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Abstract. Automated custom-made multiplex PCR techniques (mPCR) have become commercially available
and are designed for intra-operative screening of concurrent periprosthetic joint infections (PJIs). The purpose
of this study was to evaluate the value of a positive mPCR test in presumed aseptic revision total hip (THA)
and knee (TKA) arthroplasties after a 1-year follow-up. In an earlier study, such an automated mPCR technique
(Unyvero ITI G2; Curetis, Holzgerlingen, Germany) was tested on intra-operatively obtained synovial fluid in
200 patients with a presumed aseptic TKA or THA revision. At the time of revision, no therapeutic consequences
were attached to a positive test result since treating personnel were blinded for the test results. We retrospectively
reviewed the outcome of cases with respect to the occurrence of PJIs using the European Bone and Joint Infection
Society (EBJIS) criteria during a 1-year follow-up postoperatively. A total of 10 out of 200 patients had a positive
mPCR test result at the time of revision. Of these 10 cases, none encountered outcome parameters fulfilling the
criteria to diagnose PJIs in the first year after surgery, and one required re-revision surgery for reasons other than
infection. Of the other 190 negative mPCR cases, none developed a PJI. A positive mPCR test at the time of
presumed aseptic revision surgery did not correspond with intra-operatively obtained tissue cultures, and none
of the encountered positive mPCR tests had developed a PJI at the 1-year follow-up. We recommend careful
evaluation and monitoring of modern diagnostic tests before widespread use.

1 Introduction

Diagnosing periprosthetic joint infection (PJI) remains a
challenge for orthopaedic surgeons and has a major impact
on patients and healthcare systems (Middleton et al., 2019;
Kurtz et al., 2012). The diagnosis of PJI is based on clin-
ical findings, laboratory tests of peripheral blood and syn-
ovial fluid, histological evaluation of periprosthetic tissue,
and intra-operative findings (Parvizi et al., 2018; McNally et
al., 2021). Culture results of intra-operatively collected tis-
sue samples may take up to 14 d to obtain, and the reported

sensitivity is limited, ranging from 39 to 70 % (Corvec et al.,
2012; Moran et al., 2010; Peel et al., 2016; Tande and Pa-
tel, 2014). In addition, the prevalence of unexpected posi-
tive intra-operative cultures (UPICs) in presumed aseptic re-
vision hip and knee arthroplasty is estimated at around 10 %
and results in a higher re-revision rate (Jacobs et al., 2017;
Purudappa et al., 2020; Kloos et al., 2022). Therefore, the
search for accurate and faster diagnostic methods remains
relevant, and numerous novel methods have been proposed
over the years. Specifically, the use of molecular techniques
is quickly spreading in the field of PJI diagnostics, includ-
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ing methods based on electrospray ionisation (ESI-TOF MS)
and matrix-assisted laser desorption ionisation time-of-flight
mass spectrometry (MALDI-TOF MS), Fourier transform
near-infrared spectroscopy (FT-NIRS), next-generation se-
quencing (NGS), and polymerase chain reaction (PCR) (Ja-
covides et al., 2012; Harris et al., 2010; Tidwell et al., 2015;
Rak et al., 2016; Swearingen et al., 2016).

In a previous study, the diagnostic accuracy of the au-
tomated multiplex polymerase chain reaction (mPCR) Un-
yvero Implant and Tissue Infection G2 cartridge (U-ITI G2
system; Curetis, Holzgerlingen, Germany) was evaluated on
intra-operatively obtained synovial fluid by comparison with
the outcome of six periprosthetic tissue cultures, also ob-
tained intra-operatively in presumed aseptic total knee and
hip revisions (Jacobs et al., 2021). The specificity (Spe) and
negative predictive value (NPV) were found to be high in
both the knee revision group (Spe of 96.8 %, NPV of 96.8 %)
and the hip revision group (Spe of 96.6 %, NPV of 92.5 %),
with 16 mismatches occurring between the mPCR test result
and tissue cultures (Jacobs et al., 2021).

The purpose of this cohort study of 200 patients was to
evaluate the value of a positive automated mPCR test of intra-
operatively obtained synovial fluid with respect to the occur-
rence of a PJI during the first year after a revision procedure.

2 Methods

We retrospectively reviewed electronic health records of
all 200 patients where mPCR was performed on the intra-
operatively obtained synovial fluid which was collected dur-
ing revision surgery of their total knee (TKA) or total
hip arthroplasty (THA) between March 2018 and Novem-
ber 2018 at our institution (Jacobs et al., 2021). No patients
were treated with antibiotics prior to the revision procedure;
however, all patients received 2 g of cefazolin as antibiotic
prophylaxis at least 30 min prior to the surgery. During re-
vision surgery, six periprosthetic tissue samples were rou-
tinely collected using sterile surgical equipment. According
to our institutional protocol, antibiotic therapy (1000 mg of
cefazolin, three times a day) was continued until the prelimi-
nary results of the tissue cultures were available. All treating
physicians were blinded for the mPCR results, and the results
therefore did not influence any therapeutic decisions.

We collected outcomes from the electronic health record
regarding the development of infectious events, with or with-
out surgery, during the first year of follow-up. The valida-
tion and application of the used mPCR technique has been
described in our previous report (Jacobs et al., 2021). Local
institutional review board approval (decision 1048) was ob-
tained, and, due to the retrospective nature of this study, the
consent requirement was waived. To determine the presence
of PJI within 1 year after index surgery, the following out-
comes were collected from the electronic health records and
added to the study database, which already contained age,

Table 1. Defined groups based on mPCR test and intra-operative
tissue culture of initial presumed aseptic revision surgery.

≥ 2 positive < 2 positive Total
tissue cultures tissue cultures

Positive mPCR 3 7 10
Negative mPCR 12 178∗ 190

Total 15 185 200

mPCR multiplex polymerase chain reaction. ∗ This includes four invalid mPCR
test results.

sex, and body mass index (BMI): microbiological results of
tissue cultures, basic serology results (leucocyte count and C-
reactive protein), and antibiotic administration. We have used
the European Bone and Joint Infection Society (EBJIS) defi-
nition for the diagnosis of PJI (McNally et al., 2021). Despite
being included in the EBJIS definition, histology is not rou-
tinely performed at our institution for the diagnostic work-up
of PJI. Re-operations after the index revision procedure, such
as debridement antibiotics and implant retention (DAIR) and
re-revision surgery, were also recorded.

We have formed groups based on the mPCR result and
the tissue culture result of the initial revision surgery (Ta-
ble 1). Based on the EBJIS criteria, the diagnosis of PJI was
made when at least two out of six positive tissue cultures with
the same micro-organism were found. This resulted in the
following four groups: (1) positive mPCR and ≥ 2 positive
intra-operative tissue cultures, (2) positive mPCR and < 2
positive intra-operative tissue cultures, (3) negative mPCR
and ≥ 2 positive intra-operative tissue cultures, and (4) neg-
ative mPCR and < 2 positive intra-operative tissue cultures.
The occurrence rate of PJI was expressed as a percentage us-
ing descriptive statistics, performed using SPSS 28.0 (SPSS
Inc., Chicago, IL).

3 Results

None of the 200 patients developed an infectious event within
1 year after revision surgery. One patient had passed away
within 1 year after revision surgery for reasons unrelated to
the arthroplasty surgery. At the time of the index revision
surgery, a total of 10 patients had a positive mPCR result
(THA: n= 6; TKA: n= 4) (Table 2), and four patients had
an invalid mPCR result. A total of 12 patients had two or
more positive intra-operative cultures with a negative mPCR
result (Table 3).

3.1 Positive mPCR and ≥2 positive intra-operative
tissue cultures (n= 3)

In three cases (1.5 %), the mPCR results and at least two
tissue cultures were positive. The mPCR and culture re-
sults were concordant in all three cases: Cutibacterium ac-
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Table 2. The 1-year follow-up of cases with a positive mPCR test result (n= 10).

Case Joint mPCR synovial
fluid

Tissue cultures Antibiotics +
duration

Re-revision surgery Tissue cultures

9 Hip CNS Staphylococcus
saccharolyticus

Clindamycin,
12 weeks

– –

40 Hip CNS – – – –

41 Knee CNS – – – –

47 Knee CNS – – – –

73 Knee CNS – – – –

95 Hip Acinetobacter
baumannii

– – – –

101 Hip Cutibacterium
acnes

C. acnes
Staphylococcus
warneri

Clindamycin,
12 weeks

Femoral stem
revision D/T
stem subsidence

No growth

133 Knee CNS – – – –

151 Hip CNS – – – –

264 Hip C. acnes C. acnes Clindamycin,
12 weeks

– –

CNS indicates coagulase negative staphylococci; D/T indicates due to; DAIR indicates debridement, antibiotics, and implant retention; and mPCR
indicates multiplex polymerase chain reaction.

nes (2×) and coagulase-negative staphylococci (1×). In all
three cases, patients were treated with a 3-month regimen of
oral antibiotics. None of these cases developed an infectious
event within 1 year after revision surgery. One patient under-
went aseptic femoral stem revision due to stem subsidence
with negative intra-operative tissue cultures.

3.2 Positive mPCR and <2 positive intra-operative
tissue cultures (n= 7)

In seven cases (3.5 %), the mPCR results were positive,
with tissue cultures being negative. None of these cases was
treated with antibiotics, and none developed an infectious
event or required revision surgery within 1 year after revi-
sion surgery.

3.3 Negative mPCR and ≥2 positive intra-operative
tissue cultures (n= 12)

In 12 cases (6 %), the mPCR results were negative, but the
tissue cultures showed growth of at least two of the same
micro-organisms. Nine cases (75.0 %) were treated with a 3-
month regimen of oral antibiotics, and one case (8.3 %) did
not receive any antibiotic treatment since the treating surgeon
did not consider a PJI to be likely. None of these 10 cases
developed an infectious event or required revision surgery
within 1 year after revision surgery. However, 2 of the 12
cases (16.7 %) were found to be highly suspicious with re-
gard to an infection intra-operatively (pus and/or suspected

infectious tissue) despite a thorough diagnostic work-up be-
fore the revision procedure to rule out PJI.

– In the first case, only extraction took place, and an
antibiotic spacer was implanted. Cultures turned out
to be positive, and a 6-week oral antibiotic regimen
was admitted before re-implantation as part of a two-
stage procedure with negative tissue cultures after re-
implantation. No infectious event occurred, and no re-
vision surgery was performed within 1 year after the
two-stage revision surgery.

– In the second case, the prosthesis was not removed,
and only intra-operative cultures were obtained, which
turned out to be positive. Within 1 month after initial
surgery, a two-stage revision surgery was performed
with an 8-week antibiotic period in between the two
stages. The tissue cultures after re-implantation showed
no growth. The patient was treated with a 6-week oral
antibiotic regimen. No infectious event occurred within
1 year after the two-stage revision surgery.

3.4 Negative mPCR and <2 positive intra-operative
tissue cultures (n= 174)

In 174 cases (87.0 %), both the mPCR and the tissue cultures
were negative. In three cases with persistent wound drainage,
a DAIR after THA was performed with negative tissue cul-
tures. None of these 174 cases developed an infectious event,
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Table 3. The 1-year follow-up of cases with positive tissue cultures and a negative mPCR result (n= 12).

Case Joint Tissue cultures Antibiotics + duration Two-stage
revision

Re-revision surgery Tissue cultures

029 Knee Cutibacterium
acnes

Clindamycin, 12 weeks – – –

058∗ Hip Anaerobic
cocci

Clindamycin, 6 weeks Yes – –

085 Hip C. acnes Clindamycin, 12 weeks – – –

090 Knee C. acnes Amoxicillin, 12 weeks – – –

145 Hip Staphylococcus
lugdunensis

Clindamycin/rifampicin,
12 weeks

– – –

150∗ Hip Staphylococcus
epidermidis

None Yes ORIF D/T
periprosthetic
femoral fracture

No growth

168 Hip C. acnes Clindamycin, 12 weeks – – –

171 Hip Staphylococcus
saccharolyticus

Clindamycin/rifampicin,
12 weeks

– – –

182 Hip S. epidermidis Clindamycin/rifampicin,
12 weeks

– – –

219 Hip C. acnes Clindamycin, 12 weeks – – –

238 Knee S. epidermidis Clindamycin/rifampicin,
12 weeks

– – –

274 Hip C. acnes None – – –

D/T indicates due to, mPCR indicates multiplex polymerase chain reaction, ORIF indicates open reduction and internal fixation, and PJI indicates
periprosthetic joint infection. ∗ These two patients underwent two-stage revision.

and surgery with an aseptic aetiology was performed in four
cases with a THA and in five cases with a TKA within 1 year
after initial revision surgery.

3.5 Invalid mPCR results (n= 4)

In four cases (2.0 %), the mPCR results were invalid, and
subsequent tissue cultures showed no growth. None of these
cases developed an infectious event or required revision
surgery.

4 Discussion

The most important finding of the present study was that the
mPCR test showed no additional value in predicting underly-
ing PJI in this series of 200 presumed aseptic revision cases.
To our knowledge this is the first study to evaluate the value
of an automated mPCR system with a follow-up period of 1
year.

The automated mPCR Unyvero system is a commercial
PCR technique designed for diagnosing PJIs. Our previous
study (Jacobs et al., 2021) showed a high specificity and
negative predictive value (NPV) and a low sensitivity and

positive predictive value (PPV) for the mPCR Unyvero ITI
G2 system. Diagnostic properties of this mPCR system were
analysed by numerous other studies, reporting an excellent
specificity ranging from 90 % to 100 %, indicating a posi-
tive result being truly positive with high probability (Metso et
al., 2014; Hischebeth et al., 2016; Morgenstern et al., 2018;
Sigmund et al., 2019, 2020; Suren et al., 2020; Lüdemann
et al., 2022; Auñón et al., 2022). However, the same stud-
ies reported a low sensitivity, ranging from 40 % to 80 %,
meaning that a negative result does not exclude infection. In
fact, orthopaedic surgeons are actually in need of a test with
a high negative predictive value in order to exclude PJI in
cases where an infection is unclear.

There is a difference between the previously reported di-
agnostic value of the mPCR test and the present results (Ta-
ble 4). It is important to mention that these studies only anal-
ysed the results in the direct postoperative period and did not
include a follow-up period. Some studies did not even report
any diagnostic values (Borde et al., 2015; Malandain et al.,
2018; Zannoli et al., 2021; Auñón et al., 2022) or only men-
tioned the sensitivity of the mPCR (Villa et al., 2017; Aamot
et al., 2019). In addition, the type of sample being analysed
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Table 4. Review and comparison of available literature on mPCR Unyvero ITI kit.

Study mPCR
U-ITI kit
used
(G1/G2)

Population Type of sample Total patients Total PJI (%) Joint SN, % SP, % PPV, % NPV, %

Borde et al. (2015) G1 Septic and asep-
tic revisions

Tissue 54 10 (19) Hip, knee NR NR NR NR

Hischebeth et al. (2016) G1 Septic and asep-
tic revisions

Sonicate and
synovial fluid

31 18 (58) Hip, knee, shoul-
der

66.7 100.0 100.0 68.4

Prieto-Borja et al. (2017) G1 Septic and asep-
tic revisions

Sonicate fluid 68 29 (43) Hip, knee, shoul-
der

60.5 98.0 95.8 76.6

Villa et al. (2017) G1 Early and late PJI DTT eluate and
synovial fluid

47 47 (100) Hip, knee, shoul-
der

34.2 NR NR NR

Malandain et al. (2018) G1 Septic and asep-
tic revisions

Synovial fluid
and tissue

239 NR Hip, knee, shoul-
der, elbow

NR NR NR NR

Lausmann et al. (2017) G1 Septic and asep-
tic revisions

Synovial fluid 60 34 (57) Hip, knee 78.8 100.0 100.0 79.4

Sigmund et al. (2019) G1 Septic and asep-
tic revisions

Synovial fluid 90 38 (42) Hip, knee, shoul-
der, elbow, ankle

71.1 96.2 93.1 82.0

Aamot et al. (2019) G1 Acute PJI Tissue 15 15 (100) NR 73.0 NR NR NR

Suren et al. (2020) G2 Septic and asep-
tic revisions

Synovial fluid 26 15 (58) Hip, knee 80.0 100.0 100.0 77.0

Lausmann et al. (2020) G2 Septic and asep-
tic revisions

Synovial fluid 97 47 (48) Hip, knee 85.1 98.0 97.6 87.5

Lafeuille et al. (2021) G2 Septic and asep-
tic revisions

Synovial fluid
and tissue

40a 35 (88)a Hip, knee,
humerus, ankle/-
foot, spine

72.1 98.9 83.8 97.8

Zannoli et al. (2021) G1 Septic and asep-
tic revisions

DTT eluate and
sonicate fluid

43 NR NR NR NR NR NR

Jacobs et al. (2021) G2 Presumed aseptic
revisions

Synovial fluid 200 14 (7) Hip, knee 36.4b/96.8c 96.6b/96.8c 57.1b 92.5b

Lüdemann et al. (2022) G1 Septic and asep-
tic revisions

Synovial fluid 50 14 (28) Hip, knee, shoul-
der

33.0 91.0 57.0 NR

Auñón et al. (2022) G1 Suspected PJI Sonicate and
synovial fluid,
and tissue

99 99 (100) Hip, knee, shoul-
der, elbow

NR NR NR NR

DTT indicates Dithiothreitol, G1 indicates first generation, G2 indicates second generation, mPCR U-ITI indicates multiplex polymerase chain reaction Unyvero i60 Implant and Tissue Infection, NPV indicates negative predictive value, NR
indicates not reported, PJI indicates periprosthetic joint infection, PPV indicates positive predictive value, SN indicates sensitivity, and SP indicates specificity. a Among the 40 patients included, 28 had foreign material and 12 had no foreign
material before surgery. Among the 35 patients that had an infection, 23 had PJI, 6 had osteitis, 4 had soft tissue infections (STIs), 1 had spondylitis, and 1 had osteoarthritis, whereas 5 had no OAI; b PCR results for hip; c PCR results for knee.

was different amongst studies: four studies analysed sonicate
fluid (Hischebeth et al., 2016; Prieto-Borja et al., 2017; Zan-
noli et al., 2021; Auñón et al., 2022), two studies analysed tis-
sue alone (Borde et al., 2015; Aamot et al., 2019), two studies
analysed dithiothreitol (DTT) eluate (Villa et al., 2017; Zan-
noli et al., 2021), and most studies analysed synovial fluid
alone (Lausmann et al., 2017; Sigmund et al., 2019; Suren et
al., 2020; Lausmann et al., 2020; Jacobs et al., 2021; Lüde-
mann et al., 2022) or in combination with other aforemen-
tioned samples (Hischebeth et al., 2016; Villa et al., 2017;
Malandain et al., 2018; Auñón et al., 2022; Lafeuille et al.,
2021). Furthermore, there was a difference in the type of joint
aspirated in each study, whereas in almost every case the hip
and knee joint were aspirated, and occasionally, the shoulder,
elbow, ankle, or spine were aspirated.

Studies reporting on the commercial multiplex PCR kits
had a relatively high prevalence of PJI in their study popu-
lation, ranging from 42 % to 75 % (Metso et al., 2014; His-
chebeth et al., 2016; Morgenstern et al., 2018; Sigmund et
al., 2019; Suren et al., 2020). The previous study by Jacobs

et al. (2021) is the only study that focused on the exclu-
sion of PJI by PCR in patients with presumed aseptic aeti-
ology based on other criteria and regular serology and syn-
ovial tests. In contrast, all other studies included both septic
and aseptic revisions, resulting in very heterogeneous results,
with a higher a priori chance of positive mPCR test results.

Despite a thorough work-up ruling out PJI before a revi-
sion procedure, 15 of the 200 cases turned out to have un-
expected positive cultures (UPICs) with a described higher
probability of developing infectious events postoperatively
(Jacobs et al., 2021). In the literature, there is no consensus
on the interpretation and treatment of these cases, including
supervised neglect with or without oral and intravenous an-
tibiotics or even chronic antibiotic suppression (Fernandez-
Sampedro et al., 2015; Saleh et al., 2014; Ribera et al., 2014;
Moojen et al., 2010; Marculescu et al., 2005). A recent sys-
tematic review (Kloos et al., 2022) on UPICs in TKA con-
cluded that the heterogeneity in results amongst included pa-
pers hindered the authors in providing recommendations on
the treatment of UPIC in TKA. So, to date, UPICs are con-
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sidered to be uncomfortable findings after presumed aseptic
surgery and warrant the need for better preoperative diagnos-
tic tests in revision arthroplasties.

4.1 Limitations

A limitation of this study was that the collected data were
retrospectively retrieved during a chart review, which theo-
retically may have contributed to missing PJIs. Secondly, we
may have possibly missed some (late) PJIs occurring later
than 1 year after index surgery because of the follow-up pe-
riod of 1 year. However, from the results presented a with 1
year follow-up, no change in conclusions is anticipated from
an extended follow-up period. Further, we have focused on
only aseptic presumed revisions, which is a select group of
cases. Our results are therefore not readily comparable to
other studies with other selected populations. Finally, a pos-
sible limitation of this study is the absence of histology to
evaluate the relevance of our conventional cultures since this
is not common practice at our institution.

4.2 Conclusion

In this study a positive mPCR test at the time of presumed
aseptic hip and knee arthroplasty revision did not correspond
with the outcome of the concomitantly obtained tissue cul-
tures. In addition, none of the 10 positive mPCR tests en-
countered developed a prosthetic joint infection at the 1 year
follow-up. We recommend careful evaluation and monitor-
ing of the clinical relevance of these modern diagnostic tests
before widespread use can be recommended.
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