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Abstract

sample centrifugation and glucose testing.

incorporated into comprehensive diagnostic algorithms.

Background: This study aimed to assess the diagnostic performance and preventive utility of the leukocyte esterase (LE) strip test in
periprosthetic joint infections (PJIs) associated with hip and knee arthroplasty.

Methods: A comprehensive literature search was performed in PubMed, Scopus, and Web of Science databases for studies published
between 2000 and 2024. Search terms included “leukocyte esterase
biomarkers”. Relevant studies were reviewed to evaluate LE testing methodologies and diagnostic accuracy.

Results: The LE strip test is a rapid and inexpensive bedside tool that offers results within minutes. It demonstrates high specificity
as a rule-out test preoperatively and reliable sensitivity for PJI confirmation postoperatively. The accuracy of the test is enhanced by

» o«

Conclusion: The LE strip test is a valuable tool for preoperative screening and postoperative diagnosis of PJI, especially when
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strip test”, “prosthetic joint infection”, and “synovial fluid
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Background

Total hip arthroplasty (THA) and total knee arthroplasty
(TKA) are increasing globally due to excellent clinical
outcomes and aging populations (1). Despite advances,
periprosthetic joint infection (PJI) remains a serious
complication with a 12 percent incidence, leading to
morbidity, functional loss, and costly revisions (2). Early
diagnosis and prevention are critical. Leukocyte esterase (LE)
strip testing, initially designed for detecting urinary tract
infections (UTIs), has been adapted for synovial fluid analysis
to identify neutrophil esterase activity. This offers a rapid and
costeffective diagnostic tool (3). Recent international
guidelines, such as the 2018 International Consensus Meeting
(ICM) and the 2021 European Bone and Joint Infection Society
(EBJIS) criteria, now incorporate LE testing into PJI diagnostic
algorithms, emphasizing its growing acceptance (4, 5).

Methods

This narrative review aimed to assess the diagnostic
accuracy and clinical utility of the LE strip test in detecting
PJI in hip and knee arthroplasty. A thorough literature
search was performed in PubMed, Scopus, and Web of
Science databases for articles published between 2000 and
2024, using keywords such as “leukocyte esterase”, “strip
test”, “prosthetic joint infection”, and “synovial fluid
biomarkers”. Additionally, reference lists from relevant
studies and international guidelines [EBJIS, ICM,
Musculoskeletal Infection Society (MSIS)] were manually
screened to identify further sources. Studies were eligible
for inclusion if they reported on the diagnostic
performance of the LE strip test in PJI, involved human
subjects, and were published in English. Case reports,

conference abstracts, and studies unrelated to orthopedic
infections were excluded from the analysis.

Key data, including diagnostic criteria, test
methodology, and sensitivity/specificity values, were
extracted and analyzed. The quality of the included studies
was evaluated using the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool (Table 1). The findings
were synthesized narratively to examine the role of the LE
strip test in diagnosis and its integration into multimodal
diagnostic algorithms for the diagnosis of PJI.

1. LE Strip Test

Activated neutrophils release LE during infection and
inflammation. The LE strip test uses a colorimetric change
to detect esterase activity in synovial fluid, graded from 0
to +3 (6). In figure 1, positive and negative results of the LE
strip test are shown. Synovial fluid centrifugation before
testing improves specificity by removing confounding
blood components, reducing false positives in
inflammatory arthritis (7).

Positive f
LE strip test

‘t Negative
LE strip test

Figure 1. Leukocyte esterase (LE) strip test color change - negative vs. positive samples

Copyright © 2026 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

This work is licensed under a Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited.

https://jost.tums.ac.ir


http://jostrauma.org/
http://dx.doi.org/10.18502/jost.v12i1.21116
https://creativecommons.org/licenses/by-nc/4.0/
http://jost.tums.ac.ir/
http://jostrauma.org/
https://orcid.org/0000-0002-2158-0484
https://orcid.org/0000-0003-4189-7777

Ayati Firoozabadi et al.: Leukocyte Esterase Strip Test for Early Detection of PJI

Table 1. Risk of bias summary for included studies using the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) tool

References| year Riskof bias in Risk of bias Risk of bias in Concerns regarding Comments

patient selection in index test reference standard applicability
Parvizi etal. (3), 2011 Low Low Low Low Direct evaluation of the LE strip test in PJI
Parvizi et al. (8), 2018 Low Low Low Low Validated diagnostic criteria definition
Li etal., 2020 (9), 2017 Moderate Low Low Low LE vs. histology, possible sample selection bias
Colvin etal. (10), 2015 Low Low Low Low LE strip test application in PJI
Deirmengian et al. (11), 2018 Low Low Low Low Diagnostic challenges and LE test accuracy
Haertlé et al. (12), 2022 Low Low Low Low Combined LE and glucose testing for PJI
Zhang et al. (13),2020 Moderate Low Low Moderate Effect of inflammatory arthritis on LE test accuracy
Wyatt et al. (14), 2016 Low Low Low Low Systematic review and meta-analysis; high quality
De Vecchi et al. (15), 2016 Moderate Low Low Moderate PCR, LE, CRP, leukocyte count comparison

PJI: Periprosthetic joint infection; LE: Leukocyte esterase; PCR: Polymerase chain reaction; CRP: C-reactive protein

Parvizi et al. first validated the LE test for PJI diagnosis
in 2018, demonstrating sensitivity and specificity
comparable to more expensive tests (8). Studies report
sensitivity ranging from 79% to 92% and specificity of up to
96%, highlighting its reliability (9, 10). Notably, LE testing
maintains diagnostic performance even after antibiotic
administration, a significant advantage over culture
methods (11). Digital readers have further enhanced
reproducibility, reducing subjective interpretation errors
seen with naked-eye color reading (12). Combining LE with
other synovial biomarkers, such as alpha-defensin and
calprotectin, improves diagnostic accuracy, supporting a
multi-modal testing approach (5, 12).

2. Interpreting LE Strip Results in Clinical Scenarios

Preoperative Infection Detection: Identifying infection
before arthroplasty is essential to prevent postoperative
PJl. LE strip testing has demonstrated utility in
distinguishing between bacterial and inflammatory
arthritis in emergency settings, with a high negative
predictive value (NPV) allowing for the safe rule-out of
infection (16). Hassas Yeganeh et al. showed LE’s ability to
differentiate septic arthritis from rheumatoid arthritis
(RA) with sensitivity of ~80% and specificity of ~79% (17).
This makes LE testing a valuable tool for triaging patients
before joint replacement surgery.

Diagnosing PJI' P]1 diagnosis relies on positive cultures
and histology. LE strip testing shows excellent sensitivity
and specificity for PJI detection, with some studies
reporting near 100% sensitivity and specificity in clinical
settings (7, 10). However, false negatives can occur,
particularly in low-grade infections or when antibiotic
treatment is present (12). Combined LE and glucose strip
testing improves specificity (up to 98%) but may reduce
sensitivity (17). Thus, LE test results should be interpreted
in conjunction with clinical findings, serum markers
[Creactive protein (CRP) and erythrocyte sedimentation
rate (ESR)], and microbiological cultures (18).

Diagnostic Criteria for PJI

Accurate diagnosis of PJI remains a complex process
that requires the integration of clinical, laboratory, and
microbiological data. The EBJIS 2021 diagnostic criteria are
among the most recent and widely accepted frameworks
(4):

e Major criteria (confirming infection if any present):
o Two or more cultures with phenotypically identical
organisms from periprosthetic tissue/fluid

o Positive synovial biomarkers (including LE strip test,
alpha-defensin, and calprotectin)
o Purulence in joint fluid.

The LE strip test, especially with strong positive results
(+2 or +3), is incorporated as a minor criterion that
significantly raises suspicion for infection when combined
with other parameters. The interpretation of LE must
consider the clinical context and additional tests for
accuracy. Other established criteria include the 2013 MSIS
and 2018 ICM definitions, which similarly incorporate LE
testing as part of minor criteria.

Aspiration of Bloody Synovial Fluid: In cases where
synovial fluid is visibly bloody, the interpretation of the LE
strip test is challenging due to interference by blood
pigments, which can cause false-positive results. Current
best practice involves centrifugation of the sample at 3000
revolutions per minute (rpm) for 3 minutes to separate
blood components and clarify the fluid (7, 19).

After centrifugation, the LE test is repeated on the clear
supernatant, improving specificity. The LE strip should be
read within 2 to 5 minutes after immersion in synovial
fluid. For centrifuged samples, the exact timing applies
after the supernatant is applied. Delayed reading can
cause inaccurate results due to color fading or
progression. This approach reduces false positives and
enhances the diagnostic accuracy of LE testing in samples
with blood or contamination.

Antibiotic Influence on Diagnosis: Antibiotic therapy
before aspiration reduces culture sensitivity but has a
minimal effect on LE strip test accuracy. Shahi et al.
demonstrated that LE testing remained reliable even after
antibiotic usage, which is a significant advantage in
clinical practice, where empirical antibiotics are
frequently administered before completing the diagnostic
workup (16). This improves the timely diagnosis and
treatment planning of PJI.

Differentiating P/l from I[nflammatory Flare-Ups:
Inflammatory arthritis can cause false-positive LE results.
Centrifugation of synovial fluid samples effectively
reduces these false positives by removing inflammatory
cells and debris, enhancing specificity (7). Zheng and
Zhang found that centrifugation improved the reliability
of the LE test in patients with inflammatory arthritis,
thereby reducing the risk of misdiagnosis (19).

Figure 2 illustrates the diagnostic algorithm for
evaluating patients who are candidates for joint
replacement surgery or have undergone the procedure,

o Sinus tract communicating with prosthesis | : < .
. - . - . . with the goal of ruling out infection.
e Minor criteria (supportive evidence, scoring applied): 3. Emerging Biomarkers and Future Directions
o Elevated serum.CRP or.ESR The LE strip test is part of an expanding panel of
© Elevated synovial white blood cell (WBC) count and synovial biomarkers for the diagnosis of PJI. Alpha-
neutrophil percentage (cut-offsvary) ) defensin and calprotectin assays demonstrate high
© Positive histopathology (> 5 neutrophils per high- accuracy but are more costly and less readily available
power field) (16, 20).
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Figure 2. The diagnostic algorithm for evaluating patients who are candidates for joint replacement surgery or have undergone the procedure
(LE: Leukocyte esterase; PJI: Periprosthetic joint infection; TJA: Total joint arthroplasty; EBJIS: European Bone and Joint Infection Society;

PMH: Past Medical History

Combining LE testing with these biomarkers and
clinical scoring systems can improve early and accurate
detection of PJI, thereby reducing unnecessary surgeries
and healthcare costs (18, 21). The diagnostic performance
and characteristics of LE, microbial culture, alpha-
defensin, and inflammatory markers (CRP and ESR) in
detecting PJI have been reported in several studies (Table 2)
(22-24).

Table 2. Sensitivity and specificity of leukocyte esterase (LE) test compared with
other periprosthetic joint infection (P]I) diagnostic methods

Diagnostic Sensitivity  Specificity Cost Time to Antibiotic

method (%) (%) result impact

LE test 79-92 90-96 <1$ 25 Low
minutes

Microbial 65-85 95-98 Medium 3-7days High

culture

Alpha- 90-97 95-97 High 1day Low

defensin

CRP and ESR 70-85 70-80 Low Few hours  Moderate

LE: Leukocyte esterase; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate

Machine learning models integrating LE results,
clinical parameters, and serum biomarkers are under
development, showing potential to enhance diagnostic
precision and guide individualized treatment. Continued
research and multicenter trials are needed to refine
testing algorithms and implement them in routine
clinical practice (25).

Conclusion

The LE strip test offers a quick, reliable, and cost-
effective method for early detection and prevention of PJIs
in hip and knee replacements. It is beneficial as a rule-out
test before surgery and as a rule-in test after surgery when
used in conjunction with other diagnostic tools. Its
effectiveness remains strong even after previous antibiotic
treatment and can be improved through sample
centrifugation and combined biomarker testing.
Incorporating LE strip testing into international
diagnostic standards demonstrates its clinical value, and
ongoing technological advancements are expected to
further enhance its accuracy and utility.
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