
Abstract. Background/Aim: Septic arthritis (SA) requires
rapid diagnosis and therapy to avoid joint damage. This
study evaluated the diagnostic accuracy of leukocyte esterase
(LE) and glucose (GLC) strip tests for diagnosing SA.
Patients and Methods: Synovial fluids from 455 patients with
atraumatic joint effusions were assessed prospectively over
a 5-year period with LE and glucose strip tests. Results were
compared to modified Newman criteria for diagnosing joint
infections. Synovial fluid cultures, crystal, blood and
synovial cell analyses were also performed. Results: Forty-
one patients had SA and 252 non-SA. A positive LE reading
combined with negative glucose reading could detect SA with
100% specificity, 85% sensitivity, 100% positive predictive
value (PPV) and 98% negative predictive value (NPV).
Positive synovial LE reading alone detected SA with 82%
specificity, 95% sensitivity, 47% PPV, and 99% NPV.
Conclusion: Combined LE and glucose strip tests represent
a low-cost tool for rapidly diagnosing or ruling out SA.

Septic arthritis (SA) is a serious clinical condition that can
result in permanent articular cartilage damage. SA is
associated with considerable morbidity and mortality. To
avoid disease progression, early and appropriate treatment is
crucial. However, early SA assessments can be challenging,
due to multiple differential diagnoses, including
osteoarthritis and other inflammatory arthritides (e.g.,

crystal-induced diseases, like gout or chondrocalcinosis, or
rheumatoid arthritis).

Currently, clinicians distinguish between SA and other
diagnoses with a variety of diagnostic tools, including
synovial fluid cultures, Gram stains, synovial fluid analyses,
and blood analyses. All these procedures have strengths and
limitations. A synovial fluid culture is required for targeted
antibiotic therapy, but it is time-consuming (incubations for at
least 24 h) and its sensitivity is only 67%. Gram stains can
deliver results rapidly, but they have a poor sensitivity (29-
52%). Currently, synovial white blood cell (WBC) counts and
the percentage of polymorphonuclear cells (%PMN) appear to
be the most reliable diagnostic tests, and they provide results
relatively quickly. Nevertheless, their limited availability in
primary or secondary care settings constrains their usefulness
for emergency situations. Moreover, these tests cannot reveal
the causative pathogen. Consequently, new approaches are
needed that provide rapid, accurate SA diagnoses. 

Previous studies have used colorimetric reagent strip tests,
which are normally used to diagnose urinary tract infections,
to identify infections in various body fluids, including pleural
effusions, bronchoalveolar lavage fluid, peritoneal fluid,
cerebrospinal fluid, and middle ear effusions. Those diagnoses
were based on the presence of elevated leukocyte esterase (LE)
levels. LE is produced by activated neutrophils recruited during
inflammatory processes. Acute SA leads to a measurable
increase in neutrophils, which leads to LE in synovial fluid. 

However, an LE examination would not discriminate
between SA and other inflammatory processes in the joint,
because high concentrations of neutrophils are typically
present in various inflammatory artrithides. Thus, to
distinguish between septic and non-septic arthritis, glucose
measurements might be useful. Indeed, bacteria utilize
glucose for energy; therefore, a low glucose concentration
might indicate the presence of bacteria, as shown previously
in patients with meningitis. 

Accordingly, a novel previous study showed the feasibility
of using LE and glucose reagent strip tests for diagnosing SA.
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Simultaneous LE and glucose analyses on a common reagent
strip facilitated the SA diagnosis in native joints, based on
increases in LE levels and decreases in glucose concentrations.
Those preliminary results showed that this approach was
promising, but that study was limited by the small sample size.

The present study aimed to evaluate the diagnostic
accuracy of LE and glucose strip tests for diagnosing SA,
based on a larger sample size. We hypothesized that results
from reagent strip testing would be comparable to results
from the gold standard diagnostic test for SA. 

Patients and Methods

This study was conducted in compliance with the Declaration of
Helsinki and was approved by our Institution’s Ethics Committee
(1948-2013). In this prospective diagnostic study, we examined
synovial fluid from patients treated in our Emergency Department
for atraumatic joint effusions of the shoulder, elbow, wrist, hip,
knee, and ankle, over a five-year period (2014-2018). All patients
provided informed consent prior to joint aspiration. Patients were
excluded before joint aspiration, when they had undergone joint
replacements, antibiotic or surgical treatments, or they were under
18 years old. Additional exclusion factors were: insufficient
synovial fluid volume; still hemorrhagic synovial fluid after
centrifugation; synovial specimen was analyzed more than six hours
after aspiration; or incomplete data. Based on a preliminary study
by Omar et al., we determined that we needed a minimum of 41

joint infections to achieve a minimum sensitivity of 67%. This level
corresponded to the sensitivity of synovial cultures. 

After arthrocentesis (with an 18-gauge needle, in sterile
conditions) we performed LE and glucose strip tests, synovial fluid
cultures, Gram stains, crystal analyses, and analyses of synovial
differential cell counts (WBC, %PMN). Blood samples were drawn
to measure serum infection markers [C-reactive protein (CRP),
peripheral blood leukocytes (PBL)] and serum glucose
concentrations. For standard diagnostics, specimens were sent to the
Department of Microbiology (synovial fluid culture, Gram-staining)
or to the Department of Rheumatology (crystal analysis, synovial
cell analysis). LE and glucose strip tests were performed in the
examination room after arthrocentesis. When synovial fluid was
hemorrhagic, we centrifuged it for 1 min in an Eppendorf tube (2-
ml charge; OMNILAB minicentrifuge, Bremen, Germany), and the
supernatant was used for reagent strip testing. We pipetted 300 μl
of fluids onto test fields. LE and glucose test strips, typically used
for urine analysis (Combur9, Roche, Grenzach-Whylen, Germany),
were incubated in the fluids for 60 s. We semiquantitatively
assessed LE and glucose contents, based on the color change on the
reagent pads. LE scales ranged from (–), for 0 cells/mm3, to (+++)
for >500 cells/m3. Scales for glucose ranged from (–), for 0 mmol/l,
to (++++) for 55 mmol/l (Figure 1A). For LE, scores of (–) and (+)
were considered negative, and scores of (++) and (+++) were
considered positive. For glucose, a (–) score represented a reduction
in glucose concentration in the joint fluid, and scores of (+) or
(++++) were considered positive. 

SA was diagnosed with the combination of Newman’s criteria, a
crystal analysis, and a synovial fluid analysis. Synovial fluid was
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Figure 1. Diagnosis of septic arthritis by semiquantitative examination of synovial fluid leukocyte esterase (LE), glucose and combined LE/glucose.
(a) Colorimetric scales for the leukocyte esterase and glucose strip tests. (b) Receiver operating characteristic curves of synovial fluid LE, glucose
and combined LE/glucose for diagnosing septic arthritis. Receiver operating characteristic curves indicate the ability of synovial fluid tests to
diagnose septic arthritis. Colors indicate different strip tests. Green: Positive LE result; red: negative synovial fluid glucose result; blue: the
combination of synovial fluid LE and glucose tests. As indicated by the area under the curve, synovial fluid glucose (0.943) yielded the highest
diagnostic accuracy for diagnosing bacterial arthritis. GLC: Glucose; LE: leukocyte esterase.



characterized as septic when 1) a pathogen was isolated from the
synovial fluid; 2) a pathogen was isolated from the blood culture,
and the patient exhibited typical clinical symptoms of SA; 3) the
aspirated synovial fluid was purulent, but crystals were absent; or
4) microbiological findings were negative, but the synovial fluid had
WBC>50,000/mm3 and %PMN >75%, and crystals were absent.  

Patients that did not fulfill these criteria were considered aseptic,
and they were subclassified into four groups of non-septic arthritis,
as follows: 1) Metabolic arthritis: microcrystals were detected with
polarized light microscopy, and pathogens were absent; for example,
sodium urate was detectable in gout and calcium pyrophosphate
dihydrate was detectable in chondrocalcinosis. 2) Chronic
inflammatory joint diseases (CIJDs): both microbiological and crystal
analyses were negative, but the patient’s medical history showed
repetitive signs of an inflammatory joint disease. 3) Osteoarthritis:
based on patient history, typical radiological signs, and negative
microbiological and crystal analyses. 4) Others: all other cases.

Statistical analysis. We assessed the diagnostic abilities of 1) a
positive (++ or +++) LE test, 2) a negative (–) glucose test, and 3)
the combination of a positive (++ or +++) LE test and a negative (–
) glucose test, for detecting SA. For each reagent test, we calculated
the sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV), positive likelihood ratio (LR+), negative
likelihood ratio (LR-), and the area under the receiver operating
characteristic (ROC) curve (AUC) and the 95% confidence intervals
(CIs). We compared mean values across groups with the analysis of
variance or the Kruskal-Wallis test, as appropriate. Pair-wise
comparisons were performed after adjusting for multiple
comparisons. Alpha was set to 0.05 for all tests. Descriptive statistics
are presented as the mean and 95% CI or the median and range, as
appropriate. All analyses were performed with R version 3.5.1 (R
Foundation for Statistical Computing, Vienna, Austria). 

Results

Arthrocentesis was performed on 455 joints. Of these, 162
samples were excluded, based on inclusion/exclusion criteria.
All included patients (n=293, mean age, 56 years, range=18-
97; 65.9% males) had complete data for all study parameters.
Synovial fluid was aspirated from 235 knees (80.2%), 17
ankles (5.8%), 16 hips (5.5%), 12 shoulders (4.1%), 11
elbows (3.8%), and 2 wrists (0.7%). SA was diagnosed in 41
patients (14.0%) and aseptic arthritis was diagnosed in 252
(86.0%) patients. Of the latter, 79 had osteoarthritis (27%),
31 had gout (10.6%), 31 had chondrocalcinosis (10.6%), 39
had a CIJD (13.3%), and 72 had “other” joint diseases
(24.5%) (Table I). Thirty-two SA synovial fluid samples
produced positive cultures. The causative organisms (Table
II) included mostly Staphylococcus species (22 joints, mostly
Staphylococcus aureus), some Streptococcus species (six
joints), and one culture each of Corynebacterium,
Aggregatibacter aphrophilus, Morganella morganii,
Streptobacillus moniliformis, Haemophilus parainfluenzae,
and Pseudomonas aeruginosa. One patient had a mixed
infection, with Streptococcus mitis, Haemophilus
parainfluenzae, and Staphylococcus species. Nine patients
with negative synovial cultures were diagnosed with SA,
based on previously defined criteria. Among these samples,

Kolbeck et al: Urine Strip Test in Septic Arthritis

1627

Table I. Demographics and clinical data of the study population.

Characteristics Infected Uninfected p-Value

Gender
Male 29 (70.7%) 164 (65.1%) 0.5959
Female 12 (29.3%) 88 (34.9%)

Age (years) 59 56
Type of affected joint

Knee 20 (48.8%) 215 (85.3%) <0.0001
Hip 6 (14.6%) 10 (4%)
Shoulder 6 (14.6%) 6 (2.4%)
Elbow 6 (14.6%) 5 (2%)
Ankle 2 (4.9%) 15 (6%)
Wrist 1 (2.4%) 1 (0.4%)

Diagnosis
Septic arthritis 41 (100%) 0 (0%)
Non-septic arthritis

Gout 0 31 (12.3%)
Chondrocalcinosis 0 31 (12.3%)
CIJD 0 39 (15.5%)
Osteoarthritis 0 79 (31.4%)
Others 0 72 (29%)

CIJD: Chronic inflammatory joint diseases.

Table II. Microbacterial data of synovial fluid culture.

Synovial fluid culture Number of affected joints

Streptococcus
Streptococcus dysgalactiae equisimilis 1
Streptococcus agalacticae 2
Streptococcus dysgalactiae 1
Streptococcus gallolyticus 1
Streptococcus mitis 1*

Staphylococcus
Staphylococcus aureus 17
Staphylococcus epidermidis 3
Staphylococcus lugdunensis 1
Koagulase negative Staphylococcus 1

Corynebacterium 1*
Aggregatibacter

Aggregatibacter aphrophilus 1
Pseudomonas

Pseudomonas aeruginosa 1
Morganella

Morganella morganii 1
Streptobacillus

Streptobacillus moniliformis 1
Heamophilus

Haemophilus parainfluenzae 1*
Negative 7
No sample taken 2

*Proof of three different germs in one joint.



four exhibited purulent synovial fluid combined with a
negative crystal analysis and five had >50,000/mm3 WBC
and >75% PMN, combined with a negative crystal analysis.

The mean synovial fluid cell counts (WBCs and %PMN)
were significantly elevated in septic compared to non-septic
arthritic samples (p<0.0001; Tables III and IV). The mean
serum CRP and PBL concentrations were significantly higher
in the SA group than in the aseptic group. Serum glucose
concentrations were similar in the SA and aseptic arthritis
groups (Table IV).

The semiquantitative LE test results were consistent with
the synovial WBC and %PMN levels (Table V). We cross-
tabulated the numbers of septic and aseptic samples
associated with different combinations of LE and glucose
readings (Table V). SA was highly correlated with a positive
LE strip test combined with a negative glucose test.
Compared to findings with the individual strip tests, the
combination of tests enhanced the specificity to 100%
(95%CI=100-100%) and the PPV to 100% (95%CI=100-
100%) for detecting the presence of SA; however, the
sensitivity was diminished to 85% (95%CI=75-96%) with
the combined tests (Tables VI and VII). 

Synovial fluid LE, synovial fluid glucose, and the
combination of synovial fluid LE and glucose yielded AUCs
of 0.887, 0.943, and 0.927. Thus, synovial fluid glucose
alone displayed the highest accuracy for diagnosing SA
(Figure 1B; Table VII).

Discussion

SA is considered an acute orthopaedic surgical emergency.
A delayed diagnosis was associated with rapid joint
destruction and increased rates of morbidity and mortality.
When patients display a hot swollen joint, limited diagnostic
options and/or inconsistent clinical presentations might lead
clinicians to make inappropriate therapeutic decisions.
Current diagnostic methods provide delayed results and

insufficient diagnostic performance. The “gold standard” for
diagnosing joint infection is to isolate a pathogen from
synovial fluid. However, pathogen isolations require at least
24 h of incubation, and cultures display only 67% sensitivity.
Berbari et al. showed that 20%-30% of synovial fluid
cultures failed to yield microbial growth. Other studies
reported that 45% of patients had culture-negative joint
infections. Another problem is that low-virulence organisms
might require longer incubation periods. Moreover, using the
wrong culture medium can prolong the incubation period or
lead to false-negative results. Gram stains have poor
sensitivity (range=29-52%). Recently, Bram et al. showed
that Gram staining was not clinically relevant for treating
pediatric SA, because every fifth patient was misdiagnosed.
Another study even showed that Gram staining was positive
in only 16% of cases. Currently, synovial WBC and %PMN
analyses appear to be the most reliable diagnostic tests; they
provide prompt results and both sensitivity and specificity
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Table III. Comparison of the synovial fluid cell count with the patient blood analysis.

Blood Synovial fluid

Diagnosis Serum CRP [mg/l] PBL [1,000/μl] S-Glucose [mmol/l] WBC [1/μl] PMN [%]

Septic arthritis 129.4 (3-339) 11.3 (3.4-22.2) 6.6 (4.2-12.3) 89,266.7 (25,700-522,600) 93 (84-98)
Non-septic arthritis 61.03 (0.3-3) 9.12 (1.1-22.8) 6.42 (3.5-17.4) 6,019.7 (95-54,700) 54.19 (0-99)

Gout 100.2 (3-401.8) 10.6 (5.5-18.8) 7.8 (5.5-16.1) 13,338.2 (95-54,700) 79.3 (0-98)
Chondrocalcinosis 68.7 (1.5-232.5) 9.4 (4.5-15.9) 7.5 (4.9-17.4) 12,474.2 (100-33,300) 73.7 (0-97)
CIJD 107.3 (1-310.9) 8.6 (1.1-18.8) 5.8 (3.5-8) 9,041.5 (100-39,700) 68 (0-99)
Osteoarthritis 34.6 (0.4-309) 8.6 (4.4-14.7) 6.0 (3.7-10.1) 1,728.5 (100-15,600) 34.5 (0-96)
Others 31.9 (0.3-215.6) 9.2 (3.6-22.8) 6.6 (4.3-14.4) 220.9 (100-34,900) 47 (0-99)

CIJD: Chronic inflammatory joint diseases; CRP: C-reactive protein; PBL: peripheral blood leukocytes; PMN: polymorphnuclear neutrophil; 
S-Glucose: serum-glucose; WBC: white blood count.

Table IV. Comparison of the synovial fluid cell count with the patient
blood analysis.

Septic arthritis Non-septic arthritis p-Value

Blood

Serum CRP [mg/l] 129.4 (3-339) 61.03 (0.3-3) <0.0001
PBL [1,000/μl] 11.3 (3.4-22.2) 9.12 (1.1-22.8) 0.0011
S-Glucose [mmol/l] 6.6 (4.2-12.3) 6.42 (3.5-17.4) 0.4202

Synovial fluid

WBC [1/μl] 89,266.7 6,019.7 <0.0001
(25,700-522,600) (95-54,700)

PMN [%] 93 (84-98) 54.19 (0-99) <0.0001

CRP: C-reactive protein; PBL: peripheral blood leukocytes; PMN:
polymorphnuclear neutrophil; S-Glucose: serum-glucose; WBC: white
blood count.



are >80%. Often, SA is diagnosed based on synovial fluid
cut-off values of >50,000 leukocytes/mm3 and >75% PMN.
However, these cutoff values could not reliably distinguish
between SA and other types of inflammatory arthritis, and
patients with SA might also have <50,000 WBCs/mm in
synovial fluid. Moreover, synovial fluid leukocyte analyses
are susceptible to error, particularly when performed more
than 6 h after aspiration. Blood PBL and CRP analyses have
high sensitivity, but poor specificity; therefore, they have
little diagnostic value for SA. 

Different synovial fluid biomarkers were previously
investigated for diagnosing joint infections. Semiquantitative
LE and glucose measurements were shown to be useful for
diagnosing and ruling out SA. In the present study, we
performed semiquantitative analyses of synovial fluid LE
and glucose in a large sample size. Our main findings were
that 1) joint infections could be excluded, based on synovial
fluid LE, and 2) SA could be rapidly diagnosed with
combined LE and glucose strip testing.

Previous studies demonstrated that synovial LE was an
accurate biomarker for diagnosing joint infections [mostly
periprosthetic joint infections (PJI)], with good sensitivity
and specificity. Parvizi et al. first described LE
measurements for PJI diagnoses. They showed a high
correlation between PJI and synovial fluid WBCs and
%PMN, with a specificity of 100%. In native joints, McNabb
et al. recently demonstrated that LE strip tests yielded few
false-positive results in diagnosing knee infections. In a
preliminary study (2014), SA was diagnosed with synovial
fluid LE strip testing with 73.2% specificity (95%CI=64.7-
80.7%), 94.7% sensitivity (95%CI=74%-99.9%), 34.6% PPV
(95%CI=22-49.1%), and 98.9% NPV (95%CI=94.2-99.9%).
The present study confirmed those findings; we found that

synovial fluid LE levels could diagnose SA with 82%
specificity (95%CI=64.7-80.7%), 95% sensitivity
(95%CI=89-100%), 47% PPV (95%CI=36-58%), and 99%
NPV (95%CI=98-100%). These results suggested that LE
could be used primarily to exclude joint infections. The
specificity of 82% could be explained by the fact that
neutrophils, which produce LE, are also increased in other
inflammatory joint diseases; therefore, LE could lead to
false-positive results. Consequently, our results suggested
that LE readings could be used to exclude SA (Table VII).

Previous studies also described glucose assessments for
diagnosing SA. Berthoud et al., for example, showed that the
median level of synovial glucose was lower in patients with
septic arthritis than in patients with acute non-septic arthritis.
Another study showed that quantitative synovial fluid
glucose measurements (with a 1.4 mmol/l cutoff) could
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Table V. Synovial fluid characteristics according to the LE strip test result.

LE – LE + LE ++ LE +++

N 133 77 55 28
Leukocytes (cell/mm3) 3,025 (100-76,000) 8,766 (100-63,250) 29,199 (95-179,200) 72,026.4 (4975-522,600)
PMN [%] 40.1 (0-97) 64 (0-99) 81.03 (2-99) 91.7 (82-98)
Septic Sample (no. [% of septic samples])

GLC – 1 (2.4) 1 (2.4) 20 (48.8) 15 (36.6)
GLC + 0 (%) 0 (%) 1 (2.4) 1 (2.4)
GLC ++ 0 (%) 0 (%) 1 (2.4) 1 (2.4)
GLC +++ 0 (%) 0 (%) 0 (%) 0 (%)
GLC ++++ 0 (%) 0 (%) 0 (%) 0 (%)

Aseptic Sample [no. (% of aseptic samples)]
GLC – 4 (1.6) 0 (%) 0 (%) 0 (%)
GLC + 60 (23.8) 35 (13.9) 14 (5.6) 1 (0.4)
GLC ++ 58 (23.0) 30 (12) 15 (6) 8 (3.2)
GLC +++ 8 (3.2) 9 (3.6) 2 (0.8) 2 (0.8)
GLC ++++ 2 (0.8) 2 (0.8) 2 (0.8) 0 (%)

LE: Leukocyte esterase strip test; GLC: glucose strip test; no.: number; PMN: polymorphnuclear neutrophil.

Table VI. Comparison of the strip test results with the patient diagnosis.

Diagnosis (number of patients)

Test Results Septic arthritis Aseptic arthritis

LE ++ or +++
Yes 39 44
No 2 208

GLC –
Yes 37 4
No 4 248

LE ++ or +++ and GLC –
Yes 35 0
No 6 252

GLC: Glucose strip test; LE: leukocyte esterase strip test.



detect SA with 100% sensitivity (95%CI=78.2-100%), 92%
specificity (95%CI=84.1-96.7%), 68.2% PPV (95%CI=45.1-
86.1%), and 100% NPV (95%CI=95.5-100%). Those results
exceeded the accuracy achieved with synovial WBC and
%PMN. Thus, synovial glucose had the best diagnostic
value, and it was easy and rapid to assess for the SA
diagnosis. Additionally, a previous ROC analysis showed
that a synovial glucose strip test yielded the highest
diagnostic accuracy (AUC=0.96) for detecting SA. In the
present study, we did not perform quantitative synovial fluid
glucose measurements, because the glucose strip test was
validated previously. Moreover, serum and synovial fluid
glucose levels were not correlated; thus, glucose
concentrations would not be subject to bias in patients with
metabolic diseases (e.g., diabetes, hyperglycemia). In the
present study, semiquantitative glucose strip tests could
detect SA with 90% sensitivity (95%CI=81-99%), 98%
specificity (95%CI=97-100%), 90% PPV (95%CI=81-99%),
and 98% NPV (95%CI=97-100%). Our ROC analysis of
synovial glucose strip tests had the highest diagnostic
accuracy (AUC=0.943) for detecting SA, consistent with
quantitative results reported previously. 

A positive LE combined with a negative glucose reading
showed 85% sensitivity (95%CI=75-96%), 100% specificity
(95%CI=100-100%), 100% PPV (95%CI=100-100%), and
98.0% NPV (95%CI=96-99%) for detecting SA. These results
were consistent with the preliminary 2014 study. Currently,
the most reliable diagnostic test for diagnosing SA is the
synovial WBC and %PMN; compared to that test, the
combined LE and glucose reagent strip tests displayed
improved diagnostic performance in detecting a native joint
infection. 

Synovial LE and glucose reagent strip tests feature some
strengths and weaknesses. Based on our results, we suggest
that reagent tests could be a useful adjunct in support of
clinical decision-making. In contrast to other diagnostic
tools, reagent strips are inexpensive, and easy to perform and

can provide results within minutes and are therefore very
useful in primary care or when other diagnostic tools are
unavailable. Furthermore, only small volumes are needed to
perform the strip tests. The combined leukocyte esterase and
glucose strip test in this work showed an increased
specificity of 82% to 100% compared to the semi-
quantitative determination of leukocyte esterase alone and
accordingly, at least on the basis of the data collected here,
has even greater diagnostic relevance for the inclusion of a
native joint infection than the analysis of synovial WBC and
%PMN with 80% sensitivity and 80% specificity (6, 35).
However, the results of this work do not imply that the urine
strip test should be used as the sole test, but only as an initial
screening tool before initiating a wide-range, expensive
workup. In septic arthritis, subsequent microbiological
workup is still essential for further targeted antibiotic
therapy. Only in this way can a precise diagnosis of the
pathogen succeed and a targeted antibiotic therapy be
administered. Yet, physicians can be supported in their
clinical decision-making by the initial screening of synovial
fluid through the determination of leukocyte esterase and
glucose concentration with a urine strip test.

The present study had certain limitations. An observer-bias
might have influenced the interpretation of the
semiquantitative reagent strip results. Thus, future studies
should address the reliability of subjective visual
interpretations of color changes. An automated visual reading
might be a viable solution. Another limitation was the large
number of exclusions, mostly due to insufficient synovial
fluid volumes. In particular, a hip arthrocentesis often yields
insufficient synovial fluid for performing all the tests.
Additionally, follow-up was limited, because many patients
had received medical treatment in non-trauma departments
after the initial treatment in our unit. Thus, many patient data
sets were incomplete. Finally, some synovial fluid samples
were still contaminated with blood in spite of centrifugation,
which often prevented strip reading. 

in vivo 35: 1625-1632 (2021)

1630

Table VII. Accuracy of the strip test results for the diagnosis of septic arthritis.

LE ++ or +++ GLC – LE ++ or +++ and GLC –

AUC 0.887 (0.887-0.928) 0.943 (0.943-0.99) 0.927 (0.927-0.982)
Sensitivity˚ (%) 95 (89-100) 90 (81-99) 85 (75-96)
Specificity˚ (%) 82 (77-87) 98 (97-100) 100 (100-100)
Positive predictive value˚ (%) 47 (36-58) 90 (81-99) 100 (100-100)
Negative predictive value˚ (%) 99 (98-100) 98 (97-100) 98 (96-99)
Positive likelihood ratio 5.34 (4.05-7.04) 56.85 (21.394-151.089) -
Negative likelihood ratio 0.06 (0.02-0.23) 0.099 (0.039-0.252) 0.146 (0.07-0.307)
FP 44 4 0
FN 2 4 6

The values are given as the estimate with the 95% CI in parentheses. "–": Because the formula for LR+ is “sensitivity divided by 1-specificity”, we
encounter a division by zero. AUC: Area under the curve; LE: leukocyte esterase strip test; GLC: glucose strip test.



Nevertheless, the main strength of this study is that the
work performed is a prospective, diagnostic study conducted
according to the STARD protocol. Furthermore, we included
a large sample size based on a preliminary sample size
calculation with calculated index and control tests with
established inclusion and exclusion criteria. 

In conclusion, we demonstrated that synovial LE and
glucose reagent strips were reliable adjuncts to the diagnosis
of SA. LE was primarily useful for excluding joint
infections. However, the combination of synovial fluid LE
and glucose measurements was an important biomarker for
diagnosing SA. Thus, the combined strip tests represented a
valuable, low cost, bed-side tool for rapidly evaluating
native joint SA in the emergency setting, with real-time
results.
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