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Abstract
Enthesitis-related arthritis (ERA) is a category of juvenile idiopathic arthritis which belongs to the spectrum of diseases that 
are included in juvenile spondyloarthropathy. In recent years, there have been significant advances in understanding patho-
genesis, tools to assess disease activity, early recognition of the axial disease, and targeted therapy using IL-17 inhibitors 
and small molecule inhibitors. The current narrative review highlights these new advances. Among many hypotheses linking 
HLA B27 to ERA, one of them is the effect of HLA B27 on gut dysbiosis. However, recent data suggest that gut dysbiosis 
is probably not determined by HLA B27. Though children present with arthritis and enthesitis, axial disease is present in 
50–60% on MRI. Using data-driven approach, discriminative MRI finding for active and chronic diseases has been defined 
for children. This will help in the early recognition of disease. An abridged version of juvenile spondyloarthropathy disease 
activity (JSpADA) score without the need for acute phase reactants and Schober test performed as well as the original score 
may increase its acceptance in routine practice. Secukinumab (anti-IL-17 antibody) has shown a more than 75% response 
rate in children with ERA and may be a good alternative to anti-TNF therapy. Initial data with tofacitinib also look promis-
ing. All these will translate into better outcomes for children with ERA.
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MRI	� Magnetic resonance imaging
MRP	� Myeloid-related protein
NK cell	� Natural killer cell
NLRP	� Nucleotide-binding oligomerization domain, 

Leucine-rich Repeat and Pyrin domain-con-
taining proteins

NSAIDs	� Non-steroidal anti-inflammatory drugs
PTPN	� Protein tyrosine phosphatases non-receptor 

type
RCT​	� Randomized control trial
ROR	� Retinoic acid receptors
SEA	� Seronegative enthesopathy arthritis
SpA	� Spondyloarthritis
TLR	� Toll-like receptors
TNF	� Tumor necrosis factor
SoJIA	� Systemic-onset juvenile idiopathic arthritis
SIJ	� Sacroiliac joint
STIR	� Short tau inversion recovery

Introduction

Juvenile idiopathic arthritis is an umbrella term that encom-
passes all chronic arthritis affecting children (less than 
16 years) lasting more than 6 weeks and for which no cause 
is known. For a better understanding of pathogenesis and 
treatment strategies, the International league of associations 
for rheumatology (ILAR) categorized JIA into 6 mutually 
exclusive categories and the last as undifferentiated arthri-
tis based on features in first 6 months of disease and some 
exclusions [1]. The categories include oligoarticular JIA, 
polyarticular RF-positive JIA, polyarticular RF-negative 
JIA, JIA enthesitis-related arthritis, systemic JIA, psoriatic 
arthritis, and undifferentiated arthritis.

Systemic JIA is defined as the presence of arthritis in ≥ 1 
joints with, or preceded by, fever of at least 2 weeks’ dura-
tion that is documented to be daily and quotidian (fever that 
rises to ≥ 39 °C once a day and returns to ≤ 37 °C between 
fever peaks) for at least 3 days, and accompanied by one 
or more of the following: evanescent erythematous rash, 
generalized lymphadenopathy, hepatomegaly and/or sple-
nomegaly, and serositis. Polyarticular JIA is defined as a 
child having arthritis in more than four joints, and it is clas-
sified as RF-positive poly JIA if RF is positive twice at least 
3 months apart or as RF-negative polyarticular JIA. Psoriatic 
arthritis is defined as the presence of psoriasis and arthritis 
or arthritis and at least two of the following: dactylitis; nail 
pitting; psoriasis in a first-degree relative. Oligoarticular 
JIA is defined as a child having four or less joints involved. 
Undifferentiated arthritis includes all children with arthritis 
not fulfilling any categories or having features of ≥ 2 cat-
egories [1].

Enthesitis-related arthritis is defined as children with 
arthritis and enthesitis or arthritis/enthesitis with at least 
two of the following features: boy more than 6 years of age, 
sacroiliac joint tenderness, inflammatory back pain, pres-
ence of HLA B27, acute symptomatic anterior uveitis, or 
history of SpA in a first-degree relative [1]. The prevalence 
of different categories varies across the World. In Southeast 
Asia, ERA accounts for nearly 30% of children with JIA [2].

There have been significant advances in classification to 
include patients who present with inflammatory back pain 
without arthritis, role of gut microbiome and innate immune 
cells in pathogenesis, early use of MRI for diagnosis of axial 
disease, disease activity assessment using ERA-specific 
tools rather than generic JIA tools, and treatment options 
like anti-IL-17 therapy in ERA category of JIA over the last 
few years. This narrative review looks at these advances.

Search strategy

We did a review of the literature based on previously pub-
lished guidelines [3]. The search was conducted on 21 Sep-
tember 2022 for the articles published in PubMed in the 
last 10 years in English language using the following search 
strategy: enthesitis-related arthritis OR juvenile spondy-
loarthritis. We could identify 792 such articles. They were 
screened for observational study (n = 201) or interventional 
study (n = 16) related to ERA by two of the authors. Review 
articles (n = 59), case reports/series (n = 31), letters/editori-
als (n = 8), and topics not related to ERA (n = 477) were 
excluded from the review. The review included articles pre-
dominantly from the 217 studies from the search, but also 
other relevant references wherein appropriate.

Epidemiology

JIA has a prevalence of 3.8–400 per 100,000 [4]. The preva-
lence is noted to be lower in Africa and the Middle East 
[5]. The incidence rate varies between 2 and 40 cases per 
year per 100,000 population [4]. Though oligoarticular JIA 
is the most common across the World, in Southeast Asia, 
ERA and systemic-onset JIA are the common categories [2]. 
In India which has one-sixth of the world’s population and 
nearly 20% of the world’s children, ERA constitutes 33–36% 
of JIA both in the community-based survey as well as in 
hospital-based data [6]. A multi-ethnic study from Canada 
also showed that Asians have a higher prevalence of ERA 
[7]. This may be related to differences in genetic susceptibil-
ity or environmental influences.

Classification criteria

Arthritis like ERA was initially called seronegative 
enthesopathy arthritis (SEA) syndrome [8]. In ILAR 
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classification, a child with JIA is classified as ERA if the 
child has both enthesitis and arthritis or if only one of the 
two is present then two additional features of the following 
features should be present: boy more than 6 years of age, 
sacroiliac joint tenderness, inflammatory back pain, pres-
ence of HLA B27, acute symptomatic anterior uveitis, or 
history of SpA in a first-degree relative [1]. Thus, a child 
may not have arthritis and yet have the ERA category of 
JIA. Purists would question that should that child be really 
classified as JIA?

ERA shares a lot of its clinical features with adult SpA 
like HLA B27 association, acute anterior uveitis, enthesitis, 
sacroiliac joint involvement, and family history of SpA. Fur-
ther, a lot of children continue to have the disease after they 
reach adulthood and can be classified as Ankylosing spon-
dylitis. Thus, there has been a suggestion to rename ERA 
as juvenile SpA [9]. However, a group of pediatric rheuma-
tologists met in 2018 and proposed to call ERA as enthesi-
tis/spondylitis-related arthritis to emphasize the two major 
features, i.e., enthesitis and spondylitis along with arthritis 
[10]. The classification of ERA is a work in progress and in 
the future, and we might see a new name for this disease.

Pathogenesis

Though the exact pathogenesis of ERA is not known, it is 
postulated that a complex interaction of genetic risk fac-
tors along with gut microbiome alterations and mechanical 
stress induces a cascade of immune events that culminate in 
synovitis, enthesitis and spondylitis (Fig. 1).

HLA B27 is present in nearly 40–90% of the children with 
ERA [11, 12]. HLA B27 being a class I MHC molecule can 
present arthritogenic peptide to CD8 cells, however, neither 

a major expansion of CD8 T cells nor any arthritogenic pep-
tide has been isolated in ERA or SpA [13]. Alternatively, 
due to the presence of cysteine at position 67 or improper 
loading of peptides in the endoplasmic reticulum, HLA B27 
homodimers can form. These homodimers can activate NK 
and T cells via KIR3DL to produce cytokines [14, 15].

ERAP1 rs37018 C/T polymorphism is another genetic 
factor linked to ERA [16]. The aberrant function of ERAP1 
can lead to improper loading of peptides resulting in mis-
folding of HLA B27 heavy chain or dimerization. Misfolded 
HLA B27 induced unfolded protein response, leads to the 
production of pro-inflammatory cytokines including IL-23. 
IL-23 in turn promotes IL-17 production, the key cytokine 
by CD4 T cells, NK cells, and γδ T cells [15, 17]. Other 
genes involved are TLR4, NLRP3, CXCR4, and PTPN12 
which affect innate and T cell activation [18].

As only a small proportion of children with HLA B27 
ever develop ERA environmental factors such as gut dysbio-
sis and mechanical stress are probably important players in 
the pathogenesis of ERA. The studies done in children with 
ERA show gut dysbiosis with a reduction in Faecalibacte-
rium prausnitzii and an increase in Bacteroides [19]. In chil-
dren of patients with AS, bacterial diversity did not depend 
on HLA B27 status. Children who had HLA B27 + juvenile 
SpA had alterations in B. fragilis and F. prausnitzii as com-
pared to HLA B27+ offspring suggesting that HLA B27 may 
not work by altering gut flora [20]. The fecal microbiota can 
alter the metabolic pathways; a reduction in the production 
of butyrate and tryptophan metabolism may contribute to a 
more pro-inflammatory effect of gut dysbiosis [21]. Gut dys-
biosis leads to gut inflammation and patients with ERA hav-
ing active sacroiliitis have increased fecal calprotectin levels, 
a surrogate marker of gut inflammation [22]. Mechanical 

Fig. 1   Pathogenesis of 
enthesitis-related arthritis show-
ing an interplay of genetic and 
environmental factors leading 
to immune inflammation mainly 
mediated by IL-17. TLR Toll-
like receptor, IL Interleukin, 
NK cell natural killer cell, MIF 
macrophage inhibitory factor, 
KIRDL3 killer cell immuno-
globulin-like receptor domain 3, 
HLA human leucocyte antigen
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stress at entheseal sites can initiate inflammation by inducing 
IL-23 production by innate immune cells.

Transcriptomic analysis of synovial fluid mononuclear 
cells of ERA patients suggested dysregulation of the genes 
related to monocytes and NK cells [23]. NK cells in ERA 
patients produce higher levels of IL-17 than controls [15]. 
Monocytes from patients with ERA are pre-activated and 
produce a higher amount of pro-inflammatory cytokines 
in response to TLR 4 ligands. Intermediate monocyte 
(CD14 + CD16 +) contribute to pathogenesis by pro-
ducing IL-23 which in turn acts on IL-23 receptor bear-
ing CD4, γδT, and NK cells leading to the production of 
IL-17 and IL-22 [17, 24]. A recent study showed that the 
ROR+ γδ+ IL-23R+ T cells are the main producers of IL-17 
in the enthesis and ciliary body [25]. IL-27, the regulatory 
cytokine of the IL-23/17 pathway, is reduced in patients with 
ERA [26].

Patients with AS had higher MIF levels that went hand in 
hand with radiological progression. In an animal model, MIF 
induced TNF-alpha production by monocytes and induced 
bone formation [27]. MIF serum levels are increased in 
ERA patients [28]. Thus, the immune pathogenesis of ERA 
involves an interplay of genetic factors, gut dysbiosis, and 
inflammation leading to persistent inflammation and tissue 
damage.

Clinical features

The typical clinical picture of ERA is a young boy, above 
6 years of age with lower limb asymmetrical oligoarthritis, 
with or without enthesitis. Table 1 summarizes the clinical 
features in various cohorts of ERA patients [29–41]. The 
common entheseal sites involved are tendoachilles insertion, 
plantar fascia insertion, enthesis around the knee joint, ante-
rior superior iliac spine, posterior superior iliac spine, and 
iliac crest [32]. Entheses above the waist are less frequently 
involved.

Unlike adults with AS, children have more peripheral 
arthritides over axial involvement. Oligoarthritis is the most 
common presentation and is seen in 60–75%. Monoarticu-
lar (5%) and polyarticular (20%) presentations can also be 
seen. Midfoot involvement also termed tarsitis is a com-
mon presenting feature of ERA. This may be seen in up 
to two-thirds of the children with ERA [36, 42]. Hip joint 
involvement is also common in ERA and predicts severe dis-
ease and poor long-term outcomes. Symptomatic sacroiliitis 
and hip involvement are seen in 30% and 10–15% at disease 
onset. Over time, sacroiliitis and hip arthritis involvement 
progress to 70% and 40%, respectively [43]. Low body mass 
index and juvenile-onset SpA predict hip joint involvement 
in AS [44].

Acute anterior uveitis is seen in 5–11% at presentation 
and 27% over time [45]. Unlike ANA+ poly/oligo JIA, the 

uveitis in ERA is acute and symptomatic with redness and 
blurring of vision [46]. Hence, regular screening for uveitis 
is not needed [47].

Fever can be present in up to one-third of the patients at 
disease onset and the presentation may mimic SoJIA [39]. 
However, unlike SoJIA, the fever is usually low grade (78%). 
The presence of weight loss, bone pains, sternal tender-
ness, hepato-splenomegaly, dactylitis, nail changes, moder-
ate–severe anemia, cytopenia, hypertension, and proteinuria 
should suggest an alternate diagnosis. In areas with a high 
prevalence of FMF 10–26% of FMF, patients can have ERA 
[48].

Investigations

Multiple markers have been associated with disease activity 
in SpA [49]. These include conventional markers such as 
ESR, CRP and products of inflammation such as MRP8/14, 
MMP3, and Tenascin C [49], but they are still used. The 
only activity score for children with juvenile SpA, i.e., juve-
nile spondyloarthropathy disease activity (JSpADA) score 
includes ESR or CRP. However, a subset of patients may 
have normal ESR and CRP [50]. Levels of MRP 8/14 were 
found to be higher in children with ERA and they had mod-
est correlation with disease activity [51]. Similarly, levels of 
Tenascin C and MMP3 also showed good correlation with 
disease activity [52, 53]. These markers need to be tested in 
different populations before they can be used in clinic.

Plain X-rays of involved joints may show soft tissue 
swelling or may be normal. Only a small proportion of chil-
dren have radiological sacroiliitis at presentation and this 
is also dependent on delay in diagnosis in different studies 
[37–39, 43]. MRI is the preferred modality to assess sacroili-
itis. STIR sequences help in delineating bone marrow edema 
and osteitis (Fig. 2a). T1W and T2W fat suppressed images 
aid in detecting erosions. Gadolinium contrast administra-
tion is not done routinely though it can help in delineating 
capsulitis and synovitis better [54]. MRI changes of active 
sacroiliitis include bone marrow edema, synovitis, capsuli-
tis, and enthesitis. Chronic or structural changes include sub-
chondral sclerosis, erosions, periarticular fat deposits, and 
ankylosis. Recently data-driven definitions for sacroiliitis by 
MRI for children with juvenile SpA have been defined as (a) 
the presence of inflammatory lesion (bone marrow edema) 
in ≥ 3 SIJ (sacroiliac joint) quadrants across all SIJ slices, 
(b) structural lesions erosion in ≥ 3 quadrants or sclerosis or 
fat lesion in ≥ 2 SIJ quadrants or backfill or ankylosis in ≥ 2 
joint halves across all SIJ MRI slices [55].

Among the children with symptomatic sacroiliitis, 77% 
have positive MRI findings [56]. Among unselected 50 
patients with juvenile SpA MRI revealed sacroiliitis in 32 
(64%) and hip arthritis in 23 (45%) children. Children with 
sacroiliitis had higher prevalence (79%) of hip arthritis 
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[57]. Rarely, Romano’s lesion (shiny vertebral corners) and 
Anderson’s lesion (inter-discal edema) can be seen in MRI 
of the lumbar spine. Pelvic enthesitis can be visualized in 
MRI but has limited value in the diagnosis.

CT scan of sacroiliac joints is best to detect erosions. 
However, they are of limited value to detect active changes 
like bone marrow edema and also carry the risk of radia-
tion exposure [58]. Musculoskeletal ultrasound can aid in 
assessing enthesitis and peripheral joint synovitis (Fig. 2b). 
Ultrasound can detect subclinical enthesitis and has good 
concordance with clinical enthesitis (89%) [59]. Minimal hip 
joint effusion is best detected by ultrasound and is a useful 
tool for a guided intra-articular steroid injection. Ultrasound 
is of limited value for sacroiliitis assessment [60].

Treatment

Treatment of ERA involves pharmacological and non-phar-
macological measures. Non-pharmacological treatment 
includes spinal extension exercises, swimming, and warm 
water baths [61, 62]. Pharmacological management includes 
NSAIDs, conventional DMARDs, and biologics [63].

NSAIDs form the first line of treatment. NSAIDs alone 
may suffice for 20–30% of axial disease patients and 20–40% 
of peripheral disease patients. Methotrexate or sulfasala-
zine forms the next agent for treating peripheral arthritis/
Enthesitis, but has a limited role in axial disease. Local intra-
articular injection can be used in mono/oligoarthritis [64]. 
Rarely intra-articular steroid injection in SI joint has also 
been used to relieve inflammatory back pain. Short-course 
bridging low-dose steroids may be used while stepping up 
the therapy [63].

TNF inhibitors such as Adalimumab, Etanercept and inf-
liximab have shown good improvement in active joints and 
other disease parameters in ERA patients [65, 66]. Adali-
mumab has shown a 53% ASAS40 response compared to 
the placebo at 12 weeks in conventional DMARD treatment 
refractory active ERA patients in a randomized controlled 

trial [67]. Etanercept has shown 93%ACR Pedi30 and 
Pedi50 scores in a 24-week randomized control trial [68]. 
Following an initial response to TNF inhibitors, continu-
ing methotrexate with adalimumab has shown better drug 
survival than adalimumab or etanercept-monotherapy [69] 
(Table 2).

Secukinumab (IL-17 inhibitor) has recently shown 
excellent response with improvement in JSpADA score 
and JADAS10 score [70]. Further, Secukinumab has shown 
a longer time to flare compared to placebo in an RCT 
withdrawal study of ERA and juvenile psoriatic arthritis 
patients [71]. Secukinumab has shown clinically meaning-
ful improvement in Achilles tendon enthesitis score on MRI 
although not statistically significant in adult spA patients 
with enthesitis [72]. The long-term drug retention rates for 
TNF inhibitors were similar in ERA and AS (38%), however, 
inefficacy due to anti-drug antibody formation remained the 
commonest reason for infliximab discontinuation, more so 
among adults with AS [73].

The newer class of drugs JAK inhibitors have been 
approved for polyarticular JIA and adult AS [74, 75]. The 
withdrawal RCT of tofacitinib in polyarticular JIA also 
had an exploratory arm which included 21 ERA patients. 
In an open label phase, 75% of children with ERA showed 
response and in double-blind withdrawal phase 4 of 9 in the 
tofacitinib arm and 4 of 7 in the placebo arm had flares by 
44 weeks [74].

Patients should also be informed about the risks and 
warning signs of acute anterior uveitis. Topical steroids form 
the main stay of treatment during the acute attacks. It is rec-
ommended to continue DMARDs or biologics the patient is 
getting for joint disease at the time of acute uveitis. Patients 
with repeated attacks (> 3/year) should be given DMARDs/
biologics. Conventional DMARDs (methotrexate and sul-
fasalazine) show moderate efficacy in preventing recurrent 
attacks of uveitis [76, 77]. TNF inhibitors adalimumab and 
infliximab are the preferred biologics over etanercept in 
acute anterior uveitis [78, 79].

Fig. 2   a MRI of sacroiliac joints 
T2W STIR images depicting 
bone marrow edema; b enthesi-
tis in B-mode ultrasound with 
color Doppler imaging showing 
an erosion in calcaneum as well 
as increased vascularity near the 
tendoachillies tendon insertion



416	 Rheumatology International (2023) 43:409–420

1 3

Ta
bl

e 
2  

T
ria

ls
 o

f b
io

lo
gi

cs
 o

r s
m

al
l m

ol
ec

ul
e 

in
hi

bi
to

rs

Tr
ia

l
Ty

pe
 o

f s
tu

dy
N

um
be

r o
f s

tu
dy

 p
ar

tic
ip

an
ts

D
ru

gs
 g

iv
en

Pr
im

ar
y 

ou
tc

om
e

B
ur

go
s V

ar
ga

s e
t a

l. 
[6

5]
RC

T​
46

 E
R

A
A

da
lim

um
ab

C
ha

ng
e 

fro
m

 b
as

el
in

e 
of

 a
ct

iv
e 

jo
in

t c
ou

nt
 b

y 
12

 w
ee

ks
; 

-6
2.

6%
 in

 a
da

lim
um

ab
 a

rm
 v

s -
11

.6
%

 in
 p

la
ce

bo
 a

rm
B

ur
go

s V
ar

ga
s e

t a
l. 

[6
6]

RC
T​

26
 Ju

ve
ni

le
 o

ns
et

 sp
A

In
fli

xi
m

ab
N

um
be

r o
f a

ct
iv

e 
jo

in
ts

 a
t 1

2 
w

ee
ks

; m
ea

n 
(S

D
) o

f 1
.4

 
(2

.4
) i

n 
in

fli
xi

m
ab

 a
rm

 v
s 4

.1
 (3

.0
) i

n 
pl

ac
eb

o 
ar

m
H

or
ne

ff 
et

 a
l. 

[6
7]

RC
T​

32
 Ju

ve
ni

le
on

se
t s

pA
A

da
lim

um
ab

A
SA

S 
40

 re
sp

on
se

 a
t w

ee
k 

12
: 5

3%
 a

da
lim

um
ab

 v
s 3

3%
 

pl
ac

eb
o

H
or

ne
ff 

et
 a

l. 
(C

LI
PP

ER
 st

ud
y)

 [6
8]

O
pe

n 
la

be
l

12
7 

(3
8 

ER
A

)
Et

an
er

ce
pt

JI
A

 A
C

R
 3

0 
re

sp
on

se
 a

t w
ee

k 
12

: 8
3.

3%
 w

ith
 E

R
A

, 
89

.7
%

 fo
r e

xt
en

de
d 

ol
ig

o 
JI

A
, 9

3.
1%

 fo
r p

so
ria

tic
 

ar
th

rit
is

Sh
ip

a 
et

 a
l. 

[6
9]

Re
tro

sp
ec

tiv
e 

ob
se

rv
at

io
na

l s
tu

dy
18

8 
ER

A
A

da
lim

um
ab

 v
s E

ta
ne

rc
ep

t
D

is
co

nt
in

ua
tio

n 
of

 tr
ea

tm
en

t d
ue

 to
 p

rim
ar

y 
or

 se
co

nd
-

ar
y 

fa
ilu

re
 a

nd
 a

dv
er

se
 d

ru
g 

re
ac

tio
ns

: 1
08

 E
ta

ne
rc

ep
t, 

80
 A

da
lim

um
ab

. A
da

lim
um

ab
–m

et
ho

tre
xa

te
 c

om
-

bi
na

tio
n 

w
as

 a
ss

oc
ia

te
d 

w
ith

 lo
ng

er
 d

ru
g 

su
rv

iv
al

, 
co

m
pa

re
d 

to
 a

da
lim

um
ab

-m
on

ot
he

ra
py

 (H
R

 0
.4

1,
 9

5%
 

C
I 0

.2
0–

0.
85

), 
et

an
er

ce
pt

-m
on

ot
he

ra
py

 (H
R

 0
.2

8,
 9

5%
 

C
I 0

.1
5–

0.
53

), 
an

d 
et

an
er

ce
pt

–m
et

ho
tre

xa
te

 c
om

bi
na

-
tio

n 
(H

R
 0

.3
9,

 9
5%

 C
I 0

.2
1–

0.
73

)
B

ae
r e

t a
l. 

[7
0]

Re
tro

sp
ec

tiv
e

17
 E

R
A

Se
cu

ki
nu

m
ab

JS
pA

D
A

 a
nd

 JA
D

A
S1

0 
si

gn
ifi

ca
nt

ly
 im

pr
ov

ed
 b

et
w

ee
n 

ba
se

lin
e 

an
d 

24
-m

on
th

 fo
llo

w
-u

p
B

ru
nn

er
 e

t a
l. 

[7
1]

RC
T,

 w
ith

dr
aw

al
 st

ud
y

86
 (5

2 
w

er
e 

ER
A

)
Se

cu
ki

nu
m

ab
Ti

m
e 

to
 fl

ar
e:

 H
R

 0
.2

8;
 9

5%
 C

I 0
.1

3–
0.

63
; p

 <
 0.

00
1

B
eh

re
ns

 e
t a

l. 
(A

C
H

IL
LE

S 
stu

dy
) [

72
]

RC
T​

20
4 

(a
du

lt 
ax

ia
l s

pA
 o

r 
ps

or
ia

tic
 a

rth
rit

is
)

Se
cu

ki
nu

m
ab

C
lin

ic
al

 re
so

lu
tio

n 
of

 h
ee

l e
nt

he
si

tis
 a

t 2
4 

w
ee

ks
: 3

3.
3%

 
in

 se
cu

ki
nu

m
ab

 v
s 2

3.
5%

 in
 p

la
ce

bo
 a

rm
; O

R
 1

.6
5;

 
95

%
 C

I 0
.8

5,
 3

.2
5

Ru
pe

rto
 e

t a
l. 

[7
4]

RC
T,

 w
ith

dr
aw

al
 st

ud
y

22
5 

(2
1 

w
er

e 
ER

A
)

To
fa

ci
tin

ib
Fl

ar
e 

ra
te

 b
y 

w
ee

k 
44

: 2
9%

 to
fa

ci
tin

ib
 v

s 5
3%

 p
la

ce
bo

 
ar

m
, H

R
 0

·4
6,

 9
5%

 C
I 0

·2
7–

0·
79

; p
 =

 0·
00

31
Ty

nj
al

a 
et

 a
l. 

[7
8]

O
bs

er
va

tio
na

l
45

 JI
A

 (4
 w

er
e 

ER
A

)
Et

an
er

ce
pt

, I
nfl

ix
im

ab
U

ve
iti

s i
m

pr
ov

ed
 in

 1
4 

(3
1%

). 
In

fla
m

m
at

or
y 

ac
tiv

ity
 

im
pr

ov
ed

 m
or

e 
fr

eq
ue

nt
ly

 (p
 =

 0.
04

7)
 in

 th
e 

pa
tie

nt
s 

ta
ki

ng
 in

fli
xi

m
ab

. T
he

 n
um

be
r o

f u
ve

iti
s fl

ar
es

/y
ea

r 
w

as
 h

ig
he

r (
p =

 0.
01

5)
 in

 th
e 

pa
tie

nt
s t

ak
in

g 
et

an
er

ce
pt

 
(m

ea
n 

1.
4)

 th
an

 in
 th

os
e 

ta
ki

ng
 in

fli
xi

m
ab

 (m
ea

n 
0.

7)
Ja

ffe
 e

t a
l. 

[7
9]

RC
T​

21
7 

(A
du

lts
 w

ith
 a

ct
iv

e 
no

n-
in

fe
ct

io
us

 u
ve

iti
s)

A
da

lim
um

ab
Th

e 
tim

e 
to

 tr
ea

tm
en

t f
ai

lu
re

 o
cc

ur
rin

g 
at

 o
r a

fte
r w

ee
k 

6:
 2

4 
w

ee
ks

 in
 a

da
lim

um
ab

 v
s 1

3 
w

ee
ks

 in
 p

la
ce

bo
 

(H
R

 0
.5

; 9
5%

 C
I 0

.3
6–

0.
7,

 p
 <

 0.
00

1)



417Rheumatology International (2023) 43:409–420	

1 3

Outcome measures

Though in general in JIA, cJADAS is used to assess dis-
ease activity. cJADAS includes physician global assessment 
VAS, parent global assessment VAS, and active joint count 
assessed in 71, 27 or 10 joints [80]. cJADAS10 can be used 
in routine clinical practice. However, it does not include 
uveitis, inflammatory back pain or enthesitis which are the 
main features of ERA. A score specific for juvenile SpA, 
i.e., JSpADA was devised that includes active joint count, 
active enthesis count, ESR/CRP levels, pain VAS, morn-
ing stiffness, clinical sacroiliitis, uveitis, and back mobility 
(scored 0, 0.5 and 1 for each parameter, total score 0–8). It 
was prospectively validated and found to perform well in 
ERA patients [81]. Recently, an attempt has been made to 
make JSpADA simple to use by removing Schober’s test 
(JSpADA7), CRP/ESR (JSpADA7 (no CRP/ESR) or by 
removing both [JSpADA6 (no Schober, no CRP/ESR)]. All 
these modifications still had good correlation with cJADAS, 
moderate–high correlation with physician global assessment 
[81].

Adult scores such as BASDAI and ASDAS-ESR also 
have been validated in ERA [50]. BASFI (Bath ankylos-
ing spondylitis functional index) has also performed well in 
ERA patients and can be used to assess functional impact 
[82]. Damage assessment in ERA is challenging, as out-
come measures like juvenile arthritis damage index—artic-
ular/extra-articular (JADI-A/E) underestimate joint dam-
age, enthesitis, and spinal limitation in ERA [83]. Imaging 
modality such as X-ray and MRI remains the standard to 
assess hip damage, sacroiliac joint ankylosis, and bamboo 
spine. However, these are late changes and are irreversible 
by the time they are detected. Chronic changes in MRI of 
the sacroiliac joint namely erosions, subchondral sclerosis, 
fat replacement, and bony ankylosis have been seen in upto 
60–70% of ERA patients on follow-up [43].

Course and outcomes

ERA patients have worse quality of life compared to the 
other categories of the JIA on follow-up [31, 84]. 40–50% 
of the patients have a relapsing course and persistent active 
disease in the long term [36, 85]. Around 40–60% require 
biologics over time. 85% achieve remission at some point 
while on drugs for more than 6 months [36], whereas only 
3.4% to 33% of the patients achieve complete remission off 
all medications (Table 1). Early administration of biologicals 
portends better long-term outcomes [86].

Those with hip involvement at onset and delay in diagno-
sis have poor disease outcomes in the long term [43]. The 
presence of sacroiliitis and HLA B27 predict poor disease 
outcomes and chronic course [86, 87]. Tarsitis at onset pre-
dicts persistent disease activity in the long term. Articular 

damage by JADI-A is seen in 19.8% of patients over 18 years 
and extra-articular damage by JADI-E in 12.5% [31]. Chil-
dren with JIA have worse lipid profiles and evidence of early 
cardiac dysfunction as evidenced by increased left ventricu-
lar mass index, CIMT, and reduced brachial artery FMD 
[88].

Conclusions

ERA is a chronic arthritis usually seen in boys beyond 
6 years of age which resembles adult SpA but presents more 
often with asymmetrical lower limb arthritis and enthesi-
tis than inflammatory back pain. Subclinical sacroiliitis is 
common and HLA B27 is present in nearly 60–70% of chil-
dren. The immunopathogenesis is primarily driven by innate 
immune cells with major role of IL-23/IL-17 axis along 
with TNF-alpha. The therapies directed at these cytokines 
show excellent short-term results. In future, we expect to 
have more appropriate name, classification criteria, criteria 
for axial disease, advances in interpretation of sacroiliitis, 
and role of ultrasound in these children. Besides this, better 
understanding of pathogenesis will also translate to better 
therapeutics and long-term outcome.

Author contributions  AA was involved in the ideation. NR, SG, and 
AA were involved in review of the literature. NR, SG, and AA were 
involved in first draft of the manuscript and revisions. All the co-
authors take full responsibility for the integrity and accuracy of the 
work.

Funding  None.

Data availability  Not applicable.

Declarations 

Conflict of interest  None.

References

	 1.	 Petty RE, Southwood TR, Manners P et al (2004) International 
league of associations for rheumatology classification of juvenile 
idiopathic arthritis: second revision, Edmonton, 2001. J Rheuma-
tol 31:390–392

	 2.	 Consolaro A, Giancane G, Alongi A et al (2019) Phenotypic vari-
ability and disparities in treatment and outcomes of childhood 
arthritis throughout the world: an observational cohort study. 
Lancet Child Adolesc Health 3:255–263. https://​doi.​org/​10.​1016/​
S2352-​4642(19)​30027-6

	 3.	 Gasparyan AY, Ayvazyan L, Blackmore H, Kitas GD (2011) Writ-
ing a narrative biomedical review: considerations for authors, peer 
reviewers, and editors. Rheumatol Int 31:1409–1417. https://​doi.​
org/​10.​1007/​s00296-​011-​1999-3

https://doi.org/10.1016/S2352-4642(19)30027-6
https://doi.org/10.1016/S2352-4642(19)30027-6
https://doi.org/10.1007/s00296-011-1999-3
https://doi.org/10.1007/s00296-011-1999-3


418	 Rheumatology International (2023) 43:409–420

1 3

	 4.	 Thierry S, Fautrel B, Lemelle I, Guillemin F (2014) Prevalence 
and incidence of juvenile idiopathic arthritis: a systematic review. 
Joint Bone Spine 81:112–117. https://​doi.​org/​10.​1016/j.​jbspin.​
2013.​09.​003

	 5.	 Al-Mayouf SM, Al Mutairi M, Bouayed K et al (2021) Epidemi-
ology and demographics of juvenile idiopathic arthritis in Africa 
and Middle East. Pediatr Rheumatol 19:166. https://​doi.​org/​10.​
1186/​s12969-​021-​00650-x

	 6.	 Kunjir V, Venugopalan A, Chopra A (2010) Profile of Indian 
patients with juvenile onset chronic inflammatory joint disease 
using the ILAR classification criteria for JIA: a community-based 
cohort study. J Rheumatol 37:1756–1762. https://​doi.​org/​10.​3899/​
jrheum.​090937

	 7.	 Saurenmann RK, Rose JB, Tyrrell P et al (2007) Epidemiology of 
juvenile idiopathic arthritis in a multiethnic cohort: Ethnicity as 
a risk factor. Arthritis Rheum 56:1974–1984. https://​doi.​org/​10.​
1002/​art.​22709

	 8.	 Rosenberg AM, Petty RE (1982) A syndrome of seronega-
tive enthesopathy and arthropathy in children. Arthritis Rheum 
25:1041–1047. https://​doi.​org/​10.​1002/​art.​17802​50902

	 9.	 Fisher C, Ciurtin C, Leandro M et al (2021) Similarities and dif-
ferences between juvenile and adult spondyloarthropathies. Front 
Med 8:681621. https://​doi.​org/​10.​3389/​fmed.​2021.​681621

	10.	 Martini A, Ravelli A, Avcin T et al (2019) Toward new classifica-
tion criteria for juvenile idiopathic arthritis: first steps, pediatric 
rheumatology international trials organization international con-
sensus. J Rheumatol 46:190–197. https://​doi.​org/​10.​3899/​jrheum.​
180168

	11.	 Żuber Z, Turowska-Heydel D, Sobczyk M, Chudek J (2015) Prev-
alence of HLA-B27 antigen in patients with juvenile idiopathic 
arthritis. Reumatologia 53:125–130. https://​doi.​org/​10.​5114/​reum.​
2015.​53133

	12.	 Srivastava R, Phatak S, Yadav A et al (2016) HLA B27 typ-
ing in 511 children with juvenile idiopathic arthritis from 
India. Rheumatol Int 36:1407–1411. https://​doi.​org/​10.​1007/​
s00296-​016-​3529-9

	13.	 Navid F, Holt V, Colbert RA (2021) The enigmatic role of HLA-
B*27 in spondyloarthritis pathogenesis. Semin Immunopathol 
43:235–243. https://​doi.​org/​10.​1007/​s00281-​021-​00838-z

	14.	 Wong-Baeza I, Ridley A, Shaw J et al (2013) KIR3DL2 binds 
to HLA-B27 dimers and free H chains more strongly than other 
HLA class I and promotes the expansion of T cells in ankylosing 
spondylitis. J Immunol 190:3216–3224. https://​doi.​org/​10.​4049/​
jimmu​nol.​12029​26

	15.	 Gaur P, Misra R, Aggarwal A (2015) Natural killer cell and 
gamma delta T cell alterations in enthesitis related arthritis cat-
egory of juvenile idiopathic arthritis. Clin Immunol Orlando Fla 
161:163–169. https://​doi.​org/​10.​1016/j.​clim.​2015.​07.​012

	16.	 Hinks A, Martin P, Flynn E et al (2011) Subtype specific genetic 
associations for juvenile idiopathic arthritis: ERAP1 with the 
enthesitis related arthritis subtype and IL23R with juvenile pso-
riatic arthritis. Arthritis Res Ther 13:R12. https://​doi.​org/​10.​1186/​
ar3235

	17.	 DeLay ML, Turner MJ, Klenk EI et al (2009) HLA-B27 misfold-
ing and the unfolded protein response augment interleukin-23 
production and are associated with Th17 activation in transgenic 
rats. Arthritis Rheum 60:2633–2643. https://​doi.​org/​10.​1002/​art.​
24763

	18.	 Lamot L, Borovecki F, Tambic Bukovac L et al (2014) Aberrant 
expression of shared master-key genes contributes to the immu-
nopathogenesis in patients with juvenile spondyloarthritis. PLoS 
ONE 9:e115416. https://​doi.​org/​10.​1371/​journ​al.​pone.​01154​16

	19.	 Arvonen M, Vänni P, Sarangi AN et al (2020) Microbial orchestra 
in juvenile idiopathic arthritis: sounds of disarray? Immunol Rev 
294:9–26. https://​doi.​org/​10.​1111/​imr.​12826

	20.	 Stoll ML, DeQuattro K, Li Z et al (2022) Impact of HLA-B27 and 
disease status on the gut microbiome of the offspring of ankylos-
ing spondylitis patients. Child Basel Switz 9:569. https://​doi.​org/​
10.​3390/​child​ren90​40569

	21.	 Stoll ML, Kumar R, Lefkowitz EJ et al (2016) Fecal metabo-
lomics in pediatric spondyloarthritis implicate decreased meta-
bolic diversity and altered tryptophan metabolism as pathogenic 
factors. Genes Immun 17:400–405. https://​doi.​org/​10.​1038/​
gene.​2016.​38

	22.	 Lamot L, Miler M, Vukojević R et al (2021) The increased 
levels of fecal calprotectin in children with active enthesitis 
related arthritis and mri signs of sacroiliitis: the results of a 
single center cross-sectional exploratory study in juvenile idi-
opathic arthritis patients. Front Med 8:650619. https://​doi.​org/​
10.​3389/​fmed.​2021.​650619

	23.	 Myles A, Tuteja A, Aggarwal A (2012) Synovial fluid mono-
nuclear cell gene expression profiling suggests dysregulation 
of innate immune genes in enthesitis-related arthritis patients. 
Rheumatol Oxf Engl 51:1785–1789. https://​doi.​org/​10.​1093/​
rheum​atolo​gy/​kes151

	24.	 Gaur P, Myles A, Misra R, Aggarwal A (2017) Intermedi-
ate monocytes are increased in enthesitis-related arthritis, a 
category of juvenile idiopathic arthritis. Clin Exp Immunol 
187:234–241. https://​doi.​org/​10.​1111/​cei.​12880

	25.	 Reinhardt A, Yevsa T, Worbs T et al (2016) Interleukin-23-de-
pendent γ/δ T cells produce interleukin-17 and accumulate in 
the enthesis, aortic valve, and ciliary body in mice. Arthritis 
Rheumatol Hoboken NJ 68:2476–2486. https://​doi.​org/​10.​1002/​
art.​39732

	26.	 Gaur P, Misra R, Aggarwal A (2016) IL-27 levels are low in 
enthesitis-related arthritis category of juvenile idiopathic arthritis. 
Clin Exp Rheumatol 34:337–342

	27.	 Nakamura A, Zeng F, Nakamura S et al (2021) Macrophage 
migration inhibitory factor drives pathology in a mouse model of 
spondyloarthritis and is associated with human disease. Sci Transl 
Med 13:eabg1210. https://​doi.​org/​10.​1126/​scitr​anslm​ed.​abg12​10

	28.	 Balakrishnan A, Majumder S, Guleria S et al (2022) Macrophage 
migration inhibitory factor (MIF) and IgA anti CD74 antibodies 
in Indian patients with enthesitis-related arthritis category of Juve-
nile idiopathic arthritis. Rheumatol Int. https://​doi.​org/​10.​1007/​
s00296-​022-​05173-6

	29.	 Kavadichanda CG, Seth G, Kumar G et al (2019) Clinical cor-
relates of HLA-B*27 and its subtypes in enthesitis-related arthri-
tis variant of juvenile idiopathic arthritis in south Indian Tamil 
patients. Int J Rheum Dis 22:1289–1296. https://​doi.​org/​10.​1111/​
1756-​185X.​13551

	30.	 Rumsey DG, Lougee A, Matsouaka R et al (2021) Juvenile spon-
dyloarthritis in the childhood arthritis and rheumatology research 
alliance registry: high biologic use, low prevalence of hla-b27, 
and equal sex representation in sacroiliitis. Arthritis Care Res 
73:940–946. https://​doi.​org/​10.​1002/​acr.​24537

	31.	 Glerup M, Rypdal V, Arnstad ED et al (2020) Long-term out-
comes in juvenile idiopathic arthritis: eighteen years of follow-up 
in the population-based nordic juvenile idiopathic arthritis cohort. 
Arthritis Care Res 72:507–516. https://​doi.​org/​10.​1002/​acr.​23853

	32.	 Rumsey DG, Guzman J, Rosenberg AM et al (2018) Character-
istics and course of enthesitis in a juvenile idiopathic arthritis 
inception cohort. Arthritis Care Res 70:303–308. https://​doi.​org/​
10.​1002/​acr.​23256

	33.	 Vilaiyuk S, Soponkanaporn S, Jaovisidha S et al (2016) A ret-
rospective study on 158 Thai patients with juvenile idiopathic 
arthritis followed in a single center over a 15 year period. Int J 
Rheum Dis 19:1342–1350. https://​doi.​org/​10.​1111/​1756-​185X.​
12637

	34.	 Ozdel S, Baglan E, Cakıcı EK et al (2021) Clinical features in 305 
patients with juvenile idiopathic arthritis: a single center Turkish 

https://doi.org/10.1016/j.jbspin.2013.09.003
https://doi.org/10.1016/j.jbspin.2013.09.003
https://doi.org/10.1186/s12969-021-00650-x
https://doi.org/10.1186/s12969-021-00650-x
https://doi.org/10.3899/jrheum.090937
https://doi.org/10.3899/jrheum.090937
https://doi.org/10.1002/art.22709
https://doi.org/10.1002/art.22709
https://doi.org/10.1002/art.1780250902
https://doi.org/10.3389/fmed.2021.681621
https://doi.org/10.3899/jrheum.180168
https://doi.org/10.3899/jrheum.180168
https://doi.org/10.5114/reum.2015.53133
https://doi.org/10.5114/reum.2015.53133
https://doi.org/10.1007/s00296-016-3529-9
https://doi.org/10.1007/s00296-016-3529-9
https://doi.org/10.1007/s00281-021-00838-z
https://doi.org/10.4049/jimmunol.1202926
https://doi.org/10.4049/jimmunol.1202926
https://doi.org/10.1016/j.clim.2015.07.012
https://doi.org/10.1186/ar3235
https://doi.org/10.1186/ar3235
https://doi.org/10.1002/art.24763
https://doi.org/10.1002/art.24763
https://doi.org/10.1371/journal.pone.0115416
https://doi.org/10.1111/imr.12826
https://doi.org/10.3390/children9040569
https://doi.org/10.3390/children9040569
https://doi.org/10.1038/gene.2016.38
https://doi.org/10.1038/gene.2016.38
https://doi.org/10.3389/fmed.2021.650619
https://doi.org/10.3389/fmed.2021.650619
https://doi.org/10.1093/rheumatology/kes151
https://doi.org/10.1093/rheumatology/kes151
https://doi.org/10.1111/cei.12880
https://doi.org/10.1002/art.39732
https://doi.org/10.1002/art.39732
https://doi.org/10.1126/scitranslmed.abg1210
https://doi.org/10.1007/s00296-022-05173-6
https://doi.org/10.1007/s00296-022-05173-6
https://doi.org/10.1111/1756-185X.13551
https://doi.org/10.1111/1756-185X.13551
https://doi.org/10.1002/acr.24537
https://doi.org/10.1002/acr.23853
https://doi.org/10.1002/acr.23256
https://doi.org/10.1002/acr.23256
https://doi.org/10.1111/1756-185X.12637
https://doi.org/10.1111/1756-185X.12637


419Rheumatology International (2023) 43:409–420	

1 3

Study. Pediatr Int Off J Jpn Pediatr Soc 63:636–642. https://​doi.​
org/​10.​1111/​ped.​14481

	35.	 Goirand M, Breton S, Chevallier F et al (2018) Clinical features of 
children with enthesitis-related juvenile idiopathic arthritis / juve-
nile spondyloarthritis followed in a French tertiary care pediatric 
rheumatology centre. Pediatr Rheumatol Online J 16:21. https://​
doi.​org/​10.​1186/​s12969-​018-​0238-9

	36.	 Weib A, Minden K, Listing J et al (2017) Course of patients with 
juvenile spondyloarthritis during 4 years of observation, juve-
nile part of GESPIC. RMD Open. https://​doi.​org/​10.​1136/​rmdop​
en-​2016-​000366

	37.	 Arkachaisri T, Teh KL, Book YX et al (2021) Enthesitis related 
arthritis in a longitudinal Southeast Asian registry: high preva-
lence of HLA-B27, different sacroiliitis risk factors and less com-
mon drug-free remission. J Clin Med 10:568. https://​doi.​org/​10.​
3390/​jcm10​040568

	38.	 Shih Y-J, Yang Y-H, Lin C-Y et al (2019) Enthesitis-related arthri-
tis is the most common category of juvenile idiopathic arthritis in 
Taiwan and presents persistent active disease. Pediatr Rheumatol 
Online J 17:58. https://​doi.​org/​10.​1186/​s12969-​019-​0363-0

	39.	 Guo R, Cao L, Kong X et al (2015) Fever as an initial manifesta-
tion of enthesitis-related arthritis subtype of juvenile idiopathic 
arthritis: retrospective study. PLoS ONE 10:e0128979. https://​doi.​
org/​10.​1371/​journ​al.​pone.​01289​79

	40.	 Gmuca S, Xiao R, Brandon TG et al (2017) Multicenter incep-
tion cohort of enthesitis-related arthritis: variation in disease char-
acteristics and treatment approaches. Arthritis Res Ther 19:84. 
https://​doi.​org/​10.​1186/​s13075-​017-​1297-x

	41.	 Srivastava R, Agnihotry S, Aggarwal R et al (2015) HLA-B27 
subtypes in enthesitis-related arthritis category of juvenile idi-
opathic arthritis and ankylosing spondylitis in northern India. Clin 
Exp Rheumatol 33:931–935

	42.	 Phatak S, Mohindra N, Zanwar A, Aggarwal A (2017) Prominent 
midfoot involvement in children with enthesitis-related arthritis 
category of juvenile idiopathic arthritis. Clin Rheumatol 36:1737–
1745. https://​doi.​org/​10.​1007/​s10067-​017-​3733-3

	43.	 Naveen R, Mohindra N, Jain N et al (2021) Hip involvement in 
children with enthesitis related arthritis (ERA) is associated with 
poor outcomes in adulthood. Clin Rheumatol 40:4619–4627. 
https://​doi.​org/​10.​1007/​s10067-​021-​05807-3

	44.	 Chen S (1992) Deng L (2021) Risk factors for radiological hip 
involvement in patients with ankylosing spondylitis. Rev Assoc 
Medica Bras 67:1293–1298. https://​doi.​org/​10.​1590/​1806-​9282.​
20210​585

	45.	 Turk M, Hayworth J, Nevskaya T, Pope J (2020) The frequency 
of uveitis in patients with adult versus childhood spondyloar-
thritis. RMD Open 6:e001196. https://​doi.​org/​10.​1136/​rmdop​
en-​2020-​001196

	46.	 Marino A, Stagi S, Simonini G et al (2018) Growth and body mass 
index in a cohort of patients with juvenile idiopathic arthritis: 
effects of second line treatments. Clin Exp Rheumatol 36:929–933

	47.	 Angeles-Han ST, Ringold S, Beukelman T et al (2019) 2019 
American college of rheumatology/arthritis foundation guideline 
for the screening, monitoring, and treatment of juvenile idiopathic 
arthritis-associated uveitis. Arthritis Care Res 71:703–716. https://​
doi.​org/​10.​1002/​acr.​23871

	48.	 Acer Kasman S, Duruöz MT (2022) Spondyloarthritis in familial 
Mediterranean fever: a cohort study. Rheumatol Int 42:1729–
1739. https://​doi.​org/​10.​1007/​s00296-​022-​05158-5

	49.	 Reveille JD (2015) Biomarkers for diagnosis, monitoring of pro-
gression, and treatment responses in ankylosing spondylitis and 
axial spondyloarthritis. Clin Rheumatol 34:1009–1018. https://​
doi.​org/​10.​1007/​s10067-​015-​2949-3

	50.	 Zanwar A, Phatak S, Aggarwal A (2018) Prospective validation 
of the Juvenile spondyloarthritis disease activity index in children 

with enthesitis-related arthritis. Rheumatology 57:2167–2171. 
https://​doi.​org/​10.​1093/​rheum​atolo​gy/​key246

	51.	 Rahman MT, Myles A, Gaur P et al (2014) TLR4 endogenous 
ligand MRP8/14 level in enthesitis-related arthritis and its asso-
ciation with disease activity and TLR4 expression. Rheumatol Oxf 
Engl 53:270–274. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​ket375

	52.	 Viswanath V, Myles A, Dayal R, Aggarwal A (2011) Levels of 
serum matrix metalloproteinase-3 correlate with disease activity 
in the enthesitis-related arthritis category of juvenile idiopathic 
arthritis. J Rheumatol 38:2482–2487. https://​doi.​org/​10.​3899/​
jrheum.​110352

	53.	 Shukla A, Gaur P, Aggarwal A (2015) Tenascin-C levels, a toll-
like receptor 4 ligand, in enthesitis-related arthritis category of 
juvenile idiopathic arthritis: a cross-sectional and longitudinal 
study. J Rheumatol 42:891–896. https://​doi.​org/​10.​3899/​jrheum.​
141365

	54.	 Weiss PF, Chauvin NA, Roth J (2016) Imaging in juvenile spon-
dyloarthritis. Curr Rheumatol Rep 18:75. https://​doi.​org/​10.​1007/​
s11926-​016-​0624-6

	55.	 Weiss PF, Brandon TG, Lambert RG et al (2022) Data-driven MRI 
definitions for active and structural sacroiliac joint lesions in juve-
nile spondyloarthritis typical of axial disease; a cross-sectional 
international study. Arthritis Care Res. https://​doi.​org/​10.​1002/​
acr.​25014

	56.	 Demir S, Ergen FB, Taydaş O et  al (2022) Spinal involve-
ment in juvenile idiopathic arthritis: what do we miss without 
imaging? Rheumatol Int 42:519–527. https://​doi.​org/​10.​1007/​
s00296-​021-​04890-8

	57.	 Lin C, MacKenzie JD, Courtier JL et al (2014) Magnetic resonance 
imaging findings in juvenile spondyloarthropathy and effects of 
treatment observed on subsequent imaging. Pediatr Rheumatol 
Online J 12:25. https://​doi.​org/​10.​1186/​1546-​0096-​12-​25

	58.	 Devauchelle-Pensec V, D’Agostino MA, Marion J et al (2012) 
Computed tomography scanning facilitates the diagnosis of sac-
roiliitis in patients with suspected spondylarthritis: results of a 
prospective multicenter French cohort study. Arthritis Rheum 
64:1412–1419. https://​doi.​org/​10.​1002/​art.​33466

	59.	 Shenoy S, Aggarwal A (2016) Sonologic enthesitis in children 
with enthesitis-related arthritis. Clin Exp Rheumatol 34:143–147

	60.	 Sudoł-Szopińska I, Grochowska E, Gietka P et al (2016) Imaging 
of juvenile idiopathic arthritis. Part II: ultrasonography and MRI. 
J Ultrason 16:237–251. https://​doi.​org/​10.​15557/​JoU.​2016.​0024

	61.	 O’Dwyer T, O’Shea F, Wilson F (2015) Physical activity in spon-
dyloarthritis: a systematic review. Rheumatol Int 35:393–404. 
https://​doi.​org/​10.​1007/​s00296-​014-​3141-9

	62.	 Onel KB, Horton DB, Lovell DJ et al (2022) 2021 American 
college of rheumatology guideline for the treatment of juvenile 
idiopathic arthritis: recommendations for nonpharmacologic 
therapies, medication monitoring, immunizations, and imaging. 
Arthritis Rheumatol 74:570–585. https://​doi.​org/​10.​1002/​art.​
42036

	63.	 Ringold S, Angeles-Han ST, Beukelman T et al (2019) 2019 
American college of rheumatology/arthritis foundation guide-
line for the treatment of juvenile idiopathic arthritis: therapeutic 
approaches for non-systemic polyarthritis, sacroiliitis, and enthesi-
tis. Arthritis Care Res 71:717–734. https://​doi.​org/​10.​1002/​acr.​
23870

	64.	 Gotte A (2009) Intra-articular corticosteroids in the treatment of 
juvenile idiopathic arthritis: safety, efficacy, and features affecting 
outcome. A comprehensive review of the literature. Open Access 
Rheumatol Res Rev. https://​doi.​org/​10.​2147/​OARRR.​S5103

	65.	 Burgos-Vargas R, Tse SML, Horneff G et al (2015) A randomized, 
double-blind, placebo-controlled multicenter study of adalimumab 
in pediatric patients with enthesitis-related arthritis. Arthritis Care 
Res 67:1503–1512. https://​doi.​org/​10.​1002/​acr.​22657

https://doi.org/10.1111/ped.14481
https://doi.org/10.1111/ped.14481
https://doi.org/10.1186/s12969-018-0238-9
https://doi.org/10.1186/s12969-018-0238-9
https://doi.org/10.1136/rmdopen-2016-000366
https://doi.org/10.1136/rmdopen-2016-000366
https://doi.org/10.3390/jcm10040568
https://doi.org/10.3390/jcm10040568
https://doi.org/10.1186/s12969-019-0363-0
https://doi.org/10.1371/journal.pone.0128979
https://doi.org/10.1371/journal.pone.0128979
https://doi.org/10.1186/s13075-017-1297-x
https://doi.org/10.1007/s10067-017-3733-3
https://doi.org/10.1007/s10067-021-05807-3
https://doi.org/10.1590/1806-9282.20210585
https://doi.org/10.1590/1806-9282.20210585
https://doi.org/10.1136/rmdopen-2020-001196
https://doi.org/10.1136/rmdopen-2020-001196
https://doi.org/10.1002/acr.23871
https://doi.org/10.1002/acr.23871
https://doi.org/10.1007/s00296-022-05158-5
https://doi.org/10.1007/s10067-015-2949-3
https://doi.org/10.1007/s10067-015-2949-3
https://doi.org/10.1093/rheumatology/key246
https://doi.org/10.1093/rheumatology/ket375
https://doi.org/10.3899/jrheum.110352
https://doi.org/10.3899/jrheum.110352
https://doi.org/10.3899/jrheum.141365
https://doi.org/10.3899/jrheum.141365
https://doi.org/10.1007/s11926-016-0624-6
https://doi.org/10.1007/s11926-016-0624-6
https://doi.org/10.1002/acr.25014
https://doi.org/10.1002/acr.25014
https://doi.org/10.1007/s00296-021-04890-8
https://doi.org/10.1007/s00296-021-04890-8
https://doi.org/10.1186/1546-0096-12-25
https://doi.org/10.1002/art.33466
https://doi.org/10.15557/JoU.2016.0024
https://doi.org/10.1007/s00296-014-3141-9
https://doi.org/10.1002/art.42036
https://doi.org/10.1002/art.42036
https://doi.org/10.1002/acr.23870
https://doi.org/10.1002/acr.23870
https://doi.org/10.2147/OARRR.S5103
https://doi.org/10.1002/acr.22657


420	 Rheumatology International (2023) 43:409–420

1 3

	66.	 Burgos-Vargas R, Loyola-Sanchez A, Ramiro S et al (2022) A 
randomized, double-blind, placebo-controlled 12-week trial of inf-
liximab in patients with juvenile-onset spondyloarthritis. Arthritis 
Res Ther 24:187. https://​doi.​org/​10.​1186/​s13075-​022-​02877-9

	67.	 Horneff G, Fitter S, Foeldvari I et al (2012) Double-blind, pla-
cebo-controlled randomized trial with adalimumab for treatment 
of juvenile onset ankylosing spondylitis (JoAS): significant short 
term improvement. Arthritis Res Ther 14:R230. https://​doi.​org/​
10.​1186/​ar4072

	68.	 Horneff G, Foeldvari I, Minden K et al (2015) Efficacy and safety 
of etanercept in patients with the enthesitis-related arthritis cat-
egory of juvenile idiopathic arthritis: results from a phase III ran-
domized, double-blind study. Arthritis Rheumatol Hoboken NJ 
67:2240–2249. https://​doi.​org/​10.​1002/​art.​39145

	69.	 Shipa MR, Heyer N, Mansoor R et al (2022) Adalimumab or 
etanercept as first line biologic therapy in enthesitis related 
arthritis (ERA) - a drug-survival single centre study spanning 
10 years. Semin Arthritis Rheum 55:152038. https://​doi.​org/​10.​
1016/j.​semar​thrit.​2022.​152038

	70.	 Baer J, Klotsche J, Foeldvari I (2022) Secukinumab in the 
treatment for patients with juvenile enthesitis related arthritis 
non-responsive to anti-TNF treatment according the juvenile 
spondyloarthritis disease activity index. Clin Exp Rheumatol 
40:620–624. https://​doi.​org/​10.​55563/​cline​xprhe​umatol/​1u8y08

	71.	 Brunner HI, Foeldvari I, Alexeeva E et al (2022) Secukinumab 
in enthesitis-related arthritis and juvenile psoriatic arthritis: a 
randomised, double-blind, placebo-controlled, treatment with-
drawal, phase 3 trial. Ann Rheum Dis. https://​doi.​org/​10.​1136/​
ard-​2022-​222849

	72.	 Behrens F, Sewerin P, de Miguel E et al (2022) Efficacy and safety 
of secukinumab in patients with spondyloarthritis and enthesitis 
at the Achilles tendon: results from a phase 3b trial. Rheumatol 
Oxf Engl 61:2856–2866. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​
keab7​84

	73.	 Favalli EG, Pontikaki I, Becciolini A et al (2017) Real-life 10-year 
retention rate of first-line anti-TNF drugs for inflammatory arth-
ritides in adult- and juvenile-onset populations: similarities and 
differences. Clin Rheumatol 36:1747–1755. https://​doi.​org/​10.​
1007/​s10067-​017-​3712-8

	74.	 Ruperto N, Brunner HI, Synoverska O et al (2021) Tofacitinib in 
juvenile idiopathic arthritis: a double-blind, placebo-controlled, 
withdrawal phase 3 randomised trial. The Lancet 398:1984–1996. 
https://​doi.​org/​10.​1016/​S0140-​6736(21)​01255-1

	75.	 Deodhar A, Sliwinska-Stanczyk P, Xu H et al (2021) Tofacitinib 
for the treatment of ankylosing spondylitis: a phase III, ran-
domised, double-blind, placebo-controlled study. Ann Rheum Dis 
80:1004–1013. https://​doi.​org/​10.​1136/​annrh​eumdis-​2020-​219601

	76.	 Papadopoulou C, Kostik M, Böhm M et al (2013) Methotrexate 
therapy may prevent the onset of uveitis in juvenile idiopathic 
arthritis. J Pediatr 163:879–884. https://​doi.​org/​10.​1016/j.​jpeds.​
2013.​03.​047

	77.	 Kostik MM, Raupov RK, Suspitsin EN et al (2022) The safety and 
efficacy of tofacitinib in 24 cases of pediatric rheumatic diseases: 
single centre experience. Front Pediatr 10:820586. https://​doi.​org/​
10.​3389/​fped.​2022.​820586

	78.	 Tynjälä P, Lindahl P, Honkanen V et al (2007) Infliximab and 
etanercept in the treatment of chronic uveitis associated with 

refractory juvenile idiopathic arthritis. Ann Rheum Dis 66:548–
550. https://​doi.​org/​10.​1136/​ard.​2006.​058248

	79.	 Jaffe GJ, Dick AD, Brézin AP et al (2016) Adalimumab in patients 
with active noninfectious uveitis. N Engl J Med 375:932–943. 
https://​doi.​org/​10.​1056/​NEJMo​a1509​852

	80.	 Trincianti C, Van Dijkhuizen EHP, Alongi A et al (2021) Defini-
tion and validation of the American College of Rheumatology 
2021 juvenile arthritis disease activity score cutoffs for disease 
activity states in juvenile idiopathic arthritis. Arthritis Rheumatol 
Hoboken NJ 73:1966–1975. https://​doi.​org/​10.​1002/​art.​41879

	81.	 Srinivasalu H, Treemarcki EB, Rumsey DG et al (2022) Modified 
juvenile spondyloarthritis disease activity index in the childhood 
arthritis and rheumatology research alliance (CARRA) registry. J 
Rheumatol jrheum. https://​doi.​org/​10.​3899/​jrheum.​220509

	82.	 Batthish M, Rachlis A, Wong B et al (2012) Intra-rater reli-
ability of the bath ankylosing spondylitis disease activity index 
(BASDAI) and the bath ankylosing spondylitis functional index 
(BASFI) in children with spondyloarthritis. Pediatr Rheumatol. 
https://​doi.​org/​10.​1186/​1546-​0096-​10-​S1-​A45

	83.	 Sarma P, Misra R, Aggarwal A (2008) Outcome in patients with 
enthesitis related arthritis (ERA): juvenile arthritis damage index 
(JADI) and functional status. Pediatr Rheumatol 6:18. https://​doi.​
org/​10.​1186/​1546-​0096-6-​18

	84.	 Boiu S, Marniga E, Bader-Meunier B et al (2012) Functional sta-
tus in severe juvenile idiopathic arthritis in the biologic treatment 
era: an assessment in a French paediatric rheumatology referral 
centre. Rheumatology 51:1285–1292. https://​doi.​org/​10.​1093/​
rheum​atolo​gy/​kes004

	85.	 Shen C-C, Yeh K-W, Ou L-S et al (2013) Clinical features of 
children with juvenile idiopathic arthritis using the ILAR clas-
sification criteria: a community-based cohort study in Taiwan. J 
Microbiol Immunol Infect 46:288–294. https://​doi.​org/​10.​1016/j.​
jmii.​2012.​03.​006

	86.	 Deligeorgakis D, Trachana M, Pratsidou-Gertsi P et al (2020) 
Capturing the enthesitis related arthritis contemporary profile of 
Caucasian patients in the era of biologics. Rheumatol Int 40:941–
949. https://​doi.​org/​10.​1007/​s00296-​020-​04581-w

	87.	 Berntson L, Nordal E, Aalto K et al (2013) HLA-B27 predicts 
a more chronic disease course in an 8-year followup cohort of 
patients with juvenile idiopathic arthritis. J Rheumatol 40:725–
731. https://​doi.​org/​10.​3899/​jrheum.​121257

	88.	 Hussain KS, Gulati R, Satheesh S, Negi VS (2021) Early-onset 
subclinical cardiovascular damage assessed by non-invasive 
methods in children with juvenile idiopathic arthritis: analytical 
cross-sectional study. Rheumatol Int 41:423–429. https://​doi.​org/​
10.​1007/​s00296-​020-​04689-z

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1186/s13075-022-02877-9
https://doi.org/10.1186/ar4072
https://doi.org/10.1186/ar4072
https://doi.org/10.1002/art.39145
https://doi.org/10.1016/j.semarthrit.2022.152038
https://doi.org/10.1016/j.semarthrit.2022.152038
https://doi.org/10.55563/clinexprheumatol/1u8y08
https://doi.org/10.1136/ard-2022-222849
https://doi.org/10.1136/ard-2022-222849
https://doi.org/10.1093/rheumatology/keab784
https://doi.org/10.1093/rheumatology/keab784
https://doi.org/10.1007/s10067-017-3712-8
https://doi.org/10.1007/s10067-017-3712-8
https://doi.org/10.1016/S0140-6736(21)01255-1
https://doi.org/10.1136/annrheumdis-2020-219601
https://doi.org/10.1016/j.jpeds.2013.03.047
https://doi.org/10.1016/j.jpeds.2013.03.047
https://doi.org/10.3389/fped.2022.820586
https://doi.org/10.3389/fped.2022.820586
https://doi.org/10.1136/ard.2006.058248
https://doi.org/10.1056/NEJMoa1509852
https://doi.org/10.1002/art.41879
https://doi.org/10.3899/jrheum.220509
https://doi.org/10.1186/1546-0096-10-S1-A45
https://doi.org/10.1186/1546-0096-6-18
https://doi.org/10.1186/1546-0096-6-18
https://doi.org/10.1093/rheumatology/kes004
https://doi.org/10.1093/rheumatology/kes004
https://doi.org/10.1016/j.jmii.2012.03.006
https://doi.org/10.1016/j.jmii.2012.03.006
https://doi.org/10.1007/s00296-020-04581-w
https://doi.org/10.3899/jrheum.121257
https://doi.org/10.1007/s00296-020-04689-z
https://doi.org/10.1007/s00296-020-04689-z

	Recent updates in enthesitis-related arthritis
	Abstract
	Introduction
	Search strategy
	Epidemiology
	Classification criteria
	Pathogenesis
	Clinical features
	Investigations
	Treatment
	Outcome measures
	Course and outcomes

	Conclusions
	References




