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Objective. The goal was to assess the degree of overlap between existing International League of Associations for
Rheumatology (ILAR) and preliminary Paediatric Rheumatology International Trials Organisation (PRINTO) classifica-
tion criteria for juvenile idiopathic arthritis (JIA).

Methods. Participants from the Childhood Arthritis Prospective Study, a multicenter UK JIA inception cohort, were
classified using the PRINTO and ILAR classification criteria into distinct categories. Systemic JIA was excluded because
several classification items were not collected in this cohort. Adaptations to PRINTO criteria were required to apply to a
UK health care setting, including limiting the number of blood biomarker tests required. The overlap between categories
under the two systems was determined, and any differences in characteristics between groups were described.

Results. A total of 1,223 children and young people with a physician’s diagnosis of JIA were included. Using PRINTO
criteria, the majority of the patients had “other JIA” (69.5%). There was a high degree of overlap (91%) between the
PRINTO enthesitis/spondylitis- and ILAR enthesitis-related JIA categories. The PRINTO rheumatoid factor (RF)–positive
category was composed of 48% ILAR RF-positive polyarthritis and 52% undifferentiated JIA. The early-onset antinuclear
antibodies–positive PRINTO category was largely composed of ILAR oligoarthritis (50%), RF-negative polyarthritis (24%),
and undifferentiated JIA (23%). A few patients were unclassified under PRINTO (n = 3) and would previously have been
classified as enthesitis-related JIA (n = 1) and undifferentiated JIA (n = 2) under ILAR.

Conclusion. Under the preliminary PRINTO classification criteria for childhood arthritis, most children are not yet
classified into a named category. These data can help support further delineation of the PRINTO criteria to ensure
homogenous groups of children can be identified.
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INTRODUCTION

Juvenile idiopathic arthritis (JIA) is a group of chronic inflam-
matory childhood-onset diseases.1 These conditions are hetero-
geneous; therefore, to facilitate research, in 1995 the
International League of Associations for Rheumatology (ILAR)
classification criteria were proposed in order to group patients
with the disease into distinct categories2 based on predominant
clinical and laboratory features. These criteria aimed to ensure
homogenous groups of children are enrolled in research, includ-
ing drug trials, to help better understand disease pathogenesis
and outcomes and to facilitate comparability across research
studies while also being of value in everyday clinical settings.2,3

The ILAR categories, which have become standard in JIA
research, were largely derived using expert opinion to represent
the most common presentations of disease; however, as treat-
ments advance and our understanding of the disease continues,
new preliminary criteria, under the auspices of the Paediatric
Rheumatology International Trials Organisations (PRINTO) have
been proposed.4

Unlike ILAR criteria, the PRINTO criteria aim to both capture
childhood counterparts of adult diseases, alongside distinguishing
forms of arthritis unique to children. In addition, it has been sug-
gested that several of the existing ILAR categories do not ade-
quately describe homogenous subgroups of disease.4,5 In
particular, the clinical, genetic, and demographic overlap between
children with ILAR rheumatoid factor (RF)–negative polyarthritis
and ILAR oligoarthritis is suggestive of different levels of severity
within the same disease subtype.6,7 Conversely, there is increasing
evidence for distinct subgroups within existing categories, with
three different gene expression signatures identified in ILAR RF-
negative polyarthritis,8,9 and two distinct phenotypic subgroups of
ILAR psoriatic arthritis (PsA) reported.9–12 Lastly, certain features
of JIA, such as the presence of antinuclear antibodies (ANA), are
not currently included in the ILAR criteria but may be relevant in pre-
dicting outcomes, such as uveitis,13 and influencing treatment
decisions.4,9,10,14 The preliminary PRINTO criteria aim to address
these limitations in their reclassification of JIA.4

The existing ILAR criteria have been in use for almost
25 years, with many clinical trials and observational research

studies embedded within this classification system. Therefore,
as new criteria are proposed, it is critical to understand how these
criteria map to existing criteria such that existing evidence can be
interpreted and applied going forward. Previous studies have
compared PRINTO and ILAR criteria for individual subsets of
JIA15,16 and across all categories in a Canadian inception
cohort.17 Understanding how these new criteria perform in differ-
ent populations with different health care systems may also pro-
vide further insight into applicability and feasibility of these
proposed classification criteria internationally, as well as increas-
ing delineation of the currently proposed other or unclassified cat-
egories. Therefore, this analysis, using data from a large UK JIA
inception cohort, aims to apply (retrospectively) both the ILAR
and preliminary PRINTO criteria to all participants with JIA to
understand the distribution of the PRINTO categories, to under-
stand overlap between the two sets of criteria, and to better char-
acterize children classified as other or unclassified JIA.

METHODS

Study population. Children with a physician’s diagnosis of
JIA were selected from those recruited to the Childhood Arthritis
Prospective Study (CAPS; for a list of principal investigators, see
Appendix A), a UK multicenter prospective inception cohort of
childhood-onset inflammatory arthritis. The methods of this study
have been published elsewhere.18 For the current study, children
were included if they had been recruited to CAPS between 2001
and 2016. All participants were <16 years old at symptom onset
as per the current ILAR criteria. Although CAPS recruited further
children after 2016, certain variables that were relevant to classifi-
cation, such as family history, were only collected before this time
point.

Data collection in CAPS. Data for CAPS were extracted
from the clinical case notes by pediatric rheumatologists and
study nurses. Participants are followed annually from first pediat-
ric rheumatology appointment for a total of 10 years or until dis-
charge (either in remission back to primary care or transition to
adult rheumatology), whichever comes first. For those recruited
up to 2010, an additional data extraction point at six months also
occurred. In brief, at each time point, data collected included
demographics; family history of related diseases; JIA disease fea-
tures, including disease duration at first presentation to pediatric
rheumatology, active and limited joint count, locations of involved
joints, extra-articular manifestations such as serositis, nail pitting,
and uveitis (all binary yes/no); and treatment.18–20 The results of
laboratory tests, if they were performed as part of pediatric rheu-
matology care, were also extracted at each study follow-up time
point and included ANA, RF and HLA-B27 (positive or negative).20

Application of classification criteria to CAPS data. All
included children were classified according to both the 2019

SIGNIFICANCE & INNOVATIONS
• A direct comparison of International League of

Associations for Rheumatology and new provisional
Pediatric Rheumatology International Trials Organi-
zation (PRINTO) classification criteria for juvenile
idiopathic arthritis (JIA) was performed.

• More than two-thirds of children were classified as
“Other JIA” under PRINTO.

• New early-onset antinuclear antibodies–positive JIA
category represented almost 20% of children
with JIA.

SHOOP-WORRALL ET AL2



preliminary PRINTO4 and the 2001 second revision ILAR criteria21

into distinct categories. Each child was assigned to a single cate-
gory in each system according to operationalization rules in
Tables 1 and 2. Operationalization was automated through statis-
tical programming once the rules were set. Adaptations to
PRINTO classification criteria were made a priori through exami-
nation of classification requirements and data dictionaries by the
study team. Given the follow-up schedule of the cohort and the

nature of blood biomarker testing under the NHS, secondary a
priori analyses assessed how many RF and ANA tests were actu-
ally taken within a time frame that could be used within PRINTO
classification criteria. Data from baseline (first pediatric rheumatol-
ogy visit), six months (where available), and one year were used
for this analysis because all the initial baseline tests, including rel-
evant blood tests, are usually completed within one year of
follow-up.

Table 1. PRINTO classification criteria*

PRINTO
classification Criteria

Operationalization of the criteria using
CAPS data (within the first year from
initial presentation to rheumatology)

A. sJIA Fever of unknown origin (excluding infectious, neoplastic,
autoimmune, or monogenic autoinflammatory diseases) that
is documented to be daily (quotidian; fever that rises to ≥39�C
once a day and returns to ≤37�C between fever peaks) for at
least 3 consecutive days and reoccurring over a duration of at
least 2 weeks and accompanied by 2 major criteria OR 1
major criterion and 2 minor criteria.

Major criteria are (1) evanescent (nonfixed) erythematous rash;
and (2) arthritis.

Minor criteria are (1) generalized lymph node enlargement
and/or hepatomegaly and/or splenomegaly; (2) serositis;
(3) arthralgia lasting 2 weeks or longer (in the absence of
arthritis); and (4) leucocytosis (≥15,000/mm3) with
neutrophilia.

Physician’s classification was sJIA.

B. RF-positive JIA Arthritis for ≥6 weeks (number of active joints not specified)
Association with 2 positive tests for RF at least 3 months apart or
at least 1 positive test for anti-CCP

Active joint count ≥1 at initial presentation
At least one positive test for RF recorded in CAPS
database

C. Enthesitis/
spondylitis-
related
arthritis

Peripheral arthritis and enthesitis or arthritis or enthesitis plus
≥3 months of inflammatory back pain and sacroiliitis on
imaging or arthritis or enthesitis plus 2 of the following:

1. sacroiliac joint tenderness or
2. inflammatory back pain
3. presence of HLA-B27 antigen
4. acute (symptomatic) anterior uveitis
5. history of an SpA in a first-degree relative

Active joint count ≥1 and enthesitis
Active joint count ≥1 or enthesitis
Sacroiliac tenderness and/or inflammatory spinal pain
AND radiological sacroiliitis

Active joint count ≥1 or enthesitis, plus 2 or more of the
following:
1. Sacroiliac tenderness and/or inflammatory spinal pain
2. Presence of HLA-B27 antigen
3. Presence of anterior uveitis (acute or chronic)
4. Family history of ankylosing spondylitis in a first-degree

relative
D. Early-onset
ANA-positive
JIA

Arthritis for ≥6 weeks (number of active joints not specified)
Early-onset (≤6 y)
Presence of 2 positive ANA tests with a titer ≥1/160 (tested by
immunofluorescence) at least 3 months apart

Exclusions are systemic JIA, RF-positive arthritis, and enthesitis/
spondylitis-related JIA

Active joint count ≥1
Coded as early-onset if the time between date of birth
and date of symptom onset is ≤6 y

One positive test for ANA. When data on titer level was
available, tests were counted as positive if titer ≥1/160.
When this information was missing, tests were
considered positive if the test result was coded as
positivea

Participants fits criteria for RF-positive arthritis or
enthesitis/spondylitis-related JIA or had been classified
as having systemic arthritis by a physician.

E. Other JIA Arthritis for ≥6 weeks (number of active joints not specified)
Does not fit criteria for disorders A–D

Active joint count ≥1
Not already classified into other PRINTO categories

F. Unclassified
JIA

Arthritis for ≥6 weeks (number of active joints not specified)
Fits >1 disorder A–D

Active joint count ≥1
Classified into more than one PRINTO category. (children
who fit this criterion will be removed from other
categories and classified as Unclassified JIA)

* ANA, antinuclear antibodies; anti-CCP, anti–cyclic citrullinated peptide; CAPS, Childhood Arthritis Prospective Study; JIA, juvenile idiopathic
arthritis; PRINTO, Paediatric Rheumatology International Trials Organisation; RF, rheumatoid factor; sJIA, systemic juvenile idiopathic arthritis;
SpA, spondyloarthritis.
a Not all NHS labs provide ANA titer as part of routine testing.
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Two positive ANA (PRINTO) or RF (PRINTO and ILAR) tests
are required under the classification criteria for consideration of a
true positive; however, pediatric rheumatologists in the
United Kingdom often do not conduct more than one blood test

for ANA or RF if the first is strongly positive or negative. Therefore,
participants were considered positive for ANA and RF is they had
one positive result. Additionally, because participants were
not tested routinely for antibodies to cyclic citrullinated peptide

Table 2. ILAR classification criteria*

ILAR classification Criteria

Operationalization of the criteria using
CAPS data (using all recorded within the first year

from initial presentation to rheumatology)

1. Systemic arthritis Arthritis in one or more joints with or preceded by fever
of at least 2 wk duration that is documented to

be daily (“quotidian”) for at least 3 days, and
accompanied by one or more of the following:

1. Evanescent (nonfixed) erythematous rash
2. Generalized lymph node enlargement
3. Hepatomegaly and/or splenomegaly
4. Serositis
Exclusions: a, b, c, d.

Physician’s classification is sJIA.

2. Oligoarthritis Persistent: Affecting ≤4 joints throughout the disease
course

Extended: Affecting a total of >4 joints after the first 6 mo
of disease

Exclusions: a, b, c, d, e

Between 1 and 4 active joints only in the first year
following first PRh visit

Between 1 and 4 active joints at first PRh visit and the
total number of joint affected including those
recorded at 1 y (±6 mo) is >4

3. Polyarthritis
(RF negative)

Arthritis affecting ≥5 joints during the first 6 mo of disease
A test for RF is negative.
Exclusions: a, b, c, d, e

>4 active joints at first PRh visit
At least one negative test for RF, with no positive test
for RF recorded.

4. Polyarthritis
(RF positive)

Arthritis affecting ≥5 joints during the first 6 mo of disease
One positive test for RF
Exclusions: a, b, c, e

>4 active joints at first PRh visit
One positive test for RF

5. Psoriatic arthritis Arthritis and psoriasis or arthritis and at least 2 of the
following:

1. Dactylitis
2. Nail pitting or onycholysis
3. Psoriasis in a first-degree relative
Exclusions: b, c, d, e

Active joint count ≥1 and psoriasis
Active joint count ≥1
Dactylitis
Nail pitting or onycholysis
Psoriasis in a first-degree relative

6. Enthesitis-related
arthritis

Arthritis and enthesitis or arthritis or enthesitis with at
least 2 of the following:

1. The presence of or a history of sacroiliac joint
tenderness and/or inflammatory lumbosacral pain

2. The presence of HLA-B27 antigen
3. Onset of arthritis in a boy >6 y of age
4. Acute (symptomatic) anterior uveitis
5. History of ankylosing spondylitis, enthesitis-related

arthritis, sacroiliitis with IBD, reactive syndromea, or
acute anterior uveitis in a first-degree relative

Exclusions: a, d, e

Active joint count ≥1 and enthesitis
Active joint count ≥1 or enthesitis
The presence of or a history of sacroiliac tenderness
and/or inflammatory spinal pain

Presence of HLA-B27 antigen
Male sex and the time between date of birth and date
of symptom onset is >6 y

Presence of anterior uveitis (acute or chronic)
Arthritis (inflammatory–ankylosing spondylitis), acute
uveitis, IBD, or arthritis (inflammatory–reactivea) in at
least one first-degree relative

7. Undifferentiated
arthritis

Arthritis that fulfills criteria in no category or in ≥2 of the
above categories.

Not classified into other ILAR categories or classified
into ≥2 ILAR categories. Children who fit this latter
criterion will be removed from other categories and
classified as unclassified JIA.

Exclusions Operationalization of exclusion criteria in CAPS
a. Psoriasis or a history of psoriasis in the patient or first-degree relative. Psoriasis recorded or family history of psoriasis in at

least one first-degree relative
b. Arthritis in an HLA-B27 positive boy beginning after the sixth birthday. Presence of HLA-B27 antigen, male sex, and >6 y

between their date of birth and date of onset
c. Ankylosing spondylitis, enthesitis-related arthritis, sacroiliitis with IBD, reactive
syndromea, or acute anterior uveitis, or a history of one of these disorders in a first-
degree relative.

Sacroiliitis or enthesitis or acute uveitis, or arthritis
(inflammatory–ankylosing spondylitis) acute uveitis
in the patient, or IBD or arthritis (inflammatory–
reactive syndromea) in at least one first-degree
relative

d. The presence of IgM RF One positive test for RF
e. The presence of systemic JIA in the patient. Physician’s classification is sJIA

* CAPS, Childhood Arthritis Prospective Study; IBD, inflammatory bowel disease; ILAR, International League of Associations for Rheumatology;
JIA, juvenile idiopathic arthritis; PRh, Paediatric rheumatology; RF, rheumatoid factor; sJIA, systemic juvenile idiopathic arthritis.
a Reactive syndrome was formally known as “Reiter’s syndrome.”
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(anti-CCP) over the years that CAPS was recruiting, this criterion
was not used for the PRINTO classification.

Unfortunately, the elements required to classify systemic
arthritis under either system, particularly the specific nature of
the fever and rash, results of white blood cell analyses, and pres-
ence of arthralgia, were not recorded in CAPS. Therefore, a
pragmatic decision to accept the rheumatologist’s reported
classification in only this case, given the distinct features of this
category, and to exclude these children from further classifica-
tion, was made. Participants were also excluded from the analy-
sis if their active joint count was missing or recorded as 0 without
presence of enthesitis at all of the time points up to one year,
because PRINTO and ILAR classification require confirmation
of an active joint count for classification in the absence of
enthesitis.

The overlap between participants in PRINTO and ILAR cate-
gories was analyzed descriptively, including using a chord dia-
gram to visualize where children categorized by ILAR are
categorized under PRINTO criteria. Those in similar categories
(eg, PRINTO RF-positive JIA and ILAR RF-positive polyarthritis)
were examined further to understand characteristics of children
who did not fulfill both criteria.

Uveitis in the following two years. Those classified
within the current study who had data for at least three years of
follow-up were included in a secondary analysis to determine uve-
itis development between one and three years following initial pre-
sentation to pediatric rheumatology, which was described using
descriptive analyses.

Missing data. This analysis took a complete case
approach (every item required within the first year following initial
presentation in order to classify) in order to (i) understand overlap
in classification criteria in data that are currently collected and
(ii) determine where missing data limit the feasibility of classifica-
tion criteria application to observational data. Two exceptions to
this rule were included: extra-articular features and family history
data, in which missing data were treated as “not present,”

because the criteria call for “the presence of” certain features.
This assumption was discussed with health care professionals,
confirming that positive features are likely always noted in the clin-
ical record, and absent features may either be noted as absent or
more commonly not noted in the clinical record at all. All analyses
were conducted using Stata version 14.0 (StataCorp),22 and fig-
ures were created in RStudio version 3.5.1.23

RESULTS

Patient cohort. By 2016, 1,571 children with inflamma-
tory arthritis had been recruited to CAPS. Of these participants,
73 were excluded because they did not have a physician’s
diagnosis of JIA, and 173 participants were excluded due to
no arthritis or enthesitis recorded at any point over the first year
(either recorded as 0 or missing). Lastly, 102 (5.6%) partici-
pants were removed from the overlap analysis because they
had been classified by their rheumatologist as having systemic
JIA. The final cohort of 1,223 participants who had data on
any of the classification criteria were majority female
(807, 66%), had a median age of 7.6 years (interquartile range
[IQR] 3.4–11.8 years), and a median disease duration of
5.5 months to first pediatric rheumatology appointment (IQR
3.0–12.0 months).

ANA available data and results. Eight hundred and
ninety-two participants had tests for ANA within the year following
initial presentation to pediatric rheumatology (one test 658, two
tests 198, three tests 29, four tests 3). Of these, 519 had at least
one positive ANA measurement and were therefore considered
for the ANA-positive JIA PRINTO subgroup. For RF, 60 partici-
pants had one positive measurement.

Classification and overlap between PRINTO and
ILAR. The number of participants who were classified into each
PRINTO and ILAR category, including the overlap are shown in
Table 3 and Figure 1.

Table 3. Overlap between participants in each PRINTO and ILAR category*

PRINTO

ILAR

Oligoarthritisa
RF-negative
polyarthritis

RF-positive
polyarthritis

Psoriatic
JIA

Enthesitis-
related JIA Undifferentiated Total

RF-positive JIA 0 (0%) 0 (0%) 31 (48%) 0 (0%) 0 (0%) 34 (52%) 65
Enthesitis/ spondylitis-related JIA 0 (0%) 0 (0%) 0 (0%) 0 (0%) 59 (91%) 6 (9%) 65
Early-onset ANA-positive JIA 119 (50%) 58 (24%) 0 (0%) 6 (3%) 3 (1%) 54 (23%) 240
Other 447 (53%) 165 (19%) 0 (0%) 41 (5%) 32 (4%) 165 (19%) 850
Unclassified 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (33%) 2 (67%) 3
Total 566 223 31 47 95 261 1223

* ANA, antinuclear antibodies; ILAR, International League of Associations for Rheumatology; JIA, juvenile idiopathic arthritis; PRINTO, Paediatric
Rheumatology International Trials Organisation; RF, rheumatoid factor.
a By one year, 536 patients were recorded as still having persistent oligoarthritis, and 32 were recorded as having extended oligoarthritis. Of
those with extended oligoarthritis (n = 32), 26 had at least one test for RF, and none were positive.
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PRINTO early-onset ANA-positive JIA. Overall,
240 (19.6%) participants were classified as having PRINTO early-
onset ANA-positive JIA. According to the ILAR criteria, 119 (49.6%)
within this PRINTO category were classified as having oligoarthritis,
58 (24.2%) as RF-negative polyarthritis, 6 (2.5%) as PsA, 3 (1.3%)
as enthesitis-related arthritis, and 54 (22.5%) were classified as
undifferentiated arthritis. None were classified as RF-positive polyar-
thritis. Of those who had PRINTO early-onset ANA-positive JIA,
186 (77.5%) were female. The majority (168, 70.0%) had <5 active
joints at presentation with a median of 2 active joints (IQR 1–5 active
joints). In the following two years, 47 of 150 (31.3%) participants
within this category with follow-up data developed uveitis.

PRINTO RF-positive JIA. Sixty-five (5.3%) participants
were classified as PRINTO RF-positive JIA. Of these, 31 (47.7%)
were also classified as having ILAR RF-positive polyarthritis, with
the rest classified as having ILAR undifferentiated arthritis

(34, 52.3%). The majority (79%) who did not fulfill the ILAR RF-
positive polyarthritis criteria had a positive RF but <5 active joints
within the first six months following diagnosis.

Of those with PRINTO RF-Positive JIA, the majority were
female (52, 80.0%), and most (69.2%) were >6 years old (median
age 11 years, IQR 5–13 years). There was an equal distribution
between patients with <5 (49.2%) and >5 (50.7%) active joints at
presentation.

In the following two years, 5 of 47 (10.6%) participants within
this category with follow-up data developed uveitis. None of these
were categorized as RF-positive polyarthritis under ILAR.

PRINTO enthesitis/spondylitis-related JIA. Sixty-five
participants (5.3%) were classified as PRINTO enthesitis/
spondylitis-related JIA (ERA). The majority (59, 90.8%) also met
the ILAR enthesitis-related JIA criteria with the remaining having
ILAR undifferentiated JIA (6, 9.2%).

Figure 1. Overlap of classification using ILAR and PRINTO criteria in a UK inception cohort. Early ANA, early-onset antinuclear antibody-positive
JIA; Enth/spon, enthesitis/spondylitis-related JIA; ERA, enthesitis-related JIA; ILAR, International League of Associations for Rheumatology; JIA,
juvenile idiopathic arthritis; Oligo, oligoarticular JIA; PRINTO, Paediatric Rheumatology International Trials Organisation; Psor, psoriatic JIA; RF-
poly, rheumatoid factor–negative polyarticular JIA; RF+, rheumatoid factor positive JIA; RF+ poly, rheumatoid factor–positive polyarticular JIA.

SHOOP-WORRALL ET AL6



The children with ILAR ERA who did not fulfill the PRINTO
ERA criteria were all male and over the age of 6 years. They did
not fulfill the PRINTO criteria because they had enthesitis or arthri-
tis but only met one of the following criteria: HLA-B27 positivity,
had uveitis, had reported spinal pain, and/or had a relevant family
history. One of these participants had been classified as having
PRINTO ERA but was moved into the Unclassified JIA category
because they also fulfilled criteria for PRINTO RF-positive JIA.
The range of diseases within family history that could be included
was wider with ILAR, and these children had a family history of
uveitis or inflammatory bowel disease in a first-degree relative
rather than only ankylosing spondylitis as per the PRINTO criteria.

The majority of those with PRINTO ERA were male
(48, 73.9%), and 60 (92.3%) had an onset after their sixth birth-
day. Most (44, 67.7%) had <5 active joints (median 3 active joints,
IQR 2–5 active joints), and one participant was recorded as hav-
ing enthesitis without arthritis. In the following two years, 9 of
59 (15.3%) participants within this category with follow-up data
developed uveitis.

PRINTO other JIA. Most children in the CAPS cohort were
classified as having PRINTO other JIA (850, 69.5%). Using ILAR
criteria, 447 (52.6%) of these were classified as having oligoarthri-
tis, 165 (19.4%) had RF-negative polyarthritis, 32 (3.8%) ERA,
41 (4.8%) PsA, and 165 (19.4%) undifferentiated arthritis.

Of those with PRINTO other JIA, 546 (64.2%) were female, and
553 (64.9%) were over 6 years old at symptom onset. At presenta-
tion, the majority in this category (641, 75.4%) had <5 active joints
with a median of 2 active joints (IQR 1–5 active joints). Within this
group, 208 (26.4%) also tested positive for ANA (43.8% ILAR oligo,
23.1%RF-poly, 9.6% ERA, 5.8%PsA, and 17.8% undifferentiated),
but all who tested ANA positive had a disease onset after their sixth
birthday. In the following two years, 102 of 824 (12.4%) participants
within this category with follow-up data developed uveitis.

PRINTO unclassified JIA. Finally, the PRINTO unclassified
JIA only contained three participants (all male, >6 years old) who
met criteria for both RF-positive (PRINTO) and ERA (PRINTO)
and as a result could not be classified into either category. Under
ILAR, one participant (33%) was classified as having ERA, and the
other two (67%) had undifferentiated arthritis. The two partici-
pants who had undifferentiated arthritis (ILAR) were RF positive,
but both met exclusion criteria for ILAR RF-positive polyarthritis.
Neither of the two participants (0.0%) within this category with
follow-up data developed uveitis.

DISCUSSION

This analysis has assessed the overlap of the preliminary
2019 PRINTO Classification Criteria with the 2001 second revi-
sion ILAR criteria in an existing cohort of patients with JIA.
Although the PRINTO criteria are provisional and currently under

evaluation, the results of this analysis in a UK cohort found that a
majority of children across a number of ILAR categories are not
yet classified under the preliminary PRINTO criteria, confirming
that further consideration is needed before these can be used
more widely, particularly among observational research studies.
Around 20% of children included in this analysis were classified
into the new early-onset ANA-positive category, largely from ILAR
oligoarthritis, RF-positive polyarthritis, and undifferentiated JIA.

There was considerable overlap between the PRINTO
RF-positive JIA and ILAR RF-positive polyarthritis categories.
There were a larger proportion of children classified as having
PRINTO RF-positive arthritis than ILAR RF-positive polyarthritis
due to the removal of the requirement for a minimum joint count.
This highlights a group of children with RF-positive oligoarthritis.
This group should be investigated for similar disease mechanisms
and course to rheumatoid arthritis (RA), which more commonly
presents with RF-positive disease, so much so that it is a compo-
nent in the current EULAR/American College of Rheumatology
Classification Criteria.24 For RA, no exclusions or distinctions are
made based on the number of active joints in regard to disease
classification. Therefore, new PRINTO criteria make a step toward
harmonized classification of potentially similar diseases across the
life course. However, the grouping of oligoarthritis and polyarthri-
tis together presents challenges for understanding existing evi-
dence across this combined group. Less is known about
outcomes of oligoarthritis compared with polyarthritis, including
whether treatments, such as earlier introduction of systemic ther-
apies, should differ between these groups. Further longer-term
studies are particularly needed to understand the significance of
a positive RF test in children with oligoarthritis in terms of both
treatment and disease outcomes.

There was also a considerable overlap between PRINTO
ERA and ILAR enthesitis-related JIA categories. The main differ-
ences between the criteria for these categories were the list of
“allowed” diagnoses in first-degree relatives (being more restric-
tive in PRINTO than ILAR) and the new requirement for inflamma-
tory back pain and sacroiliitis on imaging in the PRINTO criteria,
adopted from the adult criteria for spondyloarthritis (SpA).25,26 In
our cohort, this limited assignment to PRINTO ERA; sacroiliitis
was rarely reported as present (n = 30 patients). Unfortunately,
we cannot confirm whether “no sacroiliitis” is indicative of imaging
not undertaken or that it was but was negative. It is also not
known for those who did have sacroiliitis on imaging whether this
was x-ray or magnetic resonance (MR) scanning. Because x-ray
is less sensitive than MR scanning for the detection of sacroiliitis
in juvenile-onset SpA,27–29 more children may have been
recorded as having sacroiliitis on imaging if more MR scans had
been used instead of x-ray. However, MR scans may be less
appropriate for the detection of sacroiliitis in children due to
(i) difficulties distinguishing active versus inactive inflammation
because of perfusion in joint tissue due to growth in children with
active growth plates30 and (ii) challenges around anxiety or
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remaining still in the MR scanner, which can result in difficulties in
conducting the scan without the use of sedation.31–33 Therefore,
these limitations may limit the application of PRINTO ERA criteria
for research purposes for this category.

Those with PRINTO early-onset ANA-positive JIA fulfilled
many different ILAR categories, including oligoarthritis, RF-nega-
tive polyarthritis (found previously to be genetically homoge-
nous34), and PsA, corroborating previous findings.4,6,9,14,35

Children with PsA have not been defined currently as a separate
disease category under the provisional PRINTO criteria. Although
13% of those classified as ILAR PsA fell into this early-onset ANA-
positive group, the vast majority fell within the “other JIA” cate-
gory, largely due to having an older age at disease onset
(>6 years). This finding validates the need for further consideration
of definitive criteria for PsA in children. This is particularly pertinent
given the often-delayed onset of psoriatic features in children pre-
viously classified as oligo or polyarticular JIA.36 That younger age
of disease onset is generally associated with better outcomes, in
terms of disease activity including treatment response,37–39 is
readily corroborated. However, the association is not as clear
after adjustment for ILAR category, because those with oligoar-
thritis tend to both be younger and have milder disease.40 In addi-
tion, older age has been associated with delays in reaching
pediatric rheumatology and therefore longer periods to effective
treatment initiation,41 potentially affecting treatment outcomes.
Although the bimodal onset age of JIA has prompted several sub-
grouping studies to consider early- and late-onset disease, such
as within psoriatic JIA,42 the differences in disease features them-
selves, which are not entirely distinct between age groups, may
drive outcome, rather than age specifically. Therefore, the evi-
dence is not yet clear that age groups themselves represent dis-
tinct subtypes of JIA with different outcome or treatment needs.
In addition, ANA positivity has not consistently associated with
arthritis outcome in JIA43 and is largely used as a biomarker for
risk of uveitis onset.44,45 Any potential interaction between ANA
status and age on disease outcomes or treatment requirements
must, therefore, be explored further.

The current study mirrored proportions of early-onset ANA-
positive JIA and other JIA in a similarly large Canadian inception
cohort.17 In contrast, the current UK cohort identified a smaller
proportion of children with ERA (5.3% vs 12.8%) and a greater
proportion with RF-positive JIA (5.3% vs 0.8%) compared with
the Canadian cohort. These differences may relate to differences
in data availability, with the current study collecting data on sacro-
iliac joint tenderness, the absence of which may have excluded
participants otherwise classified within the Canadian cohort. The
higher proportion of RF-positive JIA may be due to our require-
ment for one positive RF test, and the Canadian requirement for
two, as in the criteria set. The lack of children classified in the
Canadian cohort alongside our results demonstrates that requir-
ing two RF test results may not readily occur in clinical practice
and may not be feasible for larger cohort studies of JIA. It is also

possible that underlying population heritage drives some of the
differences between populations. Of note, neither the current UK
or Canadian cohorts had information on fever pattern, tempera-
ture, or duration available to classify systemic JIA, showing an
additional limited feasibility of application of the proposed provi-
sional PRINTO systemic JIA criteria to data in existing observa-
tional research studies. This is particularly important because the
new PRINTO criteria allow for a diagnosis of systemic JIA in those
without arthritis, which could accelerate effective treatment
access in this subgroup of children.

Strengths of the current study include the recruitment and
inclusion of a large sample of participants from a national multi-
center inception study on JIA with a generalizable population.
Although this study sought to classify JIA in early disease,
because CAPS is a longitudinal study with serial data collection
points, we were able to capture further data beyond presentation
and how they evolved, such as joint involvement over time and
blood tests taken after the first pediatric rheumatology visit.
Although the classification criteria are designed to be applied at
a single time point looking at concomitant features, or classify
based on features that have become apparent over six months
(persistent vs extended oligoarthritis), in many children with JIA,
disease features unfold sequentially over time. This phenomenon
often leads to reclassification of children within oligo or polyarticu-
lar JIA as psoriatic or enthesitis-related categories in practice. Fur-
ther development of classification criteria needs to account for
this sequential disease progression, because underlying mecha-
nisms of disease, and therefore effective treatment strategies,
may rely on latent disease type rather than initial presenting
features.

There were also some limitations. Due to a change in the
study protocol, autoimmune and rheumatic conditions in relatives
were not captured after 2015, limiting the analysis to children
recruited before 2016. However, it is unlikely that the disease
evolved meaningfully between 2016 and the study conclusion in
2019. The study did not collect anti-CCP status, and so this could
not be analyzed. However, there are potential clinical implications
for treatment in children who test negative for RF but positive for
anti-CCP if they received a test. Anti-CCP positivity may be a bet-
ter predictor of disease severity in adults with RA than RF
positivity,46 and double positivity for both antibodies is a strong
predictor of mortality in adults with RA.47 Therefore, further
research is needed on the predictive value of anti-CCP in terms
of disease severity in children with JIA. Further development of
classification criteria based on immunological or genetic charac-
teristics is also for consideration in the future. A further limitation
is that the PRINTO criteria apply to children up to the age of
18 years. Because CAPS was designed and recruited in the era
of ILAR criteria, which has a lower age limit of <16 years, no
patients with a disease onset at >16 years old was recruited.
Therefore, it is not known how these criteria would perform in this
older-onset age group.
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The current study has evaluated the overlap between the
preliminary PRINTO JIA criteria and existing ILAR classification
criteria using data collected over the first year of disease, inform-
ing the revision of the JIA classification criteria. The proportion of
children with early onset ANA-positive JIA is high, representing
almost 20% of our cohort under study. There was marked com-
parability between the ILAR enthesitis-related and PRINTO enthe-
sitis/spondylitis-related categories, as well as ILAR RF-positive
polyarthritis and PRINTO RF-positive JIA, although more children
with oligoarthritis also fit into this PRINTO category. A combined
70% of children could not currently be classified using PRINTO
criteria, indicating that further refinement and consideration of
these criteria are needed, which is work that is underway cur-
rently. Understanding how these new criteria differ from the exist-
ing ILAR criteria in terms of investigating longer-term outcome
and best treatments for children with JIA remains unknown,
although new criteria based on clinically homogenous groups
have the potential to improve clinical care and outcome prediction
research in this field.

ACKNOWLEDGMENTS

We thank the children and their families involved in CAPS, as well as
clinical staff and administrators. We are most grateful to Professor
Wendy Thomson who led CAPS from its inception until her retirement
in August 2020. We also thank the data management team at the Univer-
sity of Manchester (UK).

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically

for important intellectual content, and all authors approved the final ver-
sion to be published. Dr Shoop-Worrall had full access to all of the data
in the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.
Study conception and design. Shoop-Worrall, Macintyre, Hyrich.
Acquisition of data. Ciurtin, Cleary, McErlane, Wedderburn, Hyrich.
Analysis and interpretation of data. Shoop-Worrall, Macintyre, Hyrich.

REFERENCES

1. Beukelman T, Nigrovic PA. Juvenile idiopathic arthritis: an idea whose
time has gone? J Rheumatol 2019;46:124–126.

2. Petty R, Southwood T, Baum J, et al. Revision of the proposed classi-
fication criteria for juvenile idiopathic arthritis: Durban, 1997.
J Rheumatol 1998;25:1991–1994.

3. Fries JF, Hochberg MC, Medsger TA, et al. Criteria for rheumatic dis-
ease. Different types and different functions. Arthritis Rheum 1994;
37:454–462.

4. Martini A, Ravelli A, Avcin T, et al. Toward new classification criteria for
juvenile idiopathic arthritis: first steps, pediatric rheumatology interna-
tional trials organization international consensus. J Rheumatol 2019;
46:190–197.

5. Martini A. It is time to rethink juvenile idiopathic arthritis classification
and nomenclature. Ann Rheum Dis 2012;71:1437–1439.

6. Martini A. Are the number of joints involved or the presence of psoria-
sis still useful tools to identify homogeneous disease entities in juvenile
idiopathic arthritis? J Rheumatol 2003;30:1900–1903.

7. Hinks A, Marion MC, Cobb J, et al. Brief report: the genetic profile of
rheumatoid factor–positive polyarticular juvenile idiopathic arthritis
resembles that of adult rheumatoid arthritis. Arthritis Rheumatol
2018;70:957–962.

8. Griffin TA, Barnes MG, Ilowite NT, et al. Gene expression signatures in
polyarticular juvenile idiopathic arthritis demonstrate disease hetero-
geneity and offer a molecular classification of disease subsets. Arthri-
tis Rheum 2009;60:2113–2123.

9. Ravelli A, Varnier GC, Oliveira S, et al. Antinuclear antibody-positive
patients should be grouped as a separate category in the classifica-
tion of juvenile idiopathic arthritis. Arthritis Rheum 2011;63:267–275.

10. Martini A. Are the number of joints involved or the presence of psoria-
sis still useful tools to identify homogeneous disease entities in juvenile
idiopathic arthritis? J Rheumatol 2003;30:1900–1903.

11. Stoll ML, Zurakowski D, Nigrovic LE, et al. Patients with juvenile psori-
atic arthritis comprise two distinct populations. Arthritis Rheum 2006;
54:3564–3572.

12. Southwood TR, Petty RE, Malleson PN, et al. Psoriatic arthritis in chil-
dren. Arthritis Rheum 1989;32:1007–1013.

13. Saurenmann RK, Levin AV, Feldman BM, et al. Prevalence, risk fac-
tors, and outcome of uveitis in juvenile idiopathic arthritis: a long-term
followup study. Arthritis Rheum 2007;56:647–657.

14. Ravelli A, Felici E, Magni-Manzoni S, et al. Patients with antinuclear
antibody-positive juvenile idiopathic arthritis constitute a homoge-
neous subgroup irrespective of the course of joint disease. Arthritis
Rheum 2005;52:826–832.

15. Kaya Akca U, Batu ED, Sener S, et al. The performances of the ILAR,
ASAS, and PRINTO classification criteria in ERA patients: a compari-
son study. Clin Rheumatol 2022;41:1785–1792.

16. Koker O, Demirkan FG, Cakmak F, et al. Performance of recent
PRINTO criteria versus current ILAR criteria for systemic juvenile idio-
pathic arthritis: A single-centre experience. Mod Rheumatol 2023;
33:187–193.

17. Lee JJY, Eng SWM, Guzman J, et al. A comparison of International
League of Associations for Rheumatology and Pediatric Rheumatol-
ogy International Trials Organization classification systems for juvenile
idiopathic arthritis among children in a Canadian arthritis cohort.
Arthritis Rheumatol 2022;74:1409–1419.

18. Adib N, Hyrich K, Thornton J, et al. Association between duration of
symptoms and severity of disease at first presentation to paediatric
rheumatology: results from the Childhood Arthritis Prospective Study.
Rheumatology (Oxford) 2008;47:991–995.

19. Shoop-Worrall SJW, Verstappen SMM, Baildam E, et al. How com-
mon is clinically inactive disease in a prospective cohort of patients
with juvenile idiopathic arthritis? The importance of definition. Ann
Rheum Dis 2017;76:1381–1388.

20. Hyrich KL, Lal SD, Foster HE, et al. Disease activity and disability in
children with juvenile idiopathic arthritis one year following presenta-
tion to paediatric rheumatology. Results from the Childhood Arthritis
Prospective Study. Rheumatology (Oxford) 2010;49:116–122.

21. Petty RE, Southwood TR, Manners P, et al. International League of
Associations for Rheumatology classification of juvenile idiopathic
arthritis: second revision, Edmonton, 2001. J Rheumatol 2004;31:
390–392.

22. StataCorp. Stata Statistical Software: Release 14. 2015. Accessed
November 10, 2020. https://www.stata.com/stata14/.

23. Team Rs. RStudio: Integrated Development for R. 2019. Accessed
November 10, 2020. https://rstudio.com.

24. Aletaha D, Neogi T, Silman AJ, et al. 2010 rheumatoid arthritis classi-
fication criteria: An American College of Rheumatology/European
League Against Rheumatism collaborative initiative. Arthritis Rheum
2010;62:2569–2581.

CLASSIFYING JUVENILE IDIOPATHIC ARTHRITIS 9

https://www.stata.com/stata14/
https://rstudio.com


25. Sieper J, Van Der Heijde D, Landewé R, et al. New criteria for inflam-
matory back pain in patients with chronic back pain: a real patient
exercise by experts from the Assessment of SpondyloArthritis interna-
tional Society (ASAS). Ann Rheum Dis 2009;68:784–788.

26. Sieper J, Rudwaleit M, Baraliakos X, et al. The Assessment of Spon-
dyloArthritis international Society (ASAS) handbook: a guide to assess
spondyloarthritis. Ann Rheum Dis 2009;68:ii1–44.

27. Gensler L, Davis JC. Recognition and treatment of juvenile-onset
spondyloarthritis. Curr Opin Rheumatol 2006;18:507–511.

28. Bollow M, Braun J, Biedermann T, et al. Use of contrast-enhanced
MR imaging to detect sacroiliitis in children. Skeletal Radiol 1998;27:
606–616.

29. Onel KB, Horton DB, Lovell DJ, et al. 2021 American College of Rheu-
matology guideline for the treatment of juvenile idiopathic arthritis:
therapeutic approaches for oligoarthritis, temporomandibular joint
arthritis, and systemic juvenile idiopathic arthritis. Arthritis Care Res
(Hoboken) 2022;74:521–537.

30. Hemke R, Herregods N, Jaremko JL, et al. Imaging assessment of
children presenting with suspected or known juvenile idiopathic arthri-
tis: ESSR-ESPR points to consider. Eur Radiol 2020;30:5237.

31. Copeland A, Silver E, Korja R, et al. Infant and child MRI: a review of
scanning procedures. Front Neurosci 2021;15:632.

32. Barkovich MJ, Xu D, Desikan RS, et al. Pediatric neuro MRI: tricks to
minimize sedation. Pediatr Radiol 2018;48:50–55.

33. Thieba C, Frayne A, Walton M, et al. Factors associated with success-
ful MRI scanning in unsedated young children. Front Pediatr 2018;
6:146.

34. Hinks A, Bowes J, Cobb J, et al. Fine-mapping the MHC locus in juve-
nile idiopathic arthritis (JIA) reveals genetic heterogeneity correspond-
ing to distinct adult inflammatory arthritic diseases. Ann Rheum Dis
2017;76:765–772.

35. Ravelli A, Viola S, Ruperto N, et al. Correlation between conventional
disease activity measures in juvenile chronic arthritis. Ann Rheum Dis
1997;56:197–200.

36. Kay J, Upchurch KS. ACR/EULAR 2010 rheumatoid arthritis classifi-
cation criteria. Rheumatol (United Kingdom) 2012;51(Suppl 6):vi5–9.

37. Sengler C, Klotsche J, Niewerth M, et al. Extended report: the majority
of newly diagnosed patients with juvenile idiopathic arthritis reach an
inactive disease state within the first year of specialised care: data
from a German inception cohort. RMD Open 2015;1:74.

38. Cunha ALG, Miotto E, Silva VB, et al. Intra-articular injection in patients
with juvenile idiopathic arthritis: factors associated with a good
response. Rev Bras Reumatol 2016;56:490–496.

39. Alexeeva EI, Namazova-Baranova LS, Bzarova TM, et al. Predictors of
the response to etanercept in patients with juvenile idiopathic arthritis
without systemic manifestations within 12 months: Results of an
open-label, prospective study conducted at the National Scientific

and Practical Center of Children’s Health, Russia. Pediatr Rheumatol
2017;15:1–11.

40. Shoop-Worrall SJW, Wu Q, Davies R, et al. Predicting disease out-
comes in juvenile idiopathic arthritis: challenges, evidence, and new
directions. Lancet Child Adolesc Heal 2019;3:725–733.

41. Shoop-Worrall SJW, Moull L, McDonagh JE, et al. The role of age in
delays to rheumatological care in juvenile idiopathic arthritis.
J Rheumatol 2022;49:1037–1041.

42. Stoll ML, Punaro M. Psoriatic juvenile idiopathic arthritis: a tale of two
subgroups. Curr Opin Rheumatol 2011;23:437–443.

43. Aquilani A, Marafon DP, Marasco E, et al. Predictors of flare following
etanercept withdrawal in patients with rheumatoid factor–negative
juvenile idiopathic arthritis who reached remission while taking medi-
cation. J Rheumatol 2018;45:956–961.

44. Campanilho-Marques R, Bogas M, Ramos F, et al. Prognostic value
of antinuclear antibodies in juvenile idiopathic arthritis and anterior
uveitis. Results from a systematic literature review. Acta Reumatol
Port 2014;39:116–122.

45. Storwick JA, Brett AC, Buhler K, et al. Prevalence and titres of antinu-
clear antibodies in juvenile idiopathic arthritis: a systematic review and
meta-analysis. Autoimmun Rev 2022;21:103086.

46. Bukhari M, Thomson W, Naseem H, et al. The performance of anti–
cyclic citrullinated peptide antibodies in predicting the severity of
radiologic damage in inflammatory polyarthritis: Results from the Nor-
folk Arthritis Register. Arthritis Rheum 2007;56:2929–2935.

47. Humphreys JH, van Nies JAB, Chipping J, et al. Rheumatoid factor
and anti-citrullinated protein antibody positivity, but not level, are
associated with increased mortality in patients with rheumatoid arthri-
tis: results from two large independent cohorts. Arthritis Res Ther
2014;16:483.

APPENDIX A: CAPS PRINCIPAL INVESTIGATORS

Principal investigators for CAPS are as follows: Alice Chieng (Royal Man-
chester Children’s Hospital and University Hospitals NHS Foundation
Trust, Manchester, UK), Coziana Ciurtin (University College London and
University College London Hospital, London, UK), Eileen Baildam (Alder
Hey Children’s Hospital NHS Foundation Trust, Liverpool, UK), Flora
McErlane (Great North Children’s Hospital and Newcastle University,
Newcastle Upon Tyne, UK), Gavin Cleary (Alder Hey Children’s Hospital,
Liverpool, UK), Helen Foster (Great North Children’s Hospital, Newcastle
Hospitals NHS Foundation Trust and Newcastle University,
Newcastle upon Tyne, UK), Joyce Davidson (The Royal Hospital for Chil-
dren, Glasgow, UK and The Royal Hospital for Sick Children, Edinburgh,
UK), Lucy R. Wedderburn, Yiannis Ioannou (University College London,
London, UK).

SHOOP-WORRALL ET AL10


	Overlap of International League of Associations for Rheumatology and Preliminary Pediatric Rheumatology International Trial...
	INTRODUCTION
	METHODS
	Outline placeholder
	Study population
	Data collection in CAPS
	Application of classification criteria to CAPS data
	Uveitis in the following two years
	Missing data


	RESULTS
	Outline placeholder
	Patient cohort
	ANA available data and results
	Classification and overlap between PRINTO and ILAR
	PRINTO early-onset ANA-positive JIA
	PRINTO RF-positive JIA
	PRINTO enthesitis/spondylitis-related JIA
	PRINTO other JIA
	PRINTO unclassified JIA


	DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	Study conception and design
	Acquisition of data
	Analysis and interpretation of data

	REFERENCES
	APPENDIX A CAPS PRINCIPAL INVESTIGATORS


