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Table 1: biomarkers

Synovial fluid interleukin-1 (IL-1α)

Interleukin-1B (IL-1B)

Interleukin-6 (IL-6)

Interleukin-8 (IL-8)

Interleukin-10 (IL-10)

Interleukin-17 (IL-17)

Granulocyte-colony stimulating factor  
(G-CSF)

Vascular endothelial growth factor (VEGF)

Neutrophil elastase (ELA2)

Lactoferrin (LF)

Neutrophil gelatinase-associated lipocalin 
(NGAL)

Resistin (RSTN)

Thrombospondin (TSP)

Synovial fluid c-reactive protein (CRP)

Bactericidal/permeability-increasing protein 
(BPI)

Human α-defensin 1-3 (α-defensin)

Using Biomarkers to Diagnose 
Periprosthetic Joint Infection
Study finds testing synovial fluid may be a promising approach
● TERRy STANToN

The diagnosis of periprosthetic 
joint infection (PJI) remains a 
clinical challenge. It currently 

requires an algorithmic approach 
using a varied assortment of clini-
cal and laboratory considerations. 
Considering the substantial harm 
that PJI causes—in accounting for 
25 percent of failed knee arthro-
plasties and 15 percent of failed 
hip arthroplasties—an improve-
ment in diagnostic capability 
would provide an appreciable 
benefit to patient health as well as 
serve to blunt the economic impact 
of this complication.

One avenue with promising 
potential for diagnostic utility is 
the testing of synovial fluid for 
biomarkers for infection. In a pre-
sentation during the 2013 annual 
meeting of the American Associa-
tion of Hip and Knee Surgeons, 
Carl A. Deirmengian, MD, of the 
Rothman Institute, related the 
results of an 8-year program cul-
minating in the evaluation of the 
diagnostic profile of 16 promising 
biomarkers. 

The research included a study of 
a series of 95 patients who were 
being evaluated for infection in 
the setting of revision hip or knee 
arthroplasty. In two thirds (66) of 
the patients, aseptic failure was the 
reason for revision; the remaining 
patients (29) had PJI. Five bio-
markers were identified that appear 
to be diagnostic for PJI. 

The current diagnostic method, 
as prescribed by the Musculo-
skeletal Infection Society (MSIS) 
in its consensus definition of PJI, 
involves a combination of clinical 
data and use of six tests, includ-

ing local and systemic measures of 
inflammation in blood and fluid, 
radiologic tests, and bacterial isola-
tion techniques. The complexity of 
the approach is due to the failure 
of single tools to reliably diagnose 
infection.

More accuracy, lower cost
Dr. Deirmengian said that he and 
his colleagues “believe that syno-
vial fluid biomarkers can improve 
the accuracy and speed of diagnos-
ing infection while simultaneously 
reducing the cost for the health 
system.” He explained that their 
research was based on “substantial 
evidence that there exists a primi-
tive, but specific, innate immune 
response to pathogens.” When this 
innate immune system recognizes 
pathogens, it triggers a cascade of 
protective pathways in the host. 

“Microarray techniques have 
demonstrated a unique gene ex-
pression signature exhibited by 
the synovial fluid white blood 
cells from infected joints, char-
acteristic of the innate host im-
mune response to infection,” he 
explained. This unique response 
has also been confirmed at the level 
of the proteome—the collection 
of proteins found in a particular 
cell type under a particular set of 
conditions—revealing several bio-
markers that diagnostically outper-
formed the currently available tests 
for PJI.

In their study, the investiga-
tors conducted assays for 16 
biomarkers (Table 1). Of the 29 
patients with infection, 23 were 
culture-positive and 6 were culture-
negative, but met the other MSIS 

criteria for PJI. Eight patients with 
a septic diagnosis also had a diag-
nosis of systemic inflammatory dis-
ease, such as rheumatoid arthritis 
or hepatitis C. At the time of the 
diagnostic aspiration, two patients 
were taking a medication that 
modulates the immune system and 
six patients diagnosed with a PJI 
were being treated with antibiotics. 

Five biomarkers (α-defensin, 
ELA2, BPI, NGAL, and LF) cor-
rectly predicted the diagnosis as 
defined by the MSIS criteria for 
every patient in the study. These 
biomarkers had 100 percent sensi-
tivity and specificity. 

First to report
Dr. Deirmengian noted that the 
diagnostic potential of synovial 
fluid biomarkers of PJI had been 
previously reported. “Similar to 
these previous studies,” he contin-
ued, “we found that cytokines and 
proteins with antimicrobial func-
tion provide the greatest utility for 
diagnosing PJI. To our knowledge, 
this study is the first to describe 
the performance of these five syno-
vial fluid biomarkers—α-defensin, 
ELA2, BPI, NGAL, and LF—for 
the diagnosis of PJI. 

“These proteins are known to 
be involved in the innate immune 
response to infection. When patho-
gens are present, these biomarkers 
become more concentrated in the 
synovial fluid to provide host pro-
tection. Therefore, it is no surprise 
that these proteins are found to be 
diagnostically important for PJI.”   

Because the study excluded 
patients in the immediate post-
operative period and those with 
suspected hip metallosis, “it may 
not be valid to extend the results of 
this study to those patient groups,” 
noted Dr. Deirmengian. In ad-
dition, the assumption that the 
patient population and prevalence 
of disease is similar to the more 
general population of such patients 
is a limiting factor, although the 
prevalence of PJI in the patients in 
this study is similar to that calcu-
lated in a recent diagnostic meta-
analysis.

Among salient strengths of the 

study, Dr. Deirmengian said, is the 
fact that, “to our knowledge, this 
is the largest diagnostic study to 
date that utilizes the rigorous MSIS 
definition for PJI.” Also, patients 
usually excluded from similar 
diagnostic studies, such as those 
on antibiotics and those with sys-
temic inflammatory diseases, were 
included in the study to emulate 
standard clinical practice. Finally, 
he said, “although some diagnos-
tic biomarker studies limit their 
samples of PJI to a single organism, 
our study included all infected pa-
tients diagnosed by the MSIS crite-
ria, demonstrating the utility of the 
biomarkers for most representative 
pathogens.”

If the biomarkers simply mir-
rored the state of inflammation, 
researchers would have expected 
strong correlations between them 
and the synovial fluid leukocyte 
count. “However,” he said, “we 
did not identify many strong cor-
relations between biomarkers and 
the synovial fluid white blood cell 
count among infected patients. 
Nor did we identify many strong 
correlations between differing bio-
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bottom line
•	  Periprosthetic joint infections are a significant cause of morbidity in knee and 

hip arthroplasties.

•	  The current diagnostic method relies on an assortment of clinical data, tests, 
and imaging modalities.

•	  This study investigated the diagnostic utility of 16 synovial fluid biomarkers in 
patients undergoing arthroplasty.

•	  Five biomarkers (α-defensin, ELA2, BPI, NGAL, and LF) were found to correctly 
predict the diagnosis as defined by the MSIS criteria for every patient with 
infection.
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