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Abstract

Background C-reactive protein (CRP) serum assays are a
standard element of the diagnostic workup for peripros-
thetic joint infection (PJI). However, because CRP is a
marker for systemic inflammation, this test is not specific
to PIL

Questions/purposes Our purpose was to assess whether
synovial fluid and serum assays alone could differentiate
between infected and uninfected revision knee arthroplas-
ties and to determine which of these methods had the
greatest diagnostic accuracy.

Methods We collected synovial fluid specimens from
66 patients undergoing revision total knee arthroplasty.
Patients were judged uninfected or infected by standard-
ized criteria. Synovial CRP levels were measured using an
individual CRP assay (15 samples; 10 infected, five unin-
fected) and a multiplex immunoassay platform
(59 samples; 25 infected, 34 uninfected). Results from
preoperative standard serum CRP assays conducted were
also collected (55 samples; 25 infected, 30 uninfected).
Sensitivity, specificity, and receiver operating characteristic
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curve analyses were performed for each assay with a
diagnosis of infection based on previously established
criteria.

Results  Synovial CRP concentrations differed between
infected and uninfected joints in the multiplex and serum
analyses. The area under the curve was 0.84 for the indi-
vidual assay, 0.91 for the multiplex assay, and 0.88 for the
serum CRP assay. Sensitivity and specificity were 70.0%
and 100.0% for the individual enzyme-linked immuno-
sorbent assay, 84.0% and 97.1% for the multiplex assay,
and 76.0% and 93.3% for the serum CRP assay.
Conclusions An assay measuring CRP in synovial fluid
may be more accurate in diagnosing PJI than the standard
serum CRP assay. We believe such an assay holds promise
as a new diagnostic marker for PJI.

Level of Evidence  Level II, diagnostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Numerous tests are available for the diagnosis of peripros-
thetic joint infection (PJI), but, although evidence-based
recommendations for standardizing this diagnosis have
been made [10, 43], there remains no established protocol
for its definitive diagnosis [4, 22, 44, 52]. To this end,
numerous researchers have focused on improving existing
methods for diagnosing infection (ie, preoperative and
intraoperative cultures [2, 3, 16, 27, 46] and Gram stain [2,
12, 20, 49], serum markers of inflammation [19, 23, 27],
synovial white blood cell [WBC] count and polymorpho-
nuclear [PMN] percentages [5, 21, 29, 34, 48],
intraoperative frozen section [11, 14, 15, 17, 42] and pre-
operative tissue biopsy [32, 36], and nuclear medicine
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techniques [8, 25, 30, 31, 35]) as well as developing novel
methods for diagnosing infection (polymerase chain reac-
tion techniques [1, 6, 18, 24, 26], sonication of implants
[50], and analysis of circulating cytokines [7, 9, 13, 47]).
The more we learn about the histopathologic characteristics
of infected versus uninfected joints, the better able we will
be to identify clinically relevant characteristics of infections
[28, 37, 39-41]. Drawbacks to many of these new diag-
nostic methods are that many of them are expensive, require
specialized equipment, or are relatively time-consuming
and therefore are not universally available [4, 44, 52].

The standard serum C-reactive protein (CRP) assay is a
simple test that is currently a mainstay in diagnosis of
infection [4, 19, 44]. CRP is produced by the liver as an
acute-phase reactant, and elevated levels are seen in the
case of systemic infection. However, serum CRP concen-
trations are nonspecific for the diagnosis of localized
infection because elevated CRP levels can be present in a
number of noninfectious inflammatory processes [19].
Additionally, false-negatives may result when a subclinical
infection (ie, a biofilm) does not result in systemic elevation
of CRP despite the presence of an active infection [23]. The
question arises as to whether the CRP level in the synovial
fluid would be more a specific and/or sensitive predictor
than the serum level. Because the physiological role of CRP
is to activate the complement system for disposal of dying
cells, one would expect its levels to be higher at the source
of an inflammatory process (ie, the joint) than systemically.
Zamani et al. have examined CRP levels in synovial fluid as
a method for differentiating inflammatory and noninflam-
matory primary arthritis [S1], but we are not aware of
previous studies that have analyzed CRP levels in synovial
fluid for the purpose of diagnosing PJI.

The concept of improving the accuracy of a biomarker
assay commonly performed on serum samples by per-
forming the same assay on a localized fluid such as
synovial fluid has been previously investigated. Martinot
et al. [33] compared serum and synovial fluid assays for
procalcitonin and found that although serum levels of
procalcitonin were useful differentiating septic arthritis
from rheumatoid and crystal-induced arthritis, synovial
fluid levels of procalcitonin were too low to be measured.
They concluded a synovial fluid assay for procalcitonin did
not appear to be a feasible method for differentiating
between different types of arthritis [22]. We suspected CRP
might hold greater promise for identification in synovial
fluid than does procalcitonin and undertook this study to
evaluate this potential.

We therefore determined whether (1) CRP levels in
either synovial fluid or in serum would differentiate
between infected and uninfected revision knee arthroplas-
ties; and (2) measuring CRP in synovial fluid instead of in
serum would improve the accuracy of the diagnosis of PJI.

Patients and Methods

Before beginning this prospective study, we obtained
Institutional Review Board approval for the collection of
all patient samples. We collected a total of 66 synovial
fluid specimens from 64 patients undergoing revision TKA
for septic or aseptic reasons between February 2009 and
May 2010. Samples were consecutive with the exception of
cases in which a synovial fluid aspiration was dry or was
not performed per study protocol. All samples were col-
lected in the operating room before arthrotomy and ranged
in volume from 0.5 mL to greater than 2 mL. Samples
were transferred to 2-mL sterile cryotubes, immediately
placed on ice, and flash-frozen within 30 minutes of col-
lection. Patients underwent revision arthroplasty for
loosening, infection, fracture, polyethylene wear, instabil-
ity, or pain. For all patients, we also reviewed medical
charts to collect information on patient demographics,
preoperative and intraoperative laboratory findings, clinical
presentation, and surgical details.

Samples were divided for the purpose of sensitivity
and specificity analyses into two groups: infected and
uninfected. This diagnosis was based on criteria currently
in place at our institution for differentiating between
infected and uninfected arthroplasties. Patients were clas-
sified as infected if (1) they presented with a sinus tract or
open wound in communication with the joint; (2) purulence
was encountered in the joint intraoperatively; (3) preoper-
ative or intraoperative fluid or tissue cultures were positive;
or (4) a combination of serologic and aspiration analyses
was positive. In cases in which no purulence was men-
tioned in the operative note, it was assumed that none was
present. Positive cultures were defined as (1) at least one
culture with “light” growth or greater; (2) at least one
culture with “very light” growth and at least one culture of
the same organism with the same level of growth or less; or
(3) at least three “broth only” or “single isolate” cultures
of the same organism. We used antibiotic sensitivity
analyses to confirm that the same organism was isolated in
multiple cultures. Finally, serologic and aspirate analyses
were defined positive if three of the following were true
and the patient had not undergone a surgical intervention
within 6 weeks: (1) erythrocyte sedimentation rate 30 mm/hr
or greater; (2) CRP 10 mg/L or greater; (3) synovial WBC
1760 cells/uL or greater; or (4) synovial PMNs 73% or
greater. For patients who had undergone surgery within
6 weeks of aspiration, three of four results were still
required to be positive, but thresholds for aspirate analyses
were set at synovial WBC 10,700 cells/uL or greater and
synovial PMN 89% or greater as previously described [5].
Patients who could not be classified as infected or unin-
fected as a result of missing data values (five samples from
five patients) were eliminated from all subsequent analyses.
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Synovial fluid specimens were analyzed according to
three separate protocols: (1) an individual assay for CRP
(as a preliminary study); (2) a multiplex assay for CRP; and
(3) the standard hospital serum assay for CRP. For the first
assay, we used GenWay Biotech’s C-Reactive Protein
Concentration (San Diego, CA) enzyme-linked immuno-
sorbent assay (ELISA) kit. Samples were thawed on ice
and sterilely centrifuged to remove cells. We performed
these assays on 15 of the samples in the study (five unin-
fected and 10 infected). Patients underwent revision for
infection, loosening, or instability. The supernatant was
diluted either 1:100 or 1:1000 and assayed for the presence
of CRP according to the manufacturers’ instructions.
Absorbance of each well was measured using a spectro-
photometer, and the concentration of CRP in each sample
was calculated by comparing absorbance with the absor-
bance measured for controls with known concentration. In
cases in which the absorbance measured was lower than
that in the negative control well, we recorded samples as
“below detection” and used a 0-mg/mL concentration for
purposes of our statistical analysis. In cases in which the
absorbance measured was higher than that measured in the
0.1-mg/L control well (the highest control concentration
available), we recorded samples as “high” concentrations
and, if possible, rediluted the sample to obtain a more
accurate reading.

Our secondary analysis was performed using Rules-
Based Medicine’s Human Inflammation MAP (Austin,
TX). This multiplex ELISA analysis allows for the simul-
taneous testing of samples to determine concentrations of
several proteins; for the present study, we focused on
the outcomes of the CRP measurements. Samples were
shipped on dry ice to RBM for analysis and digital results
returned. This assay was performed on fluid taken from
59 of the 66 samples in the study (34 uninfected and
25 infected). Patients in this group underwent revision
arthroplasty for infection, loosening, fracture, polyethylene
wear, instability, or pain.

Finally, we collected results of all preoperative serum
CRP assays. Preoperative serum CRP assays using Beck-
man Coulter’s Synchron Lx system (Brea, CA) are
routinely done in our institution before revision
arthroplasty with standard values ranging from below
detection at less than 5 mg/L. to above 100 mg/L; we
obtained preoperative serum CRP assay findings for 55 of
the samples in the study (30 uninfected and 25 infected).
There were six patients (four uninfected and two infected)
for whom this value was missing from the medical chart.

We used receiver operating characteristic (ROC) curve
analyses to determine whether the CRP concentration in
synovial fluid could effectively be used to diagnose PJI.
This method assesses the diagnostic strength of a test and
calculates the best cutoff point for differentiating between a
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positive and a negative test result. Sensitivity is plotted
against 1-specificity and the area under the curve (AUC) is
calculated from the plot. An AUC of 0.5 indicates that a
test has no diagnostic strength; as the AUC increases (to a
maximum of 1), the diagnostic strength improves. A test
with an AUC greater than 0.9 is considered an excellent
diagnostic. Because our two methods for identifying CRP
concentrations were substantially different from each other,
we chose to perform two separate analyses rather than to
pool our separate data sets. Youden’s J statistic was used in
each case to determine optimum cutoff values for diagnosis
of infection. According to this rule, a test’s best diagnostic
threshold occurs at the value for which the sum of the test’s
sensitivity and specificity is maximized. We calculated
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy of each assay we evaluated.

Results

Our first purpose was to assess the ability of each of
these three assays to differentiate between infected and
uninfected arthroplasties. For the GenWay Biotech ELISA
assay, CRP concentrations were similar (p = 0.13) in the
two groups: 0.002 mg/L in the uninfected group versus
0.322 mg/L in the infected group. However, in both the
RBM multiplex assay and the serum CRP assay, CRP
values in the infected group were higher than in the unin-
fected group (p = 0.002 and p < 0.0001, respectively):
for RBM, 1.19 mg/L in the uninfected group versus
22.49 mg/L in the infected group; and for the serum assay,
9.6 mg/L in the uninfected group versus 91.7 mg/L in the
infected group (Table 1). Our ROC analysis further con-
firmed the diagnostic capabilities of each of the three
assays. Each assay had an ROC above 0.80, indicating a
high-strength diagnostic test. For the GenWay assay, ROC
curve analysis demonstrated an AUC = 0.84 (95% confi-
dence interval [CI], 0.64-1.04). For this assay, we
identified an optimum diagnostic threshold of 0.057 mg/L,
which gave a sensitivity of 70.0% and a specificity of
100.0% (Fig 1A). For the RBM assay, the AUC was 0.91
(95% (1, 0.82-0.99) with a threshold of 3.65 mg/L, giving
a sensitivity of 84.0% and a specificity of 97.1% (Fig 1B).
Finally, for the serum CRP assay, the AUC was 0.88 (95%
CI, 0.77-0.98) with a threshold of 16.5 mg/L, giving a
sensitivity of 76.0% and a specificity of 93.3% (Fig 1C).
Moreover, we calculated the test accuracy of each of the
three assays and found all to be accurate with the RBM
assay as the most accurate (accuracy = 0.80 for the Gen-
Way assay, 0.92 for the RBM assay, and 0.86 for the serum
assay). All three tests, then, were capable of differentiating
between infected and uninfected arthroplasties with a high
degree of accuracy (Table 1).
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Table 1. Summary of three assay results
Fluid Assay AUC (95% CI) Threshold  Sensitivity ~ Specificity =~ PPV NPV Accuracy
(number; infected, uninfected) (mg/L) (%) (%) (%) (%) (%)
Synovial fluid  Individual ELISA 0.84 (0.64-1.04) 0.06 70.0 100.0 100.0  62.5 80.0
(N =15;10,5)
Multiplex ELISA 0.91 (0.82-0.99) 3.7 84.0 97.1 955 89.2 91.5
(N = 59; 25, 34)
Serum Clinical laboratory assay 0.88 (0.77-0.98)  16.5 76.0 93.3 90.5 824 85.5
(N = 55; 25; 30)

AUC = area under the curve; CI = confidence interval; PPV = positive predictive value; NPV = negative predictive value; ELISA = enzyme-

linked immunosorbent assay.
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Fig. 1A-C Receiver operating characteristic (ROC) curves are
shown for (A) synovial fluid CRP assay by individual ELISA;
(B) synovial fluid CRP assay by multiplex ELISA; and (C) serum
CRP assay according to hospital laboratory protocols. The multiplex

Our second purpose was to assess whether measuring
CRP in synovial fluid instead of in blood serum improved
the diagnostic capabilities of the test. Although we found
that all three assays were predicted infection (even with a
small sample number, as seen with the individual ELISA
assay), we found suggestive (although not definitive) sup-
port for the superiority of the RBM analysis over the
clinical hospital laboratory analysis. Although both tests
predicted infection, the RBM analysis demonstrated a
higher AUC, a smaller CI range, and a higher diagnostic
accuracy than did the clinical hospital laboratory analysis.

Discussion

Serum CRP analysis has long been an important biomarker
for the diagnosis of PJI. However, because CRP is a marker
for systemic inflammation, this test is not specific to PJI.
We speculated synovial fluid CRP would enhance the
sensitivity and specificity. We therefore determined
whether (1) CRP levels in either synovial fluid or in serum
would differentiate between infected and uninfected revi-
sion knee arthroplasties; and (2) measuring CRP in

ELISA had the greatest area under the curve (AUC) followed by the
serum CRP assay and the individual ELISA. CRP = C-reactive
protein; ELISA = enzyme-linked immunosorbent assay.

synovial fluid instead of in serum would improve the
accuracy of the diagnosis of PJL

We acknowledge limitations of our study. First,
because there is no consensus on the diagnosis of PJI, we
lacked an established method for differentiating infected
and uninfected cases. We used the diagnostic criteria that
have been established at our institution for diagnosing PJI.
Given the wide range of previously described algorithms
[4, 10, 22, 38, 43, 45, 52] that have been used as bench-
marks for novel diagnostic methods, then, it is important
to interpret our findings in light of the specific components
included in our PJI diagnostic algorithm. Second, for
logistic reasons in this preliminary study, we did not use
the same clinical laboratory assay and analysis protocol to
measure CRP in synovial fluid. As a result, our positive
findings in this group may reflect the strength of the assay
itself rather than the source of the fluid tested. To confirm
this point, future work needs to be done to compare CRP
measurements in the hospital laboratory on blood serum
and on synovial fluid using the same laboratory parameters
for testing. Third was the problem of missing values,
which is relevant in two contexts: (1) because we did not
alter clinical protocols for this study, not all patients had
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preoperative serum CRP assays conducted; and (2) dry or
inappropriate taps prevented us from including in our
study a proportion of the knee arthroplasty revisions per-
formed within the study period. Although the fact that
both groups of missing values included both infected and
uninfected patients suggests this absence did not contrib-
ute substantial bias toward our findings, this limitation
should not be ruled out. Fourth, although we report sig-
nificant findings, our sample size is relatively small and
our findings should be confirmed in a larger study and at
multiple institutions.

Our first purpose was to determine whether our synovial
fluid and serum CRP assay findings were correlated with a
diagnosis of PJI. We found this was the case for both the
multiplex CRP assay and the hospital clinical laboratory
findings. Moreover, although the difference between CRP
measurements in infected and uninfected cases for the
individual ELISA assay were not significant, we believe this
was likely the result of small numbers in this preliminary
cohort. The only investigation into the diagnostic role of
CRP in joints that we are aware of comes from Zamani et al.,
who used a high-sensitivity synovial fluid CRP assay to
demonstrate differences between noninflammatory and
inflammatory arthritis in primary knees. Specifically, they
found the synovial fluid CRP assay effectively differentiated
osteoarthritis and each of rheumatoid arthritis, crystal-
induced arthritis, and septic arthritis. Because the majority
of our cohort underwent primary knee arthroplasty for
degenerative joint disease and not for one of these etiolo-
gies, we can make no statement about differences in
synovial fluid versus serum CRP analyses in patients with
inflammatory primary arthritis. Future studies should aim at
describing standard synovial fluid CRP concentrations for
these varying etiologies. Given our current findings, how-
ever, it appears that, at least in the revision setting, both
synovial fluid and serum CRP assays can be used to dif-
ferentiate infected and uninfected revision knee arthroplasty
cases. We were interested to note, moreover, that Zamani
et al. used a high-sensitivity CRP assay for their study. Our
preliminary investigations questioned whether we would
have to alter manufacturer protocols in carrying out our
assays in synovial fluid instead of in serum; we found
standard assays were more than sufficient to detect CRP in
synovial fluid.

Our second purpose was to determine whether the
assays we conducted in synovial fluid performed better in
differentiating infected and uninfected cases than did those
performed on serum in the hospital clinical laboratory. We
found the multiplex analysis appeared to perform better
than the serum assay. The fact that the individual assay
performed less well than did the serum assay is likely the
result of the relatively small number of samples tested
using the individual assay. Additional research is needed to

@ Springer

better describe the role that a synovial fluid CRP assay
might play in differentiating between septic and aseptic
failure of arthroplasty components. Our findings should be
corroborated in a larger sample size and should be
expanded to include patients with failed hip arthroplasties.
Some work also needs to be done to streamline and stan-
dardize protocols for carrying out assays. In the two assays
we performed, we observed very different absolute con-
centrations for CRP. These numbers, moreover, were
substantially lower than standard CRP concentrations as
measured in serum. This variability indicates the next step
toward incorporating synovial fluid CRP measurements in
a clinical diagnostic algorithm for PJI will be to standardize
clinical laboratory protocols and establish appropriate
thresholds for assay results from infected and uninfected
patients. Such standardization would allow for further
evaluation of the accuracy and feasibility of a synovial
fluid CRP assay in the diagnosis of PJIL.

Measuring CRP in joint fluid rather than in blood serum
appears to result in a test with higher diagnostic accuracy.
Moreover, because CRP is already a routine clinical mea-
surement taken before revision arthroplasty [17],
widespread adaptation of this test would be fairly
straightforward. Although future studies are needed to
confirm our findings in a larger cohort, we believe an assay
for synovial fluid CRP levels may serve as a simple method
for diagnosing PJI in the future, particularly because many
hospitals already have protocols in place to perform
similar tests.
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