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Abstract
Background: Because there is no single gold-standard method for the diagnosis of periprosthetic joint
infection (PJI), the combination of valuable methods to evaluate infection seems to achieve a better
diagnostic result. The objective of the present study was to evaluate the diagnostic value of serum
interleukin (IL)-6 and C-reactive protein (CRP) for the diagnosis of PJI.

Methods: PubMed, Embase, and the Web of Science databases were searched for articles describing PJI
diagnosis using serum IL-6 and CRP published between January 1990 and December 2019.

Results: Eight studies were included in the meta-analysis. The pooled sensitivity was 0.79 (95%
con�dence interval [CI]: 0.73 to 0.83) for the combined method (serum IL-6 and CRP), 0.87 (95% CI: 0.82
to 0.91) for IL-6 and 0.83 (95% CI: 0.78 to 0.87) for CRP . The pooled speci�city was 0.92 (95% CI: 0.89 to
0.95) for the combined method, 0.85 (95% CI: 0.81 to 0.88) for IL-6, and 0.83 (95% CI: 0.79 to 0.87) for
CRP. The combined method had the highest value for the area under the curve (0.9688), followed by IL-6
(0.9259) and CRP (0.9139). Subgroup analyses showed that restricting antibiotic treatment before
sample collection may improve speci�city.

Conclusion: The combination of serum IL-6 and CRP was a reliable tool for the diagnosis of PJI, and it
had a better diagnostic accuracy than testing with a single marker, especially when samples were
collected without antibiotic therapy. Additional research is needed.

Background
Although a variety of serum, synovial �uid, periprosthetic tissue, and sonication �uid tests are currently
performed for the diagnosis of periprosthetic joint infection (PJI), unfortunately, there is no single
indicator that can detect infection with 100% accuracy. The most commonly used method is the
comprehensive consideration of multiple tests to distinguish between aseptic loosening and PJI [1].
However, the combined test, which was more suitable for the diagnosis of PJI was unclear [2, 3].

Previous studies have indicated that serum interleukin-6 (IL-6) seems to be a promising tool for the
diagnosis of PJI [4, 5], and a meta-analysis of 11 studies reported that the pooled sensitivity and
speci�city of serum IL-6 were 0.72 (95% con�dence interval [CI], 0.63–0.80) and 0.89 (95% CI, 0.77–0.95),
respectively [6]. In recent years, the combination of serum IL-6 and C-reactive protein (CRP) has also been
used in the clinical diagnosis of PJI. Some scholars have demonstrated that [4, 7] the serologic tool of
combining IL-6 and CRP can increase the sensitivity and speci�city compared with the single use of either
marker for the diagnosis of PJI, and some reports have also found that the combined method of IL-6 and
CRP decreases the sensitivity or speci�city of single testing [8, 9]. Thus, the sensitivity and speci�city of
the combined test of IL-6 and CRP as a reliable tool for the diagnosis of PJI is still unknown, and the
members of the International Consensus Meeting (ICM) on PJI are also interested in this question [10].
Therefore, the objective of the present meta-analysis was to compare the diagnostic performance of IL-6
plus CRP with that of their single use for the diagnosis of PJI.
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Materials And Methods
The Preferred Reporting Items for Systematic reviews and Meta-Analyses statement was used to guide
our methods for the present research [11].

Search Strategy

A search of the PubMed, Embase, and Web of Science databases was performed for studies that
assessed the diagnostic value of the combination of IL-6 and CRP for the diagnosis of PJI between
January 1990 and December 2019. Search terms included the following medical subject headings
(MeSHs) or keywords: “arthroplasty or joint prosthesis or joint replacement or periprosthetic joint or
prosthetic joint”, “infection or infectious or infected”, and “interleukin-6 or IL-6”, “C-reactive protein or
CRP”. The reference lists of the included studies and relevant literature on the combination method of
CRP and IL-6 were also manually searched to identify potential studies until no additional articles could
be found. In addition, we reviewed the included studies from three relevant meta-analyses [6, 12, 13].

The included studies were selected according to the following criteria: (1) the serum IL-6 and CRP levels
were applied for the diagnosis of PJI; (2) the diagnosis standard of PJI was identi�ed by ICM, Infectious
Diseases Society of America (IDSA), MSIS, European Bone and Joint Infection Society (EBJIS) criteria or
the de�nition including clinical signs of infection, presence of sinus tract, purulence around the
prosthesis, histopathological examination or the result of synovial �uid, periprosthetic tissue samples or
positive sonication �uid [1, 14–17]; and (3) the number of true positive (TP), true negative (TN), false
positive (FP), and false negative (FN) values were reported or could be calculated by their corresponding
sensitivity and speci�city in each article.

Data Extraction and Study Quality Assessment
Data extraction was completed independently by two reviewers and then rechecked by a third
investigator. The data contained �rst author, year of publication, country, enrolment period, study design,
number of total cases and infected cases, type of prosthetic joint, acquisition time, cut-off, diagnostic
criteria, potentially in�uencing elements, the use of antibiotics, and the sensitivity and speci�city of serum
IL-6 and CRP.

All identi�ed studies were evaluated according to the QUADS-2 guidelines by two authors [18], and any
disagreement in the evaluation of the studies was adjudicated by a third author.

Statistical Analysis
For the analysis of the diagnostic value of serum IL-6 and CRP, all statistical analyses were executed
using Meta-Disc software (version 1.4, Unit of Clinical Biostatistics team, Madrid, Spain) [19]. The pooled
sensitivity, speci�city, PLR, NLR, and DOR were assessed. The I2 statistic was calculated to evaluate the
heterogeneity of the included articles, with a range of values from 0 to 100%. If heterogeneity existed
between studies (P ≤ 0.1, I2 > 50%), the random effects model was used, and meta-regression were
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performed to determine the in�uence factor on the diagnostic accuracy of the IL-6 and CRP test for PJI
detection.

Results
Search Results

A total of 110 articles were identi�ed following the database search, excluding those ruled out due to
multiple indexing in different databases. After further reviewing the title, abstracts and full articles, 8
study papers met the inclusion criteria and were included for analysis (Figure 1) [4,7–9,20–23].

The 8 included studies were conducted in 7 countries between 2007 and 2019 and included 673 patients.
Seven articles were written in English and one in Chinese. All studies used an appropriate prospective
cohort-study design. One study included patients with periprosthetic hip, knee, or shoulder infections,
while the others focused on periprosthetic knee and/or hip infections (Table 1). The QUADAS-2 tool was
evaluated in all publications and showed that the included studies were of good quality (Figure 2). 

Diagnostic Accuracy

The pooled sensitivity, speci�city, positive likelihood ratio (PLR), negative likelihood ratio (NLR) and
diagnostic odds ratio (DOR) estimates for the detection of PJI using combined serum IL-6 and CRP were
0.79 (95% CI: 0.74 to 0.84), 0.92 (95% CI: 0.89 to 0.95), 9.51 (95% CI: 4.23 to 21.36), 0.22 (95% CI: 0.10 to
0.49) and 68.64 (95% CI: 16.84 to 279.70), respectively. The overall pooled sensitivity, speci�city, PLR,
NLR and DOR of the IL-6 assay for PJI were 0.87 (95% CI: 0.82 to 0.91), 0.84 (95% CI: 0.80 to 0.88), 5.04
(95% CI: 3.27 to 7.76), 0.16 (95% CI: 0.07 to 0.37) and 36.95 (95% CI: 13.56 to 100.66), respectively, while
those of serum CRP were 0.83 (95% CI: 0.78 to 0.87), 0.83 (95% CI: 0.79 to 0.87), 5.02 (95% CI: 2.98 to
8.47), 0.22 (95% CI: 0.13 to 0.37) and 26.91 (95% CI: 10.26 to 70.53), respectively (Figures 3, 4, 5, 6 and
7).

The summary receiver operating characteristic (SROC) plot showed the sensitivity and speci�city as well
as the 95% con�dence intervals and prediction regions, with an area under the curve (AUC) of 0.9628 for
the combination of IL-6 and CRP as well as of 0.9224 for IL-6 and of 0.9113 for CRP (Figure 8).

Meta-regression analysis

Signi�cant heterogeneity was found in the present meta-analysis. Thus, a random-effects model was
used, and meta-regression analysis was performed to identify potential sources of heterogeneity. The
meta-regression analysis of serum IL-6, CRP, IL-6 and CRP is presented in Table 2. Previous antibiotic
therapy was the most likely source of heterogeneity in the combined method (p<0.001) and serum IL-6
(p=0.01).

For the combination of CRP and IL-6, when performed on patient without antibiotic treatment prior to
sample collection, the sensitivity and speci�city of IL-6 and CRP were 0.93 (95% CI, 0.79 to 1.00) and 0.99

https://paperpile.com/c/YajxnL/ZizhZ+dS7bL+m8XqQ+W09IC+CRpom+p4xnz+Gjw7k+VebdC
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(95% CI, 0.98 to 1.00), and those of patients with prior antibiotic treatment or an unclear situation
regarding antibiotic treatment before sample collection were 0.83 (95% CI, 0.53 to 1.00) and 0.86 (95% CI,
0.78 to 0.94) (p=0.01), respectively.

In the subgroup of serum CRP, we observed that the use of other diagnostic standards had a better
speci�city of 0.93 (95% CI, 0.87 to 0.98) (p<0.001) than the MSIS standard. Similar results were also
found in the serum IL-6 group, and the use of other standards had a higher speci�city than the use of the
MSIS standard (0.91 versus 0.81) (p<0.001).

Discussion
The present study demonstrates that the combined method of serum IL-6 and CRP can be used for the
diagnosis of PJI, and the AUC of this combined method was higher than that of either IL-6 or CRP alone
(0.9628 versus 0.9224 and 0.9133).

Since there is no gold standard for the diagnosis of PJI, the question of how to accurately judge PJI or
aseptic loosening has always been concerning to surgeons, microbiologists and infectious disease
specialists. Traditionally, the combined or single use of the serum erythrocyte sedimentation rate (ESR)
and/or CRP was most commonly performed in the diagnosis of PJI, which is also one of the criteria of the
MSIS de�nition. One meta-analysis of 12 studies of serum ESR and CRP for the diagnosis of
periprosthetic hip infection showed that the sensitivity and speci�city were 0.860 (95% CI, 0.825 to 0.890)
and 0.723 (95% CI, 0.704 to 0.742) as well as 0.869 (95% CI, 0.835 to 0.899) and 0.786 (95% CI, 0.769 to
0.803), respectively [24]. However, the diagnostic value of the serum ESR and CRP was limited; thus,
some low virulence cases may be lost [25]. A new in�ammatory marker for the diagnosis of PJI is still
needed. Serum IL-6 appears to be a superior postoperative in�ammatory indicator compared with ESR
and CRP. In a patient without complications from arthroplasty surgery, the IL-6 level reached its peak
value more rapidly than the CRP or ESR levels, and it also rapidly returned to normal [26, 27]. Serum IL-6
shows great potential for the diagnosis of PJI. Di Cesare and colleagues found that serum IL-6 had the
higher diagnostic accuracy compared with CRP and ESR in diagnosing infection following hip and knee
replacement (97% and 83%, 69%, respectively) [5]. A prospective study by Abou et al [4] also found similar
results, namely, that serum IL-6 had better diagnostic accuracy than CRP and ESR (92.5% versus 87.5%,
82.5%, respectively). However, some reports found that the utility of IL-6 was not suitable for diagnosing
infection after shoulder arthroplasty and even had worse results than serum ESR and CRP. The reason for
the lower diagnostic value for shoulder than for hip or knee infection is probably due to the low virulence
of the bacterium Propionibacterium acnes (P. acnes), which commonly occurs in periprosthetic shoulder
infections [28, 29]. Previous studies have found that either single CRP or IL-6 has limitations in terms of
false-negative results during low-grade infection [25, 28–30], whereas Ettinger et al showed that the
combined test of IL-6 > 5.12 pg/mL and CRP > 0.3 mg/dL could detect 94% of low-grade infections in
periprosthetic hip, knee and shoulder infections; two of these cases were the result of infection by P.
acnes [8]. Although there was no further study performed in periprosthetic shoulder infections to verify
the detectability of weakly virulent bacteria, nevertheless, studies of combined IL-6 and CRP detection in
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periprosthetic hip and knee infections were published in these years [4, 7, 9, 20–23], Some reports have
supported that the combination method can improve the diagnostic accuracy of PJI, especially that it can
increase the sensitivity and/or speci�city compared to their individual detection [4, 7, 9, 20–23].
Interestingly, there were 4 studies that excluded patients with in�ammatory diseases as well as those who
received antibiotic therapy. This is also consistent with our present study’s subgroup in which no
antibiotics were used. The results from this subgroup showed higher sensitivity and speci�city than the
control group (93% and 99% versus 83% and 86%, respectively). Three studies were related to hip and
knee infections, and 2 of them showed a high sensitivity and speci�city [4, 7]. Yildirim et al [7] showed
that the combined method had a sensitivity of 99% and a speci�city of 98% in periprosthetic knee
infections. Abou and colleagues found that detection of CRP plus IL-6 had a sensitivity of 100% and
speci�city of 99% in 11 infection cases; this combined method had the highest sensitivity and speci�city
among the single tests of serum ESR, CRP, white blood cell count (WBC) and IL-6 [4]. However, Buttaro et
al’s research also found 11 PJI cases in which the sensitivity and speci�city was 57% and 100%; the
authors of this study considered that the reason was probably due to the limited data and concluded that
the growth of bacteria in culture conditions or positive histopathological results was the gold standard
[20].

The results of this meta-analysis show that serum IL-6 and CRP are a valuable combined method for the
diagnosis of PJI and that the pooled speci�city is higher than the quanti�cation of either individual
marker alone. Six of our included studies also supported the conclusion that the combined method
resulted in higher speci�city than either single IL-6 or CRP [4, 7, 8, 20, 22, 23]. In addition, we found that
the results of blood collection from patients without prior antibiotic treatment had a higher speci�city
(0.99 versus 0.86, p = 0.01) than that of blood collected from patients with prior antibiotic treatment or
with an unclear situation. The pooled speci�city of serum IL-6 and CRP was higher than its sensitivity,
and the pooled sensitivity was lower than that of either IL-6 or CRP tested individually. Unfortunately, the
potential factors were unclear, and the combined test probably used a diagnostic tool that had been ruled
out. However, based on the antibiotic subgroup analysis and current related literature [4, 7], when testing
was performed outside of the situation of in�ammatory disease or antibiotic therapy, the combined
method showed higher sensitivity and speci�city than individual testing in periprosthetic hip or knee
infections.

The present meta-analysis has some limitations. First, 2 of the included studies only had 11 infection
cases [4, 20], and the small sample size potentially in�uenced the overall results. Second, although the
diagnostic standard was always used for identifying infection cases, the use of different diagnostic
standards to estimate the value of diagnostic tools resulted in different sensitivity and speci�city values
[31]. Third, in the antibiotic subgroup, we found that the combination of serum testing without antibiotic
therapy further improved diagnostic accuracy. However, most of the results of the antibiotic therapy
group were unclear, and all included those without in�ammatory disease, so further study is still needed.

Conclusions
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The present results support that the combined serological testing of IL-6 and CRP has a higher diagnostic
value than their individual testing, and sample collection without antibiotic therapy may further improve
the diagnostic result. Additional studies would be needed to con�rm these results.
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Reference Year Country Study design Enrollment period Total

cases

Infected

cases

Location Sample Cut off Sen Spe Standard Received

antibiotics

Excluded 

inflammatory

disease

[20] 2010 Argentina Prospective

study

February 2007 and July 

2008

69 11 Hip IL-6 10 pg/ml 36% 94% H,M N Y

                CRP 10 mg/l 72% 91%      

                IL-

6+CRP

  57% 100%      

[21] 2007 Germany Prospective

study

July 2003 and March

2004

78 21 Hip, knee IL-6 > 12

pg/ml

95% 87% H,M NA N

                CRP > 32 mg/l 95% 96%      

                IL-

6+CRP

  100% 86%      

[7] 2017 Turkey Prospective

study

April 2010 and December

2012

85 45 Knee IL-6 6.6 pg/ml 95% 96% MSIS N Y

                CRP 8.83 mg/l 95% 90%      

                IL-

6+CRP

  99% 98%      

[4] 2013 Egypt Prospective

study

NA 40 11 Hip, knee IL-6 10.4

pg/ml

100% 90.90% H,M,P N Y

                CRP 18 mg/l 100% 86.20%      

                IL-

6+CRP

  100% 99%      

[22] 2019 USA Prospective

study

January 2017 to

December 2019

59 32 Knee IL-6 >9.14

pg/ml

81.30% 63% MSIS NA Y

                CRP >17 mg/l 66.70% 66.70%      

                IL-

6+CRP

  33.30% 85.0%      

[9] 2013 Austria Prospective

study

March 2008 and June

2010

84 55 Hip, knee IL-6 4.7 pg/ml 81% 68% MSIS Y Y

                CRP 17.05

mg/l

84% 79%      

                IL-

6+CRP

  84% 68%      

[8] 2015 Germany Prospective

study

NA 98 41 Hip,

knee,shoulder

IL-6 >5.12

pg/ml

80% 87.70% MSIS N Y

                CRP ≥3 mg/l 80% 64%      

                IL-

6+CRP

  75% 98.20%      

[23] 2017 China Prospective

study

August 2013 and August

2016

160 59 Hip, knee IL-6 6.9 pg/ml 96.60% 78% MSIS NA Y

          673     CRP 8.54 mg/l 79.70% 83.80%      

                IL-

6+CRP

  76.30% 93.10%      

C: Clinical signs of infection; H: Histological examination; MSIS: Musculoskeletal Infection Society; M: Microbiological or laboratory examination; NA: Not available; N: No; P:

Presence sinus tract or purulence around the prosthesis; SEN: Sensitivity; SPE: Specificity; Y: Yes.

 

Table 2 Subgroup analysis of the combined method, IL-6, CRP for PJI diagnosis
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Variable (P-value) Number of studies Sensitivity Specificity

    Adjusted P-value Adjusted P-value

IL-6 and CRP

Diagnosis standard (p=0.32)          

MSIS 5 0.83 [0.57 - 1.00] 0.89 0.93 [0.84 - 1.00] 0.66

Others 3 0.96 [0.85 - 1.00]   0.98 [0.94 - 1.00]  

Excluded inflammatory disease (p=0.11)          

Yes 7 0.84 [0.65 - 1.00] 0.1 0.96 [0.91 - 1.00] 0.05

No 1 1.00 [1.00 - 1.00]   0.87 [0.56 - 1.00]  

Cut-off(p=0.88)          

IL-6>9 pg/ml and CRP>9 mg/l 4 0.87 [0.61 - 1.00] 0.57 0.96 [0.90 - 1.00] 0.37

IL-6<9 pg/ml and CRP<9 mg/l 3 0.90 [0.72 - 1.00]   0.94 [0.86 - 1.00]  

Number of patients(p=0.90)          

<60 2 0.82 [0.34 - 1.00] 0.75 0.96 [0.87 - 1.00] 0.26

>60 6 0.90 [0.75 - 1.00]   0.95 [0.89 - 1.00]  

Received antibiotic therapy (p 0.001)          

No 4 0.93 [0.79 - 1.00] 0.09 0.99 [0.98 - 1.00] 0.01

YES and NA 4 0.83 [0.53 - 1.00]   0.86 [0.78 - 0.94]  

IL-6

Diagnosis standard (p=0.22)          

MSIS 5 0.90 [0.80 - 1.00] 0.7 0.81 [0.72 - 0.89] 0

Others 3 0.86 [0.66 - 1.00]   0.91 [0.85 - 0.98]  

Excluded inflammatory disease (p=0.64)          

Yes 7 0.87 [0.77 - 0.98] 0.92 0.85 [0.77 - 0.93] 0.49

No 1 0.96 [0.85 - 1.00]   0.88 [0.72 - 1.00]  

Cut-off (p=0.76)          

IL-6 >9 pg/ml 4 0.84 [0.67 - 1.00] 0.38 0.87 [0.78 - 0.96] 0.28

IL-6 <9 pg/ml 4 0.91 [0.81 - 1.00]   0.84 [0.74 - 0.94]  

Number of patients (p=0.59)          

<60 2 0.92 [0.76 - 1.00] 0.42 0.78 [0.60 - 0.96] 0.08

>60 6 0.88 [0.76 - 0.99]   0.87 [0.80 - 0.94]  

Received antibiotic therapy (p=0.01)          

No 4 0.85 [0.69 - 1.00] 0.41 0.92 [0.88 - 0.97] 0.51
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YES and NA 4 0.92 [0.82 - 1.00]   0.76 [0.69 - 0.84]  

CRP

Diagnosis standard (p=0.09)          

MSIS 5 0.82 [0.74 - 0.91] 0.07 0.78 [0.69 - 0.88] 0

Others 3 0.91 [0.81 - 1.00]   0.93 [0.87 - 0.98]  

Excluded inflammatory disease (p=0.13)          

Yes 7 0.84 [0.77 - 0.91] 0.33 0.82 [0.74 - 0.90] 0.05

No 1 0.95 [0.86 - 1.00]   0.97 [0.91 - 1.00]  

Cut-off (p=0.58)          

CRP ≥10 mg/l 5 0.85 [0.76 - 0.95] 0.15 0.87 [0.79 - 0.96] 0.61

CRP <10 mg/l 3 0.86 [0.76 - 0.96]   0.82 [0.68 - 0.96]  

Number of patients (p=0.63)          

<60 2 0.79 [0.61 - 0.96] 0.08 0.79 [0.58 - 0.99] 0.18

>60 6 0.87 [0.80 - 0.94]   0.87 [0.79 - 0.95]  

Received antibiotic therapy (p=0.24)          

No 4 0.90 [0.83 - 0.98] 0.63 0.85 [0.74 - 0.96] 0.27

YES and NA 4 0.82 [0.72 - 0.93]   0.85 [0.74 - 0.96]  

Figures
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Figure 1

Flow diagram of the selection process for eligible studies
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Figure 2

Methodological quality assessment of the included studies.
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Figure 3

Forest plots of sensitivity for the combined method (a), IL-6 (b) and CRP (c).
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Figure 4

Forest plots of speci�city for the combined method (a), IL-6 (b) and CRP (c).
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Figure 5

Forest plots of the positive likelihood ratio for the combined method (a), IL-6 (b) and CRP (c).
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Figure 6

Forest plots of the negative likelihood ratio for the combined method (a), IL-6 (b) and CRP (c).
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Figure 7

Forest plots of the diagnostic odds ratio for the combined method (a), IL-6 (b) and CRP (c).
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Figure 8

Summary of SROC for the combined method (a), IL-6 (b) and CRP (c).


