), and Gram-
negative bacteria that produce extended-
spectrum beta-lactamases (ESBL) (Karnawal A
et al., 2025)[°. Significant treatment hurdles
are presented by this shifting environment of
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antibiotic resistance, which need for ongoing
surveillance to direct empirical antibiotic
therapy.

Antimicrobial resistance (AMR) has alarmingly
increased in poor nations like India due to a lack
of standardised antibiotic  stewardship
measures, indiscriminate antibiotic use, and
inadequate surveillance systems. JM DeBiase
and associates (2025)7], According to a
research conducted in a tertiary care facility in
North India, PJIs had a high frequency of Gram-
negative bacteria that were resistant to
conventional antibiotics like beta-lactams and
aminoglycosides. Gupta A. and associates
(2019) [, Sharma M et al. (2020), another
Indian study, highlighted the growing
prevalence of polymicrobial infections in
prosthetic joints, which makes therapy even
more challenging [°!.

A multidisciplinary strategy is usually needed to
treat PJI, which includes surgical debridement,
extended antibiotic medication, and in certain
situations, prosthesis removal and
reimplantation. J. Parvizi and colleagues (2019)
10 The causative organism and its
susceptibility pattern have a significant impact
on treatment success. Until conclusive culture
findings are obtained, local resistance patterns
must serve as the basis for empirical antibiotic
treatment. This emphasises how crucial region-
specific information on antibiotic resistance
trends and microbial aetiology is. In 2022,
Pellegrini A et al. [11],

There is a dearth of localised epidemiology data
on PJIs in the Indian setting, especially from
Southern India, despite the national and
international emphasis on tackling AMR.
Optimising patient outcomes, developing
empirical treatment regimens, and putting in
place  successful antibiotic  stewardship
programs all depend on an understanding of
the local epidemiology and antimicrobial
susceptibility profiles. (2019) Sebastian S. et al.
[12]

This cross-sectional study was carried out from
January to December of 2024 at the MediCiti
Institute of Medical Sciences in Medchal.
Finding the epidemiological profile,
microbiological aetiology, and patterns of
antibiotic resistance of PJIs in patients receiving
treatment at our tertiary care facility was the
main goal. This study intends to offer practical
insights that can support the judicious selection
of antibiotics and the creation of institutional
guidelines for PJI management by examining
the demographic traits, surgical specifics,

clinical presentation, and microbiological data
of 98 confirmed PJI cases.

Additionally, this study underscores the
necessity for stringent infection control
protocols and surveillance to stop the
development of AMR and underlines the rising
worry of  multidrug-resistant  organisms
(MDROs) in orthopaedic diseases. In 2025,
Muhammad AN et al. [13]. This study aims to
close the current vacuum in the literature and
advance evidence-based procedures in the
management of orthopaedic infectious diseases
by conducting a thorough assessment of
culture-positive PJIs and their patterns of
antibiotic susceptibility.

MATERIALS AND METHODS

Study Design and Setting

A cross-sectional study was conducted at the

Department of Orthopedics and Microbiology,

MediCiti Institute of Medical Sciences, Medchal,

Telangana. The study period spanned from

January 2024 to December 2024.

Study Population and Sample Size

A total of 98 patients who underwent evaluation

for prosthetic joint infection (PJI) following total

hip or knee arthroplasty were included.

Inclusion was based on clinical suspicion of

infection and subsequent confirmation using

diagnostic criteria described below.

Inclusion Criteria

e Patients aged >18 years

e Clinical and/or radiological suspicion of PJI
after total knee or hip replacement

o Positive microbiological  culture  from
periprosthetic tissue or synovial fluid

Exclusion Criteria

e Patients with native joint infections

e Inadequate sample for culture

e Patients who refused consent

Data Collection and Definitions

A standardised proforma was used to gather

comprehensive clinical, surgical,

microbiological, and demographic data. The

Musculoskeletal Infection Society's (MSIS)

criteria were used to confirm the diagnosis of

PJI. Three months following surgery was

considered early PJI, three to twelve months

was considered delayed PJI, and twelve months

was considered late PII.

Microbiological Analysis

Aseptic collection and processing of samples,
such as synovial fluid, deep tissue biopsies, and
pus, took place in less than two hours. Blood
agar, MacConkey agar, and thioglycollate broth
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were used for the cultures, which were then
incubated aerobically for a maximum of seven
days. Automated systems and conventional
biochemical techniques were used to identify
the isolates. The Kirby-Bauer disc diffusion
technique was used to test for antibiotic
susceptibility, and CLSI standards were followed
for interpretation.

Ethical Considerations
The study was approved by the Institutional
Ethics Committee of MediCiti Institute of

Medical Sciences (Approval No.
MIMS/IEC/2024/0012). Informed  written
consent was obtained from all participants.

Statistical Analysis

Data were entered in Microsoft Excel and
analyzed using SPSS version 26. Categorical
variables were expressed as percentages. Chi-
square test was wused for comparing
proportions, and p-values <0.05 were
considered statistically significant.

RESULTS
Table 1: Demographic and Clinical Profile of Patients with Prosthetic Joint Infection (n=98)
Variable Frequency (%)
Age Group (years)
3049 18 (18.4%)
50-69 52 (53.1%)
=70 28 (28.5%)
Gender
Male 56 (57.1%)
Female 42 (42.9%)
Type of Joint
Hip 38 (38.8%)
Knee 60 (61.2%)
Type of Surgery
Primary Arthroplasty 68 (69.4%)
Revision Arthroplasty 30 (30.6%)
Age Group (years)
60.00%
53.10%
50.00%
40.00%
20.00% 28.50%
50.00% 18.40%

- .
0.00%
30-49

50-69 =70

B Age Group (years)
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Gender

= Male

Figure 2

The clinical and demographic details of the 98
individuals with prosthetic joint infections are
compiled in Table 1. Patients between the ages
of 50 and 69 made up the majority (53.1%),
followed by those 70 and older (28.5%) and
those between the ages of 30 and 49 (18.4%).
With 42 (42.9%) females and 56 (57.1%) men
impacted, there was a small male

B Female

preponderance. When it came to joint
involvement, knee prosthesis had a higher
infection rate (61.2%) compared to hip
prostheses (38.8%). In terms of surgery type,
the majority of infections (69.4%) happened
after original arthroplasty, whereas revision
surgeries were linked to 30.6% of infections

Table 2: Microbial Etiology of Prosthetic Joint Infections (n=98)

Organism Isolated

Frequency (%)

Staphylococcus aureus (MSSA)

24 (24.5%)

Staphylococcus aureus (MRSA)

18 (18.4%)

Coagulase-negative Staphylococci

16 (16.3%)

Escherichia coli (ESBL-producing)

12 (12.2%)

Klebsiella pneumoniae

10 (10.2%)

Pseudomonas aeruginosa 8 (8.2%)
Enterococcus species 6 (6.1%)
Polymicrobial 4 (4.1%)

Microbial Etiology of Prosthetic Joint
Infections (n=98)
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The microbiological profile of the organisms
recovered from the infected prosthetic joints is
shown in Table 2. Staphylococcus aureus was
the most often isolated pathogen, with 18.4%
being methicillin-resistant (MRSA) and 24.5%
being methicillin-sensitive (MSSA). In 16.3% of
instances, coagulase-negative staphylococci
(CoNS) were responsible. Escherichia coli,
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which produces extended-spectrum beta-

lactamase (ESBL), was isolated in 12.2% of

infections among Gram-negative organisms.

Klebsiella pneumoniae (10.2%) and

Pseudomonas aeruginosa (8.2%) were next in

line. In 6.1% of cases, Enterococcus species

were found. The percentage of polymicrobial
illnesses was 4.1%.

Table 3: Antibiotic Susceptibility Pattern of Gram-positive Isolates

Antibiotic MRSA (%) Sensitive MSSA (%) Sensitive CoNS (%) Sensitive
Vancomycin 100 100 100
Linezolid 100 100 100
Clindamycin 50 85 60
Erythromycin 33 72 45
Oxacillin 0 100 40

The antibiotic susceptibility patterns of Gram-
positive bacterial isolates, such as MRSA, MSSA,
and CoNS, are shown in Table 3. Vancomycin
and linezolid are the most dependable
treatment alternatives because all isolates of
MRSA, MSSA, and CoNS showed 100%
susceptibility to these medications.
Clindamycin's sensitivity was 50% for MRSA

isolates, 60% for CoNS, and 85% for MSSA
isolates. All strains were less sensitive to
erythromycin, although MRSA (33%) and CoNS
(45%) were the most affected. MRSA had total
oxacillin resistance (0% sensitivity), but MSSA
had 100% sensitivity and 40% of CoNS still had
susceptibility.

Antibiotic Susceptibility Pattern of Gram-positive Isolates

100 100 100 100 100 100 100
X = .
( boa i 3 |
60 1T
| | ‘ | ' '
45
40
| U I I |
0
. | | I )
Y ANCOMYyon inezohd indanmyon Crythromycin xa il

Figure 4
Table 4: Antibiotic Susceptibility Pattern of Gram-negative Isolates

Antibiotic E. coli (%) Klebsiella (%) Pseudomonas (%)
Meropenem 83 80 75
Piperacillin-Tazobactam 67 70 68
Amikacin 58 60 65
Ciprofloxacin 33 40 30
Ceftriaxone 25 30 20

Data on antibiotic susceptibility for Gram- showing the best effectiveness. With

negative bacteria, such as Pseudomonas
aeruginosa, Klebsiella pneumoniae, and E. coli,
is shown in Table 4. The isolates' sensitivity
ranged from 75% to 83%, with meropenem

sensitivities of 67%, 70%, and 68% for E. Coli,
Klebsiella, and Pseudomonas, respectively,
piperacillin-tazobactam demonstrated
moderate activity. Amikacin showed similar
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effectiveness, with sensitivities between 58%
and 65%. Both ceftriaxone and ciprofloxacin
were ineffective; in Pseudomonas, ceftriaxone

sensitivity decreased to as low as 20%,
indicating significant resistance patterns.

Antibiotic Susceptibility Pattern of Gram-negative Isolates

DISCUSSION

This cross-sectional study involving 98 patients
with confirmed prosthetic joint infections (PJIs)
provides important insights into the current
epidemiology,  microbial  spectrum, and
antibiotic resistance profiles in a tertiary care
setting in Southern India. Our findings
underscore the increasing prevalence of
multidrug-resistant organisms and the evolving
challenges in the management of PJIs.

Demographic and Surgical Characteristics
The bulk of PJI cases, as indicated in Table 1,
included patients between the ages of 50 and
69, which is in line with the global trend of a
rise in joint arthroplasty surgeries among the
elderly. In 2021, Kurtz SM et al. !4, Knee
prosthesis were more often impacted than hip
prostheses, and men significantly outnumbered
women. Infection was more common in revision
arthroplasty patients (30.6%), most likely as a
result of numerous surgical exposures and soft
tissue damage. Tan TL and associates (2018)
[15]

Microbial Etiology

Gram-positive organisms, especially
Staphylococcus aureus (both MSSA and MRSA),
were the most common, making up 42.9% of
all isolates, according to the microbiological
profile (Table 2). According to worldwide
sources, the main causal organisms of PJI
Sousa R et al. (2018)!°! include coagulase-
negative Staphylococci (CoNS) and S. aureus.
Nonetheless, the alarmingly high percentage of
MRSA (18.4%) points to the urgent need for

Figure 5

improved infection control protocols and
antibiotic stewardship.

Interestingly, over one-third of all isolates were
Gram-negative bacteria, with Klebsiella
pneumoniae and E. coli that produce ESBL
being the most common. This is in line with
earlier Indian studies that found PJIs Hanssen
JUJ et al. (2024) and Sharma M et al. (2020)
have a rising burden of Gram-negative
infections [/ %1, Despite being less frequent,
Pseudomonas aeruginosa showed significant
resistance, underscoring the difficulty of
treating such infections.

Antibiotic Resistance in Gram-Positive
Isolates

Gram-positive isolates' susceptibility patterns
are shown in Table 3. Vancomycin and linezolid
were consistently effective against all strains,
confirming their use as first-line treatments for
resistant Gram-positive infections. J. Parvizi and
colleagues  (2019) (10, Nonetheless,
erythromycin and clindamycin resistance was
common, particularly in MRSA and CoNS
isolates. The need for empirical coverage
against MRSA before culture findings are
available is highlighted by the bacteria's total
resistance to oxacillin. The significance of
regular susceptibility testing and careful
antibiotic selection is emphasised by these
findings. Future treatment choices may be
jeopardised and resistance problems may
worsen if broad-spectrum drugs are continued
to be used without cultural supervision.
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Antibiotic Resistance in Gram-Negative
Isolates

The problem presented by Enterobacteriaceae
that produce ESBL is highlighted by
susceptibility trends among Gram-negative
organisms (Table 4). While meropenem
maintained a comparatively high level of activity
(>80%  susceptibility), ceftriaxone and
ciprofloxacin demonstrated low effectiveness.
Because of their intermediate sensitivity,
amikacin and piperacillin-tazobactam may be
good substitutes in some situations. Muteeb G.
and associates (2023) [18].

Stricter antimicrobial regulations are necessary
since multidrug-resistant (MDR) Gram-negative
bacteria are found in about 20% of cases. The
main causes of this resistance development in
India are the over-the-counter availability of
antibiotics and empirical treatment without

culture confirmation. In 2023, Althagafi A. et al.
[19],

Polymicrobial Infections

4.1% of patients had polymicrobial infections,
which are a combination of Gram-positive and
Gram-negative organisms. The lengthier
treatment duration and need for combined
antibiotic therapy made these instances very
difficult. Studies highlighting the severity and
worse prognosis linked to polymicrobial PJIs
have revealed similar results (Lowik CAM et al.,
2019)(201,

Clinical Implications

This study emphasises how important it is to
have surveillance data unique to each
institution in order to inform empirical
treatment choices. According to Pellegrini A et
al. (2022), empirical treatment must include
medicines with broad-spectrum coverage, such
as vancomycin coupled with piperacillin-
tazobactam or a carbapenem, in areas with
high MRSA incidence and considerable Gram-
negative resistance [, Strict perioperative
guidelines, early detection using enhanced
biomarkers, and the use of cement spacers
impregnated with antibiotics may also help
lower infection rates and enhance results.

CONCLUSION

The prevalence and pattern of antibiotic
resistance of prosthetic joint infections (PJIs) at
a tertiary care facility in South India are critically
clarified by this study. Gram-positive organisms,
including Staphylococcus aureus (including
MRSA), were the most often isolated pathogens

among the 98 patients assessed across a one-
year period. Gram-negative bacilli, such
Klebsiella pneumoniae and Escherichia coli,
came in second. The fact that a sizable
percentage of isolates showed multidrug
resistance, including MRSA and ESBL-producing
pathogens, is concerning.

Given the morbidity, expense, and difficulty of
treating PJIs, our results highlight the urgent
need for strong infection prevention strategies
in orthopaedic surgery. Additionally, the
significant prevalence of resistance organisms
indicates that, in light of local antibiogram data,
empirical antibiotic treatments need to be
updated on a regular basis. Early results might
be enhanced by a customised empirical
treatment that contains substances that are
efficient against both MRSA and ESBL-
producing germs.

The study emphasises the necessity of better
perioperative procedures, such as strict
postoperative monitoring, operating room
cleanliness, and proactive antibiotic
stewardship. Furthermore, because they have a
higher chance of developing PJI, high-risk
populations  including  diabetics, elderly
patients, and those having revision arthroplasty
should get extra care.

To stop the spread of antibiotic resistance, we
support regular monitoring and reporting of
resistance trends at the institutional and
national levels. To improve patient treatment
and lessen the burden of PJI, multidisciplinary
care teams of orthopaedic surgeons, infectious
disease  experts, microbiologists, and
pharmacologists must be integrated. To sum
up, this cross-sectional study adds to the
expanding corpus of research on infections in
prosthetic joints in India. The findings demand
that infection control, prudent antibiotic usage,
and region-specific recommendations be given
top priority right once. Local data like ours are
crucial for increasing postoperative recovery,
reducing problems, and customising efficient
treatment plans for patients undergoing joint
arthroplasty in light of the growing concern of
antimicrobial resistance.

Limitations of Study

1. Single-Center Study: The results may
not be as generalisable to other areas or
healthcare settings because they are
based on a single tertiary care facility.

2. Lack of Molecular Diagnostics: Due to
budget constraints, genetic testing for
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resistance mechanisms (such as the
mecA and bla genes) was not carried out.
No Long-Term Outcome Analysis:
Long-term  clinical outcomes such
functional recovery, implant failure, and
reinfection were not evaluated in this
research.

Potential Sampling Bias: The exclusion
of certain individuals who had culture-
negative illnesses could have resulted in
an underestimation of the incidence of
particular pathogens.

No Analysis of Biofilm Formation: The
potential of the isolates to form biofilms,
which is essential to the pathophysiology
of PJI, was not evaluated in this
investigation.

REFERENCES

1.

Ayoade F, Li D, Mabrouk A, Todd JR.
Periprosthetic  Joint  Infection. In:
StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2025 Jan.
Available from:
https://www.ncbi.nlm.nih.gov/books/NB
K448131/NCBI

Sandiford NA, et al. The burden of
prosthetic joint infection (PJI). Ann Joint.
2020;5:20. Available from:
https://aoj.amegroups.org/article/view/6
209/htmlAnnals of Joint

Singh JA, et al. Incidence and Predictors
of Prosthetic Joint Infection Following
Primary Total Knee Arthroplasty: A 15-
Year Population-Based Cohort Study. J
Arthroplasty. 2021;36(2):5280—
$285.PubMed

Izakovicova P, Borens O, Trampuz A.
Periprosthetic joint infection: current
concepts and outlook. EFORT Open Rev.
2019  Jul  29;4(7):482-494.  doi:
10.1302/2058-5241.4.180092.  PMID:
31423332; PMCID: PMC6667982.
Klaschik S, Lehmann LE, Steinhagen F,
Book M, Molitor E, Hoeft A, Stueber F.
Differentiation between Staphylococcus
aureus and coagulase-negative
Staphylococcus species by real-time PCR
including  detection of methicillin
resistants in comparison to conventional
microbiology testing. J Clin Lab Anal.
2015 Mar;29(2):122-8. doi:
10.1002/jcla.21739. Epub 2014 May 5.
PMID: 24796889; PMCID: PMC6807022.
Karnwal A, Jassim AY, Mohammed AA, Al-
Tawaha ARMS, Selvaraj M, Malik T.

10.

11.

12.

13.

Addressing the global challenge of
bacterial drug resistance: insights,
strategies, and future directions. Front
Microbiol. 2025 Feb 24;16:1517772. doi:
10.3389/fmicb.2025.1517772. PMID:
40066274; PMCID: PMC11891257.
DeBiase JM. A Clinical Review of
Prosthetic Joint Infections. Med Clin
North Am. 2025 May;109(3):615-623.
doi: 10.1016/j.mcna.2024.12.003. Epub
2025 Jan 30. PMID: 40185550.

Gupta A, Singh N, Varma A, Pandey R.
Epidemiology  and outcomes  of
periprosthetic joint infections: a study
from tertiary care center in North India. J
Clin Orthop Trauma. 2019;10(5):960-
964.

Sharma M, Pathak S, Srivastava P.
Prevalence and antibiotic resistance
pattern of Gram-negative bacteria in
orthopedic infections in India. Indian J
Pathol Microbiol. 2020;63(1):66—70.
Parvizi J, Gehrke T. Proceedings of the
International Consensus Meeting on
Periprosthetic Joint Infection. Bone Joint
J. 2019;101-B(6_Supple_B):1-132.
Pellegrini A, Suardi V, Legnani C.
Classification and management options
for prosthetic joint infection. Ann Jt. 2022
Jan 15;7:3. doi: 10.21037/a0j-20-86.
PMID: 38529157; PMCID: PMC10929296.
Sebastian S, Malhotra R, Sreenivas V,
Kapil A, Chaudhry R, Dhawan B. A Clinico-
Microbiological Study of Prosthetic Joint
Infections in an Indian Tertiary Care
Hospital: Role of Universal 16S rRNA
Gene Polymerase Chain Reaction and
Sequencing in Diagnosis. Indian ]
Orthop. 2019 Sep-Oct;53(5):646-654.
doi: 10.4103/ortho.I1JOrtho_551_18.
PMID: 31488935; PMCID: PMC6699216.
Muhamad AN, Teh CSJ, Draman MR,
Adnan YK, Abbas AA, Khong TL,
Narayanan V, Tang SN, Karunakaran R,
Manan NA, Kukreja A, Razali SZM, Cham
CY, Hontz RD, Gregory MJ], Selariu A,
Nguyen HC, Letizia AG, Ponnampalavanar
SSS. High incidence of multidrug-
resistant organisms and modifiable risk
factors associated with surgical site
infections: a cohort study in a tertiary
medical center in Kuala Lumpur, Malaysia
from 2020 to 2023. Antimicrob Resist
Infect Control. 2025 Mar 13;14(1):22.

1100 International Journal of Pharmacy Research & Technology | Jan - May 2025 | Vol 15 | Issue 1


https://www.ncbi.nlm.nih.gov/books/NBK448131/
https://www.ncbi.nlm.nih.gov/books/NBK448131/
https://www.ncbi.nlm.nih.gov/books/NBK448131/
https://aoj.amegroups.org/article/view/6209/html
https://aoj.amegroups.org/article/view/6209/html
https://aoj.amegroups.org/article/view/6209/html
https://pubmed.ncbi.nlm.nih.gov/34678445/?utm_source=chatgpt.com

T. Ashita Singh et al / EPIDEMIOLOGY AND ANTIBIOTIC RESISTANCE PATTERN OF PROSTHETIC JOINT
INFECTIONS: A CROSS-SECTIONAL STUDY

14.

15.

16.

17.

doi: 10.1186/s13756-025-01537-2.
PMID: 40082971; PMCID: PMC11907968.
Kurtz SM, Ong KL, Lau E, Bozic KJ. Impact
of the economic downturn on total joint
replacement demand in the United
States: updated projections to 2021. ]

Bone Joint Surg Am. 2014 Apr
16;96(8):624-30. doi:
10.2106/JB3S.M.00285. PMID:

24740658..

Tan TL, Kheir MM, Shohat N, Tan DD,
Kheir M, Chen C, Parvizi J. Culture-
Negative Periprosthetic Joint Infection:
An Update on What to Expect. JB JS Open
Access. 2018 Jul 12;3(3):e0060. doi:
10.2106/1BJS.0A.17.00060. PMID:
30533595; PMCID: PMC6242327.

Sousa R, Abreu MA. Treatment of
Prosthetic Joint Infection with
Debridement, Antibiotics and Irrigation
with Implant Retention - a Narrative
Review. ] Bone Jt Infect. 2018 Jun
8;3(3):108-117. doi: 10.7150/jbji.24285.
PMID: 30013891; PMCID: PMC6043472.
Hanssen JLJ, van der Wal RJP, Mahdad R,
Keizer S, Delfos NM, van der Lugt JCT,
Veldkamp KE, Nolte PA, Leendertse M,
Gelinck LBS, Mollema FPN, Schippers EF,
Wattel-Louis HG, Nelissen RGHH,
Scheper H, de Boer MGJ]. Targeted
antimicrobial regimens for Gram-negative
prosthetic joint infections: a prospective
multicenter study. Antimicrob Agents
Chemother. 2024 Dec

18.

19.

20.

5,68(12):e0123224. doi:
10.1128/aac.01232-24. Epub 2024 Nov
13. PMID: 39535202; PMCID:
PMC11619448.

Muteeb G. Network meta-analysis of
antibiotic resistance patterns in gram-
negative bacterial infections: a
comparative study of carbapenems,
fluoroquinolones, and aminoglycosides.
Front Microbiol. 2023 Nov
30;14:1304011. doi:
10.3389/fmicb.2023.1304011. PMID:
38098660; PMCID: PMC10720636.

Althaqafi A, Yaseen M, Farahat F, Munshi
A, Al-Amri A, Essack SY. Risk Factors for
Infection With Multidrug-Resistant Gram-
Negative Bacteria in a Tertiary Care
Hospital in Saudi Arabia: A Case-Control
Study. Cureus. 2023 Apr 8;15(4):e37291.
doi: 10.7759/cureus.37291. PMID:
37168219; PMCID: PMC10166184.

Lowik CAM, Zijlstra WP, Knobben BAS,
Ploegmakers JJW, Dijkstra B, de Vries AJ,
Kampinga GA, Mithoe G, Al Moujahid A,
Jutte PC, Wouthuyzen-Bakker M;
Northern  Infection Network Joint
Arthroplasty (NINJA). Obese patients
have higher rates of polymicrobial and
Gram-negative early periprosthetic joint
infections of the hip than non-obese
patients. PLoS One. 2019 Apr
8;14(4):e0215035. doi:
10.1371/journal.pone.0215035.  PMID:
30958847; PMCID: PMC6453483.

1101 International Journal of Pharmacy Research & Technology | Jan - May 2025 | Vol 15 | Issue 1



