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Abstract 

Aims: Preoperative aspiration culture and intraoperative cultures play pivotal roles in periprosthetic joint infection 
(PJI) diagnosis and pathogen identification. But the discordance between preoperative aspiration culture and intraop-
erative synovial fluid culture remains unknown. We aim to determine (1) the discordance between preoperative and 
intraoperative synovial fluid (SF) culture and. (2) compared to intraoperative synovial fluid cultures, the sensitivity of 
preoperative aspiration fluid culture. Then the following question is tried to be answered: Are intraoperative synovial 
fluid re-cultures necessary if the preoperative aspiration culture is positive?

Materials and methods: Between 2015 and 2019, 187 PJI patients managed with surgeries were included in this 
study. Compared to intraoperative synovial fluid culture, the sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of preoperative aspiration culture were calculated. Then, the discordance between 
preoperative aspiration culture and intraoperative SF culture was analyzed.

Results: The sensitivity of preoperative aspiration culture was 81.29% compared to intraoperative synovial fluid 
cultures. Concordance was identified in 147 PJI (78.61%) patients and culture discordance occurred in 40 patients 
(21.39%). In these discordant PJI patients, 24 patients (60%) were polymicrobial and no intraoperative synovial fluid 
culture growth was found in 16 PJI cases (40%). Preoperative monomicrobial staphylococcus results had a sensitivity 
of and a specificity of 80.43% and 83.16%, respectively. Preoperative polymicrobial results had the lowest sensitivity.

Conclusions: The intraoperative synovial fluid re-cultures are necessary if the preoperative aspiration culture is posi-
tive and the discordance between preoperative aspiration culture and intraoperative synovial fluid culture should 
be noted especially when Streptococcus spp. and more than one pathogen was revealed by preoperative aspiration 
culture.
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Introduction
Periprosthetic joint infection (PJI), is a serious complica-
tion after total joint arthroplasties (TJA) and lays a huge 
burden on patients, surgeons, and healthcare systems 
worldwide [1–3]. Unfortunately, the incidence of PJI is 
increasing but the diagnosis and treatment of PJI remain 
challenging and controversial [3].

Identifying the offending pathogens in PJI patients 
is critical in initiating early antibiotic administration, 
choosing optimal surgical management strategy, and 
predicting prognosis [1, 2]. Preoperative joint aspiration 
is pivotal in the management of PJI patients because the 
preoperative identification of PJI pathogens and subse-
quent antibiotics sensitivity test (AST) can guide perio-
perative antibiotics administration and the selection of 
optimal surgery method [4].

However, to our knowledge, some studies revealed the 
difference between preoperative aspiration cultures and 
intraoperative tissue cultures but no studies compre-
hensively evaluated the concordance between preopera-
tive aspiration culture and intraoperative synovial fluid 
culture [5]. Based on the EBJIS criteria of periprosthetic 
joint infection, both synovial fluid and at least five reli-
able tissue samples must be obtained using separate 
instruments and immediately transferred to the labora-
tory for culture. If a microorganism of high virulence was 
revealed in a single specimen from the patients, the PJI 
was diagnosed [6]. If a microorganism of low virulence 
was detected in a single specimen, PJI was highly sus-
pected. However, according to these criteria, a problem 
was raised: are intraoperative synovial fluid re-cultures 
necessary if preoperative aspiration culture is positive. If 
a microorganism of high-virulence was detected in the 
preoperative aspiration culture, there may be no need to 
perform intra-op synovial fluid culture again because the 

PJI pathogen has been identified and extra tests increase 
the cost of PJI management. If a microorganism of low-
virulence was detected in the preoperative aspiration cul-
ture, it may be necessary to perform an intra-op synovial 
fluid culture to further identify the specific PJI pathogen 
[7]. To address this problem, a retrospective study was 
conducted in a tertiary joint center to determine (1) the 
discordance between preoperative synovial fluid culture 
and intraoperative synovial fluid culture. (2) compared 
to intraoperative synovial fluid cultures, the diagnostic 
sensitivity and specificity, positive predictive value (PPV), 
and negative predictive value (NPV) of preoperative aspi-
ration culture. Based on these data, we try to answer this 
question: Are intraoperative synovial fluid cultures nec-
essary if the preoperative aspiration culture is positive.

Materials and methods
Patients
   Institutional Review Board approval was attained before 
the commencement of this study and then, this study was 
performed in a tertiary care orthopedic center. A lon-
gitudinally institutional PJI database was queried from 
2015 to 2019 for all PJI patients who were managed with 
surgeries (including DAIR, one-stage revision, and two-
staged arthroplasty) at a single tertiary care joint center.

All PJI patients within this database met the 2011 MSIS 
(Musculoskeletal Infection Society) criteria (Table 1) [8] 
and the inclusion criteria were as follows:

1) PJI patients diagnosed by the 2011 MSIS criteria.
2) PJI patients managed with revisions at this tertiary 

joint center.
3) Patients with preoperative aspiration culture results 

from preoperative intra-articular aspiration within 90 
days from revisions.

Level of evidence: Level III.

Keywords: Periprosthetic Joint Infection(PJI), Synovial fluid culture, Joint aspiration, Total joint arthroplasty (TJA)

Table 1 The MSIS criteria after removing synovial fluid tests:

Major Criteria: (PJI is identified when one of the following criteria exist)

 1) The identical pathogen was cultured in at least 2 samples

 2) The presence of sinus that was communicated with the prosthesis

Minor Criteria: (PJI is identified when three of the following 6 criteria exist)

 (1) Elevated serum C-reactive protein (CRP) AND erythrocyte sedimentation rate (ESR)

 (2) A single positive culture

 (3) Purulence in the affected joint.

 (4) Positive histology analysis of periprosthetic tissue. (≥ neutrophil cells per HP)

 (5) Elevated synovial fluid WBC count

 (6) Elevated synovial fluid PMN%
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4) Only the latest aspiration culture results were 
included in this study if repeated joint aspirations 
were performed before revisions.

Patients were excluded if the only available preop-
erative aspiration culture was performed at the outside 
hospital.

  The process of inclusion and exclusion was shown in 
Fig. 1.

Chart review and data collection
Following demographic variables of included patients 
were also scrutinized and collected: the age, gender, BMI, 
joint, ASA scores, and comorbidities. Moreover, the cul-
ture results of preoperative and intraoperative specimens 
and corresponding AST were also recorded.

Microbiological cultures
In this tertiary joint center, preoperative joint aspiration 
cultures were performed routinely in these PJI patients 
according to our institutional standards and this process 
had been described in previous studies [9]. All preop-
erative aspirations and the surgeries for PJI were done 
at the same treating institution, and the intraoperative 
aspiration before capsular incision was considered as 

the intraoperative aspiration for comparison to pre-op 
results. The process of preoperative aspiration culture 
and intraoperative synovial fluid culture were summa-
rized in Fig. 2.

   The obtained synovial fluid was injected into a BacT/
ALERT FA FAN (fastidious antimicrobial neutralization) 
(bioMerieux) bottle for anaerobic bacterial culture and 
a BacT/ALERT PF Pediatric FAN (bioMerieux) bottle 
for aerobic bacterial and fungal culture. Each bottle was 
incubated for 2 weeks, and VITEK-MS (bioMerieux) was 
used for microorganism identification if pathogens were 
detected [10].

If a microorganism was revealed in either an aerobic 
bottle or an anaerobic bottle, this pathogen was recorded 
as the preoperative aspiration culture results. Then, anti-
biotic sensitivity tests were performed by disk diffusion 
according to the laboratory standard protocols.

Antibiotics administration
According to the institutional protocols for PJI, if the 
patient received antibiotics within 2 weeks before joint 
aspiration, the joint aspiration was delayed until the 
patient was away from antibiotics for 2 weeks. Besides, 
no antibiotics were administrated before obtaining speci-
mens sent for cultures in the PJI management surgeries.

Fig. 1 The flowchart of patients included in this study
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Definition
The definition of concordance and discordance was 
consistent with previous studies and the patients were 

divided into 2 categories: the concordant group, and 
the discordance group [4]. The concordant group was 
defined if both preoperative aspiration and intraoperative 

Fig. 2 The design of this study
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synovial fluid cultures revealed the same bacteria species 
with identical antibiotic resistance profiles. Otherwise, 
discordant cultures were defined.

To calculate the SE, SP, PPV, and NPV of preoperative 
aspiration culture and compare the difference between 
preoperative aspiration culture and intraoperative syno-
vial fluid culture, the result of intraoperative synovial 
fluid culture was considered as the “gold standard ”.

If the discordant rate between preoperative aspiration 
culture results and the intraoperative synovial fluid cul-
tures results were significantly (95%CIlower>0), the neces-
sity of intraoperative synovial fluid cultures was defined.

Statistical analysis
The baseline characterizes of the patients are described 
as continuous data and dichotomous data. The con-
tinuous data were presented as means or medians. The 
T-test is adapted to compare these data if the normal 
distribution is achieved for continuous variables. Oth-
erwise, the rand-sum test is utilized. Dichotomous data 
were presented as frequencies and percentages. Then, 
these data were compared by chi-squared test or Fisher 

exact test. Statistical significance was defined if P < 0.05 
and statistical analysis was performed on SPSS (IBM 
version: 22.0), Power BI (Microsoft version: 2019), and 
Excel (Microsoft version: 2018). Power analysis was 
performed on PASS 11.0.

Results
Demographic characteristics
Between 2015 and 2019, a total of 187 PJI patients man-
aged with surgeries (including Debridement, Antibi-
otics and Implant Retention, one-stage revision, and 
two-staged arthroplasty) were included in this study 
finally. The PJI patients included in this study were 
divided into the concordant group and discordant 
group based on the concordance between preoperative 
aspiration cultures and intraoperative SF culture. The 
mean age in these two groups was 62.18 years and 61.5 
years, respectively. The mean BMI in these two groups 
was 25.73  kg/m2 years and 25.11  kg/m2 years. The 
details on the demographic characteristics of these two 
groups were shown in Table 2.

Table 2 The demographic characteristics of PJI patients included in this study

a IJD: Inflammatory Joint Diseases

**Values were given as means with the 95 %CI in the parentheses

*P < 0.05

TotalN = 187 ConcordantgroupN = 147 DiscordantgroupN = 40 P-value 
(concordant vs. 
discordant)

Age** 62.04 (60.09, 63.99) 62.18 (59.89, 64.48) 61.5 (57.86, 65.14) 0.434

Male** 98, 52.41% 77/147, 52.38% 21/40, 52.5% 0.989

BMI** 25.59 (25.08, 26.10) 25.73 (25.12, 26.30) 25.11 (23.96, 26.25) 0.446

Knee** 103, 55.08% 89/147, 60.54% 14/40, 35%

Comorbidity

 Diabetes 19, 10.16% 17, 11.56% 2, 5% 0.374

IJDa 5, 2.67% 4, 2.72% 1, 2.5% 1.00

ASA score

 1 1, 0.53% 1, 0.68% 0% 1.00

 2 128, 87.07% 39, 97.5% 0.081

 3 19, 10.16% 18, 12.24% 1, 2.5% 0.081

 4 0 0 0 1.00

Organisms

Culture negative 46, 24.60% 37, 25.17% 9, 22.5% 0.728

Staphylococcus spp. 90, 48.13% 74, 50.34% 16, 4% 0.246

 Enterococcus spp. 11, 5.88% 9, 6.12% 2, 5% 1.00

 Streptococcus spp. 12,6.41% 4, 2.72% 8, 20% 0.001*

Gram-positive bacilli 4,2.14% 4, 2.7% 0 0.579

Gram-negative bacteria 11, 5.88% 10, 6.8% 1, 2.5% 0.462

 Fungi 9, 4.81 8, 5.44% 1, 2.5% 0.687

 Polymicrobial PJI 4, 2.13% 1, 0.68% 3, 7.5% 0.031
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The concordance in PJI organism between preoperative 
aspiration and intraoperative synovial fluid culture
The total concordant rate between preoperative aspi-
ration cultures and intraoperative synovial fluid cul-
tures was 85%. The concordant rate between these two 
cultures was about 82.22% in monomicrobial staphylo-
coccus PJI patients. The concordant rate between these 
two cultures was 81.82% in monomicrobial enterococ-
cus PJI patients. The concordant rate between these 
two cultures was 25% in polymicrobial PJI patients. 
The details about the concordant rate between these 
two groups were summarized in Table 3. Then, a San-
key plot was built to show the discordant pathogens 
between preoperative aspiration culture and intraop-
erative synovial fluid cultures in detail (Fig. 3).

The sensitivity, specificity, PPV, and NPV of positive 
preoperative synovial fluid culture by organism profile
The intraoperative synovial fluid cultures were consid-
ered as the “gold” standards of pathogens. Regarding the 
diagnostic performance of preoperative aspiration cul-
ture, monomicrobial staphylococcal PJI cases had a sensi-
tivity of 80.43%, a specificity of 83.16%, a NPV of 81.44%, 
and a PPV of 82.22%. Streptococcus spp demonstrated 
a sensitivity of 66.67%, a specificity of 95.58%, a PPV of 
33.33%, and a NPV of 98.86%. The enterococcus PJI cases 
had a sensitivity of 90%, a specificity of 98.87%, a PPV of 
81.82%, and a NPV of 99.43%. The fungus PJI cases had 
a sensitivity of 100 %, a specificity of 99.44%, a PPV of 
89%, and a NPV of 100%. The Gram-positive bacillus PJI 
cases had a sensitivity of 80%, a specificity of 100%, a PPV 
of 100%, and a NPV of 99.45%. However, polymicrobial 
PJI exhibited significantly lower sensitivity (50%). The 
details about the SE, SP, PPV, and NPV of preoperative 

Fig. 3 Sankey Diagram of PreoperativeAspiration and Intraoperative Synovial Fluid Culture Results. 1 =Staphylococcus spp.; 2 = Enterococcus spp.; 3 
= Streptococcusspp.; 5 = Gram-positive Bacilli; 7 = Gram-negative Bacteria; 8 = Fungi; 9 = PolymicrobialPJI; 0 = Culture negative

Table 3 The Concordance and Discordance in PJI Organism between Preoperative Aspiration and Intraoperative synovial fluid Culture

Pathogens Concordant rate, (n,%) Discordantrate (%) False negativerate of 
intraoperative synovial 
culture (n,%)

Culture-negative 37/46, 80.43% 19.57% 37/46, 80.43%

Staphylococcus spp. 74/90, 82.22% 17.78% 9/90, 10%

Enterococcus spp. 9/11, 81.82% 18.96% 1/11, 9.98%

Streptococcus spp. 4/12, 33.33% 66.67% 4/12, 33.33%

Gram-positive Bacilli 4/4  100% 0

Gram-negative Bacteria 10/11, 81.81% 18.18% 1/11, 18.18%

Fungi 8/9, 88.88% 11.12% 1/9, 11.12%

Polymicrobial PJI 1/4, 25% 75% 0
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aspiration culture and corresponding 95% confidence 
interval (CI) were summarized in Table 4.

Discussion
The discordance between preoperative aspiration cul-
ture and intraoperative synovial fluid culture was about 
20% (95% CI 18.9%–61.1%). Despite that the preoperative 
aspiration cultures were positive, it is still necessary to 
perform intraoperative synovial fluid re-cultures because 
this intraoperative culture can detect discordant patho-
gens in about 15% PJI patients compared to preoperative 
aspiration culture, especially when Streptococcus spp. 
(discordant rate: 33.33%) and more than one pathogen 
(discordant rate: 50%) was detected in preoperative aspi-
ration cultures.

Pathogen identification is pivotal in the management 
of PJI since the information on PJI pathogens can guide 
perioperative antibiotics administration, treatment pro-
tocols and predict prognosis [3]. Although preoperative 
aspiration cultures are more convenient than intraopera-
tive cultures, these culture results were obtained preop-
eratively, raising the possibility of suboptimal treatment 
protocol if discordant cultures were encountered [4, 5, 
11]. Up to now, only one study investigated the concord-
ance between preoperative aspiration and intraoperative 
SF culture, but these efforts were restricted to the lim-
ited number of PJI and septic arthritis patients [5]. We 
studied a large PJI cohort to comprehensively evaluate 
the difference between preoperative aspiration cultures 
and intraoperative synovial fluid cultures. A total of 187 
patients were included in this study and power analysis 
was performed in this study. The study has 94% power, at 
an alpha of 0.05, to identify a difference of 15% in this PJI 
cohort. (The details were shown in the appendix). There-
fore, the sample size of the study was enough to support 
our conclusion.

Inconsistent with previous studies, intraoperative cul-
tures revealed more pathogens than preoperative aspira-
tion cultures [4]. This fact can be attributed to multiple 
specimens sent for culture during revisions by which the 

sensitivity of cultures was improved and more patho-
gens were identified. It highlights the need for doctors to 
re-evaluate PJI pathogens during revisions and trim the 
antibiotic protocol after revisions.

The sensitivity of preoperative synovial fluid culture 
and intraoperative synovial fluid culture for PJI diagno-
sis was comparable. And the concordant rate between 
preoperative aspiration culture and intraoperative syno-
vial fluid culture is about 80%. This result suggested that 
intraoperative synovial fluid culture was valuable despite 
preoperative SF culture was positive. If the preoperative 
synovial fluid culture results are negative, the intraop-
erative SF culture can identify pathogens in about 20% 
of preoperative culture-negative PJI patients. When the 
preoperative synovial fluid culture results were posi-
tive, the intraoperative SF culture can detect discordant 
pathogens and improve the detection rate of polymicro-
bial PJI in about 22% of preoperative culture-positive PJI 
patients.

In this study, some interesting findings were revealed. 
When Streptococcus spp. and Gram-positive bacilli 
were identified in preoperative aspiration cultures, the 
intraoperative SF culture was more likely to identified 
discordant pathogens compared to preoperative aspira-
tion cultures. This result was consistent with previous 
studies where these pathogens were more common in 
polymicrobial PJI compared to other pathogens such as 
CNS [12, 13]. It suggests that intraoperative SF culture 
was strongly recommended when these pathogens were 
identified by preoperative aspiration cultures. Besides, 
in these patients, intraoperative culture results should 
be followed up promptly in a bid to adjust the antibiot-
ics timely. Several studies also revealed that some specific 
pathogens such as Streptococcus spp. and Enterococcus 
spp. were associated with a higher risk of polymicrobial 
PJI [12, 14]. Many studies suggested that Gram-positive 
bacteria were the mostly commonly isolated ones in 
clinical practice. However, Gram-negative bacteria were 
not uncommon in PJI (accounting for about 20%) such 
as E.coli, Pseudomonas aeruginosa and Acinetobacter 

Table 4 The sensitivity, specificity, PPV, and NPV of positive preoperative synovial fluid culture by organism profile

The values were given as percentages with the 95 % CI (confidence interval) in the parentheses

Pathogens Sensitivity Specificity PPV NPV

Staphylococcus spp. 80.43% (72.2 %, 88.7%) 83.16% (75.5%, 90.8%) 82.22% (74.2%, 90.3%) 81.44% (73.6%, 89.3%)

Enterococcus spp. 90% (67.4%, 100%) 98.87% (97.3%, 100%) 81.82% (54.6%, 100%) 99.43% (98.3%, 100%)

Streptococcus spp. 66.67% (12.5%, 100%) 95.58% (92.6%, 98.6%) 33.33% ( 2%, 64.6 %) 98.86% (97.3%, 100%)

Gram-positive Bacilli 80 % (24.5%, 100%) 100% (100%, 100%) 100% (100%, 100%) 99.45% (98.4%, 100%)

Fungi 100% (100%, 100%) 99.44% (98.3%, 100%) 88.89% (63.3%, 100%) 100% (100%, 100%)

Gram-negative Bacteria 100%  (100%, 100%) 99.44%  (98.3%, 100%) 90.91% (70.7%, 100%) 100% (100 , 100%)

Polymicrobial PJI 50% (5.3%, 94.7%) 100% (100%, 100%) 100% (100%,100%) 97.81% (95.7%, 100%)
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baumannii. And these pathogens can indicate the pres-
ence of polymicrobial PJI and adverse outcomes [15, 16].
When these situations are encountered, repeated cul-
tures and AST are also required. Besides, dalbavancin is 
a recently approved glycopeptide antibiotic with a long 
half-life and efficacy, especially against streptococci and 
staphylococci. This ABX showed good antibacterial activ-
ity against Gram-positive clinical isolates causing bone 
and joint infection in vitro. Considering its long half-life 
and efficacy, its use in the management of PJI is promis-
ing [17, 18].

In most preoperative aspiration culture-positive PJI 
cases, the pathogens were identified in two blood cul-
ture bottles (aerobic and anaerobic blood culture bottles) 
therefore PJI was identified based on the major criteria of 
2011 MSIS criteria in these cases (two positive cultures 
of the same organism). However, in 6 cases, the patho-
gens were only identified in one blood culture bottle. In 
the PJI cases caused by fungi, these fungi were only iden-
tified in the aerobic blood culture bottles preoperatively. 
But these fungi revealed in aerobic blood culture bottles 
were further identified in subsequent intraoperative cul-
tures. These findings suggested the high accuracy of this 
blood culture system when these blood culture bottles 
were used to enrich pathogens in synovial fluids.

Considering the difference between preoperative aspi-
ration culture and intraoperative synovial fluid culture, 
the antibiotics were not recommended after aspiration 
but before surgery because the antibiotics administration 
can impair culture results. And the antibiotics were rec-
ommended to be administrated after specimen collection 
during surgeries.

There are still some limitations in this study. Firstly, 
this study was performed in a single joint center retro-
spectively and selection bias was imperative. Therefore, 
further examination of a multi-center study is neces-
sary. Second, these PJI pathogens were identified by mass 
spectrum in this study and no biochemical identification 
results were compared. Some pathogens were classified 
into G-positive bacilli and no further identification was 
performed. These ambiguous identifications also added 
some bias to this study. Finally, the difference in out-
comes between those with concordance vs. discordance 
was not evaluated in this study and this field needs to be 
explored further.

Conclusions
The monomicrobial results of preoperative aspiration 
cultures can guide clinicians in the selection of treatment 
strategies in most monomicrobial PJI cases. But the dis-
cordant rate between preoperative aspiration culture and 
intraoperative SF culture should be noted. Intraoperative 
SF culture can identify the pathogens which haven’t been 

revealed by preoperative aspiration culture in about 20% 
of PJI cases. Therefore, the intraoperative synovial fluid 
re-cultures are necessary whether the preoperative aspi-
ration culture is positive or not. Furthermore, special 
caution about the antibiotic administration and microbi-
ological diagnosis are need when Streptococcus spp. and 
more than one pathogen was revealed by preoperative 
aspiration culture.
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