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Background: Periprosthetic joint infection (PJI) is a complication of total joint arthroplasty (TJA). The leukocyte esterase (LE)
strip test and histology are diagnostic methods for PJI. The aims of this study were to determine the sensitiv-
ity and specificity of the LE strip test and to compare it with histology in the diagnosis of PJI.

Material/Methods: Between January and December 2015, 93 patients who underwent TJA with PJI were enrolled in the study.
Synovial fluid samples were tested with an LE strip, and three synovial tissue samples from each patient un-
derwent frozen section and formalin-fixed histology. Recent criteria from the Musculoskeletal Infection Society
(MSIS) were used for the diagnosis of PJI.

Results: Ninety-three patients studied included 38 cases of PJI and 55 non-infected cases. Sensitivity and specificity of
the LE strip test were 92.1% (95% Cl, 77.5-97.9%) and 96.4% (95% Cl, 86.4-99.4%), respectively. There was no
significant difference in sensitivity (p=0.249) or specificity (p=0.480) between frozen and paraffin sections for
histology; the two methods were strongly correlated (¢=0.892). Comparison of the LE test results with histol-
ogy showed a strong correlation (9=0.758, and ¢=0.840).

Conclusions: The findings of this preliminary study have shown that the LE strip test on synovial fluid showed similar sen-
sitivity and specificity as histology for the diagnosis of PJI, indicating that that further controlled clinical stud-
ies should be performed to investigate the role of the LE strip test for the early diagnosis of PJI.
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Background

Periprosthetic joint infection (PJI) is a complication of total joint
arthroplasty (TJA). Pl is a serious complication of TJA that re-
quires early, rapid, and accurate diagnosis. However, the di-
agnosis of PJl relies on a series of combined criteria and asso-
ciation, and currently, there is no single test that has shown
satisfactory sensitivity and specificity in the early diagnosis
of PJI [1-3]. The leukocyte esterase (LE) strip test of synovial
fluid and histology of the synovium are among the diagnostic
tests for PJI [1-3]. Because the diagnosis of PJI remains one of
the most challenging tasks for orthopedic surgeons, it is im-
portant to evaluate methods for the diagnosis of PJI [1,4,5].

Synovial histology is a commonly used method for the diag-
nosis of PJI as neutrophils can be seen histologically as a re-
sponse to the infected joint, and the presence of Pl can be de-
termined by recording the neutrophil counts per high-power
field [6]. A recent meta-analysis confirmed that histopathology
could be a valuable part of the diagnostic workup performed
on patients undergoing revision arthroplasty [6]. Recent criteria
from the Musculoskeletal Infection Society (MSIS) MSIS have
included histopathological examination as a minor diagnostic
criterion in their guidelines [3]. However, a major shortcom-
ing of histological tests is that specimens can only be collect-
ed during surgery. Thus, histological results cannot effective-
ly guide pre-operative treatment.

Leukocyte esterase (LE) is an enzyme that is primarily secret-
ed by neutrophils [7]. The LE strip test shows the LE levels
through a color change, and the LE strip test has been used
for the diagnosis of urinary tract infections (UTls) since the
early 1980s [8-10], and has been shown to have good sensi-
tivity and specificity in the diagnosis of UTI [11]. The concen-
tration of LE that is measured in synovial fluid is a reflection
of the number of neutrophils that in an infected joint [8-10].
In 2011, Parvizi and colleagues were the first to show that the
LE strip test demonstrates high sensitivity and specificity for
the diagnosis of PJI in the knee joint [7].

The main advantage of the LE strip test is that it is conve-
nient and rapid, with results that can be obtained in two or
three minutes following the collection of synovial fluid [7,12].
Several studies have now confirmed the reliability of the LE
strip test [12-17]. However, further studies are still required
to determine the clinical utility of the LE strip test for the di-
agnosis of PJI, as many of the early studies were based on cri-
teria provided by the individual center running the study, and
not on those recommended by MSIS [2-4,7,12]. For example,
some previous studies included primary arthroplasty cases [17],
and other studies did not indicate the inclusion or exclusion
of rheumatic autoimmune diseases [14,15]. Also, some indi-
vidual studies were retrospective studies that used frozen and
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stored synovial fluid [16]. These differences are likely to have
affected the results of these previous studies.

In 2014, the modified diagnostic criteria of the MSIS consid-
ered the LE test to be a minor criterion, equivalent to the sy-
novial white blood cell (WBC) count [3]. However, the rela-
tionship between LE strip test and histological examination,
which is also based on the concentrations of neutrophils, has
not yet been studied. It is possible that LE detection could im-
prove the early diagnosis of PJI, as a synovial biopsy is not re-
quired for this test [3].

The aims of this study were to determine the sensitivity and

specificity of the LE strip test and to compare the LE test of
synovial fluid with synovial histology in the diagnosis of PJI.

Material and Methods

The Council of Ethics of our institution approved this study on
periprosthetic joint infection (PJI).

From January 2015 to December 2015, a total of 114 patients
received hip or knee revisions in the orthopedic ward of our
hospital. In this study, hip or knee joint revision was defined
as a need to replace components of the joint, or the use of an
entire joint replacement prosthesis, or the need to remove a
prosthesis and introduce a spacer. Cases of joint revision to
remove an existing spacer were excluded. Cases involving an
existing implant other than a joint prosthesis, such as screws
and steel plates, were excluded.

Of the initial 114 patients studied, two cases had undergone
simultaneous bilateral joint revision, there was one case of si-
multaneous hip and knee revision, and 18 cases (included the
only case of acute Pl out of the 114 patients) with incomplete
clinical data (missing histology data or cases in which no sy-
novial fluid could be obtained), and these were also exclud-
ed. Ninety-three patients studied included 38 cases of PJl and
55 non-infected cases.

Following a pre-operative diagnostic synovial fluid aspira-
tion, a small amount of synovial fluid (one drop) was imme-
diately applied to a leukocyte esterase (LE) test strip (Aution
Sticks 10PA, Arkray, Japan). The LE test strip was read within
2-3 min after the application of the synovial fluid. A strip that
turned dark violet, equivalent to the “500” level on the colo-
rimetric card (Figure 1) was determined to be positive; other-
wise, the sample was considered to be negative. All test strip
results were read by three individual physicians. When inter-
pretations were inconsistent, the final result was determined
following consensus.
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Figure 1. Interpretation of the test results for leukocyte esterase.
The LE color change can be divided into four degrees:
“25”,“75”,“250”, and “500”. A positive result occurs
when the color of the LE strip matches the “500”
degree result. Otherwise, we consider the result to be
negative.

If the sample was mixed with blood that affected the color
interpretation, the sample was centrifuged at 5,000 rpm for
2-3 min using a portable centrifuge (SCILOGEX D1008E), and
the supernatant was then applied to the LE strip for interpre-
tation [18].

There is no clear guidance on the appropriate number of sy-
novial tissue blocks to use in histological analysis of PJI, and
this number ranges from two to five blocks in previous stud-
ies [19-21]. Based on methods used at our center, three tissue
blocks were submitted for both intraoperative frozen section

Table 1. Modified MSIS criteria (2014).

LiR etal.:
Leukocyte esterase and periprosthetic joint infection
© Med Sci Monit, 2017; 23: 4440-4446

and postoperative histological paraffin section analysis. After
the intraoperative incision of the articular capsule to expose
the prosthesis, specimens were collected and submitted to the
Department of Pathology for frozen and paraffin sectioning.

The number of neutrophils per high-powered field at x400
magnification was counted by a pathologist. The results from
intraoperative rapid frozen sections were returned approxi-
mately half an hour after submission, and those from paraf-
fin sections were returned 1-2 days after surgery.

For frozen histological analysis, if one out of the three tis-
sue blocks had a neutrophil count of >5 per high power field
(HPF), the results were considered positive; if all three tissue
blocks showed <5 neutrophils per HPF, the results were con-
sidered to be negative. We also considered a combination of
frozen and paraffin section histological analysis to detect PJI,
in which any block of tissue with >5 neutrophils per HPF was
considered positive. If all six tissue blocks showed <5 neutro-
phils per HPF, the results were considered negative. The LE
strip test and histological analysis results were compared be-
tween PJI and aseptic joints based on a modified MSIS defi-
nition (Table 1) [3].

Sensitivity, specificity, positive predictive value (PPV), and neg-
ative predictive value (NPV) for the results of the LE strip test
and two methods of histological analysis were calculated.
Correlation analysis of the two methods was analyzed by the
phi coefficient (¢). A comparison of the sensitivity and specific-
ity of the two methods was analyzed using the chi square test.
A p-value of <0.05 was considered to be statistically significant.

Results

Of the 93 cases of total joint arthroplasty (TJA) studied, 38
cases showed signs of periprosthetic joint infection (PJI) (18
cases of the knee and 20 cases of the hip). These cases in-
cluded 18 men and 20 women with an age range of 22-84
(63.13+15.51) years and a body mass index (BMI) range of

PJI is present when one of the major criteria exists or three out of five minor criteria exist

Two positive periprosthetic cultures with phenotypically identical organisms, OR

A sinus tract communicating with the joint, OR

1) Elevated serum C-reactive protein (CRP) AND an elevated erythrocyte sedimentation rate (ESR)
2) Elevated synovial fluid white blood cell (WBC) count OR ++change on the leukocyte esterase test strip
3) Elevated synovial fluid polymorphonuclear neutrophil percentage (PMN%)

4) Positive histological analysis of periprosthetic tissue
5) A single positive culture

MSIS — Musculoskeletal Infection Society; PJI — periprosthetic joint infection.
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15.62-6.49 (25.02+4.24) kg/m?. Concomitant diseases included
rheumatoid in three cases, ankylosing spondylitis in two cases
and tumors in three cases (after bladder tumor surgery, after
lung cancer and with a history of non-Hodgkin’s lymphoma).
There were 55 non-infected cases (11 cases of the knee and
44 cases of the hip). These cases included 16 males and 39
females with an age range of 29-89 (61.04+11.77) years and
a BMI range of 15.81-37.11 (25.26+4.42) kg/m2 Concomitant
diseases included rheumatoid arthritis in one case, ankylosing
spondylitis in one case, a tumor in one case (after breast can-
cer surgery), purpura nephritis in one case and uremia upon
dialysis in one case.

Diagnosis of LE strip tests from 93 patients was successful
in 89 cases.

The color changes in four cases studied were in between the
positive (dark violet) and the negative (light violet) areas of
the LE strip, leading to inconsistent interpretation of the re-
sults by three physicians. The final result was determined by
majority decision, with a final judgment of two positive cases
and two negative cases. There were 25 cases in which syno-
vial fluid was mixed with blood and required centrifugation,
and readings were available after centrifugation.

The sensitivity, specificity, positive-predictive value (PPV)
and negative-predictive value (NPV) were 92.1% (95% Cl,
77.5-97.9%), 96.4% (95% Cl, 86.4-99.4%), 94.6% (95% Cl,
80.5-99.1%) and 94.6% (95% Cl, 84.2-98.6%), respectively.
The sensitivity, specificity, PPV and NPV of intraoperative fro-
zen section analysis were 89.5% (95% Cl, 74.3-96.6%), 89.1%
(95% Cl, 77.1-95.5%), 85% (95% Cl, 69.5-93.8%) and 92.5%
(95% Cl, 80.9-97.6%), respectively. The sensitivity, specifici-
ty, PPV and NPV of paraffin section analysis were 97.4% (95%
Cl, 84.6-99.9%), 85.5% (95% Cl, 72.8-93.1%), 82.2% (95% Cl,
67.4-91.5%) and 97.9% (95% Cl, 87.5-99.9%), respectively.
There were no significant difference in sensitivity (p=0.249)
or specificity (p=0.480) between frozen and paraffin section
histological analysis.

The two methods were also strongly correlated (¢=0.892).
By coincidence, the sensitivity, specificity, PPV and NPV of
the combined histological analysis were also 97.4% (95% Cl,
84.6-99.9%), 85.5% (95% Cl, 72.8-93.1%), 82.2% (95% Cl,
67.4-91.5%) and 97.9% (95% Cl, 87.5-99.9%), respectively.
Internal results analysis of three tissue blocks revealed inter-
nal inconsistency among both frozen and paraffin sections.
Thirteen cases (34.21%) in the infection group and five cases
(9.09%) in the non-infected group showed inconsistent histo-
logical results among three frozen sections.

For paraffin sections, sixteen cases (42.11%) in the infection
group and seven cases (12.73%) in the non-infected group
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showed inconsistent histological results. (Figure 2) In three
cases from the infection group, frozen sections produced neg-
ative results but combined histological analysis produced posi-
tive results. In the non-infection group, two cases produced the
same pattern of contradictory results. In a comparison of the
results from LE strip tests with the results from frozen section
histology, there were no significant differences in sensitivity
(p=1.000) or specificity (p=0.221) between the two methods.
The two methods were also strongly correlated (¢=0.758). In
a comparison of LE strip tests and results from combined his-
tological analysis, there was no significant difference in sen-
sitivity (p=0.480), but there was a statistically significant dif-
ference in specificity (p=0.041), with LE demonstrating higher
specificity. However, the correlation between the two meth-
ods was still high (9=0.840) (Table 2).

Discussion

Periprosthetic joint infection (PJI) following total joint arthro-
plasty (TJA) can be diagnosed using the leukocyte esterase
(LE) strip test, as LE is an enzyme present in neutrophils, as
in patients with PJI, neutrophils will secrete LE around an in-
fected joint [7,12]. The findings of this preliminary study have
shown that the LE strip test on synovial fluid showed similar
sensitivity and specificity as histology for the diagnosis of PJI.
This study was undertaken with reference to the recent cri-
teria from the Musculoskeletal Infection Society (MSIS) [3].

The LE strip test is used for synovial fluid samples and was first
described as a diagnostic method for PJI by Parvizi et al., who
confirmed the degree of sensitivity and specificity of the LE
test using synovial fluid [7]. A positive LE strip test result occurs
when the color change of ++ of the LE strip pad matches the
final dark purple color, equivalent to “500” in this study, and
the sensitivity and specificity are 80.6% (95% Cl, 61.9-91.9%)
and 100% (95% Cl, 94.5-100.0%), respectively [7].

In the present study, the LE strip test had a sensitivity of
92.1% (95% Cl, 77.5-97.9%) and a specificity of 96.4% (95%
Cl, 86.4-99.4%). This finding was supported by two recently
reported studies [14,22]. In the present study, the sensitivi-
ty of the LE test ranged from 92.9-100% and the specificity
ranged from 92.9-97%. Our results further confirmed the ac-
curacy and the reliability of the LE strip test. In the present
study, the frozen section synovial histological analysis alone
had a sensitivity of 89.5% (95% Cl, 74.3-96.6%) and a speci-
ficity of 89.1% (95% Cl, 77.1-95.5%). Paraffin section synovial
histology alone had a sensitivity of 97.4% (95% Cl, 84.6-99.9%)
and a specificity of 85.5% (95% Cl, 72.8-93.1%).

In this study, there were no significant differences in sensitiv-
ity (p=0.249) or specificity (p=0.480) between frozen section
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Frozen section in PJI group

W 55.26% 21
W 23.68%9
M 10.53%4
[ 10.53%4

Total=38

Frozen section in PJI group

W 55.26%21
W 2632%10
W 15.79%6
[ 2.63%1

Total=38

I 3/3 blocks of tissue were possitive
I 2/3 blocks of tissue were possitive
I 1/3 blocks of tissue were possitive
[ 0/3 blocks of tissue were possitive

Frozen section in non-infection group

W 1.82%1
W 1.82%1
W 7.27%4
[ 89.09%49

Total=55

Frozen section in non-infection group

W 1.82%1
W 1.82%1
M 10.91%6
[ 85.45%47

Total=55

Figure 2. Internal consistency of histological analysis. As it was shown in the figures, there was an internal inconsistency in both
frozen sections or paraffin sections. Thirteen cases (34.21%) in the infection group and five cases (9.09%) in the non-infected
group showed inconsistent histological results among the three frozen sections. And for paraffin section, sixteen cases
(42.11%) in the infection group and seven cases (12.73%) in the non-infected group showed inconsistent histological.

Table 2. Comparison of LE strip tests and histological analysis.

Comparison

Advantage on a chi square
test of sensitivity

Advantage on a chi square
test of specificity

@ (Phi coefficient)

Frozen section vs. paraffin section

x?=1.33, P=0.249

%?=0.000, P=1.000

%?=0.50, P=0.480

x?=1.50, P=0.221

LE vs. combined histology analysis

x2=0.50, P=0.480

x?=4.17, P=0.041
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and formalin-fixed, paraffin section histology, which is similar
to previously published results [23-25]. However, a compari-
son of three tissue blocks corresponding to each type of histo-
logical analysis demonstrated internal inconsistency. Thirteen
cases (34.21%) in the infection group and five cases (9.09%)
in the non-infected group showed inconsistent histological re-
sults among the three frozen sections. Also, three cases had
different results from the combined analysis; the histological
result from a frozen section was negative, but after paraffin
section histological analysis was reported, the final result was
positive. In one case with inconsistent results, the diagnosis
of PJI changed according to the MSIS criteria [3]. In this one
case, surgery was complete, and the duration of antibiotic use
was extended to six weeks of intravenous antibiotics and six
weeks of oral antibiotics, which was the same antibiotic course
usually used following a one-stage revision. The patient has
reported positive outcomes to date (14 months). We believe
that these internally inconsistent results were due to a lack of
collection of representative synovial tissue for PJI evaluation.

This study confirmed that the presence of neutrophils in sy-
novial tissue samples, indicating PJI, depends on the sur-
geon’s expertise, and that combined histological analysis is
more likely to detect a positive histological result. Synovial
tissue sample processing and histological analysis are more
likely to show the changes of PJI, and increasing the number
of intraoperative tissue samples taken might improve the ac-
curacy of histological testing. However, the most appropriate
number of tissue blocks remains to be determined. These di-
agnostic limitations were not found when using the LE strip
test, which produced relatively stable results due to the lack of
error in tissue sampling for histological analysis. The LE strip
test displayed similar sensitivity and specificity to frozen sec-
tions and better specificity than combined histological analy-
sis. The results of the LE strip test were significantly correlat-
ed with those of both frozen sections (9=0.758) and combined
histological analysis (¢=0.840). We believe this finding was be-
cause both the LE strip test and histological analysis are based
on detection of neutrophils.

From the findings of this study, in addition to using a syno-
vial neutrophil count [3], the LE test could replace synovial
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histological analysis for PJI. The LE strip test can provide re-
sults before surgery rather than during or after surgery and
requires only a drop of synovial fluid for each test, to achieve
a diagnosis of PJI even in patients with a very small amount
of synovial fluid. The LE test is rapid, and can be completed
within minutes, unlike histological analysis. The LE test strip
for each test costs only approximately 2.2 yuan (approximately
29.4 cents) and 220 yuan (approximately U5$29.40) per bot-
tle, with 100 strips per bottle, which reduces the cost of diag-
nosis. The required materials and equipment are only an LE
strip and a portable centrifuge, and no large-scale equipment
is required. Therefore, the test can be performed in both large
specialized hospitals and community clinics.

There were several limitations of the present study. First, while
conducting the study, we did not collect assess the optimal
number of synovial tissue samples to analyze. Second, the
minor MSIS diagnostic criteria for PJI were used as the basis
for this study [3]. This study was small, and preliminary, and
was conducted in a single center, which may have introduced
study or analysis bias. Finally, although the LE strip test only
requires a minimal amount of synovial fluid, a small propor-
tion of patients were excluded from this study due to the lack
of availability of synovial fluid.

Conclusions

The findings of this study have shown that histology of fro-
zen sections and paraffin sections of synovium are both good
methods for the diagnosis of periprosthetic joint infection (PJI),
which is a complication of total joint arthroplasty (TJA), but
with no statistically significant differences in the results. The
leukocyte esterase (LE) strip test was found to have a similar
sensitivity and specificity to histological analysis. Because the
LE strip test is a more rapid test that is less costly, it could be
used as a substitute for histological analysis and for the ear-
lier diagnosis of PJI.
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