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Abstract

Periprosthetic joint infection (PJI) represents one of the most challenging complications after total joint arthroplasty
(TJA). Despite the availability of a variety of diagnostic techniques, the diagnosis of PJI remains a challenge due to
the lack of well-established diagnostic criteria. The leucocyte esterase (LE) strips test has been proved to be a
valuable diagnostic tool for PJI, and its weight in PJI diagnostic criteria has gradually increased. Characterized by its
convenience, speed and immediacy, leucocyte esterase strips test has a prospect of broad application in PJI
diagnosis. Admittedly, the leucocyte esterase strips test has some limitations, such as imprecision and liability to
interference. Thanks to the application of new technologies, such as machine reading, quantitative detection and
artificial intelligence, the LE strips test is expected to overcome the limitations and improve its accuracy.
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Introduction

Periprosthetic joint infection (PJI) is currently one of
the most challenging problems in the field of joint
surgery [1]. The overall incidence of PJI is low and
stands at 1 to 3% [2-5]. However, with the popula-
tion aging trend in China intensifies, the number of
patients undergoing total joint arthroplasty has been
on the rise. The increase in the patient base will inev-
itably lead to an increase in the number of PJI pa-
tients. The diagnosis and treatment of PJI are difficult
and expensive, posing a heavy burden on the society
at large [6, 7]. Nonetheless, not a definitive single
“gold standard” is available for the diagnosis. More-
over, a variety of diagnosis modes are currently used
and the discrepancies yielded by different modes
present another problem [8, 9].
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In 2018, International Consensus Meeting (ICM) was
held in Philadelphia (U.S.), and the meeting worked out
the ICM2018 International Consensus on Prosthetic
Joint Infections [10]. Compared to the widely-used
MSIS2014 diagnostic criteria, the new version remains
essentially unchanged except for the inclusion of 2 main
diagnostic indicators and, the division of the secondary
diagnostic indicator divided into 4 parts: serological
examination, synovial fluid analysis, microbial culture,
and intraoperative indicators. Among these parts, in the
analysis of synovial fluid, leukocyte esterase (LE) strip
test is combined with leukocyte count and a-defensin
detection. This revision weighs a lot in the new version
of PJI diagnostic criteria [11].

LE strip test uses a plastic strip with filter paper con-
taining indolyl carboxylate at one end. LE converts the
substrate into indole groups, and then oxidizes them in
the indoor air to produce an indigo color. With LE strip
test, LE activity in body fluids was qualitatively detected
by comparing the color of the strip with the colorimetric
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card [12, 13]. (Fig. 1) LE strip test was first employed for
the rapid screening and diagnosis of urinary tract infec-
tions [14—17]. Thereafter, it has been widely used in the
fields of the digestive system [18—22], gynecological sys-
tem [23], nervous system [24-26], and otolaryngology
system [27, 28]. It detects body fluids, such as, ascites,
gynecological secretions, cerebrospinal fluids and spu-
tum. In fact, the test is a part of systematic screening
and diagnosis of infectious diseases.

J. Parvizi et al, for the first time, used the LE strip
test for the diagnosis of PJI, and introduced it into
the diagnostic system of infectious diseases of the
bone and joint system [29]. Then, researchers found
that the combined sensitivity and specificity of the LE
strip test for the diagnosis of PJI were 93.3 and 77.0%
when using positive cultures or the presence of a
draining sinus tract as the gold standard. The diag-
nostic tool characterized by its speed, economy and
high sensitivity [30].

The existing methods for infection diagnosis mainly in-
volved microbial culture [31] and non-culture methods,
including bacterial staining, white blood cell counting,
antibody and antigen immunoassay, and next generation
sequencing (mNGS) [32-37]. These methods are of high
diagnostic value but require complex specialized equip-
ment, special site environment and professional staff. The
LE strip test for the initial screening of infections can ef-
fectively lower the cost and shorten the time, thereby sav-
ing medical resources. However, the strip test is subjected
to the subjective judgment of the tester, external environ-
mental interference and sample contamination [38-40].
Moreover, the diagnosis of PJI with the strip test remains
not very accurate.

This article discusses the change of the weight of
the LE strips test in the PJI diagnosis. The progresses
and the current status of their application in PJI

Page 2 of 7

diagnosis are reviewed. In addition, this article also
looked into the prospect of high-precision test strip
detection systems.

Changes in LE strip test as a part of PJI diagnostic
criteria

MSIS2011 diagnostic criteria

The application prospect of LE strip test in PJI diagnosis
was first mentioned in the MSIS2011 diagnostic criteria
[41]. In 2011, a working group of the Muscular-skeletal
Infection Society (MSIS) redefined PJI and developed a
new criterion. Although LE strip test was not included
in the diagnostic criteria, like synovial fluid CRP [42, 43],
IL-6 [44], polymerase chain reaction [45, 46], and ultra-
sound vibration technology [47, 48], it was believed to
be a potential diagnostic tool for PJI and required fur-
ther verification.

ICM2013/MSIS2014 diagnostic criteria

In 2013, the first ICM was held. The meeting adopted
the ICM2013 diagnostic criteria. The conference of the
MSIS was held in 2014, and subsequently, ICM2013 was
partially modified to become the MSIS2014 diagnosis.
Based on this criterion (revised edition), the LE strip
test, as a secondary diagnostic indicator, was, for the first
time, included in the diagnostic criteria [49].

In the MSIS2014 (revised) diagnostic criteria, the re-
sult of the LE strip test and the increase in WBC count
were believed to be of equivalent value. In addition,
compared with the MSIS2011 diagnostic criteria, the
thresholds of the diagnostic indicators (including the LE
test strip test) were clearly defined. The definition of
acute PJI was consistent with that of MSIS2011 [41].
The leukocyte count threshold of acute PJI is 10,000
cells/pl, while PMN% is 90%. For chronic PJI, the
leukocyte count threshold is 3000 cells/pl, and the
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Fig. 1 a Molecular formula of leukocyte esterase [12]. b Detection of leukocyte esterase test strips (dry chemical method)
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PMN% is 80%. The LE strip test result and histopatho-
logical threshold are not affected by the acute and
chronic nature of infection. The threshold of the LE test

strip test was initially defined as “+” or “++”.

Dispute over ICM2013/MSIS2014 diagnostic criteria

The ICM2013/MSIS2014 diagnostic criteria was the
most widely used diagnostic criteria around the globe
[50]. However, the controversy surrounding this diag-
nostic criterion lingers [8]. Regarding the strip test, the
disagreement mainly focuses on the following aspects:
(1) the effect of different products of LE strips or test
equipment on the results [30], 2) the influence of con-
founding factors, for example, blood, in the interpret-
ation of strip test results, may cause discontinuities in
the research queue [51], 3) the potential impact of test
time point and sample size on the test results [29].

ICM2018 diagnostic criteria

The ICM2018 diagnostic criteria is the latest inter-
national diagnostic criteria for PJI. The new diagnostic
criteria is also applicable to the diagnosis of PJI after
total hip or total knee replacement in the Chinese popu-
lation. Guan et al have found that the new diagnostic
criteria for PJI had better diagnostic performance (sensi-
tivity 94.9%; specificity 95.2%), compared with the diag-
nostic criteria of ICM2013/MSIS2014 (sensitivity: 53.1%;
specificity 98.8%) and IDSA diagnostic criteria (sensitiv-
ity 72.4%; specificity 86.7%) [52].

The new version of the criteria retains the main con-
tent of the MSIS2014 criteria, and the secondary criteria
is assigned a weight based on the MSIS2014 diagnostic
criteria to achieve the quantification of PJI diagnosis.
We noticed that in the new version of the diagnostic cri-
teria, joint fluid analysis is included as a key part of sep-
tic arthritis assessment [10, 53]. The LE strip test result
is incorporated into the new version of the diagnostic
criteria and the inclusion was supported by 73% of par-
ticipating experts [54]. The criteria have 16 points, and
the joint fluid analysis has 5 points, accounting for virtu-
ally one third of the overall score. Except for PMN%
(which have 2 points), the LE strip test carries the same
weight as the leukocyte count and a-defensin, and if one
of them is positive, 3 points are awarded. The weight of
the LE strip test in the new version of the diagnostic cri-
teria has further increased.

In addition, the diagnostic criteria of ICM2018 clearly
states the threshold of the LE strip test as “++”, and Li
and other researchers also recommended that “++” be a
suitable threshold for the LE strip detection after syn-
ovial fluid centrifugation [55]. Gautam et al reported
that when “++” was defined as a positive result, the
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sensitivity of the LE strip test for the diagnosis of septic
arthritis was 100% [56].

Status quo of the application of LE strip test in PJI
diagnosis

Evaluation of diagnostic performance

Multiple studies showed that LE strip test was valid and
reliable for the diagnosis of PJI. A recent meta-analysis
included 12 studies using LE strip as a diagnostic tool
for PJI [57]. The results of the study showed that the
combined sensitivity of the LE strip test in the diagnosis
of PJI was 87% (95%CI 84—90%), and the specificity was
96% (95%CI 95-97%). The OR was 170.09 (95%CI
97.63-296.32). The LE strip test out-performs other
serological and synovial fluid markers, such as ESR [sen-
sitivity: 86% (95%CI 82.5-89%); specificity: was 72.3%
(95%CI 70.4—74.2%)], synovial fluid procalcitonin [sensi-
tivity: 53% (95%CI 24—80%); specificity: 92% (95%CI 45—
99%)], synovial fluid IL-6 [sensitivity: 72% (95%CI 63—
80%); specificity: 91% (95%CI 82-96%)]; synovial fluid
CRP [sensitivity: 92% (95%CI 86—96%); specificity: 90%
(95%CI 87-93%)].

An early systematic review [58] examined 11 ori-
ginal studies that involved 2061 patients. The result
showed that the sensitivity of the strip test for the
diagnosis of PJI was 85.7% (95%CI 65.9-90.7%), the
specificity was 94.4% (95%CI 85.3-97.7%), the PPV
was 84.3% (95%CI 71.5-91.7%) and the NPV was
94.0% (95%CI 85.8-97.1%).

Carli AV et al conducted a systematic review [59] that
included 203 studies, which evaluated the serological,
synovial and histological indicators in each PJI diagnostic
guideline. Their results demonstrated that laboratory
synovial a-defense (ELISA) and LE strip performed best,
followed by leukocyte count, synovial tissue CRP,
PMN%, and the a-defensin kit (Youden index was be-
tween 0.78 and 0.94). The Youden index of the 3 exami-
nations (IL-6, CRP, and ESR) was between 0.61-0.75.

Limitations

Although the strip test shows excellent diagnostic per-
formance, it can be effectively used, alone or in combin-
ation with other diagnostic indicators, both as a rapid
screening tool and for confirming suspicious joint infec-
tion around the prosthesis. However, some obvious limi-
tations cannot be ignored.

The first limitation is the sample-mingling problem.
Severe sample mingling (i.e., inclusion of undesirable
substances such as blood) often renders the results of
the LE strip test unreadable, which affects the continuity
of the research queue [40, 51]. Centrifugation may be an
effective solution [60]. X Li et al demonstrated that the
sensitivity and specificity of the LE strip test before and
after synovial fluid centrifugation were essentially the
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same, and centrifugation was a reliable operation [61].
By contrast, the results of research by R Li et al demon-
strated that centrifugation could, to some extent, de-
grade the results of LE strip test [55]. So far,
centrifugation is the only solution available to the prob-
lem of sample mingling, but it might affect the ultimate
test results. The issue remains controversial and requires
further research. What is more, the accuracy of the de-
tection method and qualitative results of the colorimet-
ric comparison of LE strips are still questionable [62].
The amount of synovial fluid samples required for LE
strips test and the timing of reading results have yet to
be determined by clinical studies and they are also the
targets of further researches [63].

Interpretation of LE strip test results

Prospects of high-precision POC test system

POC (point-of-care) test, that is, instant bedside test, re-
fers to a medical diagnostic tool used to obtain immedi-
ate test results [64]. POC test mainly includes tests such
as LE strip test. This quick simple medical test can be
performed by the bedside. The purpose of POC is to im-
mediately make the test result available [58] to the at-
tending doctor. The advantages of the LE strip test in
PJI diagnosis are conspicuous: fast, easy and instant. The
emerging new technologies are actually pushing POC
test, such as LE Strip test, towards automation, quantifi-
cation and high precision.

Machine Reading

The LE strip test was first applied to urinary tract infec-
tions and automation technology was also first intro-
duced to the detection of urinary tract infections. Today,
a wide array of models and types of urine analysis sys-
tems [65-67] have been available. The advantage of
automatic detection lies in that it can provide stable and
consistent external conditions and a controllable time
setting, and machine reading eliminates subjective fac-
tors. Koh et al confirmed that the results of the urine
analysis system for joint fluid LE strip test were basically
identical to the gross readings. The introduction of ma-
chine reading into the LE strip test made the objective
assessment by LE strip test possible [68].

Based on the original machine readings, smartphone
applications were introduced into the strip test, and the
built-in urine strips colorimetric reader has allowed for
the real-time detection of LE strips, further simplifying
the detection process [69, 70]. Choi et al employed a
smartphone-based LE strip colorimetric detection sys-
tem in emergency medical scenarios, and the traditional
urine analyzer was used as a reference. In their study,
the consistency rate of LE strips test was 85.2% [24].
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Quantitative detection

Quantitative detection is the only means to improve the
accuracy of the LE strip test. The early quantitative test of
LE strips was mainly spectrophotometrically conducted,
but it entails reagents, equipment, and a stable environ-
ment [71]. Penders ] et al attempted to achieve quantita-
tive determination by comparing the reflectance of the
strip protein with the trace protein content determined by
flow cytometry and establishing a linear relationship be-
tween the two. Although the reflectance of the test strip
could verify the flow cytometrical data, the correlation be-
tween the two did not suffice to achieve stable and reliable
quantitative detection [72].

Lee et al introduced color analysis into the quantifica-
tion of test strip test results. The researchers designed a
mobile medical platform to collect signal data (red,
green and blue) from LE strip images and convert them
into hue (H) color mapping or Y model data. Then, by
curve fitting, they demonstrated that the color data were
well correlated with the number of white blood cells but
certain deviations remained [73]. Oyaert et al developed
a method based on the complementary metal oxide
semiconductor sensor technology (CMOS) for quantita-
tive detection of LE test strips [74]. CMOS technology
provides a new option: integration of many sensors and
electronic circuits in one [75], and thereby, a detection
range adjustment mechanism can be established to auto-
matically adjust the exposure time of the image sensor
to achieve the effect of range expansion. When a high-
concentration test strip is detected, it is extracted by the
detection program. The gray value of the image is lim-
ited, and the concentration information of the test strip
cannot be correctly indicated. The CMOS system can
automatically adjust the exposure time according to the
density of the strip to attain the effect of automatic
range adjustment, which further improves the strip
image acquisition and analysis precision [76].

Artificial Intelligence (Al)
AlJ, represented by artificial neural network (ANN) tech-
nology, has been increasingly used in the field of
biomedicine. ANN technology is non-linear, non-limited
and very qualitative (adaptive, self-organizing, self-
organizing, self-learning ability), and its non-convexity
characteristics are in line with the human biological sig-
nals or information expression and changes. Currently,
it is used for the collection and analysis of biological im-
ages [77], bioelectric signals [78], and sound or odor sig-
nals, among others [79]. Technical advances in Al are
adding objectivity and accuracy to traditional qualitative
analysis tools to fulfill the needs of personalized medi-
cine and precision medicine [80].

Huang X et al developed a system that integrates a
microfluidic channel and a CMOS image sensor. The
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system was based on an extreme learning machine
super- resolution (ELMSR) and a convolutional neural
network super-resolution (CNNSR) to improve image
recognition. Their technologies increased the image
resolution by 4 times and CNNSR by more than 9.5%
more than did ELMSR. The cell counting results also
agreed well with the results of flow cytometry [81]. Aah
et al introduced a machine-learning algorithm for identi-
fication of clinical and urine biomarkers for the diagno-
sis of complicated urinary tract infections. The accuracy
of the new method in the prediction for urinary tract in-
fections was significantly improved (LR + = 4.4) [82].

Conclusions

In summary, LE strip test is a vital part of current PJI
diagnostic tools, especially in primary medical institu-
tions with limited resources. LE test strip detection is a
convenient, fast, and cheap alternative for early screen-
ing of peri-prosthesis infection.

However, as a simple diagnostic tool, the limitations of
LE strip test are obvious. Standardized operating proce-
dures (including consistent time and sample size),
homogeneous test strip materials, or supporting equip-
ment suitable for joint fluid (e.g., specific body fluids),
and so forth, require further research and development.
In addition, sample contamination, qualitative diagnosis,
and other limitations must also need to be overcome.

Interpretation of LE strip test using automation, quan-
tification, and AI might improve the accuracy of PJI
diagnosis. Particularly, the development of new tech-
nologies, represented by Al, is expected to improve the
LE strip test as high-precision POC testing. Further re-
searches are warranted to address the remaining limita-
tions of LE strip test in the diagnosis of PJI.
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