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Objectives: There is a controversy on the diagnostic reliability and accuracy of synovial fluid α-defensin in per-
iprosthetic joint infection (PJI). We performed this meta-analysis to evaluate the diagnostic accuracy of the α-defensin
lateral flow test in PJI.

Methods: PubMed, Embase, and the Cochrane library were systematically searched, and articles (up to January 2020)
on the diagnosis of hip and knee PJIs using the α-defensin Synovasure lateral flow test were included. The diagnostic
accuracy of the α-defensin lateral flow test in PJI was evaluated using meta-analysis. The pooled sensitivity, specificity,
accuracy, positive and negative likelihood ratio, diagnostic odds ratio, and post-test probabilities were calculated.

Results: Seventeen studies including 1443 cases were included. Meta-analysis showed the pooled sensitivity, speci-
ficity, positive likelihood ratio, negative likelihood ratio, and a diagnostic odds ratio was 0.83 (95% CI 0.77, 0.88),
0.95 (95% CI 0.93, 0.97), 16.86 (95% CI 11.67, 24.37), 0.17 (95% CI 0.13, 0.24) and 85.30 (95% CI 47.76,
152.35), respectively. The area under the hierarchical summary receiver operating characteristic curve was 0.97 (95%
CI 0.95, 0.98). Subgroup analysis also confirmed the high efficiency of α-defensin Synovasure lateral flow test in diag-
nosing PJIs, irrespective of ethnicity. Fagan’s nomogram analysis there was a high positive post-test probability of
94% and a low negative post-test probability of 15%.

Conclusions: We indicated that the α-defensin lateral flow test had a high accuracy for diagnosing PJI. Large-scale
studies are needed to validate its significance in PJI diagnosis.

Key words: Arthroplasty; Periprosthetic joint infection; Systematic review; α-defensin lateral flow test

Introduction

Periprosthetic joint infection (PJI) is an inevitable and cata-
strophic complication after total joint arthroplasty. The

morbidity of PJI post primary total knee and hip arthroplasty
is approximately 1%–4% and 1% within 2 years, respectively1,2.

It increases by more than two-fold times after revision total
hip and knee arthroplasty3–5. In addition, PJI is the most
common cause for revision total joint arthroplasty, account-
ing for approximately 20%–47% of early or late revisions6–8.
Although the incidence of PJI is relatively low, it causes
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profound health, financial, and socioeconomic burdens on
patients and reduces the quality of life. The accurate and
timely preoperative diagnosis of PJIs post arthroplasty sur-
geries is important to manage the catastrophic complication.

Some studies have shown the concordance between
patient-related risk factors and the incidence of PJI. There is
much evidence showing that comorbid conditions and medi-
cal risk factors including morbid obesity, malnutrition,
hyperglycemia, malnutrition, hyperglycemia, cardiovascular
disorders, and preoperative anemia associate with an
increased adjusted risk of PJI2,3,9,10. The most common
organisms identified in the infected joints include Staphylo-
coccus aureus (S. aureus), methicillin-sensitive S. aureus
(MRSA), and S. epidermidis2,5,11. Biomarkers including syno-
vial fluid cell count12, C-reactive protein (CRP)13,
interleukin-6 (IL-6), and α-defensin12,14 have potential effi-
cacy in diagnosing PJI. Accordingly, the diagnostic criteria as
defined by the Musculoskeletal Infection Society (MSIS)
included pathogen isolation, serum CRP, synovial leucocytes,
and neutrophils15, which has been regarded as the reference
standard for diagnosing PJI.

Since the publication of MSIS criteria, there is tre-
mendous evidence that shows the potential to improve the
accuracy in PJI diagnosis. Alpha-defensin is a small (30–50
arginine-rich amino acid), cationic, and non-oxidative
antimicrobial peptide that is mainly synthesized and
secreted by polymorphonuclear lymphocytes including
neutrophils (1, 2, 3, and 4 subtypes) and Paneth cells
(5 and 6 subtypes) of the ileum in response to
pathogens16–20. Alpha-defensin is naturally released by
neutrophils into the synovial fluid in response to patho-
gens16,21,22. It induces rapid death of the microorganisms
by promoting depolarization of the cell membrane via
interacting with or binding to the negatively charged mem-
branes16,21,22. Recent evidence shows that Alpha-defensin
might be an ideal biomarker for PJI14,23. Ahmad et al.14

proved that laboratory-based α-defensin ELISA test
showed a higher ever reported accuracy in PJI diagnosis
compared with Synovasure lateral flow test. In 2018, Han
et al.23 indicated that laboratory-based α-defensin ELISA
test has a higher pooled sensitivity, specificity, and accu-
racy than the α-defensin lateral flow test (sensitivity: 0.96
vs 0.86; specificity: 0.97 vs 0.96; accuracy: 0.99 vs 0.95,
respectively). However, some studies showed the higher
accuracy of the α-defensin lateral flow test in PJI diagnosis
than the MSIS criteria including CRP and erythrocyte sedi-
mentation rate (ESR), and polymorphonuclear lympho-
cytes2,24. Accordingly, α-defensin protein has been
recommended to be included in the diagnostic algorithm
in the future12,14,23. Before that, the accuracy of the
α-defensin lateral flow test in PJI should be fully analyzed.

Several studies focusing on the intraoperative perfor-
mance of the α-defensin lateral flow test in PJI diagnosis
have been published during the past 2 years25–27. The
reanalysis of the performance of the α-defensin lateral flow
test in PJI diagnosis is necessary. Therefore, the purpose of

this study was to evaluate the diagnostic reliability and accu-
racy of the α-defensin lateral flow test in PJI.

Materials and Methods

Ethics Statement
This study was a systematic review and meta-analysis to
evaluate the accuracy of the α-defensin lateral flow test in

Fig. 1 Flow chart of selection process for eligible studies.

TABLE 1 The study inclusion criteria (PICOS-criteria) used in
this current study

Parameter Inclusion criteria

Population Patients have hip and knee PJIs after total hip/knee
arthroplasty; without restrictions on sex, race, and
age

Intervention α-defensin lateral flow test (Synovasure™) was used
to assess PJIs

Comparison Without interventions before diagnosis of PJIs. Other
diagnostic methods could be used as comparisons

Outcome Diagnostic accuracy of PJI using α-defensin lateral
flow test; The false-negative, false-positive, true
positive, and true negative data were included.

Study
design

Retrospective, prospective, and cohort studies
published in English
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diagnosing PJI. This study was performed according to the
guidelines for Preferred Reporting Items for Systematic
Reviews and Meta-Analyses28. This systematic review did
not include animal and human experiments, and the ethics
committee approval was not applicable accordingly.

Search Strategy
Studies that were published up to January 2020 were
searched in medical databases (PubMed, Embase, and the
Cochrane library) using the keywords “periprosthetic joint
infection,” “prosthesis-related infections,” “synovial
α-defensin,” “synovial alpha defensin” and “synovial
defensin.” The search strategy was “periprosthetic joint
infection [Title/Abstract]) OR periprosthetic joint infection
[MeSH Terms] OR prosthesis-related infections[Title/
Abstract] OR prosthesis-related infections [MeSH Terms]”
AND “α-defensin [MeSH Terms] OR α-defensin [Title/
Abstract] OR alpha defensing [Title/Abstract] OR alpha
defensing [MeSH Terms] OR defensing [Title/Abstract] OR
defensin [MeSH Terms]” AND “sensitivity and specificity
OR specificity* OR accuracy OR predictive value* OR ROC
OR likelihood ratio*.” Eligible studies were manually

searched from the reference lists of the review articles and
included studies.

Study Selection
Studies were independently selected by two authors. The
inclusion criteria were: (i) studies that evaluate the diagnostic
accuracy of PJI using α-defensin lateral flow test; (ii) studies
did not put restrictions on sex, race, and age; (iii) English
articles; (iv) PJIs were diagnosed according to the rec-
ommended criteria by MSIS or modified criteria by Interna-
tional Consensus Meeting; and (v) studies with complete
clinical data (diagnosis criteria, assay platform, and the num-
ber of patients with true positive, false positive, true negative,
and false negative PJI) that could be used for the sensitivity
and specificity. The inclusion criteria are shown in Table 1.
Patients with true-positive PJIs were defined as suspected
PJIs by α-defensin test and final diagnosis by culture-positive
microbiology investigation of preoperative aspirates and
intraoperative samples of synovial fluid. False-positive was
defined as: the α-defensin test showed positive reactions, but
aspirates were culture-negative. True negatives were defined
when the α-defensin test was negative and aspirates were

A B

C

Fig. 2 Assessment of study quality and publication bias. (A) Quality assessment of included studies using QUADAS-2 tool. (B) The Egger’s regression

chart of published bias analysis. (C) The Begg’s funnel for bias analysis. OR, odds ratio; CI, confidential interval.
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culture-negative, while false-negatives were defined when the
α-defensin test was positive, but aspirates were culture-
positive.

Studies were excluded if they were: (i) with incomplete
data; (ii) duplicated articles (articles using the same study
cohort); (iii) contained patients with infection of sites or

organs outside the periarticular prosthesis; and (iv) reviews,
animal studies, comments or conference paper without com-
plete clinical data.

Data Extraction and Quality Assessment
The false negative, false positive, true positive, and true nega-
tive data in each article were extracted. Article quality was
evaluated independently by two reviewers using the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2)
quality appraisal tool, which consists of four domains:
patient selection, index test, reference standard, and flow and
timing29. The risk of bias and applicability concerns of
included studies was assessed. A discussion was required to
resolve disagreements, and adjudication was made by a third
reviewer.

Statistical Analysis
Data were processed and analyzed using the Stata 15.1 and
RevMan5.2 software. A mixed-effect model for bivariate
meta-analysis of diagnostic test accuracy studies was used to
calculate the sensitivity, specificity, positive likelihood ratio,
negative likelihood ratio, and diagnostic odds ratio24. A hier-
archical summary receiver operating characteristic curve
(HSROC) was calculated. The heterogeneity of data across
studies was statistically assessed by the Q test and I-squareFig. 3 Sensitivity analysis of the included studies.

Fig. 4 Pooled sensitivity and specificity for the diagnostic efficiency of periprosthetic joint infection using the α-defensin lateral flow test. CI,

confidence interval.
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(I2) statistic test. P < 0.10 and I2 > 50% was defined as signif-
icant heterogeneity, or otherwise (P > 0.10 and I2 < 50%) sig-
nificant homogeneity. Sensitivity analysis was performed to
examine the source of heterogeneity. Publication bias was
assessed using Egger’s and Begg’s tests. P < 0.05 was reg-
arded as significant publication bias. Pre- and post-test odds
were calculated using Fagan’s nomogram30. Pre-test
odds = pre-test probability/(1-pre-test probability), and post-
test odds = post-test probability/(1- post-test probability).

Results

Study Selection
Medical databases included 161 studies that related to the
keywords. After removing 68 duplicated articles, 93 publica-
tions were screened based on title and abstract. After the
full-text screening, 17 studies15,25–27,31–43 were included
according to the predetermined inclusion and exclusion
criteria (Fig. 1 and Table 1).

Study Characteristics
All the 17 studies15,25–27,31–43 evaluated the diagnostic accu-
racy of the α-defensin lateral flow test in PJI (Table 2). In
total, 1443 cases who underwent hip or knee arthroplasty
surgeries were included. All studies included the number of

patients with false negative, false positive, true positive, and
true negative PJI. Among the 17 included studies, nine were
prospective studies26,32–36,39–41, six were retrospective stud-
ies15,27,31,37,38,42, and two were cohort studies25,43. Also, 13
studies were performed in European countries, including
Germany32,36,37,39, France34, Netherlands25,35, Italy38,40,
Switzerland41, Belgium43, and Austria26,33, three in the
USA15,31,42, and one in Singapore27, and two in. All studies
were published between 2014 and 2020.

Quality Assessment
There was a low risk of bias and applicability concerns based
on the QUADAS-2 quality appraisal tool (Fig. 2A). Egger’s
(t = 1.39, 95% CI –0.96, 4.30, P = 0.191; Fig. 2B) and Begg’s
test (z = 1.95, Pr > jzj = 0.059, continuity corrected; Fig. 2C)
indicated that there was no evidence of significant publica-
tion bias in the 17 included studies. Sensitivity analysis
showed that the results of true positive were relatively stable
and reliable (Fig. 3).

Meta-Analysis for the Diagnostic Efficiency of PJI Using
the α-Defensin Lateral Flow Test
Meta-analysis indicated that the α-defensin lateral flow test
had a pooled sensitivity of 0.83 (95% CI 0.77, 0.88;
I2 = 59.90%) and a pooled specificity of 0.95 (95% CI 0.93,

Fig. 5 Pooled positive and negative likelihood ratio for the diagnostic efficiency of periprosthetic joint infection using α-defensin lateral flow test. CI,

confidence interval.
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0.97; I2 = 29.75%) in diagnosing PJIs (Fig. 4). The pooled
positive likelihood ratio was 16.86 (95% CI 11.67, 24.37,
I2 = 0%), pooled negative likelihood ratio was 0.17 (95% CI
0.13, 0.24, I2 = 0%; Fig. 5), with a pooled diagnostic odds
ratio of 85.30 (95% CI 47.76, 152.35; I2 = 30.9%; Fig. 6).

Subgroup Analysis for the Diagnostic Efficiency of PJI
Subgroup analysis was performed to analyze the regional dif-
ference in diagnostic efficiency of PJI using the α-defensin lat-
eral flow test. We found the diagnostic sensitivity of the
α-defensin lateral flow test for PJI was 0.81 (95% CI 0.67,
0.90) and 0.85 (95% CI 0.78, 0.90) in patients from Europe
countries (n = 11)25,32,34–41,43 and others (n = 6)15,26,27,31,33,42,
respectively, and the specificity was 0.96 (95% CI 0.92, 0.97)
and 0.95 (95% CI 0.91, 0.97), respectively (Table 3). Besides,
the α-defensin lateral flow test had a sensitivity of 0.82 (95%
CI 0.76, 0.87) and 0.85 (95% CI 0.75, 0.91), and an equivalent
specificity of 0.95 (95% CI 0.92, 0.97) in diagnosing PJI based

on the retrospective experience and prospective/cohort experi-
ence, respectively (Table 3).

Accuracy and Validation
The area under the HSROC curve (AUC) was 0.97 (95% CI
0.95, 0.98), with a high sensitivity of 0.83 (95% CI 0.77, 0.88)
and specificity of 0.95 (95% CI 0.93, 0.97; Fig. 7A). Based on
the Fagan’s nomogram analysis, we found there was a high
positive post-test probability of 94% and a low negative post-
test probability of 15% (Fig. 7B). These data showed that the
α-defensin lateral flow test had high accuracy in diagnosing
PJI. Subgroup analysis also confirmed that the AUC value of
the α-defensin lateral flow test in PJI diagnosis were 0.97
(95% CI 0.95, 0.98) and 0.96 (95% CI 0.94, 0.97) in patients
from Europe and other countries, respectively (Table 3), and
were 0.96 (95% CI 0.94, 0.97), and 0.97 (95% CI 0.95, 0.98)
based on the retrospective experience and prospective/cohort
experience, respectively.

Fig. 6 The diagnostic odds ratio for the diagnostic efficiency of periprosthetic joint infection using the α-defensin lateral flow test. CI, confidence

interval.
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Discussion

The diagnostic reliability and accuracy of α-defensin in
PJI has been widely evaluated during the past few

years12,24,27,36,39,42, and some studies have confirmed that
α-defensin is highly accurate for diagnosing PJI27,36,39,42,44.
While some indicate that the α-defensin lateral flow test is
less sensitive and may be used as a confirmatory test for
PJI23,39. This systematic review and meta-analysis of
17 studies indicated that the α-defensin lateral flow test had
a pooled sensitivity, specificity, and AUC of 0.83 (95% CI
0.77, 0.88), 0.95 (95% CI 0.93, 0.97), and 0.97 (95% CI 0.95,
0.98), respectively. The current study showed that the syno-
vial fluid α-defensin test is a valuable indicator for PJIs post
total knee/hip arthroplasty, which was consistent with that
previously reported by others14,23.

Neutrophil defensins are capable of inhibiting MRSA
and regulating the production of cytokines including IL-1β
and IL-8 and inflammatory responses18,19,45. Wehkamp
et al.18 indicated that α-defensin expression was increased
in paneth cells of the ileum in patients in response to
inflammation. Alpha-defensin is elevated in aspirates
culture-positive for Propionibacterium acnes44 and is effec-
tive and capable of inhibiting the survival of MRSA and
S. aureus45. Some clinical studies showed that α-defensin
was effective in predicting pathogen-positive cultures44.
Accordingly, α-defensin has been identified as an effective
predictor of PJI.

When it comes to the diagnostic reliability and accu-
racy of α-defensin in PJI, there is a general agreement that
the laboratory-based α-defensin ELISA test has a higher
accuracy than the lateral flow test in diagnosing PJI23. The
α-defensin lateral flow test has a sensitivity ranging from
67% to 100% and a specificity ranging from 89% to
100%15,25,26,33,36,37,39,40,42, and the laboratory-based
α-defensin ELISA test has a sensitivity ranging from 85%
to 100% and a similar specificity and accuracy14,23,37,46. Our
present study showed that the α-defensin lateral flow test
had a pooled sensitivity of 0.83 (95% CI 0.77, 0.88), a
pooled specificity of 0.95 (95% CI 0.93, 0.97), a pooled
accuracy of 0.97 (95% CI 0.95, 0.98), a pooled positive like-
lihood ratio of 16.86 (95% CI 11.67, 24.37), a pooled nega-
tive likelihood ratio of 0.17 (95% CI 0.13, 0.24), and a
pooled diagnostic odds ratio of 85.30 (95% CI 47.76,
152.35). Subgroup analysis showed its high sensitivity, spec-
ificity, and accuracy was not race related. These results were
similar to the results reported by Han et al.23 and Ahmad
et al.14 Taken together these results indicated that the
laboratory-based α-defensin ELISA test might have higher
diagnostic reliability and accuracy in PJI diagnosis than the
α-defensin lateral flow test.

In comparison with MSIS criteria, however, the
α-defensin lateral flow test had similar or higher diagnostic
accuracy in diagnosing PJI40. Balato et al.40 found that the
α-defensin lateral flow test presented higher sensitivity
(84.5%) and negative predictive value (94.4%) than CRP
and ESR combination (81.3% and 90.6%, respectively),
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synovial fluid white blood cell count (75.0% and 88.9%), two
positive periprosthetic cultures (75.0% and 89.7%), sinus
tract communicating with the prosthesis (25% and 74.5%)
and synovial fluid polymorphonuclear percentage > 80%
(75.0% and 89.5%). Ahmad et al.14 showed that CRP has a
similar sensitivity (0.86, 95% CI 0.81, 0.91) and specificity
(0.90 95% CI 0.86, 0.93) to the Synovasure™ test (0.78, 95%
CI 0.66, 0.87; and 0.89, 95% CI 0.78, 0.95) in diagnosing PJI.
These results suggested the high reliability of the α-defensin
lateral flow test in diagnosing PJI and should be in conjunc-
tion with other MSIS criteria for PJI. Besides, the α-defensin
lateral flow test had a significantly shorter examination
period compared with the ELISA test. The result of the lat-
eral flow test is available within 10 minutes. Therefore, the
lateral flow test is commonly used by surgeons for the
intraoperative diagnosis and prompt treatment for PJI. For
the preoperative diagnosis of PJI, however, the α-defensin
lateral flow test is inferior to laboratory-based the α-defensin
ELISA test in consideration of the accuracy and expense.

This current study included limitations. Firstly, a gold
standard for diagnosing PJI is lacking. The MSIS statement
is a reference standard and is commonly used in clinical

practice. A patient must fulfill a single major criterion or at
least four of the six minor criteria to be diagnosed with PJI.
There is increasing evidence that shows the MSIS criteria
including CRP, ESR and polymorphonuclear percentage were
less accurate than α-defensin38,40. Diagnosing PJI remains
challenging due to the emerging of more available diagnostic
test methods. Secondly, there was potential publication bias
and heterogeneity across the 17 included studies. Thirdly,
most studies were published with short follow-up for diag-
nosing potential PJIs. Hence, the false-negative values as well
as the sensitivity and accuracy of the α-defensin lateral flow
test might be misrepresentations. The latter two limitations
might influence the reliability of the results in this current
study.

Conclusions

In this study, the diagnostic reliability and accuracy of the
α-defensin lateral flow test in PJI was confirmed. It was

found to have a relatively high performance for diagnosing
PJI. The lateral flow test had a high sensitivity (0.83, 95% CI
0.77, 0.88), specificity (0.95, 95% CI 0.93, 0.97), and accuracy
(0.97, 95% CI 0.95, 0.98) in diagnosing PJI after total joint

A B

Fig. 7 The hierarchical summary receiver operating characteristic (HSROC) curve A and Fagan’s nomogram (B) for the diagnostic accuracy of

periprosthetic joint infection using α-defensin lateral flow test. SENS, sensitivity; SPEC, specificity; AUC, area under the HSROC curve.
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arthroplasty. We propose that the α-defensin lateral flow test
be included in the clinical diagnostic criteria for PJI. More
and large-scale studies are needed to validate the significance
and accuracy of the α-defensin lateral flow test in PJI
diagnosis.
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