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ORIGINAL STUDY

Neopterin, Interleukin-6, Procalcitonin, C-reactive protein and PET-CT
staining as markers in infected total knee prosthesis,
a retrospective analysis

Kocturk YiLpiriv, Abdulhamit Misir, Turan Bilge Kizkapan, Mustafa OzcampaLLi, Fuat DuyGuLu

From the Gaziantep Dr Ersin Aslan Training and Research Hospital, Turkey

Diagnosis in prosthetic joint infections is challenging
as symptoms are variable, and currently most of
the diagnostic tests are non-specific. Normal
inflammatory reactions after orthopedic prosthetic
surgery may generate false positives, as these tests
have high sensitivity but low specificity. Thus, specific
tests, as alpha defensin, are needed to distinguish
bacterial infections from reactions to surgical trauma.
The aim of this study was to determine the sensitivity
and specificity of several diagnostic tools for detecting
bacterial infection in prostheses.

Between April 2010 and December 2012, we analyzed
white blood cell count, erythrocyte sedimentation
rate, C-reactive protein, neopterin, interleukin-6,
and procalcitonin in 45 patients with prosthetic
infection confirmed by positive cultures of joint
aspirate and deep tissue biopsy. In addition, these
patients underwent PET-CT imaging, in accordance
with infection protocols in place at our clinic. The
suitability and diagnostic power of these tests were
assessed by using Shapiro-Wilk test, Mann-Whitney U
test, and ROC curve analysis, and by comparing to 40
age- and gender-matched volunteers who underwent
unilateral total knee prosthesis with normal serum
indices and without known diseases.

Significant differences were observed between
infected patients and control volunteers (p < 0.05)
for all parameters examined. Highest sensitivity
(99%) and specificity (98%) were achieved using a
combination of interleukin-6 and C-reactive protein.
However, PET-CT imaging had diagnostic accuracy
of 93.3%.

No benefits or funds were received in support of this study.

The authors report no conflict of interests.

A combination of interleukin-6 and C-reactive protein
also enables accurate diagnosis. PET-CT may be an
important imaging modality for detecting prosthesis
infection. But, these markers were found neither
sensitive nor specific in the diagnosis of periprosthetic
infection as alpha defensin.
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INTRODUCTION

The number of patients who undergo total knee
and hip arthroplasty has grown along with the
extension of life span and aging of the population.
Today, approximately 700,000 knee replacement
procedures are performed annually in the US
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alone. This is projected to increase to 3.48 million
procedures a year by 2030 (75). Usually the
incidence of infections in TKA is reported to be
higher than THA (4). The incidence is on the rise,
despite all present prophylactic matters. With
advances in surgical techniques, prosthesis design,
and preoperative prophylaxis regimens, infection
rates have decreased to 1 % for hip and 0.7 %
for knee prostheses (4), but remain a serious and
potentially fatal issue. Diagnosis is challenging,
as symptoms are variable, and current diagnostic
tests, including white blood cell count, erythrocyte
sedimentation rate, C-reactive protein, scintigraphy,
and others, are non-specific (31). Indeed, normal
inflammatory reactions after orthopedic prosthetic
surgery may generate false positives, as these tests
have high sensitivity but low specificity (73). Thus,
specific tests are needed to distinguish bacterial
infections from reactions to surgical trauma.

The aim of this study was to evaluate the
suitability PET-CT imaging, serum C-reactive
protein, interleukin-6, neopterin, and procalcitonin
as diagnostic tools for detecting prosthesis infection.

MATERIALS AND METHODS

Between April 2010 and December 2012, we
enrolled 45 consecutive patients with confirmed
periprosthetic joint infection. Infection was
confirmed by MSIS criteria for periprosthetic joint
infections (Table 1) (8).

The patient population consisted of 39 females
and 6 males between 57 and 84 years, with mean
age 68.2 (+ 13.1). All patients had received total
knee replacement due to primary osteoarthritis. The
mean interval between surgery and periprosthetic
joint infection was 4 + 1.7 years, with range 1.5-
12 years. All patients was hospitalized for two-
stage revision knee arthroplasty after infection
was confirmed. None of the patients treated with
antibiotics between first admission and first stage
revision. Before the first stage revision, deep tissue
biopsy cultures were obtained, all of which tested
positive. Blood samples were then collected and
tested for neopterin, interleukin-6, procalcitonin,
white blood cell count, erythrocyte sedimentation
rate, and C-reactive protein. Finally, patients

underwent PET-CT imaging, AP, and lateral X-rays.
To determine the normal range for the tested serum
indices, samples were also obtained from 40 age-
and gender-matched volunteers.

Informed consent was obtained from all infected
patients and control volunteers. Patients were
excluded based on the following criteria, to prevent
other inflammatory and infectious conditions
from confounding results: (1) known history
of autoimmune disease, including rheumatoid
arthritis, systemic lupus erythematosus, and others;
(2) HIV infection; (3) mycobacterial infection;
(4) known chronic infectious disease; (5) ongoing
immunosuppressive therapy; (6) active dental or
urinary tract infection; (7) surgery within the last
year.

Study plan

Blood samples (20 cc) were collected, and
protected from light. Synovial fluid and serum white
blood cell count, serum erythrocyte sedimentation
rate, and serum C-reactive protein were measured
on the same day. Samples to be tested for neopterin,
procalcitonin, and interleukin-6 were aliquoted into
different tubes, centrifuged for 10 min at 4,000 rpm,
and stored at -70 °C until analyzed by a trained
clinical biochemist. Procalcitonin, neopterin, and
interleukin-6 were measured on a Tecan-Sunrise
microplate reader using, respectively, the ELISA
kits ab100630, EIA- 1476 (DRG instrument
Gmbh, Germany), and EK-0410 (Boster Biological
Technology Co., Ltd. Pleasanton, CA, USA).

Pet-CT imaging

Patients received 0.1 mCi/kg 18F-fludeoxyglucose
by intravenous injection after fasting for 6 h, and
underwent PET-CT imaging 1 h thereafter.

Statistical analysis

Data were analyzed in SPSS version 15 for
Windows (SPSS Inc., Chicago, IL, USA) and
Medcalc 8.1.1.0 for Windows (MedCalc Software
BVBA, Ostend, Belgium). A p value < 0.05 was
considered statistically significant. The distribution
of quantitative variables was evaluated by Shapiro-
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Table I.— MSIS PJI infection criteria

cell

One of the following must be met for diagnosis of PJI:

1) A sinus tract communicating with the prosthesis

A pathogen is isolated by culture from two separate tissue or fluid samples
2) obtained from the affected prosthetic joint

3) Four of the following six criteria exist:

a) Elevated ESR and CRP (ESR>30 mm/hour; CRP>10 mg/L)

b) Elevated synovial fluid WBC count (>3000 cells/microliter)
c) Elevated synovial fluid neutrophil percentage (>65%)

d) Presence of purulence in the affected joint

e) Isolation of a microorganism in one periprosthetic tissue or fluid culture

>5 neutrophils per high-powered field in 5 high power fields observed from
f) histologic analysis of periprosthetic tissue at x400 magnification

ESR = erythrocyte sedimentation rate; CRP = C-reactive protein, WBC = white blood

Wilk test, and normally distributed data were
compared between patients and controls by
Mann-Whitney U test. Categorical variables were
compared using the exact method of the 2 test.
ROC analysis was used to assess the suitability of
biochemical indices as diagnostic tools.

RESULTS

We compared select serum indices between 40
healthy volunteers and 45 patients with confirmed
periprosthetic knee infection. All patients had
previously undergone total knee arthroplasty, and
received two-stage revision knee arthroplasty
after infection. Patient and control cohorts were
comparable in age and sex (p > 0.05). Patients
included 39 females (86.7%) and 6 males (13.3%),
with mean age 68.2 (= 13.1). Control volunteers
consisted of 36 females (90%) and 4 males (10%)
with mean age 67 (£7.1).

Staphylococcus aureus was the most common
infecting species, and was detected in deep-tissue
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cultures from twenty-four patients (53.3%). Nine
patients (20%) were infected with coagulase-
negative Staphylococci, six patients (13.3%) were
infected with S. epidermidis. Acinetobacter spp.
and Enterococcus faecalis were detected in three
patients (6.7%) each. There was no correlation
between laboratory markers and infecting species.

There were significant differences between
patients and healthy controls in routine biochemical
markers (white blood cell count, erythrocyte
sedimentation rate, and C-reactive protein), as well
as in interleukin-6, procalcitonin, and neopterin,
which are sensitive and specific markers of infection
(p < 0.05, Table 2).

In ROC analysis, erythrocyte sedimentation rate
was 88% sensitive and 81% specific as a marker of
infection, with values above 19 mm/hr considered
to indicate infection. Similarly, white blood cell
count was 77% sensitive and 70% specific, with
cut-off value 6,960 cells/ul. The sensitivity and
specificity values for interleukin-6 were 95% and
96%, respectively, with cut-off at 6.6 pg/ml. For
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Table II.— Routine biochemical indices and markers of infection in infected patients and healthy controls.

CONTROL GROUP PATIENT GROUP P Value

(n=40) (n=45)
WBC (1000/ul) 5,343 £ 1,006 9,047 £ 1,614 <0.001
ESH (mm/saat) 12,6+ 4,4 66,7 + 26 <0.001
IL-6 (pg/ml) 337+ 1,5 82 +31 <0.001
CRP (mg/L) 3,47 (3,34-4,44) 54 (32-88) <0.001
PROCALCITONIN (ng/ml) 0,04 (0,03-0,06) 0,288 (0,158-0,536) | <0.001
NEOPTERIN (nmol/L) 45,37£6,5 22,1545,3 <0.001

C-reactive protein, the cut-off value was 8.83 mg/l, DISCUSSION

with sensitivity 95% and specificity 90%. The cut-
off value for procalcitonin was 0.081 ng/ml, and
this marker was 8% sensitive and 60% specific.
The cut-off value, sensitivity, and specificity for
neopterin were 32.21 nmol/l, 76%, and 61%,
respectively (Table III).

Based on this analysis, the most sensitive and
specific test was interleukin-6. C-reactive protein
was as sensitive as interleukin 6, but not as specific.
Notably, the combination of C-reactive protein
and interleukin-6 had 99 % sensitivity and 98 %
specificity. On the other hand, procalcitonin and
neopterin were the least sensitive and specific
(Table III).

Table III.— Sensitivity and specifity of selected biochemical
markers in prosthetic infection.

TEST SENSITIVITY SPECIFITY
- WBC 77% 70%
- ESH 88% 81%
- CRP 95% 90%
-1L-6 95% 96%
PROCALCITONIN 80% 60%
NEOPTERIN 76% 61%
IL-6 and CRP 99% 98%

Further, we found that PET-CT imaging detected
infection in 42 of 45 patients, based on the
accumulation of fludeoxyglucose at the interface
between bone and prosthesis. Thus, the sensitivity
for PET-CT was deemed to be 93.3 %.

Several laboratory parameters, including white
blood cell count, erythrocyte sedimentation rate,
C-reactive protein, and others, are currently
used to diagnose prosthesis infection. However,
most of these indices are not specific, and may
be elevated after prosthetic surgery even in the
absence of infection (23). Medical history, physical,
and radiological examination (Ultrasound, CT, and
MRG) have similarly low specificity (20).

In particular, Bottner et al. (2) reported normal
white blood cell count (< 6,300/ul) in 14 of
21 infected patients. Similarly, Toossi et al. (26)
concluded that serum white blood cell count and
differential were uninformative in patients with
suspected infection of the prosthetic joint. In line
with these results, we found that white blood cell
count had sensitivity and specificity of 77 % and
70 %, respectively. Nevertheless, we note that
Deirmengian et al. (5) demonstrated that neutrophils
in the synovial fluid of an infected knee prosthesis
has a gene expression signature distinct from
neutrophils in an aseptic knee.

Procalcitonin is induced in response to
endotoxins, exotoxins, and some cytokines, of
which the most potent are bacterial endotoxins and
TNF-a (18). Indeed, endotoxin injection induces
a peak in TNF-a and interleukin-6 at 90 and 180
minutes, respectively, followed by an increase
in procalcitonin 3-6 hours later. Procalcitonin
peaks at 6-8 hours, while C-reactive protein may
remain unchanged in the first 6 hours. Accordingly,
interleukin-6 and procalcitonin decrease before
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C-reactive protein (2,3,19). Bottner et al. (2) reported
98 % specificity for procalcitonin, and concluded
that this marker may be clinically useful. In contrast,
Drago et al. (12) concluded that procalcitonin is not
a good marker of periprosthetic infection. In this
study, we found that procalcitonin was significantly
different between infected patient and healthy
controls, even though mean values remained within
normal limits. We determined that the sensitivity
and specificity of procalcitonin were 85 % and 60
%.

Neopterin is produced from monocytes and
macrophage cells in response to interferon-y, and
is a marker of activated T lymphocytes and cell-
mediated immune response (27). In particular,
neopterin secretion starts three days before peak T
cell proliferation and six days before secretion of
specific antibodies. Thus, the molecule is an early
marker of infection (/4). Indeed, the molecule is
elevated during viral infections, severe bacterial
infections, and intracellular bacterial infections
(10), although higher levels of neopterin and of
C-reactive protein were noted in bacterial infection
than in viral infection (24). Accordingly, we detected
elevated levels of neopterin in infected patients,
with sensitivity 76 % and specificity 61 % at levels
above 32.21 nmol/l. We note that serum neopterin
varies with age, but not with sex (28), and is highest
in children and the elderly. In particular, the mean
serum level is 5.5 = 2.7 nmol/l between 19 and 75
years, and 10 = 5 nmol/l above 75 years.

C-reactive protein is the most common test used
to diagnose prosthetic infections, even though
Bottner et al. (2) reported normal levels in some
infected patients and sensitivity values below 95 %.
We found C-reactive protein to be the second most
sensitive (95 %) and specific (90 %) laboratory
marker of prosthesis infection after interleukin-6.
In addition, we found that C-reactive protein was
not significantly different between obese and non-
obese patients (p > 0.05), in contrast to Liu et al.
(16), who proposed higher cut-off values for obese
patients.

Combining C-reactive protein with other
laboratory tests may also be clinically useful.
For example, Spangehl et al. (25) reported strong
diagnostic value for a combination of C-reactive
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protein and erythrocyte sedimentation rate in 178
patients with infected total hip arthroplasty, even
though erythrocyte sedimentation rate alone was
uninformative. Thus, we propose that a combination
of erythrocyte sedimentation rate > 30 mm/hr and
C-reactive protein > 10 mg/L should raise suspicion
of prosthetic infection.

However, interleukin-6 was found to have
stronger diagnostic value than erythrocyte
sedimentation rate and C-reactive protein. In
addition, interleukin-6 returns to baseline 48-72
hours after surgery, and thus would be a useful
marker in the early postoperative phase (29). Di
Cesare et al. (77) found that interleukin-6 levels >
10 pg/ml were adequately sensitive and specific,
although levels may be similarly elevated in
patients with polyethylene wear and osteolysis.
In addition, Bottner et al. (2) reported that a
combination of interleukin-6 above 12 pg/ml and
C-reactive protein higher than 3.2 mg/dl had the
highest sensitivity and specificity. In our study,
interleukin-6 and C-reactive protein were similarly
sensitive and specific. In particular, we found 95 %
sensitivity and 96 % specificity for interleukin-6
above 6.6 pg/ml, as well as 95 % sensitivity and
90 % specificity for C-reactive protein beyond 8.83
mg/l. Combination of these two markers further
increased sensitivity and specificity to 99 % and
98 %. Thus, we recommend that a combination
of interleukin-6 and C-reactive protein be used as
a test for prosthetic infection. Unfortunately, we
are unable to comment on the impact of aseptic
loosening on these markers.

Alpha-defensin peptide has been demonstrated
to be an accurate proxy for the definition of PJI.
Bingham et al. (1) reported 100% sensitivity and
95% specificity for Alpha defensin-1. And they
concluded the sensitivity and specificity of the
synovial fluid AD-1 assay exceeded the sensitivity
and specificity of the other currently available
clinical tests evaluated in their study but did not
reach significance. Also, Deirmengian et al. (6)
demonstrated 100% sensitivity and specificity of
synovial fluid alpha defensin with a novel synovial
fluid optimized immunoassay in the diagnosis of
PJI. In the same study they evaluated Leukocyte
esterase strips and found 69% sensitivity and
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100% specificity. Also, Deirmengian et al. (7)
demonstrated a sensitivity of 97% and a specificity
of 100% with synovial fluid alpha defensin and CRP
combination for the diagnosis of periprosthetic joint
infection. This was achieved despite the inclusion
of patients with systemic inflammatory disease and
those receiving treatment with antibiotics. They
stated that future research should focus on the
performance of this test in specific clinical scenarios
such as the immediate postoperative period in the
setting of severe immunocompromise and in the
setting of a native joint. We found lower sensitivity
and specificity of all biomarkers evaluated in this
study than synovial fluid alpha defensin.

There are two main opinions in the literature on
the diagnostic value of PET-CT imaging in cases of
prosthetic infection. On one hand, pharmaceutical
PET-CT imaging is recommended to rule out
aseptic loosening. On the other, fludeoxyglucose
staining at the interface between bone and prosthesis
is considered to indicate septic loosening (13).
However, Zhuang et al. (30) reported persistent
fludeoxyglucose staining in the first postoperative
year in approximately 63 % of femoral components
and in 89 % of tibial components, suggesting that
PET-CT imaging may generate false positives
during this period. We note, however, that all
patients in this study were postoperative for at least
1.5 years.

Fludeoxyglucose, a marker of glucose
metabolism, visualizes generic inflammation,
and is probably less specific than other imaging
modalities. A potential alternative is combined
leukocyte scintigraphy, which visualizes leucocyte
migration and has high specificity for infected
prosthesis (27), and more than 90 % accuracy (17).
However, combined leukocyte scintigraphy is time-
consuming, requires processing of blood products,
and is affected by antibiotic treatments. In a side-
by-side comparison in 89 patients with infected
hip arthroplasty, leukocyte combined scintigraphy
was found to have 50 % sensitivity and 95.1 %
specificity, while fludeoxyglucose PET-CT had
sensitivity 93 % and specificity 95.2 % (22).

Fludeoxyglucose PET-CT detected 93 % of
confirmed cases of prosthetic knee infection, in
line with published results. However, we were

unable to measure specificity, as volunteers without
infection declined to undergo this procedure. Thus,
more studies are needed to better characterize the
diagnostic value of PET-CT imaging, especially
as specificity has been reported to be higher for
periprosthetic infections in the hip than in the knee.

CONCLUSION

The current literature shows that synovial
alpha defensin has the highest sensitivity and
specificity in the diagnosis of PJI. But combination
of serum interleukin-6 and C-reactive protein
has high sensitivity and specificity as diagnostic
markers of prosthetic knee infection. Thus, this
combination may be used as a screening test for
suspected cases of periprosthetic infection if alpha
defensin measurement is not available. PET-CT
and alpha defensin measurement are expensive
diagnostic modalities. Also, CRP and Interleukin-6
combination anables a cost effective diagnostic
screening in the suspicion of PJI.

The main limitation of this prospective study
was the relatively small sample size. It is possible
that statistically significant differences in selected
biochemical and serum indices could be observed
in a larger cohort of patients.
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