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Abstract

Introduction There is a paucity of literature regarding serum C-reactive protein (CRP) in the evaluation of a shoulder
periprosthetic joint infection (PJI). The purpose of the current study was to establish cutoff values for diagnosing shoulder
PJI and evaluate the influence of the type of infecting microorganism and the classification subgroups according to last
proposed International Consensus Meeting (ICM) criteria on the CRP level.

Materials and methods A retrospective analysis of all 136 patients, who underwent septic or aseptic revision shoulder
arthroplasty in our institution between January 2010 and December 2019, was performed. Shoulder PJI was defined accord-
ing to the last proposed definition criteria of the ICM. Serum CRP levels were compared between infected and non-infected
cases, between infection subgroups, as well as between different species of infecting microorganisms. A receiver-operating
characteristic (ROC) analysis was performed to display sensitivity and specificity of serum CRP level for shoulder PJI.
Results A total of 52 patients (38%) were classified as infected, 18 meeting the criteria for definitive infection, 26 for prob-
able infection and 8 for possible infection. According to the ROC curve, an optimized serum CRP threshold of 7.2 mg/l had
a sensitivity of 69% and specificity of 74% (area under curve =0.72). Patients with definitive infection group demonstrated
significantly higher median serum CRP levels (24.3 mg/l), when compared to probable, possible infection groups and PJI
unlikely group (8 mg/l, 8.3 mg/l, 3.6 mg/l, respectively, p <0.05). The most common isolated microorganism was Cutibac-
terium acnes in 25 patients (48%) followed by coagulase-negative staphylococci (CNS) in 20 patients (39%). Patients with
a PJI caused by high-virulent microorganisms had a significantly higher median serum CRP level compared to patients with
PJI caused by low-virulent microorganisms (48 mg/1 vs. 11.3 mg/l, p=0.04).

Conclusions Serum CRP showed a low sensitivity and specificity for the diagnosis of shoulder PJI, even applying cutoffs
optimized by receiver-operating curve analysis. Low-virulent microorganisms and patients with probable and possible
infections are associated with lower CRP levels compared to patients with definitive infection and infections caused by
high-virulent microorganisms.

Level of evidence Diagnostic Level III.

Keywords C-reactive protein - Periprosthetic shoulder infection - Definition - Low-virulence

Introduction

The accurate diagnosis of shoulder periprosthetic joint infec-
tion (PJI) continues to pose a difficult task due to the subtle
clinical presentation of common low-grade infections, espe-
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therapeutic challenge. C-reactive protein (CRP) has been
shown to be a powerful parameter for detecting peripros-
thetic joint infections and recommended by the American
Academy of Orthopaedic Surgeons (AAOS) [4] and the
International Consensus Meeting (ICM) [5] as first-line test
in the diagnosis of PJI. However, recent literature showed
high false-negative rates, especially in patients with low-
virulent microorganisms [6-9].

There is a paucity of literature regarding serum CRP in
the evaluation of shoulder PJI and existing studies show
sensitivities varying between 30 and 91% [10-14]. These
differences in sensitivities between studies can be related to
the different definitions criteria used in these studies and dif-
ferent types of bacteria. Recently, new criteria was proposed
for shoulder PJI classifying it into 4 subgroups; (1) definitive
infection, (2) probable infection, (3) possible infection and
(4) infection unlikely [15]. This stratification allows for more
homogenous groups with different characteristics of PJI and
levels of inflammation. The purpose of the current study was
to establish cutoff values for diagnosing shoulder PJI and
evaluate the influence of the type of infecting microorganism
and the classification subgroups on the CRP level.

Materials and methods

A retrospective analysis of all patients, who underwent sep-
tic or aseptic revision shoulder arthroplasty in our institution
between January 2010 and December 2019 was performed.
Following data were recorded for each patient: gender and
age, involved joint, clinical symptoms, surgical history of
the involved joint, type of arthroplasty, concurrent antibiotic
treatment, as well as radiological assessment. The standard
diagnostic protocol to identify PJI included the following
assessments in all patients; Laboratory values including
C-reactive protein, serum leucocyte count as well as results
of preoperative aspiration, if performed, including leucocyte
count, neutrophil percentage, microbiologic and histopatho-
logic results, radiological and intraoperative evaluation of
the component loosening and intraoperative findings, such
as cloudy fluid or gross intra-articular purulence and micro-
biological and pathological results of revision surgery. Fur-
thermore, the total number of intraoperative tissue samples
and the incidence of positive cultures were recorded for each
patient. Patients with less than two tissue specimens for cul-
ture were excluded. Sonication fluid cultures were incorpo-
rated into the infection criteria as microbiologic results used
for the infection definition.

Specimens for microbiological analysis were collected
with a new sterile instrument each time, were placed directly
into sterile containers without touching by hand and sent
immediately with retrieved implants to our microbiology
laboratory for further analysis within 1 h after surgery. The
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microbiologic specimen as well as sonication fluid cultures
were placed onto aerobic and anaerobic sheep blood agar
plates and incubated for 14 days. Sonication was performed
as previously described in every case after January 2014
[16]. Shoulder PJI was diagnosed according to the last pro-
posed definition criteria of the ICM and based on this defi-
nition CRP levels of greater than 10 mg/l were considered
elevated [15]. According to these criteria, patients were
classified into 4 infection subgroups: (1) definitive infec-
tion, (2) probable infection, (3) possible infection and (4)
infection unlikely. Meeting one of the following criteria
was diagnostic of definitive periprosthetic shoulder infec-
tion: (1) a sinus tract communicating with the prosthesis;
(2) gross intra-articular pus; (3) two positive cultures with
phenotypically identical virulent organisms. In the lack of
these defining signs, weighted minor criteria (Table 1) are
summed and used to distinguish between probable, possible
and unlikely infection.

The three categories in these less distinct scenarios are
defined as follows:

— Six or greater with identified organism: probable infec-
tion.

— Six or greater without identified organism: possible infec-
tion.

— Fewer than six.

— Single positive culture virulent organism: possible
infection.

— Two positive culture low-virulence organisms: pos-
sible infection.

Negative cultures or only single positive culture for low-
virulent organism: infection unlikely [15, 17].

Table 1 Minor criteria

Weight

Unexpected wound drainage
Single positive tissue culture (virulent organism)
Single positive tissue culture (low-virulence organism)

W o= W A

Second positive tissue culture (identical low-virulence
organism)

w

Humeral loosening

w

Positive frozen section (5 PMN in at least 5 high-power
fields)

Positive preoperative aspirate culture (low or high virulence) 3
Elevated synovial neutrophil percentage (> 80%) 2
Elevated synovial WBC (> 3000 cells/ul) 2
Elevated ESR (> 30 mm/h) 2
Elevated CRP (> 10 mg/l) 2
Cloudy fluid 2
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Statistical analysis

Chi-squared and Fisher’s exact tests were used to find sig-
nificant differences between categorical variables. The two-
sample 7 test (for parametric distribution) or Mann—Whit-
ney U test (for non-parametric distribution) was used to
compare continuous variables between the groups. Median
serum CRP levels were calculated for various species of
microorganisms [S. aureus, C. acnes, coagulase-negative
staphylococci (CNS)] and for definitive, probable, possible
infection and infection unlikely groups. Groups were then
compared to each other for a statistically significant differ-
ence using Kruskal-Wallis test adjusting for multiple com-
parisons with Dunn’s test. When analyzing species-specific
results, monomicrobial and polymicrobial infections with
only the same species were compared. For a further analy-
sis of the diagnostic utility of serum CRP in all patients,
patients in the definitive, probable and possible infection
groups were combined and defined as infection group and
patients in the infection unlikely group were defined as non-
infection group. A receiver-operating characteristic (ROC)
analysis was performed to display sensitivity and specific-
ity of serum CRP level for shoulder PJI. The area under the
curve (AUC) was calculated and the optimum cutoff point
was determined using the maximized Youden’s index. The
results were expressed as mean and standard deviation (SD)
or as number and percentage. A p value <0.05 was con-
sidered significant. SPSS version 20 (SPSS Inc., Chicago,
Illinois) was used for the statistical analyses.

Results

One hundred and thirty-six patients were included in this
study. The mean age and standard deviation (SD) of the
patients were 70+ 10.3 years (range 37-91) and 79 patients
were females (58%). A total of 10 patients (7%) had under-
gone at least 1 previous septic revision, 24 (18%) had under-
gone an aseptic revision and 102 (75%) had developed a PJI
after the initial arthroplasty. The median interval from last
surgical treatment until the revision surgery at our institution

was 18.6 months (0.7-166). The type of arthroplasty at the
time of revision surgery was hemiarthroplasty in 48 patients,
total shoulder arthroplasty in 38 and reverse shoulder arthro-
plasty in 50 patients. Besides infection, the reasons for revi-
sion surgery included loosening of the components, over-
stuffing, secondary rotator cuff insufficiency and instability.

A total of 52 patients (38%) were classified as infected, 18
meeting the criteria for definitive infection, 26 for probable
infection and 8 for possible infection. In 84 (62%) patients,
the infection was considered unlikely. A total of 560 cul-
tures were taken in all patients and 142 (25%) were posi-
tive. A polymicrobial infection was identified in 13 patients
(25%). Further demographic and clinical characteristics of
the patients are summarized in Table 2.

There was a significant difference in serum CRP levels
between infection and non-infection groups (27 mg/l vs.
7.1 mg/l, p<0.001). A serum CRP threshold of 10 mg/l had
a sensitivity of 58% and a specificity of 80%. According
to the ROC curve, an optimized serum CRP threshold of
7.2 mg/l had a sensitivity of 69% and specificity of 74%
(AUC=0.72) (Fig. 1). Twenty-two patients (42.3%) from the
infection group had a normal (< 10 mg/l) serum CRP level
prior to revision surgery. When a diagnostic threshold of
7.2 mg/l is used, 16 patients (31%) had still a false-negative
CRP result.

When grouping infected patients by infection subgroups,
patients in the definitive infection group demonstrated sig-
nificantly higher median serum CRP levels (24.3 mg/l),
when compared to probable, possible infection groups and
PJI unlikely group (8 mg/l, 8.3 mg/l, 3.6 mg/l, respectively,
p <0.05) (Fig. 2). While 16 of 26 patients (62%) with prob-
able infection, 5 of 8 patients (63%) with possible infection
and 71 of 84 patients (84%) without shoulder PJT had a nor-
mal (< 10 mg/l) serum CRP level, only 1 of 18 patients (6%)
with definitive infection had a normal CRP level. Interest-
ingly, patients with normal preoperative CRP had similar
rates of positive cultures compared to patients with elevated
CRP (46/96 (48%) vs. 78/137 (57%), p=0.2).

The most common isolated microorganism was Cuti-
bacterium acnes in 25 patients (48%) followed by CNS in
20 patients (39%). Staphylococcus aureus was isolated in 6

Table 2 Patient demographics

. Variable All patients, n=136 Infection group, Non-infection p value
and CRP findings n=52 group, n=84
Mean age, year* 70+10.3 70.6+10 69.6+10.4 0.6
Gender®
Male 57 (42) 27 (52) 30 (36) 0.08
Female 79 (58) 25 (48) 54 (64)
CRP at admission (mg/1)* 14.7+27 27+39 7.1+11 0.0001

4The values are given as the mean and the standard deviation

°The values are given as the number with the percentage of the group in parentheses
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Fig. 1 Receiver-operating characteristics curve for serum C-reactive
protein. Sensitivity is plotted against 100% specificity. The red and
blue lines mark the sensitivity and 1-specificity for the optimized
threshold (Youden’s index) of 7.2 mg/l and ICM definition cutoff of
10 mg/1, respectively

patients with definitive infection and in 2 patients with prob-
able infection. Table 3 summarizes the causative pathogens.
Patients with C. acnes and/or CNS infection represented
73% of all shoulder PJIs in patients with a normal CRP level.
When grouping microorganisms by species, patients with S.
aureus, CNS and C. acnes had a significantly higher median
serum CRP levels (46 mg/l, 12.9 mg/l and 12.5 mg/l, respec-
tively) compared with patients with unlikely PJI (3.6 mg/l,

Fig.2 Box-and-whisker plot *
showing dependency of serum
C-reactive protein (CRP) level ==

on the different periprosthetic 140
joint infection (PJI) classifica-
tion subgroups. The horizontal 120

black line marks the median
CRP level; the box, the inter-
quartile range; and the whiskers,
the minimum and maximum.
Asterisks indicate groups with
significantly higher median
CRP levels compared to groups
without asterisks
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p <0.05). Although the patients with S. aureus had a higher
median serum CRP level compared to patients with CNS
and C. acnes, this difference was not statistically significant
(Fig. 3). Furthermore, patients with a PJI caused by high-
virulent microorganisms had a higher median serum CRP
level compared to patients with PJI caused by low-virulent
microorganisms (48 mg/l vs. 11.3 mg/l, p=0.04) (Fig. 4).

Discussion

Serum CRP has been an important biomarker for the diag-
nosis of periprosthetic infection for a long time. However,
recent studies were able to show a high false-negative rate in
patients with PJI, especially infected by low-virulent micro-
organisms [6-9]. Furthermore, there is still a paucity of lit-
erature regarding serum CRP in the evaluation of a shoulder
PJI. In the last proposed ICM definition of shoulder PJI, an
elevated serum CRP level was defined as a minor criteria
and the threshold was determined as 10 mg/l according to
the hip and knee PJI literature [15, 18]. However, our study
demonstrated a low sensitivity and specificity of 58% and
80%, respectively, of serum CRP threshold of 10 mg/1. Fur-
thermore, we were able to find a more optimized threshold
of 7.2 mg/1 with a sensitivity of 69% and specificity of 74%.
While missing almost half of the patients with a shoulder
PJI if a cutoff value of 10 mg/l is applied, only one-third of
the patients had a false-negative serum CRP level prior to
revision surgery, if a diagnostic threshold of 7.2 mg/1 is used.

Piper et al. have investigated the role of serum CRP in
hip, knee and shoulder PJI, as well as in patients with spinal
implant infections [14]. They found out, that CRP showed
the lowest sensitivity for the diagnosis of shoulder PJI, even
applying cutoffs optimized using receiving operating curve

L .

— — —

_—

Definitive PJI
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Table 3 Microorganisms identified in patients with PJI

analysis. The optimized CRP cutoff was 7 mg/l with a sen-

Microorganisms

No of patients

sitivity of 63% and specificity of 73%, which is similar to

Cutibacterium acnes

Coagulase-negative staphylococci

Staphylococcus aureus
Enterococcus faecalis
Streptococcus spp.
Others

Polymicrobial
Negative microbiology

Fig.3 Box-and-whisker plot
showing dependency of serum
C-reactive protein (CRP) level
on the infecting microorgan-
ism and patients with unlikely
periprosthetic joint infection
(PII). The horizontal black

line marks the median CRP
level; the box, the interquar-
tile range; and the whiskers,
the minimum and maximum.
Asterisks indicate groups with
significantly higher median
CRP levels compared to groups
without asterisks. Staphylococ-
cus aureus, n=>5; coagulase-
negative staphylococci (CNS),
n=10; Cutibacterium acnes,
n=14; infection unlikely, n=_84

Fig.4 Box-and-whisker plot
showing dependency of serum
C-reactive protein (CRP) level
on the virulence of peripros-
thetic joint infection (PJI). The
horizontal black line marks the
median CRP level; the box,

the interquartile range; and the
whiskers, the minimum and
maximum. Asterisks indicate
groups with significantly higher
median CRP levels compared to
groups without asterisks. High-
virulent PJI, n=10; low-virulent
PII, n=36
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with PIL, n=52 the results of the current study. Other studies reported sen-
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(%) sitivities of CRP varying between 30 and 91% [10-12]. In
25 (48) a recent meta-analysis, Nelson et al. reported, that 62.1% of
20 (39) patients, who were treated for shoulder PJI had an elevated
8 (15) CRP level [13].
24 The high prevalence of low-virulent microorganisms in
2 @) CRP-negative PJIs observed in our study had previously
4(8) been reported by the other authors [19-21]. In a study by
1325 McArthur, low-virulent microorganisms were significantly
6(12) more often associated with normal CRP results compared
*
*
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to high-virulent microorganisms. Obvious clinical signs
of infection such as redness, swelling, sinus tract forma-
tion and fever are rarely encountered in infections caused
by these low-virulent microorganisms and especially in
these cases, CRP should not be used alone to rule out a
diagnosis of shoulder PJI [22]. Our results also support
the hypothesis that CRP response can be weak or even
non-existent in patients with PJI caused by low-virulent
microorganisms. This difference can be attributed to the
fact that high-virulent microorganisms cause an acute
planktonic infection inducing a high inflammation with
release of cytokines and elevation of CRP, while low-vir-
ulent microorganisms adhere rapidly to implant surfaces
forming biofilms, where they escape from the host immune
system, which results in reduced inflammation [6, 23, 24].
This is especially true for C. acnes, which is a Gram-posi-
tive slow-growing microorganism. It can isolate itself from
the host defense by forming a biofilm, which makes detec-
tion and complete eradication difficult [25]. Similar to the
literature, C. acnes was also the most common isolated
microorganism in our cohort affecting almost half of the
patients with shoulder PJI, followed by coagulase-negative
staphylococci. Accordingly, low-virulent microorganisms
represented almost 75% of all shoulder PJIs in patients
with a normal CRP level.

Given the lack of strong evidence defining the clinical
relevance of low-grade infections, new ICM definition cri-
teria divided shoulder PJI into 4 subgroups, which allows
for more homogenous groups with different characteristics
of PJI and level of inflammation. In our study, patients with
a definitive infection showed significantly higher serum
CRP levels compared to patients with probable or possible
infections. While mostly high-virulent microorganisms were
evident in patients with definitive infection, such as Staphy-
lococcus aureus or streptococci, interestingly four patients
had an infection with C. acnes. One patient had a polymi-
crobial infection with C. acnes and Staphylococcus aureus,
whereas the remaining three patients had a monomicrobial
infection with C. acnes. These patients were classified as
definitively infected due to the presence of a sinus tract
or gross intra-articular pus. This difference in pathogenic
potential and level of host inflammatory response might
be caused by different phylotypes of C. acnes with varying
virulence properties [26—-28]. Boyle et al. were recently able
to show that hemolytic strains of C. acnes exhibit enhanced
pathogenicity to their host by eliciting a more prominent
systemic inflammatory response and severe clinical course
[26]. Furthermore, they reported a significantly higher
median serum CRP level (17.9 mg/l) in the hemolytic C.
acnes group compared to the nonhemolytic group (3.5 mg/1).
Thus, CRP seems to be a more sensitive serum marker for
inflammation than erythrocyte sedimentation rate and blood
leucocyte count.
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This study has limitations. First, we did not exclude
patients with inflammatory diseases, which can alter our
results. However, it was shown in the literature that there is
no difference in the threshold of CRP level used to diagnose
PJI in patients with or without an inflammatory disease [5].
Second, it was a retrospective analysis with lack of every
available data for each patient. Third, despite using the last
proposed definition criteria for shoulder PJI, some patients
may be misdiagnosed as infected and vice versa.

In conclusion, serum CRP showed a low sensitivity and
specificity for the diagnosis of shoulder PJI, even when
applying cutoffs optimized using receiver-operating curve
analysis. Low-virulent microorganisms and patients with
probable and possible infections are associated with lower
CRP levels compared to patients with definitive infection
and infections caused by high-virulent microorganisms.
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