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Abstract

Background

Periprosthetic tissue cultures, sonication and synovial fluid cultures remain
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the gold standard for prosthetic joint infection (PJI) diagnosis. However,

some 15–20% culture-negative PJI are still reported. Therefore, there is

the need for other diagnostic criteria. One point of concern relative to the

different definitions of PJI is as to the inclusion of the c-reactive protein

(CRP) and the erythrocyte sedimentation rate (ESR) as diagnostic criteria

for PJI despite them being non-specific inflammatory blood tests.

Purpose

The purpose of the present study was to determine the relevance of CRP

and the ESR in the diagnosis of PJI.

Methods

All PJI with positive cultures over a two-year period in two hospitals were

reviewed. The main variables of the present study were the type of

prosthesis and the CRP level. More information was recorded in those

patients with normal CRP: radiographs, physical examination records and

the ESR.

Results

Seventy-three patients were included in study. Preoperative CRP levels

were normal (lower than 0.8 mg/dl) in 23 patients, representing 32% of all

PJI with positive cultures. Low virulence microorganisms, 12 coagulase-

negative staphylococci and four P. acnes, grew in most of them. They

represented 70% of all PJI with normal CRP levels. In addition, 17

patients (23% of all PJI with positive cultures) had a normal ESR, a

normal physical examination (they only presented with pain) and no clear

loosening was observed in the radiographs.

Conclusions

Per the American Association of Orthopaedic Surgeons (AAOS) guidelines

or the Musculoskeletal Infection Society (MSIS), 23% of the patients in

the present study with PJI would never have been identified. Blood

inflammatory markers such as the CRP level and ESR may not be

accurate as diagnostic tools in PJI, particularly to identify low-grade and



chronic PJI.
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Introduction
Prosthetic joint infection (PJI) is a major complication after arthroplasty.

The rates of PJI vary depending on the joint affected. It ranges from 5% in

total knee arthroplasty (TKA) to 2% in total hip arthroplasty (THA) or

reverse shoulder arthroplasty (RSA) [1 ].

However, these rates may be even higher as some 15 to 20% culture

negative PJI are still being reported despite the recently developed

microbiological methods for the diagnosis of PJI [1, 2, 3 ]. In those culture-

negative PJI, some other non-microbiological diagnostic tools are crucial to

detecting and treating the infection. Moreover, microbiological diagnostic is

usually available several days after surgery. Therefore, there is the need for

preoperative diagnosis [2 ]. For that purpose, physical examination (e.g.

sinus tract [1 ]), joint aspiration (e.g. synovial fluid culture, leukocyte count

[3 ]) or blood markers (e.g. c-reactive protein [CRP] and erythrocyte

sedimentation rate [ESR] [4 ]) have been included as diagnostic criteria in

several definitions of PJI. The most well-known are the Infectious Diseases

Society of America (IDSA)/Zimmerli criteria [5, 6 ] (the most used in Europe

[2, 3, 7, 8, 9, 10]) and the American Association of Orthopaedic Surgeons

(AAOS)/ Musculoskeletal Infection Society (MSIS) criteria [11, 12] (the

most used in the United States [13, 14, 15]). One point of concern is the

inclusion of CRP and ESR in the diagnostic criteria for PJI. Whereas the

MSIS guidelines include the two markers as one criterion to diagnose PJI

[11], the AAOS guidelines conclude that infection is unlikely and there is no

need for more tests [12] in cases with normal CRP level and ESR. The

Zimmerli definition of PJI does not even mention ESR and PCR [5 ].

The ESR and CRP level are non-specific inflammatory markers and thus can

be elevated in conditions other than PJI [16]. In addition, and more

importantly, those markers may be normal in the so-called low-grade PJI.

Therefore, they may lead to a misdiagnosis based on some of the



aforementioned criteria [17].

The purpose of the present study is to determine the relevance of CRP and

the ESR in the diagnosis of PJI. The hypothesis is that the CRP level and

ESR are of little value as diagnostic criterion for PJI.

Material and methods
A retrospective analysis of all PJI diagnosed in two university hospitals over

two years was performed. PJI was defined in accordance with the Zimmerli

criteria [5 ] (Table 1 ).

Table 1

Zimmerli criteria for PJI

1. Presence of a sinus tract communicating with the prosthetic joint

2. Presence of purulence without another known aetiology surrounding the
prosthetic device

3. Acute inflammation consistent with infection on histopathological
examination of periprosthetic tissue

4. >2,000/mm³ leukocytes in the synovial fluid and/or >65% of neutrophils

5. Growth of identical microorganisms in at least two intraoperative cultures
or a combination of preoperative aspiration and intraoperative cultures in the
case of a microorganism of low virulence (e.g. coagulase-negative
staphylococci, Propionibacterium acnes). In the case of a virulent
microorganism (e.g. Staphylococcus aureus, Escherichia coli), growth in a
single specimen from synovial fluid, periprosthetic tissue and/or sonication
fluid may also represent PJI.

Only one of the five criteria is required for the diagnosis of PJI

Demographic data such as age, gender and comorbidities were collected.

The main variables of the present study were the type of prosthesis and the

CRP level. More information was recorded in those patients with normal

CRP level. That information included radiographs, physical examination

records and the ESR. The type of infection was also registered (acute

postoperative, acute hematogenous or chronic PJI) [5 ].

Per the local laboratory, the CRP level was considered normal if the value

was under 0.8 mg/dl. For ESR, the cut-off provided by the laboratory was

34 mm/h.

a
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To give more strength to the study, patients with rheumatic diseases and

culture-negative PJI were excluded.

Cultures were defined as positive when there was microorganism growth in

preoperative aspirate, periprosthetic tissue cultures or sonication fluid

cultures. It was considered a positive sonication fluid culture when the same

organism grew 50 or more colony-forming units (CFU)/mL [18, 19].

However, any growth in the sonication fluid culture was considered positive

when the patient had previously received antibiotics [8 ]. In that sense,

preoperative prophylaxis was not considered as it has been shown to have no

influence on cultures [20]. Low-virulence microorganisms such as

coagulase-negative staphylococci (CNS), Corynebacterium species, Bacillus

species, or Propionibacterium species were considered pathogens if the

same organism was isolated in at least two samples or in one sample if at

least one clinical criterion for PJI was also present [5, 6 ].

The results were expressed as a mean and standard deviation (SD) or gross

value and percentage.

Results
A total of 2,236 joint replacements were performed in the hospitals. There

were 92 PJI, representing an infection rate of 4%. Five patients suffering

from rheumatic diseases were excluded. Nine patients who had culture

negative PJI were also excluded. It was not possible to obtain preoperative

CRP levels in two patients (one TKA and one RSA) and the ESR was not

available in three patients (two THA and one TKA). In the end, 73 patients

were included for further study.

The mean age was 69 years old (SD, eight years) and there were 33 males

(45%). A flow chart can be seen in Fig. 1 .

Fig. 1

Flow-chart of patients assessed in the present study. PJI prosthetic joint

infection, CRP c-reactive protein, ESR erythrocyte sedimentation rate, PE

physical examination. According to AAOS guidelines [12] those patients

would have been classified as aseptic cases with no further study
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There were 30 TKA infections that represented 41% of the sample and 29

hip arthroplasties that corresponded to 40% of all PJI cases. The rest were

13 shoulder arthroplasties (18%) and one total elbow arthroplasty (TEA) that

corresponded to 1% of the study group.

Preoperative CRP levels were normal (lower than 0.8 mg/dl) in 23 patients,

representing 32% of all PJI with positive cultures.

Low virulence microorganisms, 12 CNS and four P. acnes, grew in most of



them. They represented 70% of all PJI with normal CRP levels. The detailed

data on the type of prosthesis and microorganism can be seen in Table 2 .

Table 2

Type of prosthesis and microorganism of patients with normal CRP

Microorganism TKA THA
Shoulder

arthroplasty
Total  elbow
arthroplasty

Total

CNS 1 7 3 (RSA) 1 12

S. aureus 1 2   3

P. acnes  3 1 (S-HA)  4

Gram negative
bacteria  1 1 (S-HA)  2

S. dysgalactiae   1 (RSA)  1

C. albicans  1   1

Total 2 14 6 1 23

CRP c-reactive protein, CNS coagulase negative staphylococcus, TKA total
knee arthroplasty, THA total hip arthroplasty, RSA reverse shoulder
prosthesis, S-HA shoulder hemiarthroplasty

When those 23 patients with normal CRP levels were further analyzed, it

was found that 17 patients (23% of all PJI with positive cultures) had a

normal ESR, a normal physical examination (they only presented with pain)

and no clear loosening was observed in the radiographs. All those 17 patients

had chronic infections. More information about these patients can be seen in

Fig. 1 .

Discussion
The main result of the present study is that the CRP level misdiagnoses PJI,

particularly chronic and low-grade infections. When CRP and the ESR are

combined, they still misdiagnose PJI. In that sense, the hypothesis has been

confirmed.

For many years the ESR and mostly the CRP level have been linked to a

diagnosis of PJI [4 ]. They are extensively used worldwide. However, they

are non-specific blood inflammatory markers [17]. Moreover, it is important

to keep the pathogenesis of PJI in mind as bacteria can live dormant beneath



the biofilm and not interact with inflammatory cells. This occurs in most

chronic infections [1, 17]. This fact may explain why the CRP level and

ESR are normal in 23% of the study patients. It is worth mentioning that

those patients in this study presented with only pain and no other symptoms.

Therefore, those patients would have been misdiagnosed according to AAOS

guidelines [12]. None of the patients with a normal CRP level in the present

study had an acute PJI. One might think that the level of CRP would be

useful in the diagnosis of acute PJI. However, acute infections are evident

upon physical examination (drainage, fever, redness, etc.) and joint

aspiration (pus or leukocyte count), so no further non-specific blood marker

like the CRP is needed [5 ]. Moreover the CRP level rises after surgery even

if there is no infection, making it is very unreliable [21].

When it comes to the type of microorganism, few studies have found that

low-grade PJI (those related to bacteria such as P. acnes or CNS) can occur

with normal serum CRP [22] (and more recently the same has been found

to be true of synovial fluid) [21]. Similar results have been found in the

present study as 70% of PJI in patients with a normal CRP level were due to

those microorganisms. However, it is relevant that 30% of patients with

normal CRP had a PJI caused by virulent bacteria (for instance, S. aureus),

which is being reported for the first time here.

CRP levels have also been analyzed depending on the type of the prosthesis

that was infected. Some authors have found that shoulder PJI show a

substantial number of normal CRP levels [16]. It may be explained in part

by the high prevalence of P. acnes in shoulder infections [23]. They have

recommended using a different cut-off for CRP depending on the prosthesis

that the surgeon is dealing with [16]. In the present study, a high percentage

of shoulder arthroplasties also presented with normal CRP levels even

though there was an underlying infection. Conversely, there were also TKA

and total hip arthroplasties (THA) in this study so using different cut-offs

would not have been a solution.

Recently, some of the authors of the AAOS/MSIS guidelines have concluded

that their criteria may not be as accurate as they had thought as they state

that “infection may be present even if the patient does not meet these

criteria” [24, 25]. Moreover, they have found that one third of the patients

with confirmed PJI in one study did not meet the MSIS criteria [24]. In a

similar way, Frangiamore et al. found that MSIS criteria have low sensitivity



to ruling out PJI [26]. This is especially important in the case of the level of

CRP as has been found in the present study.

Future studies should evaluate whether diagnostic criteria that do not include

the level of CRP and the ESR are more reliable compared with those that do

include them.

Several limitations can be found in the present study. The most important is

its retrospective design. Another limitation is the small sample size.

Additionally, there were five patients in which the CRP level and the ESR

were not available. One minor limitation is that all types of infection (acute

and chronic) have been included in the present study. However, no acute

infection had a normal CRP level in the present study.

Conclusions
Blood inflammatory markers such as the CRP level and ESR may be of little

value as diagnostic tools in PJI, particularly to identify most low-grade and

chronic PJI. Diagnostic criteria that use ESR and CRP might misdiagnose up

to one fourth of PJI.
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