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Abstract 

Background 

Diagnosis of periprosthetic infection (PPI) is crucial for management of bone and 

joint infection. The preoperative gold-standard is joint aspiration, providing results 

after 2-14 days’ culture, with non-negligible false negative rates due to the fragility of 

certain micro-organisms and/or prior antibiotic treatment. The SynovasureTM alpha-

defensin lateral flow test (Zimmer, Warsaw, IN, USA) contributes within minutes to 
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joint fluid diagnosis of almost all infectious agents, including in case of concomitant 

antibiotic therapy.  Validity remains controversial, notably in complex microbiological 

situations: multi-operated patients, diagnostic doubt despite iterative sterile culture, 

long-course antibiotic therapy. We extended a prospective study reported in 2018, to 

determine whether the test maintained diagnostic value in a larger population, 

assessing 1) negative (NPV) and positive (PPV) predictive value, and 2) sensitivity 

and specificity. 

Hypothesis 

SynovasureTM maintains NPV above 95% in a broader population of 

microbiologically complex suspected PPI. 

Material and methods 

SynovasureTM’s performance was assessed between October 2015 and October 

2019 in 106 patients (112 tests) in complex diagnostic situations: 37 discordant 

cultures (discordant findings between 2 samples), 65 cases with clinically or 

biologically suspected infection but iterative sterile culture, 10 emergencies (requiring 

surgery, precluding antibiotic window, or mechanical failure in suspected infection), 

including 5 with ongoing antibiotic therapy for infection in another organ. Six tests 

were repeated in the same patient and same joint at >6 months’ interval for strong 

clinical suspicion of infection. The main endpoint was the MSIS score 

(MusculoSkeletal Infection Society, 2018).  

Results 

NPV was 98.8%, PPV 72.4%, sensitivity 95.5% and specificity 91%. Prevalence of 

infection was 19.6%. Only 1 of the 22 infected patients had negative Synovasure™ 

tests, compared to 81 of the 84 non-infected patients. 

Conclusion 

Synovasure™ is a reliable novel diagnostic test, contributing mainly to ruling out 

infection thanks to its strong NPV. The cost imposes sparing use, but medico-

economic assessment would be worthwhile. 



Level of evidence: III; prospective of diagnostic performance. 

Key-words: Periprosthetic infection, Synovasure, alpha defensin, MSIS, infection diagnosis, 
bone and joint infection 

 

1. Introduction  

Periprosthetic infection (PPI) requires fast and reliable diagnosis [1,2] to enable 

adapted treatment with favorable functional and economic outcome [3,4]. The 

preoperative gold-standard examination is joint aspiration [5–8], but sometimes 

requires 14 days’ culture to provide results and shows a non-negligible rate of false 

negatives [6,9,10], notably due to infectious agents that are difficult to reveal or to 

concomitant antibiotic therapy.  

The 2018 update of the Musculoskeletal Infection Society (MSIS) bone and joint 

infection diagnostic criteria provided clarification [9,11] (Table 1), with some minor 

new criteria. Joint alpha-defensin assay, in the laboratory or by rapid detection test 

(RDT), is one of the new criteria for positive diagnosis [9-11]. Following our previous 

study including 42 tests, RDT has shown good reliability in difficult diagnoses in our 

reference center.  

Many studies assessed performance, but few with more than 100 cases, and most 

were designer studies or meta-analyses [8,12-17], sometimes including non-complex 

microbiological situations. We therefore sought to confirm our initial findings on 42 

tests in a wider population of >100 patients with suspected complex PPI, and 

updated our series to 112 tests. The aim was to assess, in this larger sample: 1) 

negative (NPV) and positive (PPV predictive value, and 2) sensitivity and specificity. 

The study hypothesis was that the SynovasureTM RDT would maintain above 95% 

NPV in the larger population of suspected microbiologically complex PPI.  

2. Material and methods 

2.1 Patients 

Samples were taken between October 2015 and October 2019 in the Complex Bone 

and Joint Infection Reference Center (CRIOAC) of Lille-Tourcoing, France, using 

Synovasure™ (Zimmer, Warsaw, IN) at assessment ahead of surgery in theater. The 



main endpoint was infection on the 2011 MSIS criteria as updated in 2018 [9] (Table 

1).  

112 Synovasure™ tests were made in 106 patients (58 men, 48 women; age, 24-92 

years), for the following: 37 discordant cultures, 65 cases with clinically or 

biologically suspected infection but repeated sterile culture, and 10 emergencies, 

including 5 with ongoing antibiotic therapy without possibility of antibiotic window 

(infection in another organ) (Table 2). Emergencies were defined as need for surgery 

without antibiotic window or for mechanical failure in suspected infection. Forty-eight 

patients (42.9%) had history of infection in the same joint, and 35 (31.6%) had 

history of wound problems following index arthroplasty. Thirty-two patients (28.5%) 

had been referred for a second opinion following diagnostic failure in the referring 

institution. Most cases concerned multi-operated joints, 88 (78.6%) with history of at 

least 2 arthrotomies (mean, 3.3 ± 2; range, 1-14). There were 59 knee and 39 hip 

replacements, 4 total femur replacements, 3 hip resurfacings, and 1 patellofemoral 

implant. RDT was performed at a mean 24.7 ± 28.5 months (range, 3-168 months) 

post-arthroplasty. No RDTs were repeated in the previous study. 

2.2 Method  

The methodology of the previous study [12] was continued. The test was performed 

in included patients at the time of preoperative joint aspiration in the operating room. 

The kit used a small amount of joint fluid to give a result in 10 minutes. Joint fluid 

was also sent for bacteriological analysis. 

2.3 Assessment 

The 112 test results were compared against MSIS PPI diagnostic criteria after 

validation in a multidisciplinary team meeting. The 2018 criteria include alpha 

defensin test as a minor criterion, unlike in the 2013 version, without change in the 

other diagnostic criteria.    

2.4 Statistics 

Negative (NPV) and positive (PPV) predictive value, sensitivity and specificity were 

calculated. The main endpoint (infection: yes/no) was based on MSIS criteria. One 



positive Synovasure™ result associated with metallosis identified macroscopically 

was discarded. 

3. Results 

NPV was 98.8%, PPV 72.4%, sensitivity 95.5% and specificity 91% (Table 3). 

Prevalence of infection was 19.6% (22/112). Twenty-one of the 22 infected patients 

had positive Synovasure™, while 81 of the 84 non-infected patients had negative 

Synovasure™ (Table 3). Six patients had a second test following a negative result 

with more than 6 months’ poor progression. Figure 1 shows the study flowchart. 

Forty-eight patients had multiple operative samples taken, 29 of which were sterile 

and 19 showed 1 or several microorganisms (Table 4).  

Comparing the RDT with aspiration culture, 98 Synovasure™ results (87.5%: 

98/112) were concordant with aspiration culture; all 82 negative results were 

associated with sterile culture (100%), and 16 of the 29 positive tests, excluding the 

case of metallosis (55.2%) were associated with positive culture (Table 5).  

4. Discussion 

The present study confirmed the findings of our previous study, with high negative 

and positive predictive values: 96.7% and 72.7% respectively in the first report, and 

98.8% and 72.4% in the present larger population. Sensitivity and specificity were 

also high: 88.9% and 90.6% respectively in the first report, and 95.5% and 91% in 

this series at last follow-up, in line with the literature [13–18]. None of the patients in 

the former series were re-tested. The former results doubtless contributed to the 

alpha-defensin test being included in the 2018 MSIS diagnostic criteria [9]. 

Amanatullah et al. [19] warned against using alpha-defensin routinely and in simple 

cases. However, the high NPV of Synovasure™ greatly enhanced the diagnostic 

armamentarium for PPI. It is less effective than laboratory assay of alpha-defensin, 

but adds the rapidity of RDT to the reliability of assay [14,16]. Even in the most 

complex cases, it can rule out infection, and thus provides a criterion of diagnostic 

elimination. This is why it was more often implemented in emergency (8.9%) in the 

present more recent study. Testing must, however, strictly adhere to the correct 



procedure, to avoid error due to misuse: e.g., macroscopic metallosis in the joint 

fluid, a ≤2 month interval since index surgery, or sample dilution [20–23]. 

In PPI in the most microbiologically complex situations, diagnosis requires multiple 

evidence. Samples and cultures are the most important, and are major criteria for 

MSIS 2018 [9], but are not always available, notably in case of concomitant antibiotic 

therapy. Here, multiple minor criteria are needed for diagnosis. Including 

Synovasure™ and exploring new diagnostic combinations go towards meeting this 

need [8,24–27]. As well as being a major criterion, culture is indispensable to identify 

culprit microorganisms and draw up an adapted antibiogram. Detecting alpha-

defensin on Synovasure™ is a minor MSIS criterion, but is highly advantageous in 

case of prior or ongoing antibiotic therapy. 

For reasons of cost, we reserved the test for microbiologically complex situations: 

multi-operated patients (mean 3.3 ± 2.4 arthrotomies), all with uncertain 

microbiological diagnosis, including 5 (out of 112) with ongoing antibiotic therapy. 

Thirty-two cases were referrals after failure of treatment in the referring centers; 48 

had history of infection. Causes of false positives (metallosis, or interval since index 

surgery ≤2 months) [22,23] or false negatives (sample dilution) [21] need to be 

known, to avoid faulty use of the test and diagnostic error. There is also a medico-

economic issue [3,28], as Synovasure™ should doubtless be reserved to complex 

cases in view of its cost; however, when it is able to rule out infection, this is to be 

weighed against the costs of hospital stay and antibiotics. The leukocyte esterase 

test is cheaper but is unsuited in case of hemarthrosis, which is not in practice 

uncommon [7,8]. In case of hemarthrosis, centrifugation of synovial fluid can make 

the leukocyte esterase test feasible, but is difficult, especially in cases of hip 

prosthesis, where the amount of fluid is often small. 

The present study shared certain limitations with the previous one, the protocol being 

the same. 1) It was a prospective cohort follow-up study. The complexity of the target 

population ruled out constituting a control group, which in any case would not help 

test performance assessment. 2) Diagnostic classification on MSIS score may 

induce bias inherent to the method in case of negative preoperative culture. Test 

detection parameters are known to vary according to the classification used [29]. On 

the other hand, all cases were validated in the multidisciplinary team meeting, which 



should limit classification bias. 3) The population was rather heterogeneous, but this 

matches the intake in reference centers, which includes the most microbiologically 

complex cases, which are the most difficult for testing to decipher; this in fact 

reinforces the study’s external validity. Likewise, enlarging the study population 

enhanced the robustness of the results, strengthening external validity, especially 

regarding test performance in case of ongoing antibiotic therapy, where the sample 

increased from just 1 to 5 cases.  

5. Conclusion 

The Synovasure™ RDT is a reliable new diagnostic instrument in PPI, even in 

microbiologically complex situations. Its high cost imposes selective use. It cannot 

replace culture, which identifies microorganisms and their resistance profiles. The 

high NPV of the test enables it to rule out infection, thereby reducing hospital stay 

and use of antibiotics. 
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Table 1 - MusculoSkeletal Infection Society (MSIS) 2018 criteria 

(see Excel file) 

 
  



Table 2 - Causes underlying emergency Synovasure test 

 

Causes Number of 
cases 

Spontaneous hematoma with sudden pain with no context of trauma  2 

Painful mechanical valve and joint and history of sepsis; absence of 

recurrence checked before emergency heart surgery 

2 

Immunodepression with inflammatory syndrome; history of sepsis, controlled 

before continuation of immunodepression 

1 

Spontaneous hematoma needing evacuation; antibiotics for general cause 1 

Ongoing antibiotic therapy for endocarditis on cardiac valve, interruption not 

feasible; screening for joint entry point before attempting valve surgery 

2 

Bacteremia at digestive entry point, treated but with residual joint pain 1 

Treated erysipelas; screening for underlying joint infection  1 

  



 

Table 3 - Synovasure performance 

Performance 
of Synovasure™ test 

MSIS indicating infection MSIS ruling out infection 

Synovasure Positive 21 

Sensitivity: 95.5% 

8* 

PPV: 72.4% 

Synovasure Negative 1 

NPV: 98.8% 

81 

Specificity: 91%   

* One case of positive Synovasure™ test with metallosis identified on macroscopic joint fluid 

aspect, excluded from analysis 

PPV: positive predictive value; NPV: negative predictive value 

  



Table 4 - Isolates. 

Microorganisms identified 

intraoperatively*  

S. epidermidis 9 

S. aureus 2 

S. capitis 2 

S. caprae 1 

S. lugudunensis 1 

S. haemolyticus 1 

S. piscifermetans 1 

Granulicatella adiacens 1 

E.coli 1 

P. aeruginosa 2 

Acidovorax temperans 1 

Candida parapsilosis 1 

Polymicrobial 3 

  

Microorganisms identified 

preoperatively (n =3 patients)  

S. epidermidis 1 

E.coli 1 

C. acnes 1 

 
* 48 operative samples: 29 sterile, 19 non-sterile  

 

 

  



 

Table 5 - Concordance between SynovasureTM and culture of preoperative samples 

 

Identical 98 (87.5%) 

Negative test with sterile culture 82 (100%) 

Positive test with non-sterile culture 16 (55.2%) 

 

* One case of positive Synovasure™ test with metallosis identified on macroscopic joint fluid 

aspect, excluded from analysis 

 
 
 

  



Figure legend  

Figure 1: Study flowchart.  
 
 



Figure 1.  

 

 

112 RDTs 
(106 patients) 

48 septic revisions 

61 weak suspicions of 
infection 

29 sterile cultures 19 MSIS 
infected 

1 directed fistulization  
1 suppressive antibiotic 

therapy 
1 awaiting surgery 

90 MSIS non-infected 

3 RDTs + 1 RDT - 
18 RDTs 

+ 
81 RDTs 

- 
9 RDTs + 

1 metallosis 
1 intraoperative 
effusion 
7 unknown reasons 

3 MSIS infected 
(abstention from surgery) 

51 strong 
suspicions of 

infection 



Decision

Acute infection Chronic infection

Elevated CRP (mg/L) >100 >10

or

Elevated D-Dimer (μg/L) NA >860

Elevated ESR (mm/h) NA >30 1

Elevated synovial WBC count 

(cell/μL)
>10000 >3000

or

Leukocyte esterase test (from 

urine test strip)
 ++ (or more)  ++ (or more)

Alpha-Defensin (signal-to-cutoff 

ratio)
>1 >1 3

Elevated synovial PMN (%) >90 >70 2

Elevated synovial CRP (mg/L) NA >6.9 1

Score 
Decision (pre-op score + 

intraoperative findings)

 - ≥6 Infected

3

3

2 ≤3 Not Infected

Major criteria (at least one of the following)

Two postive cultures of the same organism

Sinus tract with evidence of communication to the joint or visualization of the prosthesis
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inclusion of intraoperative findings 

for confirming the diagnosis)
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Preoperative score

4-5 Inconclusive (consider further 

molecular diagnostic)
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3

In
tr

ao
p

er
at

iv
e 

Fi
n

d
in

gs

Positive histology

2

Positive purulence (without metallosis)

Single positive culture

Possibly Infected (according to pre-op score) OR Dry tap




