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Mini Review



Periprosthetic joint infection (PJI) is one of the most dreaded complications after total joint arthroplasty [1]. There is no gold standard for diagnosing PJI, hence, a clinician who encounters a suspected PJI case, ought to use a combination of tests. All of which, besides their expense can be invasive and even this can't provide 100% accuracy [2]. Several biomarkers have been introduced that are potentially reliable tools for diagnosing PJI [3]. In this article, we aimed to review the current diagnostic measures of PJI with a special focus on molecular biomarkers.

Synovial Fluid Biomarkers



Synovial fluid biomarkers play an imperative role in the diagnosing PJI. Leukocyte esterase (LE), human a-defensin, human P-defensin, synovial CRP, and cathelicidin LL-37 are namely the biomarkers that have shown promising results. LE is an enzyme that is secreted by the activated neutrophils. It can be detected using colorimetric strip tests via reactions that result in a color change [4]. LE is a readily available and simple test and is now part of the minor criteria of the Musculoskeletal Infection Societydiagnostic criteria for PJI [5]. Tischler et al. [6] demonstrated that the LE strip test has a high specificity, positive, and negative predictive value for diagnosing PJI. Wetters et al. [7] investigated the accuracy of the LE test and reported a sensitivity of 92.9% to 100% and a specificity of 77.0% to 88.8%. The important point is to note that bloody samples cannot be evaluated for the LE test without being centrifuged as the presence of blood can potentially interfere with the colorimetric changes of the test strip [6].



Synovial fluid α-defensin test has shown great sensitivityand specificity for diagnosing PJI, 97% and 96% consequetively [8]. Defensins are 2-6 kDa cationic microbicidal peptides that are active against many Gram-negative and Gram-positive bacteria, fungi, and enveloped viruses [9]. Defensins in mammalians are classified into alpha, beta, and theta categories, based on their size and pattern of disulfide bonding. Alpha-defensins are particularly found in neutrophils, certain macrophage populations, and Paneth cells. Defensins are produced in response to microbial products or pro-inflammatory cytokines. The a-defensin mechanism by which microorganisms are killed and inactivated is not yet fully understood. Nevertheless, it is thought that it causes membrane disruption in microorganisms [10]. The spatially separated, charged, and hydrophobic regions, along with the polar topology of a-defensin, allows it to insert itself into the membranes; therefore, the hydrophobic regions are buried within the interior phospholipid membrane and the cationic sites interact with anionic phospholipid head groups and water. The disruption of membrane integrity and function leads to lysis of the microorganisms [11,12]. Several studies have endorsed the role of the a-defens in test in diagnosing PJI. The a-defensin test provides consistent results regardless of the organism type, Gram staining, species, or virulence of the organism [13].

CRP, which elevates in both the serum and synovial fluid of PJI cases, is a protein that is synthesized by the liver in response to acute inflammation [14]. Parvizi et al. [15] reported a statistically significant difference in the mean of synovial fluid CRP comparing septic and aseptic patients; 40 mg/L vs. 2 mg/L, respectively (p<.0001). The study found a sensitivity of 85% and a specificity of 95% when 9.5 mg/L was considered as the threshold.

Human host defense peptide LL-37 is an antimicrobial peptide that induces mediators such as IL-8 and regulates the inflammatory response [16,17]. Gollwitzer et al. [18] reported that LL-37 has a sensitivity of 80% and specificity of 85%, with an area under the curve of 0.875 for diagnosing PJI.

Serum Biomarkers



Serum markers are favorable diagnostic tools due to their accessibility and low-risk nature. The American Academy of Orthopaedic Surgeons and the International Consensus meeting on PJI currently recommend using serum erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) as the first line diagnostic work up for patients with suspected PJI. Reports have shown a sensitivity of 91% and specificity of 72% for ESR and a sensitivity of 94% and specificity of 74% for CRP [19-21]. Serum ESR and CRP are well-known biomarkers that indicate systemic inflammatory response [22]. However, these markers are elevated with any type of inflammation and/or infection, compromising their specificity for diagnosis of PJI. Recent evidence suggests that PJI with slow- growing organisms may not result in a fully-fledged physiological response and hence may not result in elevation of ESR and CRP in the serum, raising a concern for the sensitivity of these tests. Furthermore, a study by our group showed that the administration of systemic antibiotics can significantly compromise the results of these laboratory values [2]. It is imperative for clinicians to consider the timing of infection prior to assessing patients' ESR and CRP results, as these markers are frequently elevated in the early postoperative period. Studies have shown that ESR can be elevated up to 6 weeks after surgery and CRP can be elevated for up to 2 weeks [23].




Procalcitonin (PCT) is a serum biomarker that elevates in the presence of bacteria. Bottner et al. [24] measured serum levels of several biomarkers including: PCT, interleukin (IL)-6, tumor necrosis factor (TNF)-a, ESR, and CRP in 78 patients undergoing revision arthroplasty for PJI. The sensitivity of CRP and IL-6 were the highest (95%) when the levels were greater than 3.2 mg/ dL and 12 pg/mL, respectively. The authors recommended that combination of CRP and IL-6 could be used as a screening test for PJI. PCT levels (>0.3 ng/mL) were very specific (98%) but had a low sensitivity (33%) for diagnosing PJI. In another study by Hugle et al. [25] authors showed that PCT with a threshold of 0.25 ng/ mL has a higher sensitivity and specificity for diagnosing septic arthritis than CRP, with a sensitivity of 93% and specificity of 75%. This could possibly be rationalized by the fact that PCT is secreted by the mononuclear phagocyte system only when stimulated by lipopolysaccharide. Therefore, PCT can be a useful tool to differentiate between bacterial infections of the joint and other causes of inflammation. Nevertheless, more recent studies claimed that PCT is not a very accurate tool for diagnosing PJI [26,27].

IL-6 is another serum marker that has gained attention for diagnosing PJI. IL-6 is secreted by different immune cells and triggers the excretion of CRP; therefore, it is believed that the IL-6 levels rise much faster than CRP and has been reported to be a sensitive marker for diagnosing PJI, however it also lacks specificity [24,28]. (p-6) Wirtz et al. [29] advocated the role of IL-6, and in their study authors showed that IL-6 is a better indicator for postoperative inflammatory response than CRP in patients undergoing TJA.

There is a dire need for a sensitive and specific serum biomarker for diagnosing PJI and numerous efforts have been made to pursue this goal. Serum D-dimer is another biomarker that has shown very promising results for diagnosing PJI. Shahi et al. [30] in their prospective study showed that serum D-dimer outperforms both ESR and CRP for diagnosing PJI with a sensitivity of 89% and a specificity of 93%.

Modern medicine has entered a new era where molecular biomarkers play an increasingly important role for diagnosis of various conditions. PJI is no exception and new biomarkers hold great promise for it. Efforts should continue to hopefully find a gold standard test for a timely diagnosis of this serious complication.
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