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Periprosthetic joint infections (PJIs) represent some of the most challenging complications whose incidence will

consequently rise in proportion to surgeries. The manifestation and evaluation of physical findings such as acute

local inflammation, fever, and wound drainage, may correlate to the presence of PJIs; indeed, these clinical

manifestation are of great value in raising the suspicion of PJIs. 
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1. Periprosthetic Joint Infections Classification

The period of symptom manifestation can vary and depends on microbial virulence . Infections that have an

outbreak within the first month after implantation are called early infections: high-virulent causative agents

as  Staphylococcus aureus,  Streptococci  spp., and  Enterococci  spp. elicit an evident local and systemic

inflammation. On the contrary, low-virulent organisms such as  Cutibacterium  spp. and coagulase-

negative Staphylococci (CoNS) might be the starting agents for infections manifesting within three months and one

year after the implantation of the prostheses. These types of infection are named as delayed, and they show

mainly attenuated symptoms such as joint pain or early loosening. Late infections present more than 24 months

after surgery . Not only may the bacterial colonization of the periprosthetic tissue represent a beginning factor

for an inflammatory response, but also the high vascularity of those areas predisposes the patient to the risk of

hematogenous infections within the first year after surgery . Hence, the detection and elimination of the

originating seeding focus is mandatory to prevent a relapse. The most common infectious bacterial species for

hematogenous spreading are:

Staphylococcus aureus, from skin and soft tissues infections that possibly leads to bacteraemia up to 34%;

Streptococcus pneumoniae, spreading from respiratory tract;

Salmonella, Bacteroides, Streptococcus gallolyticus from gastrointestinal infections;

Escherichia coli, Klebsiella, Enterobacter spp. Affecting the urinary tract.
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Other low-virulent bacteria such as  Staphylococcus epidermidis  may be responsible for a systematic infection,

likewise the viridans group, Streptococci, can spread in the general blood circulation starting from dental procedure

infections .

Notably, patients who underwent second-stage reimplantation and a subsequent doxycycline treatment can be

colonized by S. epidermidis resistant to the molecule. This event appears be critical because doxycycline is a well-

tolerated long-term use antibiotic .

Infections related to shoulder prostheses may relate to Cutibacterium acnes (formerly Propionibacterium acnes) 

, a low-virulent anaerobic Gram-positive bacterium, and a commensal skin microbe that exists in different

subtyping populations . An abnormal distribution could lead to a failure and reversion surgery .

Staphylococcus lugdunensis  is CoNS that generally colonizes hips and perineum and mutates under stress

conditions as a limitation of nutrients or sub-lethal concentrations of antibiotics, inducing the formation of

genetically modified small-colony variants (SCVs). Regarding pathogenicity,  S. lugdunensis  resembles  S.

aureus  and might be misidentified in slide coagulase tests rather than tube tests because of the production of

yellow pigments and DNase .

Infections caused by a direct contact are called per continuitatem and subdivide into two classes: a direct contact

between the prostheses and the external world or a spread from a nearby infectious focus (e.g., osteomyelitis) .

Additionally, fungal PJIs are under-reported consequences in 1–3% of a failed joint arthroplasty and the

symptomatologic profile is complicated in the presence of comorbidities and susceptibility to antifungal drugs. Vast

majority of diagnoses due to a single infectious agent are attributed to  Candida  spp. and in particular to  C.

albicans.  Candida  species adapt to rapidly changing environments and express an adhesion capability to bind

native tissues or implanted devices. Analogously to C. albicans, Aspergillus spp. present a dimorphic form between

the growing hyphal structure and unicellular yeast or spores state, that is more difficult to eradicate .

Despite clinical evidence as purulence, sinus tract or histological acute inflammation, some hypotheses of infection,

7% to 15%, may result in culture-negative response whose main cause is a prior antimicrobial therapy of the

patient .

2. Periprosthetic Joint Infections Diagnosis

Since the annual increase in primary and reversion arthroplasties, the need for a rapid and accurate diagnosis is

ever more crucial for the management of PJI and an early bacteria detection, particularly within the first 2 weeks,

allows a timely treatment of the biofilm .

The diagnosis is based on a combination of clinical findings and laboratory results obtained from multiple tests

conducted through different techniques as peripheral blood, histological tissues, and microbiological cultures
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evaluation and intraoperative findings evaluating numerous markers as D-dimer, C-reactive protein, synovial

leukocyte esterase, and synovial alpha-defensin .

Subsequent to clinical inspections, the following step is the culture of synovial fluid, and the evaluation of chemical

and biochemical parameters through Gram coloration, especially for Gram-positive  Staphylococcus

aureus, Streptococcus spp., and Gram-negative diplococci . Regardless many methodologies as sonication

, or detection of serum inflammatory markers (C-reactive protein, erythrocyte sedimentation rate synovial fluid

cell count) . In regard to the analysis of sonication fluid cultures, 16S r RNA beacon-based fluorescent in situ

hybridization (bbFISH) represents a novel molecular approach for the identification of bacterial pathogen in PJI .

Typically, the gold standard for the diagnosis of PJI remains a tissue culture examination . The definition of a PJI

diagnosis is made on the positivity of two or more periprosthetic tissue cultures for the same microorganism.

However, conventional cultures may be error-prone because of an appropriate medium, short incubation time, loss

of microbial load due to conservation conditions, or a prior antimicrobial therapy .

Imaging techniques are also used into the diagnose of PJI, although their low sensitivity and specificity. Computed

tomography (CT) or magnetic resonance imaging (MRI) that provide a good resolution for soft tissues .

One of the major challenges that remains is the culture-negative PJI caused by numerous reasons as antibiotics

treatment, low-virulent bacterial infections, or biofilm. In patients who are not capable to undergo surgery, a proper

antibiotic treatment has a success in 23–83% of cases; however, the lack of standardization and the vast surgical

and antibiotics options make the resolution difficult to achieve .

In the last years, the implementation of molecular biology techniques has reduced the turn-around time to few

hours and completely automated the workflow : specific real-time, broad range 16S-polymerase chain reaction

(PCR) , or next-generation sequencing that could be a robust support for PJI diagnosis . The application of an

interdisciplinary approach of surgery, infectiology, and microbiology will reduce the incidence of PJI and prolong the

infection-free survival time of patients .

3. Periprosthetic Joint Infections Molecular Diagnosis

The PCR represents a robust diagnostic tool for PJI that can be applied to different specimens: tissue samples,

synovial fluid, or sonicated prosthetic fluid .

The sensitivity and the velocity of the PCR overtakes the ones of tissue cultures; therefore, it is applied into the

characterization of the bacterial colonies .

The PCR target can be amplified for a specific single organism or for multiple bacteria, acquiring the name of

multiplex-PCR in this instance .
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The nature of a PCR technology can be a house-made methodology or a commercial kit; the establishment of a

robust protocol remains a challenging perspective because of the standardization: the reproducibility often requires

well-trained technicians. For that purpose, many pharma companies have commercialized multiplex-PCR

protocols: examples are SeptiFast by Roche, Genotype by Hain, Xpert by Cephaid, Filmarray by Biofire .

Culture-negative infections can be detected and diagnosed through multiplex-PCR, also defining the gene profile of

microorganisms through the comparison to databases .

On the other hand, a broad range PCR targeting the 16S gene has a sensitivity from 50% to 92% and a specificity

from 65% to 94%. Broad range PCR remains susceptible to error; hence, the lack of sensitivity may not correctly

identify the microorganism leading to a false-positive result; on the contrary, all bacteria can be identified in a

polymicrobial infection reducing the turn-around time .

Lastly, the detection of  Kingella kingae, an important paediatric osteoarticular infectious agent, requires a

pathogen-specific PCR on 16S gene .

The false-positive yield of broad-range PCR remains an issue of concern: in order to reduce the misdiagnosis and

contamination, some studies tried to develop genus-specific PCR targeting a subgroup of Gram-positive cocci and

excluding E.coli  .

In case of mixed cultures, the broad-range PCR can detect the dominant bacterial strain present in the infection

site; hence, the definition of the proper causative microorganism is appointed to NGS. Through PCR, non-viable

microorganisms can be identified in a small volume and within few hours , also in cultures of patients receiving

an antibiotic treatment. Particularly, PCR can implement the culture-independent diagnosis .

A limitation of the PCR technique could be contamination: a proper quality control process could prevent a false-

positive result .

The incapacity to distinguish between living or dead bacteria and DNA contamination represent the main limitations

of PCR-based diagnosis yielding to a false positive result .

In 2021, Bourbon et al. have associated the high-resolution melt analysis (HRMA) to broad-range PCR positive

specimens. Equally to PCR, HMRA targets 16S gene and relates to the denaturation of the bacterial DNA and the

melting temperature depending on the G-C content of the sequence and its length. The detachment of the double

strand DNA decreases the fluorescent emission intensity that represents a rapid and cost-effective method for

bacterial detection .

A broad-range PCR is followed by Sanger or next-generation sequencing (NGS) and exploits the high conservation

of the 16S region that varies in short subunits depending on the bacteria species .
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