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Abstract

Background/Objective: Patients with juvenile idiopathic arthritis (JIA) often present with signs
and symptoms suggestive of serious bacterial infection (SBI). Procalcitonin (PCT) is a biomarker
that is elevated in SBI. We conducted a comparative cohort study to test the hypothesis that PCT
levels will differ between active JIA, quiescent JIA, and bacteremic patients and healthy controls.

Methods: From October 2016 to May2018, consecutive children 6 months to 18 years of age
with (&) active untreated JIA, (b) quiescent JIA, and (c) healthy elective presurgical candidates
were recruited from clinics at a musculoskeletal specialty hospital. Juvenile idiopathic arthritis
was defined according to the International League of Associations for Rheumatology criteria.
Clinical data and serum samples meeting the same criteria were included from a prior study.
Consecutive bacteremic patients were identified over the same period. Procalcitonin and other
common measures of inflammation were measured. Descriptive statistics and univariate logistic
analyses were performed.

Results: Ninety-two study subjects were recruited. Erythrocyte sedimentation rate, C-reactive
protein (CRP), and PCT levels were all elevated in bacteremic patients in comparison to the other
groups. Erythrocyte sedimentation rate and CRP both had wide ranges that overlapped between
groups; however, the PCT concentration was 0.15 pug/mL or greater in 1 of 59 patients with JIA,
whereas it was 0.15 ug/mL or less in only 1 bacteremic patient.

Conclusions: Our study indicates that serum erythrocyte sedimentation rate, CRP, and PCT
levels are all biomarkers that can be used to distinguish SBI versus active JIA at presentation.
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However, PCT is the most accurate, with the least overlap between patients with infection and
noninfectious inflammatory arthritis. This finding can help clinicians direct therapy.
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Juvenile idiopathic arthritis (JIA) is a chronic autoimmune disease that affects approximately
200,000 children in the United States.! Monitoring of disease activity relies on history,
physical examination, and laboratory data. Expeditious control of disease exacerbations

is crucial to optimize long-term outcomes and prevent disruptions to quality of life.
However, differentiating disease flares from infections can be challenging due to the
similarities in clinical presentation. Many studies have been done with the goal of
identifying new biomarkers for the monitoring of disease activity in JIA.2~# In particular
differentiating disease flares from infection has important clinical implications, as the
treatments for each are diametrically opposed. Differentiating infection from disease flare
is often hampered by diagnostic uncertainty, patient age, and administration of chronic
immunosuppressive therapy. The evaluation and management of a suspected infection can
involve significant morbidity, including lumbar puncture and arthroscopic lavage, and often
delay the initiation of appropriate antirheumatic treatment.>® However, to date, no accurate
diagnostic biomarkers have been identified.

Procalcitonin (PCT) is typically secreted by C cells of the thyroid and then cleaved

to calcitonin.” During stress, PCT secretion is elevated through multiple mechanisms:

(1) excessive production, (2) decreased cleavage to calcitonin, and (3) extrathyroidal
transcription and synthesis. It is known to be consistently elevated in bacterial infection.8:°
In addition, some data suggest this elevation occurs exclusively in bacterial infections.10-11

The utility of PCTas a diagnostic biomarker has been evaluated in Kawasaki disease and
Henoch-Schénlein purpura.12:13 However, whether PCT is able to distinguish between JIA
disease activity and bacterial infection is unknown. Therefore, this comparative cohort study
was designed to test the hypotheses that (1) PCT levels will differ between active disease

in JIA and infection, and (2) PCT will differentiate between active and quiescent disease in
children with JIA.

METHODS

Patient Population

Between October 2016 and May 2018, 4 groups of children aged 1 to 18 years who
presented for care at a single academic center were identified for this study. The 4 groups
of children recruited were (1) consecutive patients with active JIA during a standard-of-
care visit, (2) consecutive patients with quiescent JIA during a standard-of-care visit, (3)
consecutive patients without rheumatic disease who presented for elective musculoskeletal
surgery, and (4) children with bacteremia admitted to the pediatric intensive care unit or
pediatric inpatient unit.
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Juvenile idiopathic arthritis was defined according to the International League of
Associations for Rheumatology criteria, and JIA disease activity was assessed.1* Active
JIAwas defined as untreated with anything besides nonsteroidal anti-inflammatory drugs
(NSAIDs) and 4 or more inflamed joints; quiescent JIA was defined as treated cases, with
fewer than 4 inflamed joints, and stable treatment for 1 month or more. Patients with JIA
were excluded if the patient/parent was non—-English speaking, because some of the disease
assessment tools utilized in this study are validated only in English; however, no patients
were excluded based on this criterion. Further exclusion criteria were (1) patients with
oligoarticular orsystemic-type JIA, as these are distinctly different diseases from the JIA
subtypes that were included, and systemic JIA was exceedingly rare at the center where this
study was conducted; (2) patients with active JIA despite immunosuppression, to minimize
confounding by treatment; (3) patients with other rheumatologic diagnoses; (4) patients
with primary renal disease or patients taking any stimulant medication, as these have been
shown to affect PCT levels!516; and (5) JIA patients with current infection, as this would
affect PCT levels. Inclusion and exclusion criteria were similar for surgical controls and
bacteremic patients. Exclusion criteria for surgical controls were as follows: (1) non-English
speaking, (2) patients with any rheumatologic diagnoses, (3) patients with primary renal
disease or patients taking stimulant medications, and (4) patients with current infection or
known congenital or acquired immunodeficiency.

Data Collection

Collected data for all study subjects included the following:

1 demographic information, including gender, race/ethnicity, address, telephone
number, and email address;

2. medical information, including JIA subtype, disease duration, medication
information, physical examination data, and serologies; and

3. laboratory data including complete blood count, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and PCT. All laboratory tests were processed at
a single study laboratory.

In addition, the following data were collected for JIA study subjects:

1. The Juvenile Arthritis Disease Activity Score in 71 joints (JADAS-71) score
for JIA activity.1” Scores range from 0 to 101, with higher scores indicating
more severe disease activity. Components of the JADAS-71 include swollen joint
count, physician global health assessment, patient global health assessment, and
modified ESR.

2. The Childhood Health Assessment Questionnaire.8 This includes more than 30
questions that are focused on physical function. This measure has a final score of
0 to 3, with higher scores indicating more physical disability.

This study was approved by the Hospital for Special Surgery and Weill Cornell Medicine
Institutional Review Boards.
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Statistical Analysis

RESULTS

Procalcitonin, ESR, CRP, and hemoglobin levels were compared between JIA patients
with active disease, JIA patients with quiescent disease, nonrheumatic disease patients
undergoing elective musculoskeletal surgery (chosen as “healthy controls”), and children in
the intensive care unit with bacterial infections. Continuous variables were compared using
analysis of variance or Wilcoxon rank-sum test, and categorical variables were compared
using Fisher exact test.

Patient characteristics of all 4 groups are summarized in Table 1. Bacteremic patients

were younger than the other groups and more racially diverse. Juvenile idiopathic arthritis
characteristics are further characterized in Table 2. Both the active and quiescent groups had
a mix of JIA subtypes. Because study subjects enrolled in the active group were untreated
with anything besides NSAIDs, disease duration was significantly shorter than that in the
children with quiescent treated JIA. The JADAS-71 scores reveal that disease activity was
relatively low in this population; however, it was higher in the active group compared with
the quiescent group. The Childhood Health Assessment Questionnaire scores were low in
all study subjects. All of the study subjects with active JIA were treated with NSAIDs,
whereas only 40.6% of quiescent cases were treated with NSAIDs. In addition, 34.4% of
study subjects with quiescent JIA were treated with methotrexate, and the remaining 65.6%
were treated with anti—tumor necrosis factor therapy.

Erythrocyte sedimentation rate, CRP, and PCT were all elevated in bacteremic patients in
comparison to the other groups (Table 3). Erythrocyte sedimentation rate and CRP both had
wide ranges that overlapped between all groups (FIGURE 1 and 2). The PCT concentration
did not exceed 0.15 pg/mL, the standard cutoff for suspicion for infection, in any of the
patients with active JIA and in only 1 of 32 patients with quiescent JIA. In contrast, PCT
concentrations exceeded this level in 16 of 17 bacteremic patients (Fig. 3). Procalcitonin
did not differ between patients with active and quiescent JIA. Based on these data, we
compared children with active and quiescent JIA to those with bacteremia, and sensitivity
and specificity for PCT and infection were 94.1% and 98.3%, respectively (Table 4), and
positive and negative predictive values were 94.1% and 98.3%, respectively.

DISCUSSION

To our knowledge, this is the first study to examine PCT specifically in children with JIA,
for its utility in differentiating infection and noninfectious inflammatory disease activity.
Korczowski et al.19 evaluated PCT, CRP, and ESR in 28 children with autoimmune disease,
9 of whom had juvenile arthritis. They found that while ESR and CRP are sometimes
elevated in children with autoimmune disease, PCT remains low in this population. This
study concluded that PCT may be useful for differentiation of infection and inflammatory
disease activity; however, sample size was small, and findings were not disease specific.

Recently, multiple studies have been done evaluating PCT and additional biomarkers for
differentiation of infection and inflammatory disease activity in systemic autoimmune
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diseases, especially systemic lupus erythematosus.2%-22 These studies have repeatedly
shown that PCT, in conjunction with other biomarkers, can reliably differentiate infection
from an inflammatory disease flare. A meta-analysis performed by Serio et al.23 in 2014
confirmed this finding.

Here, we evaluated PCTas a marker for infectionversus noninfectious inflammation in
children with JIA specifically. Our study indicates that serum ESR, CRP, and PCT levels are
all biomarkers that can be used to distinguish serious bacterial infection (SBI) from active
JIA at presentation. However, PCT is the most accurate, with the least overlap between
patients with infection and noninfectious inflammatory arthritis and a high sensitivity and
specificity. Although 1 child with quiescent JIA had a mildly elevated PCT level, we
hypothesize that this patient may have had a subclinical infection or that this result was

due to laboratory error. This finding can help clinicians direct therapy more accurately and
swiftly at disease onset. However, PCT is not a useful biomarker to assess disease activity
in JIA, as PCT levels did not differ between patients with active untreated JIA and quiescent
treated JIA.

It is important to note that a majority of our study subjects had spondyloarthritis. However,
we believe that these results are generalizable, as no difference was seen between children
with spondyloarthritis compared with other JIA subtypes.

Some strengths of this study include recruitment of multiple groups of patients for
comparison, including children with active JIA, quiescent JIA, healthy presurgical
candidates, and children with SBI. Some limitations of our study are that this was performed
at a single center with a limited sociodemographic population. It is important to note

that the age and race differed between the group of patients with infection and the other

3 groups; however, there are currently no data to support that PCT differs by age or

race. In addition, children with SBI were utilized as an infectious comparator group;
however, our findings may not be able to be extrapolated to less severe infections. We

also utilized unique definitions of active and quiescent disease for 2 reasons: (1) in order to
minimize confounding by treatment, as no studies exist that describe the effects of arthritis
medications on PCT levels; and (2) because many children have low disease activity,

few children meet the standard criteria for inactive disease. Finally, we were not able to
evaluate children with JIA with active infection, as these children typically present to their
pediatricians, making capturing these patients exceedingly difficult.

This study is the first step toward establishing a biomarker panel that can differentiate
infection and inflammatory disease activity in children with JIA. We have shown that in
this population of patients PCT remains reliably low, even when disease is active and other
more commonly used inflammatory markers are elevated, which is a new finding in JIA.
Further studies are needed to assess additional biomarkers in conjunction with PCT for
distinction of infection and disease flare, throughout the disease course. Further evaluation
and measurement of serum PCT for differentiating JIA flares from less severe infections are
also required.
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FIGURE 1.
Erythrocyte sedimentation rate values in JIA versus infection.
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C-reactive protein values in JIA versus infection.
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Procalcitonin values in JIA versus infection.
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TABLE 4.

Sensitivity, Specificity, and Positive and Negative Predictive Values for PCT

Point Estimate  Confidence Interval

Sensitivity 94.1% 71.3%-99.9%
Specificity 98.3% 90.9%-99.9%
Positive predictive value 94.1% 69.5%-99.1%
Negative predictive value 98.3% 89.7%-99.7%
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