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Chapter 2

INTRODUCTION

When a child under the age of 16 years has arthritis with a duration exceeding 6 weeks
the diagnosis of juvenile idiopathic arthritis (JIA) is probable. Other diseases need to
be excluded, especially in the absence of commonly found serological factors such as
antinuclear antibodies (ANAs). JIA is a heterogeneous group of diseases and only the
category with immunoglobulin M (IgM) rheumatoid factor (RF) is thought to be equivalent
to adult rheumatoid arthritis (RA).

In the past, several names have been given to chronic arthritis in childhood such as
juvenile RA and juvenile chronic arthritis. Since an International League of Associations
for Rheumatology work force (last revised in 2007) proposed the name juvenile idiopathic
arthritis, this name has been adopted, both in Europe and the United States. Seven
categories of JIA are recognized, as shown in Table 1.1%

Table 2.1 | Categories of Juvenile Idiopathic Arthritis (ILAR Classification)

Systemic

Polyarticular RF-negative
Polyarticular RF-positive
Oligoarticular

- Persistent

- Extended

Psoriatic arthritis
Enteritis-related arthritis
Undifferentiated arthritis
- Fits no other category

- Fits more than one category

This classification is currently being questioned. New classification schemes are suggested
to incorporate ANA status, age of onset, and symmetry of arthritis? but cytokines, genetics,
and gene expression profiles might be promising fields to include in future classification®®.

Usually children with JIA are first seen by an orthopedic surgeon or a pediatrician and
referred to a pediatric rheumatologist in a later stage®.

Asdamage tothejointscan be prevented by early and adequate medical therapy, permanent

postacademic education on the subject of rheumatic diseases in childhood is mandatory in
order to obtain early referral of children with a suspicion of inflammatory arthritis.
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Having (a child with) JIA creates a considerable burden for the child, the family, friends, and
school'® and interventions have been developed to reduce the impact of the disease®’. The
importance of adequate patient and parent information and education is emphasized*?.

Definitions

Oligoarticular JIA is defined as arthritis in one to four joints during the first

6 months with exclusion of

- psoriasis, diagnosed by a dermatologist in at least one first or second grade family
member;

- Human leukocyte antigen-B27 (HLA-B27) associated disease in at least one first or second
grade family member;

- Presence of RF;

- Arthritis in a boy older than 8 years and HLA-B27 positive;

- Systemic JIA.

In children with persistent oligoarticular JIA the number of joints involved remains four or
less throughout the course of the disease. In extended oligoarticular JIA the arthritis shows
extension to polyarthritis after the first 6 months.

IgM RF negative polyarticular JIA is defined as arthritis in five or more joints during the first
6 months with negative tests for IgM RF and exclusion of systemic JIA.

IgM RF positive polyarticular JIA is defined as arthritis in five or more joints during the first
6 months and presence of the IgM RF on two occasions with an interval of 3 months with
the exclusion of systemic JIA.

PREVALENCE/EPIDEMIOLOGY

Joint pain, joint swelling, and morning stiffness are not uncommon in childhood. However,
only a minority of children with these symptoms, suggestive of arthritis, are diagnosed with
JIA by objective criteria and thorough physical examination performed by an experienced
(pediatric) rheumatologist. The exact incidence and prevalence of JIA is unknown. Studies
on these topics have shown different results, influenced by the different populations
that have been studied as well as ethnicity and environmental factors> 4. Also seasonal
variation has been described, even in the month of birth'>. The incidence probably varies
from 11 to 35 per 100,000 in the population?.
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Using the American College of Rheumatology criteria, the prevalence of JIA also shows
a considerable variability ranging from 15 to 150 per 100,000%. Several studies on the
prevalence of JIA have suggested that these figures might underestimate the true
prevalence. Close examination of the children under study and restriction to those who are
at risk will probably lead to a considerably increase in the prevalence of JIA. A trend toward
increasing incidence of JIA is observed, unclear whether due to greater awareness or a real
increase in patients®.

Although JIA can be divided into different categories with different peak incidences of
age, it is obvious that despite these differences, generally more girls than boys develop JIA
except for the systemic onset type.

ETIOLOGY AND PATHOGENESIS

JIA probably has a multifactorial etiology?. Genetic predisposition, environmental
influences, provoking infections, hormonal factors, and vulnerability in childhood are
involved in the development of JIA'. The genetic predisposition includes multiple genes
that are related to immunity and inflammation.

Genetic Predisposition

HLA class | and class Il alleles are both associated with an increased risk to develop JIA.
The last decade’s research in this field has expanded. It is estimated that genetical factors
account for 13% of the risk in JIAY. Early-onset oligoarticular JIA in girls is related to the
class | antigen HLA-A2. Persistent and extended oligoarticular JIA are associated with class
Il antigens HLA-DRB108 and HLA-DRB111, DQA104, DQA105, and DQB104. Enthesitis-
related JIA is associated with HLA-B27 (class |) and the class Il antigens HLA-DRB101 and
HLA-DQA10101. Systemic-onset JIA is related to HLA-DRB111. HLA DR4 is associated with
RF-positive disease, like in adult disease?°.The genetical associations of JIA were recently
reviewed by Cobb?!. Non-HLA immune regulatory genes are also involved, and the list
has expanded in the last years to include PTPN22% STAT4?%, TRAF-C5%, TNF308a, 4q27%,
DNAM-12¢, and VTCN1?%, although not all of them have been independently replicated yet.

The genetic predisposition also includes genes that are related to cytokine production?.
Nowadays, JIA is thought to be triggered by an initial adaptive immune response toward
an unknown autoantigen. Right after this event, almost all cells of the immune system
start to be involved. T-lymphocytes, cytokine production, immune complexes (ICs), and
immunodysregulation all lead to inflammation of the joint.
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Cytokines that are involved in the pathogenesis of nonsystemic JIA are tumor necrosis
factor (TNF)-a, IL-1, IL-2, IL-4, IL-6, IL-7, IL-18, and IL2R?*> 30, Concentrations of these
cytokines are increased, both in plasma and in the synovial fluid. IL-1a and IL-1R are both
particularly involved in oligoarticular and polyarticular JIA and related to disease activity.
Increase of IL-1a has been detected in plasma and increase of IL-R in synovial fluid. Soluble
TNF-a is also increased in plasma as well as synovial fluid in the more restricted disease
types of oligoarticular disease. IL-4 is more prominent in the synovium®!. IL-17 can induce
production of IL-6, MMP-1 and -3, and IL-8 at the synovium, which all can lead to joint
damage®.

During phases of clinical remission, cytokines do not return to a normal healthy-control
situation but reflect a condition of compensated inflammation®3.

Bacterial infections not only can cause reactive arthritis, but are also involved in the
development of JIA. In children with JIA humoral as well as cellular immune responses
against bacterial heat shock proteins (HSPs) have been described. These HSPs are highly
conserved proteins of bacterial origin and have been demonstrated in plasma and synovial
fluid of JIA patients. T-lymphocyte responses to HSP-60 were demonstrated before
remission of JIA and it thus has been speculated that induction of immunotolerance to
specific T-cells might be beneficial for JIA patients, and nasal administration of HSP-60
might be used as future immunotherapy***. In 2011 HSP-60 serum concentrations were
found to be predictive for disease flare®.

Complement activation is also involved in the pathogenesis of JIA. Complement
components of both the classical pathway (C4) and the alternative pathway (Bb) showed
increased levels and correlated with disease activity®” 3. Mannose-binding lectin (MBL) is
a major component of the lectin route of complement activation. An increased frequency
of mutations in exon 1 of the MBL2 gene has been demonstrated in RA and JIA patients,
indicating a possible role of MBL deficiency in the pathogenesis of JIA®* %, The possible role
of infection in JIA has also been demonstrated by increased incidence of chronic arthritis in
patients with hypogammaglobulinemia, IgA deficiency, and C2 deficiency*'.

Furthermore, MBL deficiency might lead to defective clearance of ICs and apoptotic cells,
as seen in individuals with C1q deficiency. Partial C4 deficiency has also been linked to JIA%2.

Recently the alternative pathway was suspected to be involved in oligoarticular JIA®.

Circulating immune complexes (CICs) have been demonstrated in JIA. These CICs have
been detected in plasma and synovial fluid and revealed complement activation as well as
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cytokine secretion potential. The CICs correlated with disease activity and systemic features
of JIA®. The activating capacity of CICs is related to their size. Although often undetectable
in plasma of JIA patients, IgM RF is bound to the ICs and concentration of this RF is related
to disease activity**. Membrane-attack complex bound to CICs correlated significantly
with erythrocyte sedimentation rate (ESR), further supporting the notion of complement-
mediated tissue injury that is triggered by IC-mediated classical pathway activation®.

The T-lymphocyte-mediated immune response is important in chronic inflammation.
T-lymphocytes are the most prominent mononuclear cells in synovial fluid. The
T-lymphocytes can be differentiated in CD4 (helper/inducer) and CD8 (suppressor/
cytotoxic) cells with different functional abilities.

An impaired thymic function, reflected by a decrease in CD4+ T-cells, was described in
oligoarticular and polyarticular JIA*. Recently the same phenomenon of premature aging
was observed for CD8+ T-cells in JIA patients®’.

The results of different studies on the possible pathogenetic role of CD4+ and CD&+
T-lymphocytes have been inconsistent'®. Increased CD8+ T-lymphocytes have been
demonstrated in systemic and polyarticular JIA; however, other studies showed decreased
CD8+ T-lymphocytes, especially in systemic disease®®.

Regulatory T-cells (T-regs) first described by Sakaguchi* are increasingly thought to play a
role in the pathogenesis of (the remitting course of) JIA*®. These cells are characterized by
expression of FOXP3, a transcriptional factor, necessary for the control of inflammation.
Recently a review on the emerging role of the T-regs was published®?.

Co-expression of CD25 and FOXP3 in combination with a hypomethylated region within
the FOXP3 gene, called the Treg-specific demethylated region, is considered the hallmark
of stable T-regs. Recently it was discovered that environment-specific breakdown in FOXP3
stability may threaten the abrogation of inflammation in JIA®.

Natural (thymic derived) and adaptive T-regs exist, but cannot be discerned as of this
writing®!. It seems that T-regs are heterogeneous and can differ in function. T-regs can be
divided by HLA expression (DR+ and DR-)and by cellular markers (naive or memory). In
oligoarticular JIA, at the site of inflammation T-regs of the activated memory phenotype
are present.
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Th17 cells, a subset of the CD4+ effector T-cells producing IL-17, are also present at the
site of inflammation®? and have a reciprocal relation to T-regs®:. Both need TGF-beta for
induction and the T-regs and Th17 cells need to be balanced in a healthy-state situation.
T-regs even seem to be able to convert into Th17 cells under certain circumstances®.

In 2004 it was discovered that in JIA the numbers of T-regs are in fact paradoxically increased
in the inflamed joint>>. Serum Treg numbers, on the other hand, are normal or decreased in
O-JIA. In SF of persistent oligoarticular JIA patients the numbers of T-regs are higher than in
SF of extended to-be JIA patients. It is hypothesized that the balance between T-regs and
Th17 cells is crucial in JIA and that they behave in a reciprocal relationship at the site of
inflammation®®.

Possibly T-regs are dysfunctional in JIA? Studies suggest that the T-regs function well (are
potent suppressors of inflammation) when taken out of the synovium, suggesting a role for
the microenvironment affecting the T-regs in their function.

Dendritic Cells

Dendritic cells (DCs) are antigen-presenting cells, necessary for T-cell activation. Evidence for
their suspected role in the initiation and perpetuation of inflammation is scarce. Increased
numbers of DC in synovial fluid have been described in oligoarticular and polyarticular JIA*.
B-cell concentration is normal in oligoarticular and polyarticular JIA, however generally
increased in patients with systemic JIA. Total levels of IgG might be elevated and a diversity
of autoantibodies can be detected in sera of JIA patients.

Like 1gM rheumatoid-factor JIA, anticyclic citrullinated peptide (CCP) is associated with
erosive disease®. The pathogenesis of JIA is also influenced by psychological factors.
Dysregulation of the autonomic nervous system is related to impaired immunologic
response and possible development of autoimmune disease®.

Gene Expression Profiling

Gene expression profiling, also known as transcriptomics, measures the expression level
of mRNAs (transcripts) in a cell population at a certain time. In oligoarticular JIA, gene
expression profiling on synovial fluid could help predict patients with an extended disease
phenotype®. In polyarticular JIA, recently it was shown that gene expression was linked
to therapeutic outcome at 6 months®. Furthermore, in polyarticular JIA, remission could
be genomically characterized and differed markedly between methotrexate (MTX) and
MTX/etanercept-induced remission. At the therapeutic level, gene expression profiles
were studied before and after MTX administration to analyze differentially expressed
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genes. A gene was identified that could contribute to genetic variability in MTX response®
6263 Clinical remission on medication and clinical remission reflect states of balanced
homeostasis between pro-and anti-inflammatory since gene expression profiling differed
between healthy controls and the aforementioned categories®?.

Myeloid-Related Protein 8/14 (S100A8/A9), S100A12

These calcium-binding proteins produced by activated neutrophils and monocytes are
present in the serum of patients with both oligoarticular and polyarticular JIA, next to their
extreme elevation in active systemic JIA. These danger signals increase before clinical flare
is obvious and therefore have predictive value. The serum concentrations of SI00A8/A9
and S100A12 are related to the amount of inflammation® . Levels to predict disease flares
have been determined and an ELISA is commercially available®®.

Clinical Manifestations

When taking a history of (parents of) children with JIA pain is usually not a major symptom at
onset®’, but the parents of young children may have noticed a regression in the motor phase
of their child®. An asymmetric pattern is especially alarming. Swelling of the knee or ankle
is often noticed by chance when parents are undressing or bathing the child. Other signs at
onset can be behavioural problems, limping, or refusal to walk. In older children, especially
in those with (IgM RF positive) polyarticular JIA, pain can be a presenting symptom. General
malaise, low-grade fever, and fatigue can be present in severely affected children, mostly in
those with polyarticular JIA. Morning stiffness and stiffness after spending prolonged time
in the same position are common. The onset of JIA may be acute but usually is insidious.

At physical examination the general condition of the child should be noticed. They may
look anemic and, when suffering from systemic features, ill and in pain. Length and weight
should be measured regularly as general growth impairment points at active disease and
this may be aggravated by prolonged use of glucocorticoids, which is, in the biological
era, becoming less common. In children with IgM RF-positive polyarticular JIA rheumatoid
nodules at the extensor surface of the elbows or at the lateral sides of the feet can be
found.

Asymmetrical diffuse edema of hands or lower leg and ankle in a sock-like form can be
found in some children with polyarticular JIA®. This lymphedema is usually non-pitting and

not painful.

In children with JIA who develop chronic anterior uveitis (CAU) before the onset of arthritis
secondary changes in the eyes can be noticed, irregular pupils that do not respond properly
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to light may reflect the presence of synechia. Calcifications of the cornea may be present
in the form of band keratopathy.

Signs of arthritis are local swelling, increased temperature, pain elicited by movement,
and limitation of motion. Local discoloration is very unusual except over the small joints
in the hands and feet’®, and when present over a knee or ankle should be a reason for
reconsideration of the JIA diagnosis.

Establishing arthritis can be difficult, especially in young children with baby fat. An
observation by an experienced child physiotherapist and/or the use of ultrasound or
MRI with gadolinium enhancement can be helpful’. In children with oligoarticular JIA
asymmetric swelling of large joints like the knee, ankle, and elbow are most frequent, while
in children with polyarticular JIA symmetric involvement of the small joints of the hands and
feet is more common. In children with IgM RF swelling around the styloid processus of the
ulnar can be prominent. Several complications may develop in children with oligoarticular
and polyarticular JIA.

Impaired growth and delay of puberty may be the result of disease activity’? and the
(currently outdated) chronic use of glucocorticoids aggravates the impairment of linear
growth. Muscle atrophy and leg length discrepancy by accelerated local growth are findings
in longstanding asymmetric arthritis’>. Decreased bone mineral content can be observed
in a quarter of children with early onset JIA*. Osteopenia can be detected in adolescents
with early onset JIA”.

Cardiac manifestations are rare but may be the cause of significant morbidity, especially
valvular disease in RF-positive polyarticular JIA’. Parenchymal lung disease is an infrequent
finding, but pulmonary function is impaired in some children with JIA”’.

Temporomandibular involvement is common in children with oligoarticular and
polyarticular JIA”® 7 Because of the high prevalence and discrepancy between clinical signs
and presence of arthritis in the temporomandibular joint, regular orthodontic evaluation
and orthopantomograms are recommended to enable early intervention’. Involvement of
the temporomandibular joints may lead to impaired opening of the mouth and retrognatia.

Chronic Anterior Uveitis (CAU) is reported in up to 10-20%5%% 8 of patients with JIA, and is
the main secondary disease in JIA. It is associated with the presence of ANA. All children
with JIA need to be screened with regular intervals (see Table 1.2) as this type of uveitis is
asymptomatic until complications develop. The classic presentation of CAU is an anterior,
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nongranulomatous, uni-or bilateral uveitis. Slit-lamp examination is necessary to detect
the inflammatory cells in the anterior chamber of the eye. It is therefore essential that all
children with JIA are seen by an ophthalmologist at regular intervals.

Early detection and treatment of CAU is of major importance to avoid sight-threatening
complications including band keratopathy, synechia, cataract, glaucoma, macular edema,
decreased vision, phthisis bulbi, and blindness®2. Young age of onset (arthritis and uveitis),
active uveitis at the time of onset of arthritis, and high uveitis activity at the time of diagnosis
is associated with a higher risk of sight-threatening complications. The recommended
frequency is listed in Table 1.2.

Generally patients with JIA are divided into high-and low-risk groups depending on known
risk factors for uveitis. Risk factors are young age of onset, female gender, and oligoarticular
onset of JIA. Onset of arthritis usually precedes the onset of uveitis, but uveitis may also
start first. The risk of developing uveitis is the highest shortly after onset of arthritis and
decreases gradually after the first year®.

DIAGNOSTIC INVESTIGATIONS

In all children with chronic arthritis a full blood count is indicated. In most children with
oligoarticular JIA normal hemoglobin levels are found. In some children with oligoarticular
JIA with high disease activity and in children with polyarthritis moderate normocytic,
hypochromic anemia can be present characteristic of the chronic anemia of inflammation®:.
Anemia and raised platelet count are associated with a less favorable prognosis.

In a child with other systemic features like fever, skin rash, and lymph node enlargement
other diagnosis like systemic JIA, other autoimmune diseases (such as systemic lupus
erythematosus, SLE), or malignancy should be considered.

The leukocyte count usually is normal. In children with active disease leukocytosis may be
present. During treatment with sulfasalazine or MTX a low leukocyte count may represent
drug-induced bone marrow suppression. In a child with possible JIA a low leukocyte count
could be the key to another diagnosis; for example, SLE or leukemia. Platelets are within
the normal range in most children with oligoarticular and polyarticular JIA, but may be
raised in children with high disease activity.
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Table 2.2 | Recommended frequency of Ophthalmological Investigation in Children With Persistent
or Extended Oligoarticular Juvenile Idiopathic Arthritis According to the American Academy of
Paediatrics (1993)

Subtype of Arthritis Onset of Arthritis (Years of Age)

<7 years? > 7 years®

Persistent oligoarticular

+ANA He M
—ANA M M
Extended oligoarticular

+ANA He M
—ANA M M

H: high risk = every 3-4 months ophthalmological investigation.

M: medium risk = every 6 months ophthalmological investigation.

L: Low risk = every 12 months ophthalmological investigation (all other patients with JIA).

2All patients are regarded low risk 7 years from onset of arthritis; ophthalmological investigation yearly.
® All patients are regarded low risk 4 years from onset of arthritis; ophthalmological investigation yearly.
¢ All patients are regarded medium risk 4 years from onset of arthritis.

The acute phase reactants (ESR, C-reactive protein (CRP) levels) can be normal in children
with JIA, but may be raised at onset of the disease and during exacerbations®. Blood
chemistry is usually not abnormal at onset of JIA. The level of serum urea can increase
during the use of nonsteroidal anti-inflammatory drugs (NSAIDs). Liver function tests need
to be carefully followed during the use of SSZ and MTX. In the diagnostic phase, broad
screening for infectious causes of arthritis is indicated as a variety of microorganisms
may induce arthritis (see differential diagnosis).The onset of JIA and its exacerbations are
frequently preceded by infections®. In children with active (poly)arthritis, a raised 1gG can
be present. In children with oligoarticular JIA the IgA may be low or even absent. During
treatment with sulfasalazine the level of IgA may decrease®’.

ANAs are found in about 75% of children with oligoarticular JIA and in 50% of children with
polyarticular JIA® #8. Their presence is strongly associated with the risk of developing CAU
but does not seem to be associated with the severity of the uveitis®’. A positive ANA is rare
in children, but can be a temporary false-positive finding in infections (streptococci, viral).
Antibodies to dsDNA are usually not found. When they are detected the child could have
SLE. Antibodies to extractable nuclear antigens (anti-ENA) are rarely present; anti-ENA may
indicate other autoimmune diseases such as mixed connective tissue disease (MCTD).

Tests for the IgM RF are less frequently positive in children with JIA than in adults with RA.
In 5-10% of children with JIA, IgM RF can be detected during the course of the disease.
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Their presence is associated with onset of disease in girls around 13 years of age with
clinical signs as in RA, progressive disease, and early erosions. Anti-CCP antibodies can be
detected in the sera of patients with JIA but almost exclusively in the subset of children
with IgM RF-positive disease®®.

Serum complement levels usually are within the normal ranges, but may be elevated at
onset and during exacerbations of the illness.

Analysis of the synovial fluid may provide valuable information in the diagnostic phase of a
child with monoarthritis. The number of leukocytes reflects the severity of inflammation.
A low leukocyte count (<2x 109) is unlikely in infectious arthritis and suggests a mechanical
disorder of the joint. Gram preparation and culture are indispensable to rule out infection.
Polymerase chain reaction (PCR) for Borrelia burgdorferi and Mycobacterium tuberculosis
are available.

In children with oligoarticular and polyarticular JIA the synovial fluid is yellow with decreased
viscosity. The white cell count is usually around 20,000 x 10%L with predominantly
polymorphonuclear neutrophils and mononuclear cells.

In a child with a chronic monoarthritis without circulating ANA, a synovial biopsy can be
necessary to exclude local abnormalities of the synovial membrane when MRI findings are
insufficient to make a diagnosis. In children with JIA the histological finding is an aspecific
chronic inflammation. For the follow-up of radiological damage by JIA plain X-rays can be
used. But in the changing era with early initiation of highly effective therapies there is a
need for more sophisticated imaging modalities, more sensitive in detecting pre-erosive
changes. Ultrasound and MRI are suitable to serve that purpose, but have not been
validated yet®°°, The growing skeleton gives rise to numerous physiological changes over
time which need to be taken into account during ultrasound and MRI examinations. There
is an urgent need for normal values regarding ultrasound and MRI in healthy children. Up to
the time of this writing, the exact value of MRI and ultrasound in detecting disease activity
in JIA needs to be determined.

Ultrasound can be a useful tool, but is not validated yet for detection of synovitis®.
Subclinical synovitis on ultrasound is present in 3% of JIA patients in clinical remission.
Subclinical synovial abnormalities are not related with early flare, in contrast with RA
patients®.

Pediatric scoring systems for MRI have been developed and are validated®®®. Recently
a study showed that MRI is a promising biomarker in measuring therapeutic response®.
Evidence-based points regarding the role of imaging in JIA are summarized and have been
published”.
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At plain X-rays, at onset of the disease, usually only soft tissue swelling and periarticular
osteoporosis can be detected. During the course of disease various radiological
abnormalities may develop®. Ossification centers can develop earlier by increase of blood
flow in the involved extremity, resulting in overgrowth but eventually premature closing
of the epiphysis may lead to stunting of bone growth. Loss of cartilage can be reflected by
narrowing of the joint space. Development of erosions in an early stage can be present in
children with IgM RF polyarticular JIA. A radiological scoring system for children with JIA
has been developed®.

DIFFERENTIAL DIAGNOSIS

Joint complaints are relatively frequent in childhood, but usually self-limiting and seldom
require referral to a hospital. For a correct differential diagnosis, a clear difference must be
made between myalgia, arthralgia, arthritis, and possible involvement of the bones.

Infectious arthritis as well as reactive arthritis often have an acute onset and will recover
with or without medication within approximately 6 weeks. Duration of arthritis of more
than 6 weeks is called chronic arthritis. The most frequent cause of chronic arthritis in
childhood is JIA. Not only infection or inflammatory diseases can cause complaints of the
joints; other possibilities include traumatic, metabolic, hematological, malignant, and even
psychogenic causes”’.

Infectious or bacterial arthritis is an acute iliness, also called septic arthritis®®. The child with
septic arthritis is often very ill with high fever, and refuses to use the involved joint. One of
the most important characteristics is extreme pain. Bacteria can enter the joint either by
hematological spread or directly by penetration of the skin. Physical examination should
include inspection of the skin to detect a porte d’entrée, which might lead to identification
of the microorganism. Most frequently involved microorganisms are Staphylococci and
Streptococci. When bacterial arthritis is suspected, puncture of the joint to obtain synovial
fluid should be performed for analysis on leukocyte count and bacterial culture. In recent
years the occurrence of Kingella kingae as a pathogenic microorganism is increasingly
recognized in cases of septic arthritis. This Gram-negative bacterium is the number one
causative organism of septic arthritis in the age group 6-36 months® 1%, |t is recommended
to have a high index of suspicion in young children presenting with joint inflammation,
especially in cases of mildly elevated inflammatory markers®®®. PCR techniques for
detection of K. kingae are therefore advocated. K. kingae is generally susceptible to the
main antibiotics used in children with osteoarticular infections. The clinical course after
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treatment initiation is benign. It should be taken into account that osteomyelitis in the
vicinity of a joint may give a clinical picture similar to that of infectious arthritis without
yielding a positive culture of the synovial fluid*®. Another microorganism that can cause
arthritis is B. burgdorferi'®. Lyme arthritis is often preceded by erythema migrans, myalgia,
and arthralgia, which can be followed by recurrent as well as chronic arthritis'®. Only in the
minority of the patients is a tick bite remembered. After the erythema migrans, arthritis
can develop even after months, often starting in one or both knees in episodes. Chronic
arthritis occurs in approximately 20% of patients with Lyme arthritis, most frequent as
monoarthritis of the knee. Diagnostic tests include PCR of synovial fluid and serology. The
presence of anti-Borrelia IgG antibodies is not definite proof of Lyme arthritis because 5%
of the adult population have positive 1gG antibodies due to asymptomatic infection in the
past. Anti-Borrelia IgM antibodies turn positive after approximately 6 weeks and are present
for months, whereas IgG antibodies can be detected for years. Lyme arthritis eventually has
a relatively good prognosis with complete recovery but a substantial proportion of patients
need more than one course of antibiotics and/or additional treatment with NSAIDs, disease-
modifying antirheumatic drugs (DMARDs), intra-articular steroids, or even synovectomy'®.

Arthritis can also develop after viral infections such as parvovirus, rubella, and hepatitis
B, as well as viruses of the herpes group, adenoviruses, and para-myxoviruses'®. Most
of these viral infections will lead to reactive arthritis, and detection of the virus in the
synovial fluid is often negative. Viral arthritis generally completely resolves within 6 weeks
although chronic duration is possible. Arthritis can develop even after vaccination. Clinical
presentation, viral exanthema, and duration of the arthritis are helpful in the diagnosis of
possible viral arthritis.

Mycoplasma pneumonia is another microorganism that can cause arthritis as well as
spondylarthropathy in children®’. Important symptoms include fever, cough, headache,
and myalgia. Approximately 30% of the children with M. pneumonia infection will develop
arthritis.

Reactive arthritis can develop after viral infections, Neisseria meningococci infection,
as well as gastroenteritis by Salmonella, Shigellla, Campylobacter, or Yersinial®. Reiter’s
syndrome is an example of reactive arthritis, associated with HLA-B27, characterized by the
triad of arthritis, conjunctivitis, and urethritis'®. Acute rheumatic fever (ARF) is caused by
Group A beta-hemolytic Streptococci (GABHS)M. It develops approximately 3 weeks after
the GABHS infection, characterized by angina, high fever, illness, and headache. A sore
throat is not always present. Arthritis is present in 80% of the patients, often with acute
onset, painful polyarticular, migrating from one joint to another, and preferentially involving
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the large joints of the lower extremities'’. The diagnosis of ARF is made according to the
Jones criteria®?. Carditis with possible heart failure is an important complication of ARF
that occurs in 50% of patients. Mitralis valve and aorta valve stenosis can develop®. Other
complications include Sydenham’s chorea, subcutaneous noduli, erythema marginatum,
and (cutaneous) vasculitis**. When carditis is present, prophylactic antibiotic therapy
(penicillin) is indicated according to the American Heart Association®*>,

Reactive arthritis can develop after an infection with Streptococci without fulfilling
the Jones criteria'®® ¥, This arthritis is often less severe and not migrating, but with a
longer duration. Other Streptococci species in addition to GABHS can cause this form of
arthritis’®. Diagnostic tests include bacterial culture of the throat, nose, and/or ears, as
well as antistreptolysin-O-antibody titer and anti-Dnase-B*'12°, Polyarthritis can be the first
clinical sign of other autoimmune diseases like SLE, juvenile dermatomyositis, scleroderma,
Sjogren syndrome, MCTD, and systemic vasculitis. Apart from arthralgia, arthritis, and
myalgia, these autoimmune diseases are characterized by organ involvement and positive
autoantibodies. Hemophilia and sickle cell disease are both hematological disorders with
possible involvement of the joint. Vaso-occlusive episodes can be very painful and difficult
to distinguish from arthritis'?*. Malignancies like leukemia, lymphoma, Hodgkin disease,
osteosarcoma, Ewing sarcoma, as well as neuroblastoma can lead to bone pain, arthralgia,
and/or swelling of joints. Nocturnal bone and joint pain is one of the most characteristic
clinical signs for malignancy. Differentiation between systemic JIA and malignancy can be
difficult when general malaise, fever, anemia, and leukocytosis are present®’, 102 122:126,

Another group of diseases that can present with arthritis, as well as arthralgia or myalgia,
is the rare group of periodic fever syndromes like familial Mediterranean fever; hyper IgD
syndrome; TNF receptor-1 associated periodic syndrome; Muckle-Wells syndrome; and
periodic fever, aphtous stomatitis, pharyngitis, and adenitis!?’. These genetic diseases
are also known as auto-inflammatory disorders. Other possible causes of arthritis and
arthralgia in childhood include coxitis fugax, Perthes disease, epiphysiolysis, Osgood-
Schlatter disease, chondromalacia, hypermobility syndromes, and trauma®?,

TREATMENT

The treatment of children with JIA is mostly medical but physiotherapy and other non-
pharmacological therapies are also of importance in some patients. Nowadays, children
are less frequently referred to a rehabilitation center where therapies can be organizedin a
multidisciplinary way. In the last two decades an expanding spectrum of effective drugs has
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become available'?. The arrival of biologicals has made a significant difference initially
to children who were refractory to previously used anti-rheumatic drugs. But as time
progressed biologicals were prescribed earlier to JIA patients'*®. Nowadays the biggest
challenges are to select the right JIA patients for treatment with biologicals*** and to
choose the optimal moment to apply them. Furthermore, a concern is how to deal with
biosimilars in the treatment of patients with JIA. Long-term safety is guarded by the use of
international databases.

Outcome Measures

To measure efficacy of medical treatment a definition of improvement®? has been
developed using a core set of outcome variables and a definition of remission (clinically
inactive disease, CID) is available®. Definitions have followed for clinical remission on (CID
on 6 months therapy) and off medication (CID for more than 12 months off therapy)***.
More recently the juvenile arthritis disease activity score (JADAS) was developed®,
including cut-off values®® summarized in table 1.3.

Increasing evidence®®” 3 advocates the early initiation of therapy depending on mild,
moderate, or severe disease clinical characteristics. Several guidelines for children with
oligoarticular and polyarticular JIA are available and summarized in the paper by Hinze et
al®® |llustrative algorithms for children with oligoarticular and polyarticular JIA can be
found in the paper by Beukelman'*,

Drugs Used in Children With JIA

NSAIDs are effective in suppressing fever and signs of inflammation such as pain and
stiffness. Naproxen, ibuprofen, and indomethacine are frequently used. Pseudoporhyria
can occur with the propionacid derivatives like naproxen and ibuprofen and induce scarring
of sun-exposed areas. Indomethacine can cause headache and malaise in some children.

As DMARDs hydroxychloroquine, sulfasalazine, MTX, and leflunomide are used. Regular
blood checks are advised, especially liver function tests. Retinopathy can occur as an
adverse reaction to hydroxychloroquine accumulation. Ophthalmological follow-up is
advised every 6 months. Sulfasalazine is effective and safe in children with oligoarticular
and polyarticular JIA, but not well tolerated in about one-third of children*. Sulfasalazine
may induce or worsen low levels of IgA¥. Nowadays sulfasalazine is mainly reserved for
the category of JIA with enthesitis’**. MTX has gained the position of gold standard for
RA and is also very effective in JIA patients'*"**? as monotherapy, but also in combination
therapy with a biological**%, It is administered once a week as tablets or subcutaneous
injection. The use of folic acid can decrease nausea, malaise, and mucosal ulcerations*®,
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Table 2.3 | Definitions of Disease Status an Juvenile Arthritis Disease Activity Score Cut-off Values

Clinical Condition Cut-off Value

Clinical remission 1

Minimal disease activity Oligo 2 Poly 3.8

Acceptable symptom state Oligo 3 Poly 4.3

Low disease activity One or no active joints, normal ESR of C-reactive protein, physician global

assessment of overall disease activity score < 3 (0-10), patients/parent GA of
overall well-being score < 2 (0-10)

In some children anti-emetics are necessary to alleviate the weekly misery of MTX. During
high-dose treatment with MTX, vaccination with live attenuated viruses should be avoided.
Further advice on vaccinations in JIA patients is summarized in the European League
Against Rheumatism recommendations by Heijstek et al**’. Leflunomide is tolerated well
by most children with slightly less efficacy as MTX*®, The use of systemic glucocorticoids
should be restricted to life-threatening complications. In some children low-to-medium
doses glucocorticoids are used to bridge the interval between start and moment of
effectiveness of DMARDs. Glucocorticoids are mainly used as intra-articular injection with
good results'® and no short-term adverse effects on the cartilage. Leakage to the system
may induce secondary Cushing syndrome®*°. Triamcinolonhexacetonide has shown to be
superior to triamcinolonacetonide judged by the duration of remission**. The biologicals
have extended the therapeutic arsenal for children with therapy-resistant JIA. To hamper
TNF-a both soluble receptors (etanercept) as blocking antibodies (infliximab, adalimumab)
are available, but for the use in children only etanercept and adalimumab are registered.
The child has to fail on sufficiently high-dose MTX or show unacceptable side effects. About
75% of children with longstanding, resistant, polyarticular course JIA respond to etanercept
in a blinded randomized controlled trial**2. The clinical improvement lasts for over 2 years
in the majority of patients! without significant adverse events'*. Since 2008 abatacept,
a CTLA4/1gG fusion protein-inhibiting T-cell activation by co-stimulation blocking, was
added to the spectrum of therapeutics. In the original withdrawal trial** significantly
more flares occurred in the placebo group compared to the abatacept group. It has to
be noted that during the initial open-label period approximately 25% did not respond to
abatacept, comparable to nonresponse rates as observed in TNF-a blockers. Tocilizumab
is @ humanized, monoclonal, IL-6-receptor antibody, inhibiting IL-6-mediated signaling.
Recently the efficacy of tocilizumab in polyarticular course JIA was noted®®; likewise, in
a withdrawal trial design with significantly more flares in the placebo group compared
to the tocilizumab group. Tocilizumab for polyarticular course JIA is dosed in 4-week
intervals compared to 2-week intervals in systemic JIA. The GO-KIDS trial of golimumab
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(a human monoclonal antibody that binds both to soluble and transmembrane TNF-a) in
polyarticular course JIA has not met its primary and secondary end-points*’, therefore
previously preventing golimumab from registration for JIA.

FUTURE

In the near future the development of other anticytokine-directed strategies (certolizumab,
ustekinumab, tofacitinib)*®® holds great promise for the treatment of children with resistant
JIA although the concerns about infections and long-term consequences remain®®.

Concerns of Infectious Complications During (Biological) Treatment

Large cohort studies in JIA patients have not revealed increasing numbers of severe
infections, requiring hospital admission due to biological treatment!®. Having JIA without
DMARD treatment increased the changes on these complications twofold, which remained
twofold with the use of MTX or biologicals irrespective of MTX. Swart et al. reported
that additional biologicals increased the chances to severe adverse events and infections
compared to MTX only*¢?,

Concerns of Opportunistic Infections During (Biological) Treatment

Opportunistic infections are rare in JIA patients. In almost 14,000 person-years of follow-up
a few cases of coccidioides (occurring while not on biological treatment) and Salmonella
were mentioned, as well as 32 cases of herpes zoster!®*. An increased incidence rate of
herpes zoster in JIA patients on etanercept was confirmed by Nimmrich et al*®2,

Concerns of Development of Other Autoimmune Diseases

Under the use of diverse biologicals, cases of other autoimmune diseases like demyelinating
disease, inflammatory bowel disease, or the new development of autoantibodies have
been documented, which is summarized in the manuscript by Swart et al**.

Concerns on Malignancies During Biological Treatment

In 2008 a black-box warning on the use of biologicals in children with JIA was warranted by
the FDA. To know the background rate of malignancy in JIA, it is essential to address this
issue. Studies on this topic are scarce and difficult due to relative small sample sizes®? 164,
Beukelman demonstrated no increase in malignancies due to use of TNF inhibitors, but in
general a small increased rate of incident malignancy in JIA was noted?®. Large registries
are highly needed to gather information on this topic and initiatives to do so are evident
both in the United States and Europe®® ¢, Autologous stem cell transplantation was
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used as an experimental treatment in children with therapy refractory polyarticular and
systemic JIAY®” with significant mortality. In recent years less children were candidates for
this procedure as a consequence of high effectiveness of biologicals. Complications are less
common due to better treatment strategies, therefore diminishing the need for treatment
of complications. The experimental use of recombinant human growth hormone restores
linear growth and improves body composition in children with glucocorticoid-induced
impaired growth and severe osteoporosis'® 169,

The treatment of uveitis consists of topical and systemic drugs

Treatment recommendations for JIA-associated uveitis are summarized in a recent
guideline?”®. Topical glucocorticoids are the first choice of treatment and sometimes are
combined with mydriatic agents. Subtenon injections of steroids can be used. A large
group of patients with uveitis need systemic treatment to achieve adequate disease
control. Systemic glucocorticoids are effective, but the use should be minimized because
of the harmful effects on bone and growth. Systemic glucocorticoids may also contribute
to cataract formation and glaucoma. Intravenous pulses of glucocorticoids (30 mg/kg
per dose with a maximum of 1g) may be effective at lower risk of side effects. MTX and
cyclosporin A can be effective and glucocorticoid sparing, but reports about the use of
immunosuppressive drugs are scarce®’!. Other agents that are reported to have some effect
in smaller series are mycophenol mofetil, intravenous immunoglobulins, and anti-TNF-a
drugs, especially adalimumab. Immunomodulatory therapy started early in the course of
uveitis is associated with better visual acuity'’2. Several cases of a flare of uveitis or de novo
development of uveitis are reported during the use of etanercept!>* 173 74,

The use of abatacept in severe therapy refractory uveitis did not lead to sustained benefit
in 21 patients?’.

PROGNOSIS

Literature on the outcome of JIA in the prebiological era described ongoing arthritis in
almost half of the patients with polyarticular JIA after 10 years'’®. In addition, oligoarticular-
onset JIA was shown to be a severe disease with frequent complications'’’. In 2003 Fantini
et al. reported that 75% of their patients with a minimum follow-up of 10 years never
reached remission’®. The course of the disease and outcome depend on the category of JIA
and the presence of IgM RF or ANAY% 18 Patients with ANA-positive JIA seem to constitute
a homogeneous subgroup! and ocular complications determine visual prognosis in this
subgroup® 172, The prognosis of IgM-RF polyarticular JIA can be compared with that of RA in
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adults. After introduction of the biologicals, outcome has improved due to earlier initiation
of therapy and efficacy of TNF blockers and other biologicals reflected by almost 80% of
JIA patients reaching an active joint count of O after 2 years in the ReACCh-Out cohort®®?,
although flares still frequently occur®. At this moment JIA remains a chronic disease with
considerable psychosocial impact that often extends into adulthood?®, although outcome
has improved over the years'®1#’,
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