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BACKGROUND: Patients with septic hip arthritis require surgical drainage, but they can be
difficult to distinguish from patients with Lyme arthritis. The ability of synovial fluid white
blood cell (WBC) counts to help discriminate between septic and Lyme arthritis of the hip
has not been investigated.

abstract

METHODS: We assembled a retrospective cohort of patients ≤21 years of age with hip
monoarticular arthritis and a synovial fluid culture obtained who presented to 1 of 3
emergency departments located in Lyme disease endemic areas. Septic arthritis was
defined as a positive synovial fluid culture result or synovial fluid pleocytosis (WBC count
≥50 000 cells per µL) with a positive blood culture result. Lyme arthritis was defined as
positive 2-tiered Lyme disease serology results and negative synovial fluid bacterial culture
results. All other patients were classified as having other arthritis. We compared median
synovial fluid WBC counts by arthritis type.
RESULTS: Of the 238 eligible patients, 26 (11%) had septic arthritis, 32 (13%) had Lyme

arthritis, and 180 (76%) had other arthritis. Patients with septic arthritis had a higher
median synovial fluid WBC count (126 130 cells per µL; interquartile range 83 303–209 332
cells per µL) than patients with Lyme arthritis (53 955 cells per µL; interquartile range
33 789–73 375 cells per µL). Eighteen patients (56%) with Lyme arthritis had synovial fluid
WBC counts ≥50 000 cells per µL. Of the 94 patients who underwent surgical drainage, 13
were later diagnosed with Lyme arthritis.

CONCLUSIONS: In Lyme disease endemic areas, synovial fluid WBC counts cannot always

help differentiate septic from Lyme arthritis. Rapid Lyme diagnostics could help avoid
unnecessary operative procedures in patients with Lyme arthritis.
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WHAT’S KNOWN ON THIS SUBJECT: Synovial fluid white
blood cell (WBC) counts in patients with septic and
Lyme disease knee arthritis are similar. However, the
predictive ability of synovial fluid WBC counts in patients
with hip monoarthritis has not been examined.
WHAT THIS STUDY ADDS: Neither a synovial fluid WBC
count ≥50 000 cells per μL nor ≥100 000 cells per
μL could be used to accurately distinguish between
patients with septic and Lyme arthritis of the hip.
Accurate and rapid diagnostics are needed to inform
initial clinical decision-making for patients with hip
monoarthritis.
To cite: Dart AH, Michelson KA, Aronson PL, et al. Hip
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Endemic Area. Pediatrics. 2018;141(5):e20173810
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ARTICLE

Septic arthritis of the hip is a severe
condition that requires prompt
initiation of parenteral antibiotics
and surgical drainage (joint washout)
to prevent permanent joint injury.1
Although it is uncommon, patients
with septic arthritis can present
similarly to those with Lyme arthritis
or other arthritis types.2 The
challenge for clinicians is to identify
patients with septic arthritis without
unnecessarily performing invasive
procedures on (eg, arthrocentesis
and arthroscopy) or treating with
broad-spectrum antibiotics those
patients with Lyme disease or other
inflammatory arthritis. In patients
who have diagnostic arthrocentesis
performed, synovial fluid cell
counts may be used to guide initial
clinical decisions (eg, the need for
operative procedures and parenteral
antibiotics) before either bacterial
culture or 2-tiered Lyme disease
serology results are available.
In our previous 2-center cohort
study, we identified the following
high-risk laboratory predictors to
distinguish septic arthritis from
Lyme arthritis in patients with an
isolated, nontraumatic, swollen knee:
peripheral blood absolute neutrophil
count (ANC) ≥10 000 cells per µL
and erythrocyte sedimentation
rate (ESR) ≥40 mm per hour.3
However, in patients who underwent
arthrocentesis, the knee synovial
fluid white blood cell (WBC) count
and ANC did not distinguish between
patients with septic and Lyme
arthritis.4 Because this investigation
was limited to patients with knee
arthritis, the applicability to patients
with hip arthritis is uncertain
because Lyme disease less commonly
affects the hip joint.5–7


To this end, we conducted a
retrospective cohort study of
patients with acute monoarticular
arthritis of the hip undergoing
arthrocentesis in 1 of 3 emergency
departments (EDs) located in Lyme
disease endemic areas. Our primary
objective was to determine the ability
2

of synovial fluid cell counts to help
discriminate among septic, Lyme, and
other types of hip arthritis because
clinical decisions about operative
intervention are often based on this
cell count. Our secondary objective
was to examine the sensitivity of the
Kocher criteria,8 a widely validated
clinical decision tool that helps
identify patients with septic arthritis
of the hip.

METHODS
Study Design
We conducted a retrospective
medical record review of patients
aged ≤21 years who presented to
1 of 3 pediatric EDs, each located
in Lyme endemic areas. The study
period varied by participating sites
on the basis of electronic database
availability: Boston Children’s
Hospital (January 2007–September
2017), Hasbro Children’s Hospital
(December 2010–August 2017), and
Yale New Haven Children’s Hospital
(February 2013–June 2017). The
study protocol was approved by
the institutional review board at
each participating institution with
permission for data sharing.

Patient Population

We included patients with hip
monoarticular arthritis who
underwent arthrocentesis as part of
the initial diagnostic evaluation. To
identify potentially eligible cases, we
screened the electronic databases
at each participating site to identify
hip synovial fluid cultures obtained
within 48 hours of an ED encounter.
We manually reviewed all identified
medical records to determine patient
eligibility. Patients were excluded if
any of the following were identified:
involvement of multiple joints, hip
trauma or surgery within 30 days
of presentation, or a prosthetic hip
joint. If a patient had >1 hip synovial
fluid culture obtained on >1 occasion
during the study period, we included
only the first eligible ED encounter.

Data Collection
We developed a manual of operations
to standardize study procedures as
well as the medical record review
process. Data extraction was
conducted at Boston Children’s
Hospital (A.H.D. and L.E.N.), Rhode
Island Hospital/Hasbro Children's
Hospital (A.C.G. and K.G.), and Yale
New Haven Children’s Hospital
(T.J.L. and P.L.A.). We abstracted
clinical factors, demographics,
laboratory and microbiology results,
radiology study results, hospital
disposition, as well as any operative
interventions. We defined peak Lyme
season as any encounter between
June 1 and October 31.9 Patients
who had received any antibiotics
within 72 hours before diagnostic
arthrocentesis were classified as
pretreated. Data were entered into
research electronic data capture
tools hosted at Boston Children’s
Hospital.10

Outcome Measures

We defined a case patient with septic
arthritis as a patient with a joint fluid
culture result that was positive for
a bacterial pathogen or a joint fluid
pleocytosis (synovial fluid WBC count
≥50 000 cells per μL) with a blood
culture result that was positive for a
bacterial pathogen.11–15
 We classified
the following bacterial species a
priori as contaminants: Bacillus
species, Corynebacterium species,
Micrococcus species, Streptococcus
viridans and Staphylococcus
epidermidis.16 We defined a case
patient with Lyme arthritis as a
patient with a positive 2-tier Lyme
serology result who did not meet
the criteria for septic arthritis.3 A
positive 2-tiered serology result
required a positive enzyme-linked
immunoassay first-tier test followed
by a supplemental immunoblot
interpreted by using Centers of
Disease Control and Prevention
standard criteria.17 Because
immunoglobulin M (IgM) alone can
yield a false-positive result after 30
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days from the initial infection18,19 and
arthritis is a late-stage manifestation
of Lyme disease, we required a
positive immunoglobulin G (IgG)
result to classify a patient as having
Lyme arthritis. Patients who did not
meet the criteria for either septic
or Lyme arthritis were classified as
having other inflammatory arthritis.
This group included patients with
pelvic or femoral osteomyelitis with
a reactive synovial fluid effusion as
well as those with transient synovitis.
Poststreptococcal arthritis was
diagnosed in patients with a history
of β-hemolytic Streptococcus infection
in the absence of an alternate
diagnosis and was also classified as
other inflammatory arthritis.

Kocher Criteria

The Kocher criteria, a previously
validated clinical prediction rule
used for the initial evaluation of
patients with irritable hip, includes
the following 4 predictors: inability
to bear weight on the affected limb,
presence of fever (documented
temperature ≥38.5°C), peripheral
WBC count ≥12 000 cells per mm3,
and ESR ≥40 mm per hour.8,12

Patients with 2 or more of the
predictors are classified as being at
high risk of septic arthritis (defined
at 40%) and should undergo
diagnostic arthrocentesis.8 Patients
who were missing 1 or more Kocher
criteria were excluded from this
subanalysis unless they had 2
or more predictors present. We
calculated the sensitivity and positive
predictive value (PPV) of a Kocher
score ≥2 for septic arthritis.

Statistical Analysis

We compared proportions using χ2
tests and continuous variables using
the Wilcoxon rank test. We calculated
95% confidence intervals (CIs)
using an exact binomial distribution.
First, we compared the clinical and
laboratory characteristics of patients
by arthritis type: septic, Lyme
disease, and other inflammatory

FIGURE 1

Study population.

arthritis. Next, we used a scatterplot
to depict the synovial fluid WBC
counts and ANCs by arthritis type.
Using a common clinical threshold
for septic arthritis, we examined
the arthritis types of patients with 2
common synovial fluid WBC count
cut-points (≥50 000 cells per µL and
≥100 000 cells per µL).8,13

We used SPSS version 23.0 for all
analyses (IBM SPSS Statistics, IBM
Corporation).

RESULTS
Study Population
Of the 280 potentially eligible cases
screened, 238 (85%) met study
inclusion criteria (Fig 1). The number
of study patients varied across
sites (range 29–162 patients). The
median patient age was 6.0 years
(interquartile range [IQR] 4.0–8.6
years), and 132 (55%) were of
male sex. Of the included patients,
6 had previously been diagnosed
with Lyme disease (median time 8
months before ED presentation),
2 had a known immunodeficiency
(hypogammaglobulinemia), and
3 were on immunomodulatory

medications (mycophenolate,
prednisone, or infliximab). Of the
study patients, 100 (42%) had
documented fever and 23 (10%) had
been pretreated with any antibiotic
in the 72 hours before diagnostic
arthrocentesis.

Arthritis Types

Twenty-six patients (11%) had
septic arthritis, 32 (13%) had
Lyme arthritis, and 180 (76%) had
other inflammatory arthritis. The
diagnosis of septic arthritis was
made with a positive result for
synovial fluid culture alone (n = 18;
69% of cases with septic arthritis),
synovial fluid pleocytosis and a
positive blood culture result (n = 1;
4%), and both a positive synovial
fluid result and blood culture result
(n = 7; 27%). Seventeen of the 26
patients with septic hip arthritis
(65%) had a positive synovial fluid
Gram-stain result for bacteria. The
septic arthritis cases were caused by
the following bacterial pathogens:
Staphylococcus aureus (24 patients)
and Kingella kingae (2 patients).

Of the 238 study patients, 198 (83%)
had Lyme disease testing performed,
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TABLE 1 PPV of Kocher Score for Septic Arthritis
Kocher
Score

Published Likelihood of
Septic Arthritis, %

0
1
2
3
4
Total

No. Casesa

0
3
40
93
99
—

16
74
85
46
12
233

Septic Arthritis (N =
26), n (%)

PPV for Cut-point, %
(95% CI)

0 (0)
3 (12)
7 (27)
11 (42)
5 (19)
26 (100)

11 (7–16)
12 (8–17)
16 (10–23)
28 (17–41)
42 (15–72)
—

—, not applicable.
a Patients with missing data for the Kocher criteria without 2 or more high-risk predictors did not have a Kocher score
calculated (n = 5).

of which 44 had a positive first-tier
test result and 32 had Lyme arthritis.
Of these, 16 (50%) had a positive
result for IgG alone, and 16 (50%)
had both a positive IgG result and
IgM result. Of the 14 patients with
Lyme arthritis who had a synovial
fluid Lyme polymerase chain reaction
test obtained, 4 had a positive Lyme
disease polymerase chain reaction
test result (sensitivity 29%; 95% CI
8%–58%). Two patients with Lyme
arthritis had a history of previous
Lyme disease. One additional
patient with septic arthritis had
a positive 2-tiered Lyme disease
serology result, which the treating
clinician considered to be evidence
of previous Lyme disease. Patients
with Lyme arthritis presented to the
participating EDs throughout the
year (54% outside the peak Lyme
season of June to October).
Of the 180 patients with other
inflammatory arthritis, the
treating clinicians made the
following diagnoses: 5 patients
(3%) had proximal femoral or
pelvic osteomyelitis, 1 (0.5%)
had poststreptococcal arthritis
(antiStreptolysin O titer 405 IU/mL),
and 1 had Legg–Calvé–Perthes
disease (0.5%). The remaining 173
were diagnosed with transient
synovitis by the treating clinicians. Of
these, 18 (10%) had been pretreated
with an antibiotic before diagnostic
arthrocentesis.

Kocher Criteria

We were able to calculate a Kocher
score for 233 study patients (98%).
4

The prevalence of septic arthritis
increased with the number of Kocher
predictors present (Table 1). Of the
26 patients with septic arthritis,
23 had ≥2 Kocher criteria
(sensitivity 88%; 95% CI 70%–98%).
Importantly, 18 patients with Lyme
arthritis (56% of patients with Lyme
arthritis) had ≥2 Kocher criteria.

Comparison Among Arthritis Types

Next, we compared clinical and
laboratory findings of patients with
septic, Lyme, and other inflammatory
arthritis (Table 2). Patients with
Lyme arthritis presented throughout
the year. We had available synovial
fluid WBC counts for 221 patients
(94.2%). Patients with septic
arthritis had higher median synovial
fluid WBC counts and ANCs when
compared with patients with either
Lyme or other arthritis (Fig 2).
However, 5 patients (19% of those
with septic arthritis) had a synovial
fluid WBC count <50 000 cells per μL,
and 11 patients had a synovial fluid
count <100 000 cells per µL. Of the
92 patients with a synovial fluid WBC
count ≥50 000 cells per µL, 18 (43%)
had Lyme arthritis, and of 41 with
synovial fluid ≥100 000 cells per µL,
5 (12%) had Lyme arthritis.
Overall, 94 (39%) had surgical
drainage of the affected hip, which
included all 26 patients with septic
arthritis as well as 13 patients with
Lyme arthritis (41% of those with
Lyme arthritis) and 55 patients with
inflammatory arthritis (31% of those
with inflammatory arthritis). Overall,
165 (69% of all study patients) were

hospitalized with an overall median
duration of hospital stay of 4 days
(IQR 2–6 days). The duration of
hospital stay for those who had an
operative procedure was 5 days (IQR
4–7 days).

DISCUSSION
We assembled a 3-center
retrospective cohort of patients
with hip monoarticular arthritis
who had a synovial fluid culture
obtained. Only a minority had septic
arthritis, although 40% underwent
hip drainage in the operating room.
Patients with septic arthritis of the
hip had a higher median synovial
fluid WBC count than those with
Lyme disease or other inflammatory
arthritis. However, commonly used
synovial fluid WBC count cut-points
resulted in the misclassification of
a number of patients with Lyme
arthritis while missing a few with
septic arthritis. We suggest that
clinicians should use more than just
synovial fluid cell counts in isolation
to decide whether to perform
operative joint washout for patients
with hip monoarthritis.

The challenge for clinicians is to
distinguish among arthritis types
before bacterial culture or serology
test results are available.2,15
 The
Kocher criteria were designed to help
identify which patients with irritable
hip should undergo arthrocentesis to
evaluate for septic arthritis and have
undergone broad validation.8,12

Because our study population
was limited to patients who had
arthrocentesis performed, we only
evaluated the sensitivity and PPV
of the Kocher criteria for those
with septic arthritis. Importantly, 3
patients (12% of those with septic
arthritis) had a Kocher score of <2,
revealing that the Kocher criteria
cannot be used in isolation to guide
clinical decision-making.12,20,
 21

Although patients with a positive
Gram-stain result for a bacterial
pathogen should have emergent
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TABLE 2 Patient Characteristics by Arthritis Type
Characteristics
Demographics
Age, y, median (IQR)
Male sex, n/N (%)
Race, n/N (%)
  White
  African American
  Other
Hispanic ethnicity, n/N (%)
Presentation during peak
Lyme season, n/N (%)
Clinical history, n/N (%)
Presence of fever
Antibiotic pretreatment
Inability to bear wt
Laboratory studies
Peripheral WBC count
(cells per μL × 103),a
median (IQR)
Peripheral ANC count (cells
per μL × 103),a median
(IQR)
ESR, mm/h, median (IQR)
CRP, mg/dL, median (IQR)
Synovial fluid WBC count,
cells per µL, median
(IQR)
Synovial fluid ANC, cells
per μL, median (IQR)
Positive blood culture
result, n/N (%)
Positive Gram-stain
synovial fluid result,
n/N (%)
Positive synovial fluid
culture result, n/N (%)
Radiology studies performed,
n/N (%)
Radiograph
Ultrasound
MRI
Clinical management
Arthroscopic joint
irrigation
Hospitalized
a

Septic Arthritis

Lyme Arthritis

Other Arthritis

(N = 26)

(N = 32)

(N = 180)

7.5 (5.6–10.7)
12/26 (46)

7.9 (4.0–11.3)
14/32 (44)

5.6 (4.0–10.7)a
106/180 (59)

22/24 (92)
0/24 (0)
2/24 (8)
1/23 (4)
16/26 (62)

22/29 (76)
2/29 (7)
5/29 (17)
2/22 (9)
15/32 (47)

122/163 (75)
4/163 (2)
34/163 (21)
25/148 (17)
74/180 (41)

22/26 (85)a
4/26 (15)
25/26 (96)

9/32 (28)
1/32 (3)
24/26 (92)

69/180 (38)
18/180 (10)
135/170 (79)

10.8 (8.5–12.8)

10.5 (9.3–13.2)

11.0 (8.8–14.6)

7.8 (5.4–9.5)

6.8 (5.9–9.0)

7.2 (5.0–10.0)

59 (40–84)a
10.4 (7.2–17.1)a
126 130a (8300–
209 332)

36 (25–55)
2.0 (1.2–5.0)
53 954a (33 789–
73 375)

27 (14–47)
1.8 (0.3–4.6)
20 267a (2500–64 012)

123 000 (78 392–
190 440)
8/22 (36)a

50 290 (36 333–
62 040)
0/32 (0)

15 362 (1645–54 196)

17/26 (65)a

0/32 (0)

0/180 (0)

25/26 (96)a

0/32 (0)

0/180 (0)

24/26 (92)
21/26 (81)
12/26 (46)

30/32 (94)
29/32 (91)
7/32 (22)

155/180 (86)
166/180 (92)
49/180 (27)

26 (100)a

13 (41)

55 (31)

26 (100)a

26 (81)

113 (63)

4/180 (2)

Statistical difference using pairwise comparisons (P < .05).

arthroscopy, one-third of septic
arthritis cases would have been
missed by relying on synovial fluid
Gram-stain, making it an unreliable
screening test. In addition, given the
overlap of synovial fluid WBC counts
between patients with Lyme and
septic arthritis, relying on synovial
fluid counts alone to guide initial
clinical decision-making can lead to
the misclassification of patients with
both septic and Lyme arthritis. Thus,

no apparent combination of clinical
findings and laboratory studies
available at the initial encounter can
be used to reliably diagnose septic
arthritis.

Similar to previous researchers, we
also found that Lyme disease was
a common cause of hip arthritis in
patients from Lyme disease endemic
areas.7 However, our comparison
of synovial fluid cell counts differs
slightly from our previous study of

patients with knee monoarticular
arthritis from Lyme disease endemic
areas.4 In that 2-center study, the
synovial fluid WBC counts from
the knees of patients with Lyme
and septic arthritis were similar. In
contrast, patients with septic arthritis
of the hip had higher median synovial
fluid WBC counts and ANCs than
those with Lyme disease or other
inflammatory arthritis. However, a
substantial portion of patients with
Lyme arthritis had elevated synovial
fluid WBC counts, and of those with
septic arthritis, a number had low
synovial fluid WBC counts. Treating
clinicians cannot rely on synovial
fluid WBC counts alone to identify all
patients with septic arthritis of the
hip.

Although septic arthritis of the hip is
an orthopedic emergency requiring
immediate operative intervention as
well as parenteral antibiotics,22
patients with other types of hip
arthritis, including Lyme arthritis
and transient synovitis, do not
require these potentially dangerous
interventions.8,13
 Patients with
Lyme arthritis should be treated
with a course of appropriate oral
antibiotics; those with transient
synovitis should receive antiinflammatory medications. Onethird of patients with Lyme disease
and other inflammatory arthritis
underwent a potentially unnecessary
operative procedure. Although
the vast majority of study patients
were hospitalized, most patients
with either Lyme arthritis or other
arthritis could be safely treated as
outpatients.

In Lyme disease endemic areas, a
rapid and accurate diagnostic test
for Lyme disease would reduce
diagnostic confusion for clinicians
who care for patients with hip
effusions. In a previous prospective
study of >1000 patients presenting
to the ED for evaluation of Lyme
disease, clinician suspicion had only
minimal accuracy for the diagnosis
of Lyme disease.23 This work reveals
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FIGURE 2

Scatter plot of synovial fluid WBC counts and ANCs by arthritis type (line drawn at the median in
cells/microliter).

the need for rapid and accurate
laboratory diagnostics to avoid both
under- and overdiagnosis. Lyme
arthritis is a late manifestation
of Borrelia burgdorferi infection,
so a robust immune response (as
evidenced by positive serology
results) should be present. In our
study, the first-tier tests had only
modest specificity for Lyme arthritis,
and the supplemental immunoblot
takes several days to return results,
leaving clinicians with the challenge
of providing treatment without
definitive serology results. C6 is a
newer first-tier Lyme disease test
and has a higher specificity than
other first-tier tests.24,25
 None of
the 3 participating clinical centers
used the C6 assay during the study
period. Although the current C6
assay still takes several hours
6

to obtain results, point-of-care
diagnostics are in development.26
Rapid availability of accurate Lyme
disease tests could assist clinical
decision-making and allow clinicians
to avoid unnecessary invasive
procedures and promptly initiate
appropriate therapy for patients
with Lyme disease arthritis.
Our study has several important
limitations. First, we relied on
electronic database queries for
case identification. Although we
may have missed eligible cases,
searching by hip synovial fluid
cultures rather than diagnosis
codes provided the most
comprehensive method of case
identification available. Second,
our study was retrospective,
and clinical information was

abstracted from each patient’s
medical record. Although there
could have been recording or
reviewer bias, we relied on the
results of diagnostic tests, which
were accurately recorded in the
medical record, for our primary
predictors and outcome measures.
Third, we did not exclude patients
who had received antibiotics
before diagnostic arthrocentesis.
Although only a minority were
pretreated with antibiotics, a
patient with septic arthritis might
have had a false-negative bacterial
culture result, leading to diagnostic
misclassification. However, synovial
fluid WBC counts were similar
after the exclusion of pretreated
patients (results not shown).
Additionally, some bacterial septic
arthritis pathogens (ie, K kingae)
are challenging to grow on a culture
plate27 and could result in a patient
with septic arthritis having a falsenegative synovial fluid culture
result. However, participating
microbiology laboratories used
the blood culture technique for
synovial fluid, which should have
allowed the growth of these more
fastidious bacterial organisms.
Fourth, a minority (∼15%) of
patients were not tested for Lyme
disease, potentially leading to
patient misclassification. Fifth,
patients with a positive 2-tiered
Lyme disease serology result may
have had a previous infection
instead of active Lyme disease,28,29

and several patients had a history
of previous Lyme disease. In fact,
1 patient with septic arthritis and
a positive Lyme disease 2-tiered
serology result was assumed to
have previous immunity. Newer
approaches to Lyme disease
diagnosis are needed to distinguish
previous from active infection.30
Sixth, patients with pelvic or
femoral osteomyelitis and reactive
hip arthritis also require parenteral
antibiotics. However, radiologic
imaging (eg, MRI or bone scan), not
synovial fluid analysis, remains the

Downloaded from www.aappublications.org/news by guest on September 19, 2019

DART et al

method of diagnosis, and clinicians
must always maintain a high index
of suspicion for these clinical
 Finally, our study
conditions.31,32
was conducted at 3 centers, each
located in Lyme disease endemic
areas, such that the findings are
less relevant to patients without
potential exposure to Lyme disease.
Although our study captured all
eligible patients presenting to the
EDs of 1 of 3 participating clinical
sites over a 5- to 10-year period,
both Lyme disease and septic
arthritis were relatively uncommon.
Accepted for publication Feb 14, 2018

CONCLUSIONS
Septic arthritis caused a minority
of cases of hip monoarticular
arthritis in our 3-center cohort
of patients undergoing hip
arthrocentesis. Synovial fluid
cell counts alone did not help to
accurately distinguish among
arthritis types, and many patients
with Lyme arthritis had an
unnecessary invasive surgical
procedure. Newer-generation Lyme
disease diagnostics are needed to
avoid the under- and overdiagnosis
of Lyme arthritis at the time that

initial management decisions must
be made.
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