1 The Leukocyte Esterase Test for Periprosthetic Joint Infection is Not Affected by Prior

2 Antibiotic Administration
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ABSTRACT

Background: Previous studies have demonstrated that administration of antibiotics prior to
performing diagnostic testing for periprosthetic joint infection (PJI) can interfere with the
accuracy of the standard diagnostic test results. Therefore, the purpose of this study was to
evaluate the effects of antibiotic administration prior to performing the synovial leukocyte
esterase (LE) strip test for PJI.

Methods: We identified 121 patients undergoing revision hip and knee arthroplasty for a
Musculoskeletal Infection Society (MSIS)-confirmed diagnosis of PJI. All patients also had
an LE strip test performed. Patients in one group (A)(32%) were on antibiotics prior to the
diagnostic work-up, whereas patients in another group (B)(68%) did not receive antibiotics
within 2 weeks of the diagnostic work-up. The LE strip test results (++/+), ESR (mm/h),
serum CRP (mg/L), synovial WBC counts (cells/ul), and PMN (%) were collected and
compared between the two groups.

Results: The median serum ESR (85 mm/h compared to 67 mm/h; p= 0.009), CRP(16.5
compared to 12.9; p=0.032), synovial WBC(45,675 9,650; p<0.0001), and PMN%(93%
compared to 88%; p=0.004) were all significantly lower for patients receiving antibiotics.
Furthermore, administration of antibiotics resulted in a significant decrease in the sensitivity
of all tests, except LE. ESR [92.7% compared to 79.5%, relative risk (RR)=2.8, p=0.04],
CRP (81.8% compared to 64.2%; RR=1.9, p=0.03), WBC (93.4% compared to 69.3%,
RR=5.0, p=0.001), PMN (91.5% compared to 74.4%, RR=3.0, p=0.01), LE (83% compared
to 77%, RR=1.6, p=0.17). Moreover, the rate of negative cultures were higher among group
A patients at 30.7% compared to group B at 12.1% (p=0.021).

Conclusion: This, and previous studies, have demonstrated that administration of premature
antibiotics can compromise the results of standard diagnostic tests for PJI, causing lower

median results and significant increases in false-negative results. However, the LE strip test
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for PJI maintains its performance even in the setting of antibiotic administration. Antibiotic
administration prior to diagnostic workups for PJI does not improve the care of these patients
and stands to interfere with timely diagnosis. LE strip test can be used as a reliable diagnostic
marker for diagnosing PJI even when prior antibiotics are administered.

Level of Evidence: Diagnostic. Level 1l



33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

INTRODUCTION

Periprosthetic joint infection (PJI) is arguably one of the most complex complications
of total joint arthroplasty (TJA). The burden of this devastating complication on both
patients!-4 and healthcare providers>® has been well documented. Furthermore, this appears to
be the tip of the iceberg given the projected increase in the number of primary and revision
TJAs being performed in the future’. It is therefore imperative that suspected cases of PJI are
diagnosed promptly and accurately in an attempt to optimize outcome for patients. Despite
major progress in the diagnosis and management of PJI over the past decade, diagnostic
uncertainty continues to trouble clinicians at the point of care delivery. A key development
has been the introduction of the criteria for defining PJI by the Musculoskeletal Infection
Society (MSIS)8. These guidelines were later modified at the International Consensus
Meeting (ICM) on PJI in 2013 and are now the most widely used by the orthopaedic
community (Table 1)°.

We have previously shown that premature antibiotic administration has a detrimental
effect on the sensitivity of serum erythrocyte sedimentation rate (ESR) and c-reactive protein
(CRP) as well as synovial white blood cell (WBC) count and polymorphonuclear neutrophil
(PMN) percentage!®. Moreover, it is well recognized that prior antibiotics treatment reduces
culture yield and can result in culture-negative infections'%-13, The diagnostic inaccuracies
that can ensue in such situations will no doubt result in a delay in treatment of PJI and may
compromise patient care. As such, the American Academy of Orthopaedic Surgeons (AAQS)
clinical practice guidelines recommend that antibiotics are withheld for at least two weeks in
order to prevent the aforementioned scenarios?®.

Despite the importance of this issue, we are aware of no previous study which has yet
investigated the susceptibility of the synovial leucocyte esterase (LE) strip test to prior

antibiotic administration. This inexpensive and simple test forms one of the minor ICM



58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

criteria for defining PJI and previous studies have demonstrated its role as an accurate point-
of care test6-22, A recent Systematic Review and Meta-analysis estimated that the pooled
diagnostic sensitivity and specificity of LE were 0.81 (95% confidence interval [CI], 0.49 to
0.95) and 0.97 (95% CI, 0.82 to 0.99)?% Additionally, the area under curve (AUC) for LE and
PJI was 0.97 (95% ClI, 0.95 to 0.98) in this study. LE is an enzyme, which is secreted by
activated neutrophils and has been used for many years to detect infection in urine?2°, as
well as other bodily fluids?6-3L,

The purpose of this study was therefore to evaluate the utility of synovial LE strip test for the
diagnosis of PJI in the face of prior antibiotic administration and compare this with the other
serological and serum markers recommended by the ICM diagnostic criteria (serum ESR,

serum CRP, synovial WBCs, and synovial PMNS).

MATERIALS AND METHODS

Institutional review board approval was obtained prior to the commencement of this
retrospective study. All patients who had undergone revision hip or knee arthroplasty for PJI
from October 2009 to July 2014 were identified from our institution’s prospectively collected
arthroplasty database. A total of 3,742 revision arthroplasties (1,618 hip and 2,124 knee)
were performed during this period — of which 14.4% were performed for suspected PJI.
There were 213 MSIS-confirmed PJI cases (99 hip; 114 knee) among this cohort and since
LE testing is standard practice in all revision cases at our institution, all of these cases also
had LE strip test results available. The clinical records of these patients were then searched to
ascertain whether or not they had received oral and/or intravenous antibiotics in the two
weeks preceding their clinical workup for PJI, that is, serum ESR/CRP and synovial fluid
WBC count, and synovial fluid PMN%. The inclusion criteria for the study were; 1) the

presence of a total hip or knee arthroplasty; 2) sufficient data to categorize PJI based on the
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modified MSIS criteria; 3) available LE test strip result; and 4) available pre-investigation
antibiotic information. Patients with insufficient laboratory and antibiotic status information
and the ones who developed an early post-operative infection were excluded from the study..

Prior antibiotic administration information was available for a total of 121 of the
MSIS-confirmed PJI cases. There were 39 (32%) patients who had received antibiotics within
two weeks of baseline diagnostic workup for PJI and these patients made up the “Abx”
cohort. These patients had received antibiotics by different referring organizations
(emergency departments, family physicians and other orthopaedic departments) prior to being
referred to our tertiary service. Hence, we were unable to determine the reasoning for
commencement of antibiotics prior to diagnostic work-up for PJI. However, based on
electronic chart reviews it was noted that the referring institution initiated antibiotics
for suspected hip or knee PJI in all included patients. However, we were unable to obtain
information regarding the type of antibiotic administered, the dosage, or duration. There were
82 (68%) patients who had not received any antibiotics prior to their diagnostic work-up for
PJI and these patients made up the “No-Abx” cohort. In addition to baseline demographic
data (age, sex, and body mass index [BMI]), the medical records of all the patients were
reviewed for details of clinical and microbiological data (Table 2). There was no statistical
difference between Abx and No-Abx cohorts in terms of age, gender, and joint type (p > 0.05
for all variables). There was also no statistical difference between Abx and No-Abx cohorts
in terms of frequency of gram-positive organism organisms (p=0.156). There were 28 (72%)
cases, which grew gram-positive bacteria in the Abx cohort compared to 64 (78%) cases in
the No-Abx cohort.

Synovial fluid LE testing for all cases was performed using the Chemistrip 7 urine
test strip (Roche Diagnostics, Indianapolis, Indiana) by trained orthopedic research fellows -

either in the office or intra-operatively. This was carried out using a standardized protocol
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previously described?°. Importantly, this included centrifuging all synovial fluid samples
prior to testing and reading the calorimetric test strip results at exactly one minute. The LE
results can be classed as either negative, trace, +, or ++ with the latter two being considered a
positive result in the current study. In addition to the LE test strip results, serum ESR, serum
CRP, synovial fluid WBC count, and synovial fluid PMN% were recorded for each patient.
The median for each of these laboratory tests was calculated for patients in the Abx and No-
Abx cohort. The modified MSIS criteria thresholds (Table 1)° were used to calculate the

sensitivity and false-negative rates for each of the diagnostic tests.

Statistical Analysis

Descriptive statistics were used for reporting demographic data and all laboratory
values. Because the data were not normally distributed in the study groups a
nonparametric test (Mann-Whitney test) was used to compare median laboratory values
between the Abx and No-Abx cohort. The Fisher’s exact test was used to calculate the
sensitivity of the LE and the diagnostic laboratory tests (ESR, CRP, WBC count, and
PMN©%) as well as the rate of false-negative results. Statistical analysis was performed using
GraphPad Prism 7 (GraphPad Software, La Jolla, CA, USA). A p-value of <0.05 was

considered statistically significant.

Source of Funding: There was no external funding source for this study.

RESULTS
The administration of antibiotics resulted in a significant decrease in the sensitivity of
all tests, except LE. The sensitivity of LE was 77% in Abx cohort compared to 83% in No-

Abx cohort (relative risk [RR] =1.6, p=0.17). In contrast, serum ESR had a sensitivity of
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79.5% in Abx cohort compared to 92.7% in No-Abx cohort (RR=2.8, p=0.04). Serum CRP
had a sensitivity of 64.2% in Abx cohort compared to 81.8% in No-Abx cohort (RR=1.9,
p=0.03). SF WBC count was 69.3% in Abx cohort compared to 93.4% in No-Abx cohort
(RR=5.0, p=0.001). SF PMN% was 74.4% in Abx cohort compared to 91.5% in No-Abx
cohort (RR=3.0, p=0.01)(Table 3, Figurel). Moreover, the use of premature antibiotics
decreased the synovial fluid culture yield significantly from 87.9% in the No-Abx group to
69.3% in the Abx group (RR=2.5, p=0.015)

In addition, the median values for the diagnostic laboratory tests were significantly
lower in patients who had received antibiotics (Table 4). The median serum ESR was
67mm/hr (range: 5-140) for Abx group compared with 85mm/hr (range: 11-142) for No-Abx
group (p=0.009). The median serum CRP was 12.9mg/L (range: 1-45.4) for Abx cohort
compared to 16.5mg/L (range: 2-70) for No-Abx cohort (p=0.032). Similar differences were
present for synovial fluid tests. The median synovial fluid (SF) WBC count was 9,650
cells/uL (range: 30-529,200) in Abx cohort compared with 45,675 cells/uL (range: 27-
325,500) in No-Abx cohort (p<0.0001). The median SF PMN% was 88% (range: 3-100) in

Abx cohort compared with 93% (range 32-99) in No-Abx cohort (p=0.004).

DISCUSSION

This study evaluated the utility of the synovial LE strip test for the diagnosis of PJI in
cases where antibiotics had been administered prior to diagnostic work-up. It compared the
LE test with the other serological and serum markers used in the ICM criteria (serum ESR,
serum CRP, synovial WBCs, and synovial PMNSs). It is the first of its kind to investigate the
effect of premature antibiotic administration on the accuracy of the LE strip test for
diagnosing PJI. Our findings suggest that the LE strip test maintains its performance even in

the setting of previous antibiotic administration. Unlike serum ESR, CRP, synovial fluid



158  WABC count, and PMN%; LE remains a reliable test for diagnosing PJI in these unfortunate
159  but not uncommon circumstances. Furthermore, none of the latter diagnostic tests are
160 available as a “point of care” test. From a practical point of view, the strength of LE
161  testing lies in the fact that it can be used in the office or bedside with immediate results,
162  thereby enabling rapid management decisions to be made. In addition, our findings were
163 in line with the previous studies and provided further evidence that prior antibiotic

164  administration can reduce the reliability of the standard diagnostic laboratory tests used in the
165  MSIS criterial as well as the culture yield??.

166 Given the significant morbidity and mortality associated with PJI*?, an accurate and
167  timely diagnosis remains one the most crucial aspects of the management. The LE strip test is
168  areliable diagnostic tool, even when antibiotics have been administered prior to diagnostic
169  work-up. Although the sensitivity of the LE test is not high enough for it to be used as a

170  stand-alone screening test for PJI, the findings of the current study support its continued use
171  in conjunction with other traditional tests due to its excellent specificity and negative

172 predictive value?® . A recent study has demonstrated that when LE results (+/++) are

173  concordant with serum ESR and CRP, it can be used to confirm or rule out infection with a
174  greater than 95% certainty®3,

175 A previous study has also demonstrated that alpha-defensin, as a promising synovial
176  biomarker, also maintains its concentration and sensitivity in the setting of prior antibiotic
177  administration3*. As with the LE test, alpha-defensin had higher sensitivity in detecting PJI
178  when compared with traditional laboratory tests and culture. However, what makes the LE
179  test potentially more attractive is that it is considerably less expensive (especially in Europe
180  where the alpha-defensin test is available as a qualitative point-of-care test. Future studies are

181  needed to focus on comparing the cost-effectiveness of these synovial biomarkers.
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There are some limitations that must be considered when interpreting the findings of
the current study. This was a retrospective study, hence was carried with inherited
weaknesses such as variability in data collection. Secondly, due to the lack of information
about the antibiotic types, dosages, and routes of administration, we were unable to establish
an association between these variables and the laboratory results. We did not have the
antibiotic susceptibility of the infecting organisms. It was therefore theoretically
possible that some patients received antibiotics to which the infecting organisms were
resistant, or even antibiotics that did not cover the infecting organism. However, based
on the chart reviews, all patients were commenced on antibiotics to cover presumed hip
and knee PJI. Nevertheless, there is no doubt that the availability of more information
on antibiotics susceptibility of the infecting organisms may have helped to further refine
the reliability of the tests that were evaluated in the current study. Finally, by selecting
only the MSIS-confirmed PJI cases, we may have inadvertently missed some patients who
had PJI and had received prior antibiotics, but were not included in the study, as they did not
reach enough positive MSIS criteria. This potential scenario may have resulted in
underestimation of the affect of antibiotics on the diagnostic tests.

In conclusion, this study once again endorses LE strip test as a reliable, widely
available, and inexpensive test for diagnosing PJI even when premature therapeutic
antibiotics are used. Thus, based on the findings of this study and building on the prior
recommendations by the AAOS we strongly urge the medical community to refrain from
administration of antibiotics prior to infection work up in patients who are suspected to have
PJl i.e. any TJA patient with a red painful knee or similar symptoms. This ill-advised practice
does not improve the care of these patients and significantly compromises the accuracy of the
standard diagnostic tests resulting in interference with timely diagnosis. However, in case

clinicians faced such patients, LE strip test can be used as a reliable tool to confirm or refute

10



207  diagnosis in conjunction with the patients’ clinical picture and the rest of the battery of the

208  diagnostic tests.
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293  Figure Legend
294  Figure 1. Comparison of false-negative rates of laboratory tests of patients in the Abx and

295  No-Abx groups for the presence of PJI.
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