
Abstract. Background/Aim: Owing to the lack of a
diagnostic gold standard, ruling out persistent periprosthetic
joint infection (PJI) before second-stage surgery in the
setting of two-stage revision arthroplasty constitutes a major
challenge. We evaluated if the alpha-defensin-1 (AD-1) test
could predict successful infection eradication before
reimplantation of a new prosthesis. Patients and Methods:
Our prospective study included 20 patients who underwent
two-stage revision arthroplasty for treatment of PJI. A
standard quantitative enzyme AD-1 immunoassay of synovial
fluid, the synovial leukocyte esterase test and routine
laboratory blood testing were performed prior to
explantation and reimplantation. Treatment failure was
defined according to the Delphi-based consensus criteria
after a minimum follow-up of 1 year. Results: A 15% of our
patients met the Delphi Criteria within 1 year. None of the
markers investigated were significantly different in patients
with and without reinfection. Conclusion: Further research
is necessary to identify biomarkers more suitable for
indicating persistent infection before reimplantation.

Periprosthetic joint infection (PJI) is a serious complication
after total joint arthroplasty (TJA), with considerable
mortality rates (1, 2). Despite intensive research, diagnosis of

PJI remains challenging. In 2018, Parvizi et al. published a
recommendation for reliable diagnosis of PJI (3). There is a
trend in diagnosing PJI by testing biomarkers in the synovial
fluid (4, 5). As it turned out, the synovial alpha-defensin-1
(AD-1) test showed the highest accuracy to diagnose PJI (6). 

Two-stage surgery has traditionally been considered the
gold standard for PJI treatment (7). After removal of the
infectious implant, an aggressive debridement is undertaken,
including a complete synovectomy and the application of an
antibiotic-loaded cement spacer. Afterwards, patients are
treated for several weeks with systemic antibiotics. Second-
stage surgery includes removal of the cement spacer, followed
by soft and hard tissue debridement and placement of a new
TJA (8). Before reimplantation, it is crucial to rule out
persistent infection (9). Diaz-Ledezma et al. (2013) published
a consensus regarding what constitutes successful treatment
of a PJI. Treatment success was described if eradication of
infection was reached, no subsequent surgical intervention
was performed and no mortality related to PJI occurred (10).

However, there is a lack of reliable laboratory tests to
determine whether infection has been successfully eradicated
(11, 12). Until now, only one study evaluated the benefit of
AD-1 testing before reimplantation in a two-stage revision (9).
The purpose of the present study was to determine whether
persistent infection can be reliably detected by AD-1 test. 

Patients and Methods

The study was approved by the local institutional review board (18-
8042-BO) and performed in accordance with the declaration of
Helsinki. The patients for this prospective study were recruited from
the Department of Orthopedics and Trauma Surgery of the
University of Duisburg-Essen, Germany.

Patients were included in the study if two-stage revision
arthroplasty was performed due to PJI, with intermittent implantation
of an antibiotic-loaded cement spacer (3). Testing of the synovial
fluid for AD-1 levels was performed prior to explantation and
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reimplantation. The minimum follow-up was 12 months. From July
2018 to August 2019, 20 patients (12 hips, 8 knees) met all criteria
and were included in the study. The cohort included 13 women and
7 men who had a mean age of 72 years (range=47-89 years) and
mean BMI of 29.3 kg/m2 (range=19.1-42.5 kg/m2). 

Besides AD-1 testing, the synovial leucocyte esterase (LE)
reaction was carried out for each patient by applying a drop of
centrifuged synovial fluid on a LE test strip (DFI, One Step DUS
10). Joint fluid and tissue samples were collected during
reimplantation for further microbiological investigation. Serum C-
reactive protein (CRP), white blood cell count (WBC) and
fibrinogen were determined in the blood drawn preoperatively.

Serum CRP was analyzed by immune turbidimetry (Centaur,
Siemens, Germany) (normal value <0.5 mg/dl). Plasma fibrinogen
was measured photometrically in accordance to the manufacturer´s
instructions with citrate plasma (Multifibren® U; Siemens,
Germany) (normal 180-350 mg/dl). Plasma WBC was determined
using flow cytometry with EDTA plasma (ADVIA Centaur CP;
Siemens, Germany) (normal value 4,000-10,000/μl). 

Determination of the synovial fluid AD-1 levels. Synovial fluid α-1-
defensin was analyzed using a standard quantitative enzyme
immunoassay kit (Human α-Defensin 1 Antibody, R&D Systems Bio-
Techne, Minneapolis, USA/cut-off level 4800 ng/ml). The results
were given as a standardized signal relative to a tolerance limit value
(interpretation values: <0.9 aseptic, 0.9-0.99 unspecific, ≥1.0 septic). 

After 1 year, we evaluated whether patients showed presence or
absence of persistent PJI after the second stage revision using the
Delphi criteria (10) and compared these data to the AD-1 test results.

Statistical analysis. To evaluate the accuracy of AD-1 as a
diagnostic marker for infection control at 1 year postoperatively, we
measured statistical values in comparison to the Delphi criteria as
a reference standard. The data were processed with the statistical
software package SPSS and Graph Pad Prism 8. Normally
distributed continuous data were shown as mean±standard deviation
(SD) and compared using student’s t-test. Non-normally distributed
continuous data were shown as mean and compared using the
Mann-Whitney U-test. A p-value <0.05 was considered statistically
significant. To figure out value changes between the first and second
stage, the paired samples t-test for normally distributed continuous
data und the Wilcoxon signed rank test for non-normally distributed
continuous data were applied. Sensitivity, specificity, and their 95%
confidence interval (CI) for any cut-off level were calculated.
Receiver operating characteristic (ROC) curves were subsequently
constructed by mapping true-positive rate (sensitivity) against false-
positive rate (1 − specificity) for each test-joint combination. The
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Table I. Changes between the two stages for the overall patient collective.

Test result First stage Second stage p-Value

Mean synovial AD-1 (ng/ml) 4,890.99 (154.43-19,796.20) 3,711.03±2,174.38 0.35
Mean fibrinogen (mg/dl) 481.35±136.69 373.35±65.07 0.025
Mean serum WBC/μl 7,959±2,261 6,713±2,206 0.035
Mean serum CRP (mg/dl) 6.15 (0-31.3) 2.24 (0.5-7.5) 0.01

Table II. Test validity of inflammatory blood parameters for persistent periprosthetic joint infection.

Parameter (Mean) Re-infection Infection-free AUC Cut-off Sensitivity Specificity
(95%CI) level (95%CI) (95%CI)

Fibrinogen (mg/dl) 299.33±30.07 386.41±60.88 0.157 400 0% 41.2% 
(0-0.331) (0-56.2%) (21.6-64.0%)

WBC/μl 5,983±2,439 6,842±2,218 0.373 8,260 33.3% 70.6%
(0.012-0.733) (1.7-88.2%) (46.9-86.7%)

CRP (mg/dl) <0.5 2.11 0.029 3.85 0% 88.2% 
(0.5-7.5) (0-0.102). (0-56.2%) (65.7-97.9%)

Table III. Causative organisms of initial periprosthetic joint infection.

Organism cultured at first stage Frequency Percent

Staphylococcus aureus 4 20
Staphylococcus epidermidis 3 15
Staphylococcus haemolyticus 1 5
Propionibacterium spp. 1 5
Pseudomonas aeruginosa 1 5
Klebsiella pneumoniae 1 5
Serratia marcescens 1 5
Enterococcus faecalis 1 5
Escherichia coli 1 5
Enterococcus faecium 1 5
Proteus mirabilis 1 5
Staphylococcus epidermidis 1 5
+Pseudomonas aeruginosa
Staphylococcus epidermidis 1 5
+Staphylococcus aureus

Culture-negative PJI 2 10



ROC curve is a graphical statistical tool that illustrates the
discriminative effectiveness for a diagnostic test. 

Results

Synovial fluid AD-1 levels and LE test. Before first-stage
procedure, the mean AD-1 level was 4,890.99 ng/ml
(range=154.43-19,796.20 ng/ml) and the AD-1 test was

positive for PJI (>4,800 ng/ml) in 55% of patients
(95%CI=34.2-74.2%). No statistically significant downtrend of
synovial AD-1 between the two procedures could be observed
(p=0.35; Table I, Figure 1A). At 1-year follow-up, 15 of 20
patients were available, 3 of whom suffered from persistent PJI
according to the Delphi Criteria. The AD-1-test only predicted
one of three reinfections, whereas in 8 patients who did not
meet the criteria, results were false-positive. The overall mean
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Figure 1. Log-scale dot plots demonstrate the distribution of synovial AD-1 (A), fibrinogen (B), serum WBC (C), and CRP (D), before the first and
second stage. The three patients who met the Delphi Criteria at 1-year follow-up are each separately marked with a square and a number, whereas
the ones who were not diagnosed as reinfected are tagged with a dot. Regarding serum CRP, only values above the analytical limit of detection
(<0.5 mg/dl) are shown (no patients with persistent PJI).



AD-1 concentration before reimplantation was 3,711.03
ng/ml±2,174.38 ng/ml. In patients who suffered from
reinfection at 1-year follow-up, mean synovial AD-1 level was
3,067.86 ng/ml±105.26 ng/ml, whereas in patients who
remained infection-free, it was 3,824.53 ng/ml±2,074.65 ng/ml.
No statistically significant difference between the two groups
could be demonstrated (p=0.689). Applying 4,800 ng/ml as a
threshold level, sensitivity, specificity and AUC yielded 33.3%
(95%CI=1.7-88.2%), 52.9% (95%CI=31.0-73.8%) and 0.412
(95%CI=0-0.875), respectively (Table II, Figures 1A and 2). 

According to the MSIS criteria, we considered (++/+++)
a positive LE test result. Prior to first-stage revision (Figure
3), 7 of 19 patients with primary PJI showed a positive LE
test (sensitivity 36.84%; 95%CI=19.15-58.96). Of the 3
patients suffering from reinfection, only one had a positive
test result at the time of explantation. In one case before the
first stage and in two cases before the second stage, the test
strip was unreadable due to colour disturbance caused by
blood contamination in spite of prior centrifugation. Before
second-stage revision, the LE test was negative
(negative/trace/one-positive +) in the remaining 18 patients,
including all patients suffering from reinfection (Figure 3).
A (+) result occurred in only one patient who had not failed
at 1-year follow-up. Consequently, the LE test yielded
sensitivity and specificity of 0% (95%CI=0-56.2%) and
100% (95%CI=79.6-100%). A statistically significant
decrease of semiquantitatively measured LE levels between
first and second stage revision could be shown (p=0.01). 

Serum CRP, WBC and fibrinogen. With regard to blood
analysis at the first stage, plasma fibrinogen levels were
elevated (>350 mg/dl) in 85% (95%CI=64-94.8%), whereas
only 20% (95%CI=8.1-41.6%) of all patients had increased
WBC (>10,000/μl), including two patients suffering from
reinfection after one year in each case. Mean WBC and
fibrinogen were 7,959/μl±2,261/μl and 481.35 md/dl±136.69
mg/dl (Table I, Figures 1B and C). Preceding reimplantation,
mean WBC and fibrinogen were 5,983/μl±2,439/μl and
299.33 mg/dl±30.07 mg/dl in patients who met the Delphi-
Criteria at 1-year follow-up, whereas in patients without
reinfection, mean WBC and fibrinogen were
6,842/μl±2,218/μl and 386.41 mg/dl±60.88 mg/dl (Table II,
Figures 1B and C), respectively. For WBC (p=0.812) and
fibrinogen (p=0.23) no statistically significant difference was
shown between patients with persistent PJI and patients who
did not meet the Delphi Criteria at 1-year follow-up. WBC
was normal (<10,000/μl) before reimplantation in 19 patients.
Nevertheless, significant downtrends for fibrinogen (p=0.025)
and WBC (p=0.035) between the two stages were determined.

Regarding serum CRP prior to the first stage, 70%
(95%CI=51.9-85.5%) revealed levels above 1 mg/dl as a
MSIS minor criterium cut-off for primary PJI, and among
them two patients with reinfection at 1-year follow-up
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Figure 3. Results of synovial LE testing before the first and second
stage.

Figure 2. Receiver operating characteristic curve for synovial fluid AD-1.



(Figure 1D). Mean serum CRP was 6.15 mg/dl (range <0.5-
31.3 mg/dl). A statistically significant decrease (p=0.01)
between the two procedures was observed (Table I, Figure
1D). Before reimplantation, levels were statistically
significantly lower (p=0.04), even below the analytical limit
of detection (<0.5 mg/dl) in all patients with reinfection
(Table II, Figure 1D). Sixteen of 17 patients who did not
meet the Delphi-Criteria at 1-year follow-up had elevated
serum-CRP levels (mean 2.11 mg/dl, 0.5-7.5 mg/dl). 

Outcome of PJI treatment. The majority of initial PJIs were
caused by staphylococci (50%). Organisms cultured at first
stage procedure are listed in Table III. Synovial fluid and
tissue cultures preserved during reimplantation were negative
in all patients. Referring to the patients with reinfection at 1-
year follow-up, one sustained an acute PJI of the hip caused
by a different organism (Streptococcus agalactiae) compared
to index PJI (Staphylococcus haemolyticus). Since the
infection could not be eradicated by further interventions, a
persistent fistula was established. Two patients who had
already suffered from recurrent PJI before being included in
our study were diagnosed with reinfection of the knee 4 and
7 months after reimplantation. They subsequently underwent
further two-stage revision arthroplasty and had an antibiotic-
loaded spacer implanted at 1-year follow-up. The causative
organisms were unknown. Two of the remaining 12 patients
required revision surgery for aseptic reasons within one year.
Overall, 8 reported a significant improvement of joint
function. Four patients complained about persisting pain, joint
stiffness and slight signs of local inflammation. However,
further diagnostics had not been initiated at the time of
follow-up, so they did not actually meet the Delphi Criteria. 

Of the 5 patients not available, 3 patients died within one
year for reasons other than infection (an 89-year old woman
died at the first postoperative day due to heart failure and
two 67-year old men died due to severe internal diseases 2
and 11 months after reimplantation). 

Discussion

It is paramount to detect resolution of infection in a joint
previously treated with component explantation and the
placement of an antibiotic-loaded spacer. Two-stage revision
arthroplasty, accomplished eventually by additional spacer
exchanges, is considered the gold standard in the treatment
of PJI (8), especially regarding patients suffering from
chronic and partially recurrent, polymicrobial or culture-
negative PJI, as they were included in our study. Due to the
lack of a gold standard to determine successful eradication
of PJI in two stage revision arthroplasty with intermittent
implantation of a cement spacer, further research is needed.

The rate of culture negative cases in PJI is estimated at
20% (13). Hoell et al. (2016) examined the value of cultures

of synovial fluid before second stage reimplantation. The
sensitivity of the synovial cultures was 5% (95%CI=0.13-
24.87), with a specificity of 99% (95%CI=94.27-99.97) (14).
Similarly, Boelch et al. identified synovial fluid culture
(SFC) as incapable of ruling out persistent infection
(sensitivity and specificity: SFC: 4.6 and 94.3%) (15).
Preiniger et al. compared SFC drawn from patients with
intermittent spacer due to PJI of the knee before
reimplantation to microbiological and histological
examination of tissue samples gained intraoperatively, and
found that SFC could only predict 21% of persisting PJIs
diagnosed during reimplantation (16). Our results equally
suggest the possibility of false-negative results of SFC
during reimplantation, although tissue cultures were negative
in all our patients as well. One possible reason for this could
be bacterial biofilm formation and persistence owing to
insufficient sustained release of antibiotics from the spacer
and high tolerance to antibiotic therapy (17).

For this reason, surgeons often use a combination of
inflammatory markers in serum to rule out persistent infection
(18). Regarding CRP, Hoell et al. reported a sensitivity of
42.1% and a specificity of 84.2% (cut-off 2.3 mg/dl) (14).
Similarly, in our study specificity yielded 88.2% (cut-off 3.85
mg/dl) whereas sensitivity was even lower, since none of the
patients who met the Delphi Criteria at 1-year follow-up had
CRP-levels above the analytical limit of detection, in contrast
to patients who seemed to be infection-free. CRP levels
usually normalize physiologically within 2-4 weeks after
surgery, ESR is supposed to be elevated more than 3 months
postoperatively (19). Stambough et al. found that there were
no significant changes in CRP values when comparing time
at resection with time at reimplantation (20). Conversely,
Kusuma et al. could show that values of CRP decline
precipitously after stage one resection arthroplasty. Yet,
comparisons between the infection controlled and persistently
infected groups before reimplantation revealed no differences
(21). Similarly, we observed a significant downtrend of serum
CRP in our study, although this also concerned patients
defined as reinfected at 1-year follow-up. 

Serum WBC is considered a standardized parameter for
systemic inflammation. However, its role in diagnosing
primary PJI remains elusive. Zmistowski et al. discovered a
low correlation between serum and synovial WBC, and
considered serum WBC not to be a valuable parameter to
detect PJI (22). Contrarily, Yuan et al. showed significantly
elevated serum WBC for patients suffering from PJI, yet
AUC was moderate (AUC 0.633) (23). Using a threshold of
10,300 WBC/μl, Randau et al. observed high specificity
(94.5%; 95%CI=86.4-98.5%), although sensitivity was as
low as 21.3% (24). According to these findings, sensitivity
for elevated WBC (>10,000/μl) in diagnosing primary PJI
yielded only 20% in our study. Considering the diagnostic
value of WBC to detect persistent PJI before reimplantation,
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sufficient data are lacking. In this context, Mühlhofer et al.
showed low sensitivity (9%) for serum WBC, nevertheless
specificity was high (81%; AUC 0.426) (25). Similarly,
70.6% specificity was yielded in our study (treshold
8,260/μl), whereas sensitivity was low. We found a high
variety of WBC with normal levels in most patients (AUC
0.373). Although we noted a significant downtrend of WBC
between the two stages, we also noted this in two of three
patients suffering from reinfection. 

Fibrinogen plays a key role in the coagulation cascade and
in activating inflammatory processes, e.g. as a response to
bacterial infection, and turned out to be a valuable biomarker
for detecting primary PJI (26, 27). In accordance, elevated
fibrinogen levels were detected in 85% of our patients before
first-stage revision. Klim et al. and Wu et al. reported
significantly higher levels of fibrinogen in patients suffering
from persisting PJI after an antibiotic-loaded spacer had been
inserted (26, 28). Xu et al. suggested fibrinogen to be a
reliable marker for predicting persistent PJI before
reimplantation, as AUC was 0.773 (95%CI=0.569-0.905) and
sensitivity and specificity yielded 87.5% and 62.8% (cut-off
361 mg/dl), respectively, in their study (27). Contrary to this,
we observed no differences in serum fibrinogen levels
between patients with PJI at 1-year follow-up and the ones
we defined as infection-free (AUC 0.157). We detected a
significant decrease in fibrinogen levels between the two
stages, yet it also occurred in patients suffering from
reinfection at 1-year follow-up.

Based on our results as well as on findings in literature,
inflammatory blood parameters are likely influenced by a
variety of systemic comorbidities and are not suitable to
detect reinfection (26). 

Therefore, the search for reliable values to rule out
persistent infection was enhanced by testing synovial
biomarkers and culture methods. Frangiamore et al. could not
find any synovial biomarker to be reliable to rule out
infection at the time of reimplantation. However, they found
a downtrend between the two stages that may provide an
important guide for clinicians to monitor treatment response
(29). Leukocyte esterase (LE) is an enzyme secreted by
activated polymorphonuclear neutrophils (PMN), which are
key players in bacterial infection, and is considered a
promising biomarker for primary PJI. LE can be detected
semi-quantitively by applying almost any body fluid on a
colorimetric strip test. Guenther et al. reported sensitivity and
specificity of 100% and 96.5%, respectively, for LE as a
diagnostic test for primary PJI (30). Similarly, Kheir et al.
found LE strip test to be a good predictor of persistent
infection in patients undergoing reimplantation. In 77
patients, the LE strip test was performed before
reimplantation and the mean follow-up was 1.76 years. While
specificity and positive predictive value showed values of
100%, sensitivity, negative predictive value and AUC were

only 26.3%, 87.5% and 0.632, respectively (31). In our study,
sensitivity of the LE test was low (36.84%) for detecting
primary PJI. Nevertheless, we observed a notable downtrend
of test results between the two stages. Before reimplantation,
we could not show any positive (++) results, neither in
patients with persistent PJI nor in patients who did not meet
the Delphi Criteria at 1-year follow-up. We rather recommend
using the LE test strip as a rule-out test for primary PJI than
for persistent infection before second-stage revision.

In diagnosing primary PJI, the AD-1 immunoassay is
considered to be a reliable tool (1). AD-1 is an antimicrobial
peptide secreted by activated neutrophils in response to the
presence of pathogens, e.g. bacteria (32). Deirmengian et al.
revealed superiority of AD-1 over LE test concerning
sensitivity (100% vs. 69%) and specificity of 100% for both
tests (1). Bonanzinga et al. reported that accuracy of the AD-
1 test was not impaired by concomittant metallosis and
autoimmune diseases in patients with primary PJI (32).
Deirmegian et al. confirmed these results and furthermore,
observed that diagnostic accuracy of AD-1 is rarely
influenced by virulence and gram staining of pathogens (33).
Shahi et al. investigated if the AD-1 test results were affected
by prior administration of antibiotics within 2 weeks before
joint aspiration and could not find any decrease in sensitivity
(100%; 95%CI=88.4-100%), in contrast to CRP and SFC
(34). For these reasons, we decided that synovial AD-1 could
be a promising biomarker to rule out persistent infection
even if an antibiotic-loaded spacer had been implanted. 

To the best of our knowledge, only one study by Samuel
et al. evaluated the diagnostic validity of synovial AD-1 in
order to detect persistent PJI after spacer insertion. In 69
patients, synovial AD-1 levels were determined at time of
reimplantation and compared to the outcome determined by
the Delphi Criteria at minimum 1-year follow-up. Samuel et
al. reported a fairly low sensitivity (7%; 95%CI=0.2-34%),
since 13 of 14 patients (20.2%) who were identified as
suffering from PJI at 1-year follow-up had false-negative
results. However, specificity was higher than that in our
study (89%, 95%CI=78-96%; AUC 0.5, 95%CI=0.3-0,6), as
only 6 patients who did not meet the Delphi Criteria at 1-
year follow-up showed false-positive results (9). In our
study, sensitivity of synovial AD-1 for the diagnosis of
primary PJI was limited, since in only 55% of patients AD-
1 test results were positive. One possible reason for this
finding may be a high rate of low-grade-PJI, suggesting that
neutrophil AD-1 secretion could indeed depend on the
virulence of the causing organisms. We then noted no
statistically significant decrease in synovial AD-1 levels, but
increased false-positive results (47.1%) before
reimplantation. On the one hand, this could be explained by
a higher number of patients who suffered from PJI at 1-year
follow-up, but had not undergone further diagnostics at this
time and thus, were defined as infection-free. On the other
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hand, the release of AD-1 into the synovial fluid could be
increased regardless of infection. Singh et al. observed that
PMMA particles released from PMMA spacers due to
abrasion may have local immunomodulating effects, as they
induced immunocytological changes in periprosthetic tissue
(35). Human alpha-defensins, among them AD-1, not only
play a crucial role in antimicrobial defense, but also in a
variety of physiological processes, e.g. cell migration and
wound healing (36). Further research is needed to
understand the local immunological reactions to PMMA-
particles released from spacers and to consequently discover
biomarkers which are not affected by these processes. 

An unknown rate of recurrent instead of persistent
infections may explain the unexpectedly low sensitivity of
AD-1 and also of the LE test in predicting PJI at 1-year
follow-up, since it is likely that patients who show low AD-
1 levels at reimplantation are infection-free at this time and
sustain recurrent PJI during the surgery or at any time
postoperatively. In the current literature, it seems to be a
common phenomenon that a non-negligible proportion of
reinfections are not caused by the index organism and thus,
cannot directly be defined as persistent PJI. Zmistowski et
al. revealed that in only 31.5% of patients suffering from
reinfection the same organisms were isolated at treatment
failure (37). Samuel et al. showed a reinfection-rate of
20.3% at 1-year follow-up, and identical organisms
compared to index PJI in only 14.3% (9). In our study,
reinfection rate was 15% and eventually higher. Two of
three patients who met the Delphi Criteria at 1-year follow-
up had a negative AD-1 test result. In one of them, PJI
seemed to be successfully eradicated. However, the patient
developed symptoms of acute PJI after reimplantation. An
organism different to the one isolated at index PJI could be
detected. The other patient perhaps suffered from persistent
infection (organism of reinfection unknown), since he
developed subtle symptoms several months after
reimplantation and originally had a recurrent low-grade PJI
he was already revised for in the past. Nevertheless, his
negative test result perhaps occurred due to either a very
low number of vital pathogens locally present during
reimplantation or another recurrent infection after an
initially infection-free period. These findings underline that
patients undergoing treatment of PJI are prone to acquire
recurrent infection, especially patients who suffer from an
increased number of comorbidities (37).

Our study has several limitations. Unfortunately, we could
only identify a low number of patients who met our inclusion
criteria. Clinical trials including statistical relevant patient
numbers are required to confirm our results. Moreover, we
could not record the species of organisms responsible for
reinfection in two patients. It is reasonable to suggest that a
higher number of patients reporting persistent joint pain and
stiffness suffered from PJI at 1-year follow-up, however,

they did not meet the Delphi Criteria since further
diagnostics had not been initiated. To detect the real mid-
term failure rate and consequences of two-stage exchange,
we plan to carry out another 5-year follow-up. In contrast to
a large number of studies, we avoided an “antibiotic holiday”
period of at least 2 weeks before gaining synovial fluid for
microbiological investigation as well as LE and AD-1
testing. We do not believe that this has significantly impaired
our results, since AD-1 has been shown not to be influenced
by prior antibiotic administration (34) and low sensitivities
for SFC were reported in studies where antibiotics were
withheld before joint aspiration as well. Regarding the
Proceedings of International Consensus on Orthopedic
Infections, it was not clearly recommended to carry out
antibiotic holiday due to the possibility of development of
resistance to antibiotics before reimplantation (38). 

In contrast to a large amount of studies carried out on this
topic, we decided to use the Delphi Criteria after 1 year to
determine if patients suffer from reinfection instead of a
variation of the MSIS criteria on the basis of diagnostic
findings achieved during reimplantation, as the patient´s
health state after reimplantation is more relevant to evaluate
treatment success. Frangiamore et al. and Samuel et al.
reported low sensitivity of the MSIS criteria concerning the
diagnosis of reinfection (9, 29). One explanation may be that
consistent cut-off levels for parameters included into the
minor MSIS criteria before reimplantation are missing.
Conversely, the multidimensional Delphi Criteria also
include any subsequent surgical intervention due to infection
(10), i.e. recurrent infections by organisms other than those
isolated at index PJI as treatment failure, which may be an
underestimated complication of PJI. 

In conclusion, biomarkers in synovial fluid may have
limited value to surely determine the outcome of PJI. They
could, however, be useful to predict persistent infection
before reimplantation. Since AD-1 and LE seem to be
unsuitable for this purpose, further biomarkers should be
investigated to finally develop a test reliably confirming total
eradication of PJI.
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