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Objective: To evaluate the usefulness of a multiplex polymerase chain reaction (PCR) assay as a complementary tool
in the diagnosis of prosthetic joint infections in the routine setting of a clinical microbiology laboratory, with a special
focus on patients at high risk of culture-negative infections and high suspicion of infection.

Methods: The results obtained in the routine care setting with the use of the commercial multiplex PCR (Unyvero
i60©, Curetis AG, Holzgerlingen, Germany) were retrospectively reviewed. The test was performed in samples of
patients with suspected prosthetic joint infection, which were also processed for conventional diagnostic methods,
including sonication of the implant when possible. Patients selected for the test were those with negative cultures
after a 24-h incubation period.

Results: Ninety-nine PCRs were performed, 57 of which were diagnostic of infection according to 2018 MSIS criteria.
Nine patients received antibiotics within the 15 days prior to the diagnostic procedure. Tested samples included syno-
vial fluid (33), sonication fluid (56) and tissue biopsies (10). The PCR test detected microorganisms in 26 samples:
including two cases of polymicrobial infection. Eleven patients were diagnosed by using PCR only. The most frequently
detected microorganism in PCR was Coagulase-Negative Staphylococcus in 11 samples, followed by Staphylococcus
aureus in five. One sample was positive for the bacteria universal primer, included in the 2.0 version of the kit. Only
one discrepancy was detected between a negative PCR and a positive culture. One sample was also positive for a
resistance marker (detection of mecA gene in a case of methicillin-resistant S. aureus infection).

Conclusion: The incorporation of the Unyvero ITI multiple PCR technique in patients selected by clinical experts is a
useful tool for the diagnosis of bone and joint infections in a routine care setting. A close clinical-microbiological col-
laboration improves the usefulness of this kit for the management of patients with these infections.
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Introduction

Despite the advances developed during the last decade in
the field of the diagnosis of prosthetic joint infection

(PJI), the lack of identification of a causative microorganism
through traditional culture methods, referred to as culture-
negative infections, remains an issue1–4. Moreover, if other
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bone and joint infections are considered, the complexity of
these procedures increases, especially the interpretation of
the results.

One of the most important problems that emerge dur-
ing patient management is the presence of negative cultures.
Even though the incidence of culture-negative infection
decreases when all available methods are applied5, there can
always be cases where no microorganism is isolated in the
different samples and cultures performed.

In an attempt to overcome the problem of culture-
negative PJI, the use of molecular biology appeared as the
obvious methodology that could help isolate a micro-
organism, as has been the case with many other fields in
microbiology. These techniques allow for the identification
of even non-viable microorganisms by detecting their genetic
material. This is of special interest in some patients, such as
those under antibiotic therapy before surgery, where conven-
tional techniques have shown their limits in many cases.
Many studies have been published about the use of different
molecular techniques in the diagnosis of PJI6–12, including
several meta-analyses13–15. All these studies have shown the
usefulness of polymerase chain reaction (PCR) techniques
for the diagnosis of orthopedic infections, but no study
under routine conditions (usually quite different from exper-
imental ones) has been performed.

During the last years, several studies have shown the
characteristics and usefulness of a commercial multiplex
PCR kit, Unyvero i60© (Curetis AG, Holzgerlingen,
Germany), for the diagnosis of different bone and joint
infections16–24. In a previous study, we evaluated the sensitiv-
ity, specificity, positive predictive value, and negative predic-
tive value of this technique22. Our results, similar to others’,
showed excellent performance of the test regarding its speci-
ficity, but with low sensibility for the detection of different
microorganisms16–24. Considering the performance of the
test, it would be very important to know the actual useful-
ness of the technique in a routine setting, where the results
can be used to guide the management of patients with these
infections. In this article we aim to evaluate the usefulness of
this methodology in the routine setting of a clinical microbi-
ology laboratory, as a complementary test in our protocol,
especially in patients with high risk of culture-negative infec-
tions and a high suspicion index of infection.

Methods

General Data
We studied the usefulness of Unyvero i60© after its inclusion
for diagnosis of bone and joint infections in the routine set-
ting in October 2015, until June 2018. A retrospective analy-
sis of cases at our institution, a 686-bed tertiary hospital in
Madrid, Spain, was performed. During this period, all sam-
ples from 655 patients obtained for diagnosis of PJI were
processed using internationally accepted procedures25 and a
sonication protocol developed in our laboratory26. The diag-
nosis of PJI was performed according to the 2018 MSIS

criteria, which are shown in Table 1. Other diagnoses were
performed according to well-known references and guide-
lines, including erythrocyte sedimentation rate and C reac-
tive protein, aspiration with cell count and cultures28–31. The
study was approved by the Ethics in Research Committee
from our hospital (CEIC_PIC 45-2014).

During this period, a PCR test was performed only in
those patients with suspicion of infection after consulting
between clinicians and microbiologists from the Bone and Joint
Infection Unit from our hospital, following a previously
established protocol, which includes preoperative blood tests
(WBC counts, ESR, CRP), joint aspiration when possible, and
microbiological cultures from 5 to 7 samples. After evaluation
by a clinician, the use of PCR was discussed with the Microbi-
ology Department and only samples which followed the follow-
ing criteria were tested: (i) negative result of conventional
studies after 24 h; (ii) in patients with clinical findings and
2018 MSIS criteria27; compatible with PJI; and/or (iii) having
received antibiotic treatment 15 days prior to the sample collec-
tion. The institution protocol is shown in Table 2 and Fig. 1.

Microbiological Study
The standard microbiological protocol includes the culture
of different samples (>3 if possible), including sonication of
the implant when available, according to a previously publi-
shed protocol26, and using commonly accepted criteria for
interpretation of the results. Briefly, all samples were

TABLE 1 MSIS criteria for prosthetic joint infection

2018 MSIS criteria

Major criteria (at least one of the following) Decision

Two positive cultures of the same organism Infected
Sinus tract with evidence of communication to
the joint or visualization of the prosthesis

Preoperative diagnosis
Minor criteria Score Decision

Serum Elevated CRP or D-dimer 2 ≥6 infected
4–5

inconclusive

≤3 Not
infected

Elevated ESR 1
Synovial Elevated WBC count or

LE
3

Positive alpha-
defensin

3

Elevated synovial
PMN(%)

2

Elevated synovial
CRP

1

Intraoperative diagnosis
Inconclusive pre-op score or dry tap

Score Decision

Preoperative score — ≥6 infected
2–5 possibly
infected
0–1 Not
infected

Positive histology 3
Positive purulence 2
Single positive culture 2
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inoculated on the following media: Tryptic soy-5% sheep
blood agar, Chocolate agar, McConkey agar and Schaedler-
5% sheep blood agar, all from BioMérieux (Marcy l’Etoile,
France). Synovial fluid was also inoculated in blood culture
bottles (BioMérieux, Marcy l’Etoile, France). Biopsies were
processed by mechanic grinding previous to inoculation.
Implants were sonicated according to the methodology
described in our laboratory26, which includes vortexing, soni-
cation and centrifugation previous to inoculation in culture
media. All media were incubated for 7 days, and incubation
was prolonged to 14 days if suspicion of infection was con-
firmed by the clinicians. Microbial identification was per-
formed using MALDI-ToF methodology (Vitek MS©,
BioMérieux, Marcy-l’�Etoile, France). This test is able to iden-
tify a considerable number of pathogens related to prosthetic
joint infections, as shown in Table 3.

Results

General Results
During the study period, samples from 99 patients with
suspected PJI were tested for PCR analysis. Tested samples

included synovial fluid (33), sonication fluid (56) and tissue
biopsies (10). According to clinical, radiological and labora-
tory parameters, the suspicion of infection was classified as
high in 48 cases, moderate in 40 and low in 11. Nine
patients received antibiotics in the 15 days prior to the diag-
nostic procedure. Fifty-seven patients, according to 2018
MSIS Criteria27, were finally diagnosed with infection
(34 with previous high suspicion, 21 with moderate suspi-
cion and two with low suspicion). Twenty-five PCR tests
were positive. The final diagnosis was early acute PJI in
14 cases, hematogenous in one case and delayed PJI in
42 cases. The samples were obtained from knee arthroplasty
(51), hip arthroplasty (32), elbow arthroplasty (10) and
shoulder arthroplasty (6). Data from the patients are shown
in the Table S1.

Microbiological Results

Overall Results
The PCR test detected microorganisms in 25 samples;
including two cases of polymicrobial infection (two microor-
ganisms were detected in the same sample).

The most detected microorganism was Coagulase-
Negative Staphylococcus (CoNS) in 11 samples, followed by
Staphylococcus aureus (five), Cutibacterium acnes (two) and
Enterococcus sp, Enterobacter cloacae, Streptococcus pyogenes,
Streptococcus spp, Finegoldia magna, Klebsiella pneumonie,
Pseudomonas aeruginosa and Candida spp (one sample
each). One sample was positive for the bacteria universal
primer, included in the 2.0 version of the kit. No further test
could be performed, since the test consists of a closed car-
tridge system, and prolonged incubation of the culture
(15 days) showed no microbial growth.

TABLE 2 Institutional protocol for microbiological diagnosis
of PJI

Preoperative
test

Serum test ESR, CRP, WBC counts
Joint aspiration

(if possible)
WBC, LE, CRP

Perioperative
test

Microbiological
cultures: 5–7

cultures

Sonication, synovial
fluid, periprosthetic
tissue samples

After 24 h with
negative
cultures

PCR if compatible with
PJI and/or having
received antibiotic
treatment 15 days
prior to the sample

collection

CPR, C- Reactive Protein; ESR, erythrocyte sedimentation rate test; LE, leu-
kocyte esterase; PCR, polymerase chain reaction; WBC, white blood cell.

Fig. 1 Patient screening flow diagram.

TABLE 3 List of pathogens/groups of pathogens detected by
Unyvero i60ITI kit

Staphylococcus
aureus Escherichia coli

Other bacteria
(universal PCR)

Coagulase-negative
Staphylococcus

Proteus sp. Candida albicans

Streptococcus sp. Enterobacter cloacae
complex

Candida sp.

Streptococcus
agalactiae

Citrobacter freundii/
koseri

Candida tropicalis

Streptococcus
pyogenes

Pseudomonas
aeruginosa

Candida glabrata

Streptococcus
pneumoniae

Acinetobacter
baumannii complex

Candida krusei

Granulicatella
adjacens

Cutibacterium acnes Klebsiella
aerogenes

Abiotrophia defectiva Finegoldia magna Klebsiella
pneumoniae

Enterococcus
faecalis

Bacteroides fragilis
complex

Klebsiella oxytoca

Enterococcus sp. Corynebacterium sp. Klebsiella variicola
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Clinical Relevance
Interestingly, 11 patients were diagnosed according to 2018
MSIS criteria only by using PCR, assuming a PCR positive
test equaled a positive culture. Thus, this methodology hel-
ped decrease the number of culture-negative infections from
32 to 21 cases. Considering that the final number of infected
patients was 57, the PCR assay accounted for 19.3% of the
diagnoses of the cases in which all other techniques gave
negative results.

Only one discordant case was detected: one patient
with positive PCR for P. aeruginosa and with a positive cul-
ture for C. albicans. Since the introduction of the 2.0 version
of the test in 2017 (which includes a universal bacteria well),
one case positive for bacteria (without species identification)
was detected. One sample tested positive for Candida spp.,
but it was considered a contamination because of the low
count and lack of clinical progression without antifungal
therapy.

Another aspect of interest was the detection of resis-
tance markers. One case methicillin-resistant S. aureus was
detected by PCR. The results of detection of resistance marker
correlated with the phenotypic susceptibility of that case.

Discussion

The diagnosis of bone and joint infection is a complex
issue that has improved in the last years by the incorpo-

ration of new techniques, such as sonication32, prolonged
incubation of inoculated media33, inoculation in blood cul-
ture bottles34, and new techniques for microbial identifica-
tion, such as MALDI-ToF technology (Vitek MS©,
BioMérieux, Marcy-l’�Etoile, France). However, and despite
these advances, there are still a group of infected patients
that have negative results for all conventional cultures.

For these patients, the obvious answer is the use of
molecular biology technology. These methods changed the
microbiological diagnosis decades ago, and their use in PJI
also started several years ago9–10. Only in recent times, com-
mercial techniques designed specifically for the diagnosis of
PJI have become available for most laboratories16–24,35. How-
ever, most of these studies were conducted in an experimen-
tal setting, designed for a proper evaluation of the technique
(including values such as specificity, sensitivity, positive pre-
dictive value, and negative predictive value). For this reason,
our aim was to study the usefulness of a commercial tech-
nique, previously tested by us under experimental condi-
tions22, in the routine of a clinical microbiology laboratory.
When this technique was introduced in the laboratory, a
strict protocol for its use was designed to avoid its misuse.
Our protocol establishes that the PCR is to be performed
only after careful evaluation of the patient by the members
of the multidisciplinary team that manages bone and joint
infections in the hospital, and only for patients with high
suspicion of infection and a high probability of negative cul-
tures (patients with previous antibiotic therapy or previous
negative cultures). In this setting, the technique is expected

to yield its maximum efficiency, according to the analysis
performed by Liu et al.14. In previous studies, sensibility of
this technique ranges between 48% and 72% (median
67.5%), but specificity appears to be high in all of them
(range 92.1%–100%, median 96.3%)36. These values have
been taken into account for a proper interpretation of the
obtained results in the clinical scenario. Moreover, this
method proved to be cost-effective in a pilot analysis37.

Our study was not designed to evaluate the method as
we have previously performed this analysis22, but to evaluate
our experience with the use of this methodology in a clinical
routine setting using the previously obtained parameters of
sensibility and specificity22. According to our previous evalu-
ation and other similar reports, specificity is higher than
90%–95%10, 14, 16–18, 21–23, so in the context of a high suspi-
cion of infection, we interpreted a positive result as a true
positive. According to our results, the incorporation of this
system to our methodology (which includes sonication, the
culture of three-to-six samples of periprosthetic tissue biop-
sies and inoculation of liquid samples in blood culture bot-
tles) increases our diagnostic accuracy in 19.3% of the cases
(the percentage of culture-negative infections which were
diagnosed only by PCR), supporting the usefulness of this
technique as has been demonstrated by other authors for a
homemade PCR test38. However, this homemade PCR test
has the limitation of the need of a specific and experimented
molecular biology laboratory, while the commercial systems
are designed to be used in less stringent conditions.

Moreover, the relatively high number of PCR-negative
patients with a culture-positive infections strengthens our
idea that a negative PCR result does not exclude an infection,
but because the test has a high specificity, a positive result
confirms the existence of this syndrome with high accu-
racy10,14,16–18,21–23. We, as many other authors, believe that
using a positive PCR result to affirm the diagnosis instead of
a negative PCR result to rule out the infection may improve
the diagnostic efficiency and management of these patients.
Interestingly, the PCR-negative, culture-positive results
appear with many different bacterial species, including
S. aureus, a very important pathogen in this setting, as other
authors have described10,14,16–18,21–24. The number of bacte-
ria present in the sample does not seem to explain these
results, because as we have reported before22, some of the
cultures have high bacterial counts. The high number of bac-
terial species, together with the also high number of resis-
tance mechanisms that lead the system to an extreme
detection limit could be a potential reason for this lack of
sensitivity. Moreover, the presence of a target named “bacte-
ria (other)” opens the necessity of a properly established net-
work of laboratories in order to allow medium and small
ones to send these complex cases to the specialized molecular
biology laboratories, which unfortunately cannot exist in all
clinical microbiology laboratories.

Because we have tried to show the results of the use of
this methodology in routine practice, our study has many
limitations. The most important being the heterogeneity of
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the patients and samples, which represents the “real life” of a
clinical microbiology laboratory. We have not tried to per-
form an evaluation of the diagnostic characteristics of the
methodology, which have been studied in many reports,
including our own. We have used these data of sensitivity,
specificity, positive predictive value and negative predictive
value for the interpretation of the results of the test, together
with the patients’ clinical and analytical data. We think that
the high specificity of the technique and the fact that all
patients have a suspicion of infection allow us to interpret the
results as true positives. Both discordant results could be
explained by the presence of residual DNA in the case of
P. mirabilis, and with the interpretation of C. albicans isolate
as a contamination (it was detected in a very low amount, the
patient was not treated with antifungals and further cultures
were negative). Other potential causes of discrepancies (such
as treatment with antibiotics or detection of fastidious organ-
isms that can be hidden by the growth of other organisms)
have not been detected in our data.

More studies are possibly necessary to confirm this
assertion, especially because our study has the main limita-
tion of including many different syndromes to be diagnosed
and the lack of negative controls. However, this is a study

about the clinical usefulness of the technique, and we do not
look for a sensitivity/specificity study, but to a clinical rele-
vance study. However, our conclusion is that the use of the
commercial PCR test Unyvero i690 ITI with strict conditions
for patient selection is potentially useful to improve the diag-
nosis and management of patients with bone and joint infec-
tions in the routine conditions of a clinical microbiology
laboratory.

Acknowledgments

We want to acknowledge to all the technical personnel
of the Clinical Microbiology Laboratory of the Fun-

dacion Jimenez Diaz University Hospital for their excellent
work for the diagnosis of bone and joint infected patients.
We also thank all personnel involved in the management of
these patients in the same hospital.

Supporting Information
Additional Supporting Information may be found in the
online version of this article on the publisher’s web-site:

Table S1: Data from all samples and patients with infection.

References
1. Corona PS, Goswami K, Kobayashi N, et al. General assembly, diagnosis,
pathogen isolation: proceedings of international consensus on orthopedic
infections. J Arthroplasty, 2019, 34: S207–S214.
2. Barrack R, Bhimani S, Blevins JL, et al. General assembly, diagnosis,
laboratory test: proceedings of international consensus on orthopedic infections.
J Arthroplasty, 2019, 34: S187–S195.
3. Ascione T, Barrack R, Benito N, et al. General assembly, diagnosis, pathogen
isolation—culture matters: proceedings of international consensus on orthopedic
infections. J Arthroplasty, 2019, 34: S197–S206.
4. Abdel MP, Akgün D, Akin G, et al. Hip and knee section, diagnosis, pathogen
isolation, culture: proceedings of international consensus on orthopedic
infections. J Arthroplasty, 2019, 34: S361–S367.
5. Prieto-Borja L, Aunon A, Blanco A, et al. Evaluation of the use of sonication of
retrieved implants for the diagnosis of prosthetic joint infection in a routine
setting. Eur J Clin Microbiol Infect Dis, 2018, 37: 715–722.
6. Muhlhofer HM, Pohlig F, Kanz KG, et al. Prosthetic joint infection development
of an evidence-based diagnostic algorithm. Eur J Med Res, 2017, 22-1: 8.
7. Mitchell D, Perez J, Grau L, et al. Systematic review of novel synovial fluid
markers and polymerase chain reaction in the diagnosis of prosthetic joint
infection. Am J Orthop (Belle Mead NJ), 2017, 46: 190–198.
8. Corvec S, Portillo ME, Pasticci BM, Borens O, Trampuz A. Epidemiology and
new developments in the diagnosis of prosthetic joint infection. Int J Artif Organs,
2012, 35: 923–934.
9. Gallo J, Raska M, Dendis M, Florschutz AV, Kolar M. Molecular diagnosis of
prosthetic joint infection. A review of evidence. Biomed Pap Med Fac Univ Palacky
Olomouc Czech Repub, 2004, 148: 123–129.
10. Esteban J, Sorli L, Alentorn-Geli E, Puig L, Horcajada JP. Conventional and
molecular diagnostic strategies for prosthetic joint infections. Expert Rev Mol
Diagn, 2014, 14: 83–96.
11. Tande AJ, Patel R. Prosthetic joint infection. Clin Microbiol Rev, 2014, 27:
302–345.
12. Trampuz A, Osmon DR, Hanssen AD, Steckelberg JM, Patel R. Molecular and
antibiofilm approaches to prosthetic joint infection. Clin Orthop Relat Res, 2003,
414: 69–88.
13. Jun Y, Jianghua L. Diagnosis of periprosthetic joint infection using
polymerase chain reaction: an updated systematic review and meta-analysis.
Surg Infect (Larchmt), 2018, 19: 555–565.
14. Liu K, Fu J, Yu B, Sun W, Chen J, Hao L. Meta-analysis of sonication
prosthetic fluid PCR for diagnosing periprosthetic joint infection. PLoS One, 2018,
13: e0196418.
15. Zhai Z, Li H, Qin A, et al. Meta-analysis of sonication fluid samples from
prosthetic components for diagnosis of infection after total joint arthroplasty.
J Clin Microbiol, 2014, 52: 1730–1736.

16. Malandain D, Bemer P, Leroy AG, et al. Assessment of the automated
multiplex-PCR Unyvero i60 ITI((R)) cartridge system to diagnose prosthetic joint
infection: a multicentre study. Clin Microbiol Infect, 2018, 24: e1–e6.
17. Dunyach-Remy C, Carrere C, Marchandin H, et al. Performance of the
automated multiplex PCR Unyvero implant and tissue infections system in the
management of diabetic foot osteomyelitis. Future Microbiol, 2018, 13:
1669–1681.
18. Sigmund IK, Windhager R, Sevelda F, et al. Multiplex PCR Unyvero i60 ITI
application improves detection of low-virulent microorganisms in periprosthetic
joint infections. Int Orthop, 2019, 43: 1891–1898.
19. Papan C, Meyer-Buehn M, Laniado G, Huebner J. Evaluation of the multiplex
PCR based assay Unyvero implant and tissue infection application for pathogen
and antibiotic resistance gene detection in children and neonates. Infection,
2019, 47: 195–200.
20. Mariaux S, Tafin UF, Borens O. Diagnosis of persistent infection in prosthetic
two-stage exchange: PCR analysis of sonication fluid from bone cement spacers.
J Bone Jt Infect, 2017, 2: 218–223.
21. Villa F, Toscano M, De Vecchi E, Bortolin M, Drago L. Reliability of a multiplex
PCR system for diagnosis of early and late prosthetic joint infections before and
after broth enrichment. Int J Med Microbiol, 2017, 307: 363–370.
22. Prieto-Borja L, Rodriguez-Sevilla G, Aunon A, et al. Evaluation of a commercial
multiplex PCR (Unyvero i60®) designed for the diagnosis of bone and joint
infections using prosthetic-joint sonication. Enferm Infecc Microbiol Clin, 2017,
35: 236–242.
23. Hischebeth GT, Randau TM, Buhr JK, et al. Unyvero i60 implant and tissue
infection (ITI) multiplex PCR system in diagnosing periprosthetic joint infection.
J Microbiol Methods, 2016, 121: 27–32.
24. Borde JP, Hacker GA, Guschl S, et al. Diagnosis of prosthetic joint infections
using UMD-Universal kit and the automated multiplex-PCR Unyvero i60 ITI((R))
cartridge system: a pilot study. Infection, 2015, 43: 551–560.
25. Prieto-Borja L, Perez-Jorge C, Esteban J. Microbiological diagnosis of prosthetic
joint infections. In: Kon K, Rai M, eds. The Microbiology of Skin, Soft Tissue, Bone
and Joint Infections. London: Academic Press-Elsevier, 2017; 141–152.
26. Esteban J, Alvarez-Alvarez B, Blanco A, et al. Prolonged incubation time does
not increase sensitivity for the diagnosis of implant-related infection using
samples prepared by sonication of the implants. Bone Joint J, 2013, 95:
1001–1006.
27. Parvizi J, Tan TL, Goswami K, et al. The 2018 definition of periprosthetic hip
and knee infection: an evidence-based and validated criteria. J Arthroplasty,
2018, 33: 1309–1314.e2.
28. Ochsner PE, Borens O, Bodler PM, et al. Infections of the Musculoskeletal
System: Basic Principles, Prevention, Diagnosis and Treatment, 1st edn.
Grandvaux: Swiss Orthopaedics In-House Publisher, 2014; 260.

387
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 2 • FEBRUARY, 2022
USEFULNESS OF PCR ASSAY FOR THE DIAGNOSIS OF PJI



29. Hassan AS, Rao A, Manadan AM, Block JA. Peripheral bacterial septic
arthritis: review of diagnosis and management. J Clin Rheumatol, 2017, 23:
435–442.
30. Berbari EF, Kanj SS, Kowalski TJ, et al. 2015 Infectious Diseases Society of
America (IDSA) clinical practice guidelines for the diagnosis and treatment of
native vertebral osteomyelitis in adults. Clin Infect Dis, 2015, 61: e26–e46.
31. Schmitt SK. Osteomyelitis. Infect Dis Clin North Am, 2017, 31: 325–338.
32. Trampuz A, Piper KE, Jacobson MJ, et al. Sonication of removed hip and knee
prostheses for diagnosis of infection. N Engl J Med, 2007, 357: 654–663.
33. Schafer P, Fink B, Sandow D, Margull A, Berger I, Frommelt L. Prolonged
bacterial culture to identify late periprosthetic joint infection: a promising strategy.
Clin Infect Dis, 2008, 47: 1403–1409.
34. Yan Q, Karau MJ, Greenwood-Quaintance KE, et al. Comparison of diagnostic
accuracy of periprosthetic tissue culture in blood culture bottles to that of
prosthesis sonication fluid culture for diagnosis of prosthetic joint infection (PJI)

by use of Bayesian latent class modeling and IDSA PJI criteria for classification.
J Clin Microbiol, 2018, 56: e00319–e00318.
35. Metso L, Maki M, Tissari P, et al. Efficacy of a novel PCR- and microarray-
based method in diagnosis of a prosthetic joint infection. Acta Orthop, 2014, 85:
165–170.
36. Esteban J, G�omez-Barrena E. An update about molecular biology techniques
to detect orthopaedic implant-related infections. EFORT Open Rev, 2021, 6:
93–100.
37. Torres C, Oyaguez I, Prieto L, Rodriguez G, Esteban J. Costs analysis of Pcr
Unyverotm I60-Iti technique for detecting microorganisms in patients with
suspected chronic infection at musculoskeletal implants. Value Health, 2015,
18: A351.
38. Stylianakis A, Schinas G, Thomaidis PC, et al. Combination of conventional
culture, vial culture, and broad-range PCR of sonication fluid for the diagnosis of
prosthetic joint infection. Diagn Microbiol Infect Dis, 2018, 92: 13–18.

388
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 2 • FEBRUARY, 2022
USEFULNESS OF PCR ASSAY FOR THE DIAGNOSIS OF PJI


	 Usefulness of a Multiplex PCR Assay for the Diagnosis of Prosthetic Joint Infections in the Routine Setting
	Introduction
	Methods
	General Data
	Microbiological Study

	Results
	General Results
	Microbiological Results
	Overall Results
	Clinical Relevance


	Discussion
	Acknowledgments
	References


