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Primary vasculitides that affect children are a challenging and
complex group of disorders that may involve any system of the
body and lead to significant morbidity and mortality. In recent
years, there have been significant advances in the field of child-
hood vasculitides, including the development of classification
criteria and outcome assessment. Although some forms of vascu-
litis occur in both children and adults, considerable differences
exist between childhood and adult vasculitides; we review child-
hood vasculitides, thus highlighting their differences with the
adult forms of the disease. We will also discuss monogenic forms
of vasculitis, such as deficiency of adenosine deaminase type 2
(DADA2) and haploinsufficiency of A20 (HA20).

© 2018 Elsevier Ltd. All rights reserved.
Introduction

Primary vasculitides are a rare group of disorders characterized by inflammation of the blood
vessels. The clinical features depend on the size of the vessel involved. Althoughmost forms of primary
vasculitis are more common in adults than in children, some types of vasculitis such as Henoch-
Sch€onlein purpura (HSP)/Immunoglobulin A vasculitis (IgAV) and Kawasaki disease (KD) tend to occur
predominantly in childhood. In this review, we aim to summarize pediatric vasculitides, with emphasis
on the main differences and similarities in clinical features and classification between children and
adults.
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Epidemiological and clinical differences of vasculitides in children

Pediatric vasculitides account for 1%e6% of pediatric diseases [1,2]. A study from the United
Kingdom (UK) reported the estimated annual incidence of primary vasculitis to be approximately 23
per 100,000 children [3]. The distribution varies in different ethnic groups [1,2,4]. For example, in the
authors' experience, KD and Behçet's disease (BD) are more common in Asian and Turkish children,
respectively, although we lack strong precise epidemiological data. In adults, the most common pri-
mary vasculitis is giant cell arteritis (GCA), whereas GCA is never seen in childhood [5,6]. Takayasu
arteritis (TA) is a large-vessel vasculitis that affects the aorta and/or its major branches. It is rare but
may occur even in infancy. The median age of disease onset in children is approximately 11 years [7]. It
is more prevalent among Japanese and Asian children [8]. Among pediatric patients with TA, the most
common findings are arterial hypertension (82%), headache (31%), fever (29%), dyspnea (23%), and
weight loss (22%) [9e11]. Musculoskeletal involvement is more common, and ocular findings are less
common in children than in adults [9e11], whereas bruits and claudication are more common in adults
than in children [12].

In national registries, IgA-V (HSP) and KD are the most common forms of childhood vasculitis. In
most parts of the world, IgA-V (HSP) is the most common type of pediatric vasculitis with an annual
incidence of 13e20/100,000 [3,13]. Recently, a French population-based study reported an annual
incidence of IgA-V (HSP) of 18.6/100,000 in children [14]. However, in adults, IgA-V (HSP) is less
common, with an annual incidence of 0.1e1.8/100,000 [15]. IgA-V (HSP) occurs most commonly be-
tween the age of 5 and 15 years in children [15]. Upper respiratory infection may be a predisposing
factor in pediatric and adult patients with IgA-V (HSP), whereas malignancy and drug exposure emerge
as predisposing factors almost exclusively in adults [16]. There are important clinical differences be-
tween pediatric and adult patients. Adult patients tend to have a more severe course of disease, with
more significant renal involvement: 8e68% of adult IgA-V (HSP) has been reported to be complicated
by chronic renal failure, whereas it occurs in only 1.8e15% of pediatric patients with IgA-V (HSP)
[17e19]. Pediatric patients more commonly present with abdominal pain before the appearance of
purpuric rash than adult patients with the disease, whereas diarrhea is more common in adult patients
with IgA-V (HSP) with abdominal involvement than in pediatric patients [17,20]. However, there are no
prominent differences regarding the distribution of purpura, joint involvement, or laboratory findings
[21].

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are a group of vascu-
litides consisting of granulomatosis with polyangiitis (GPA) (formerly known as Wegener's gran-
ulomatosis), eosinophilic GPA (EGPA) (previously known as ChurgeStrauss syndrome, CSS), and
microscopic polyangiitis (MPA) [22]. AAV are rare in childhood, with an incidence of 2.4 cases per
million per year; GPA is the most common form [3]. GPA occurs around adolescence, with a median
disease onset of 11.6 years and an estimated incidence of 0.1 per 100,000 [23]. In adults, GPA has a peak
incidence in the sixth decade and is associated with a slight male predominance. The reported fre-
quency of GPA has increased during the past few decades in adults. The annual incidence of GPA is
2.1e15 cases per million in Europe [24]. AAV are associated with significant morbidity, with a higher
frequency of relapse, accrue damage in childhood [25]. Pediatric patients with AAV have more fever,
more subglottic stenosis, more ischemic abdominal pain, more nasal cartilage damage, and less
myalgia and peripheral neuropathy than adult patients with AAV [25]. EGPA is a rare necrotizing
vasculitis. In pediatric patients with EGPA, cardiopulmonary involvement such as cardiomyopathy (42%
in children versus 24% in adults) and pulmonary infiltrates (88% in children versus 59% in adults) are
more common, whereas peripheral neuropathy is less common in these patients than in adult patients
with EGPA (39% compared with 69% adult patients) [26]. Approximately 69% of pediatric patients with
GPA are anti-PR3 ANCA (c-ANCA) positive, and approximately 21% of them are antimyeloperoxidase
(MPO) ANCA (p-ANCA) positive [27]. Almost all the patients with GPA are ANCA positive in the active
phase of the disease [28]. The presence of MPO-ANCA in pediatric and adult patients with EGPA is 25%
and 38%, respectively [26].

Polyarteritis nodosa (PAN) is a primary systemic necrotizing vasculitis that affects predominantly
medium-sized vessels [29]. The actual incidence of the disease is unknown in childhood, but it is
estimated to be the third most common vasculitis among children [4]. In adults, it has an annual
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incidence of 2-9 cases per million, with a peak age of 25 and 50 years and male predominance [3]. The
disease onset age is around 9e10 years in childrenwithout gender predominance. When pediatric and
adult patients with PAN are compared, weight loss and renal and neurologic involvement are more
common in adults than in children, whereas arthralgia/arthritis and skin involvement are more
common in children than in adults [30]. Childhood PAN tends to have a more benign course (with less
renal and neurologic involvement) than adult-onset PAN [30].

Although KD is a predominantly childhood vasculitis, some very rare case reports of adult patients
with KD have been published. It is a self-limiting vasculitis; however, the risk of coronary artery disease
significantly increases in untreated cases [31]. It usually affects children under the age of 5 years. It has a
higher prevalence among Japanese childrenwith an annual incidence of 360 cases per 100,000, whereas
the incidence in the UK is 8.1cases per 100,000 cases per year [3]. A patient may be classified as having
KD when she/he has fever lasting for more than 5 days (which cannot be explained by other causes)
together with at least four of the following clinical findings: (1) bilateral conjunctival injection, (2)
changes in oropharyngeal mucous (fissured lips, strawberry tongue, or injected pharynx), (3) changes in
peripheral extremities (erythema, edema of hands and feet, or desquamation), (4) polymorphous rash,
and (5) cervical lymphadenopathy [26]. Of note, atypical features such as arthritis, aseptic meningitis,
pneumonitis, urethritis, diarrhea, hydrops of gallbladder, and uveitis may occur. Infants tend to have an
atypical course with fewer classical signs. Some laboratory findings such as anemia, decreased albumin
levels, elevation of alanine aminotransferase, and increased platelet levels after the seventh daymay help
to detect incomplete cases. Echocardiography should be performed in all patients with three or more
suspected findings even if there are not four classical clinical criteria [31].

BD and Cogan syndrome are defined as variable vessel vasculitis [22]. BD is the only variable vessel
vasculitis that occurs during childhood. BD manifests with recurrent oral and/or genital aphthous
ulcers; additionally, cutaneous, ocular, articular, gastrointestinal, and/or central nervous system in-
flammatory lesions may occur [22]. Children account for 5.4%e7.6% of all patients with BD [32,33]. The
disease has high prevalence along the Silk Road, from Japan to the eastern edge of the Mediterranean
Sea, including areas of the former Ottoman Empire. The prevalence of BD along the Silk Road is 77e100
cases per 100,000 cases compared to only 0.1e15.9 cases per 100,000 in Western Europe [34e38].
There are differences in BD between pediatric and adult patients. Family history as well as neurologic
and gastrointestinal involvement are more common in pediatric patients than in adult patients [39].
Uveitis is more common and more severe in boys than in girls [40e44], and genital ulcers are more
common in girls than in boys [41e45].

How to define and classify pediatric vasculitides

Vasculitides are defined according to the predominant size of the involved vessels. With the
improvement of knowledge of the etiopathogenesis, the CHCC nomenclature system for defining the
different forms of vasculitis was updated in 2012 [22]. The eponyms used in vasculitides were replaced
by descriptive names, whenever possible [22]. Thus, Wegener's granulomatosis, CSS, and HSP were
renamed as GPA, EGPA, and IgAV, respectively. In addition, new subcategories including single-organ
vasculitis (which includes isolated central nervous system vasculitis), vasculitis associated with sys-
temic disease (such as systemic lupus erythematosus), and vasculitis associated with a probable eti-
ology (such as Hepatitis B virus-associated vasculitis) were added to the definition of vasculitides.
Furthermore, CHCC 2012 has divided small-vessel vasculitides into two groups depending on the
pathogenesis as ANCA-associated vasculitides and those associated with the presence of immune
complexes.

Owing to the lack of any pathognomonic tests to diagnose these rare diseases, classification criteria
are used to define homogeneous groups of vasculitis for research purposes. In 1990, the American
College of Rheumatology (ACR) created a set of classification criteria for adult patients (Table 1) [46,47].
The Ankara 2008 Consensus Conference criteria were endorsed by European League Against Rheu-
matism, Pediatric Rheumatology International Trials Organization, and Pediatric Rheumatology Eu-
ropean Society (EULAR/PRINTO/PRES). These organizations have developed new sets of criteria for
childhood vasculitides, including criteria for childhood HSP/IgAV, PAN, GPA, and TA (Table 1) [48,49].
When the current update of the ACR/EULAR criteria for adults with vasculitis is completed (from the



Table 1
Comparison of the American College of Rheumatology (ACR) 1990 [47] and Ankara 2008 (EULAR/PRES/PRINTO) classification
criteria [48,49] a(adapted from Refs. [47e49]).

ACR criteria Ankara 2008 criteria Main differences between
pediatric-specific criteria and
adult criteria

HenocheSch€onlein
purpura (HSP)/
Immunoglobulin A
vasculitis

�2 of the following:
C �20 years of age at disease

onset
C Palpable purpura
C Acute abdominal pain
C Biopsy showing gran-

ulocytes in the wall of small
arterioles/venules

Purpura or petechia
(mandatory) with lower limb
predominance plus one of the
following:
C Abdominal pain
C Histopathology (predomi-

nant IgA deposit in a biopsy)
C Arthritis or arthralgia
C Renal involvement

Palpable purpura became a
mandatory criterion.
Histopathologic findings were
specified as predominance of
IgA deposit
Arthritis/arthralgia and renal
involvement were included.

Granulomatous
polyangiitis

�2 of the following:
C Abnormal urinary sediment

(red cell casts or >5 red
blood cells per high-power
field)

C Abnormal findings on chest
radiograph (nodules, cav-
ities, or fixed infiltrates)

C Oral ulcers or nasal
discharge

C Granulomatous inflamma-
tion on biopsy

At least three of the following:
C Histopathology (granulo-

matous inflammation)
C Upper airway involvement
C Laryngo-tracheo-bronchial

stenosis
C Pulmonary involvement

(chest X-ray or CT showing
the presence of nodules,
cavities, or fixed infiltrates)

C ANCA positivity
C Renal involvement

ANCA-positivity was included
Computerized tomography
findings were included to
define pulmonary
abnormalities, and more
definitive items were added for
upper and lower airway
involvement

Polyarteritis nodosa �3 of the following 10 criteria:
C Granulocyte or mixed

leukocyte infiltrate in an
arterial wall on biopsy

C Arteriographic
abnormalities

C Livedo reticularis
C Myalgia
C Diastolic blood pressure

>90 mmHg
C Mono- or polyneuropathy
C Elevated blood urea nitro-

gen or creatinine
C Testicular pain/tenderness
C Hepatitis B reactants
C Weight loss >4 kg

Histopathology or angiographic
abnormalities (mandatory) plus
one of the following:
C Skin involvement
C Myalgia/muscle tenderness
C Hypertension
C Peripheral neuropathy
C Renal involvement

The presence of
histopathological or
angiographic abnormalities
became a mandatory criterion.
The presence of testicular pain/
tenderness, weight loss, and
evidence of hepatitis B infection
were removed.

Takayasu arteritis �3 of the following:
C Arteriographic evidence of

narrowing or occlusion of
the entire aorta, its primary
branches, or large arteries in
the proximal, upper, or
lower extremities

C Decreased brachial artery
pulse

C Claudication of an extremity
>10 mmHg difference in
systolic blood pressure be-
tween arms

C A bruit over subclavian ar-
teries or the aorta

C Age at disease onset �40
years

Angiography (conventional, CT,
or MRI) of the aorta or its major
branches and pulmonary
arteries showing aneurysm/
dilatation, narrowing,
occlusion. or thickened arterial
wall (mandatory) plus one of
the following:
C Pulse deficit or claudication
C Four limbs blood pressure

discrepancy >10 mmHg
C Bruits
C Hypertension (>95 percen-

tile for height)
C Elevated acute phase

reactants

Angiographic findings became a
mandatory criterion
Age criterion was removed
Hypertension and elevated
acute phase reactants were
included
Pulse deficit and claudication
became a single criterion

a The table only includes pediatric vasculitides for which validated criteria have been developed. The table excludes giant cell
arteritis, Kawasaki disease, and microscopic polyangiitis.
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Diagnostic and Classification of Vasculitis Study, DCVAS), some criteria introduced for adults may need
to be adapted for use in children.

In pediatric practice, the diagnosis of IgA-V (HSP) is a clinical one; biopsies are rarely performed.
However, the presence of IgA in the biopsy sample is specific for the disease. Thus, the presence of
predominant IgA deposition in biopsies of affected children is one of the new pediatric criteria for IgA-
V (48). The revised pediatric criteria require the presence of palpable purpura (predominantly seen on
the lower limbs) together with at least one of the following: abdominal pain, IgA deposition on his-
tology, arthritis/arthralgia, or renal involvement [48]. This criteria set had a higher sensitivity (100% vs.
87.1%) and a similar specificity (87% vs. 87.7%) than the ACR criteria when applied to children [48].
Recently, a group of adult rheumatologists have evaluated the performance of Ankara 2008 pediatric
criteria in adult patients with IgA-V (HSP) and found a higher sensitivity and specificity (99.2% vs. 86.8%
and 86.0% vs. 81%) than the original ACR criteria for HSP [50].

The most significant changes in the Ankara 2008 criteria for childhood PAN were as follows: (1)
histopathology or angiographic abnormalities became amandatory criterion and (2) some criteria such
as the presence of testicular pain/tenderness, weight loss, and hepatitis B reactants were removed
because of their low specificity [48].

For GPA, the major differences between the pediatric Ankara 2008 criteria and the 1990 ACR adult
criteria were the inclusion of ANCA positivity, the addition of computerized tomography abnormalities
to pulmonary findings, and more definitive items for upper and lower airway involvement. The
sensitivity and specificity of the Ankara 2008 criteria for childhood GPA were 93.3% and 99.2%,
respectively [48]. For TA, the most marked changes in Ankara 2008 criteria were as follows: (1)
angiography findings became a mandatory criterion, (2) age limitation was removed, (3) hypertension
and elevated acute phase reactants were included, and (4) pulse deficit and claudication became a
single criterion. With these changes, the sensitivity of Ankara 2008 criteria for childhood TA increased
to 100% and the specificity to 99.9% [48].

KD classification criteria were not validated in the Ankara 2008 Consensus Conference. Patients are
classified as KD according to American Heart Association (AHA) criteria as follows: unexplained fever
lasting for more than 5 days together with at least four of the following clinical findings: (1) bilateral
conjunctival injection, (2) changes in oropharyngeal mucous (fissured lips, strawberry tongue, or
injected pharynx), (3) changes in peripheral extremities (erythema, edema of the hands and feet, or
desquamation), (4) polymorphous rash, and (5) cervical lymphadenopathy [31].

An international expert consensus group (the pediatric BD [PEDBD] group) has suggested a new set
of criteria to classify pediatric BD [51]. A child can be classified as having BD when presenting with
three or more of the following criteria: (1) oral aphthosis (�3 attacks per year), (2) genital aphthosis
(typically with scars), (3) skin involvement (necrotic folliculitis, acneiform lesions, or erythema
nodosum), (4) neurologic involvement (except isolated headaches), (5) ocular manifestations (anterior
uveitis, posterior uveitis, or retinal vasculitis), and (6) vascular features (venous thrombosis, arterial
thrombosis, or arterial aneurysms) [51]. Recently, two centers from Turkey and Israel evaluated the
performance of the new pediatric criteria and found them to have a sensitivity of 73.5% and a specificity
of 98.9% for childhood BD [52].

Outcome and management of pediatric vasculitides

Disease activity and damage are the most important domains to determine the disease outcome.
PRES Pediatric Vasculitis Working Party has validated an activity score, called the Pediatric Vasculitis
Activity Score (PVAS) [53]. This score has been modified from the activity score for adults (Birmingham
Vasculitis Activity Score, BVAS) and comprises the sum of the new or worsening clinical characteristics
in nine organs/systems [53]. To date, the Vasculitis Damage Index (VDI) has not been validated in
children, although a preliminary version has been produced and tested [54]. Some items such as pu-
berty delay and growth retardation of children have been included in the preliminary pediatric version
of the VDI [54].

Apart from the epidemiological, clinical, and classification differences, the outcomes in children are
also different from those in adults. IgA-V (HSP) is usually a self-limiting form of vasculitis. However,
gastrointestinal involvement during the early phase of the disease and renal involvement during the
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later stage are risk factors for a worse long-term outcome. Furthermore, older children have a more
severe course with worse renal outcomes and more relapses than younger children [55,56]. Adults
with IgA-V (HSP) have worse renal outcomes than children with the disease [17e19].

With regard to the other vasculitides, Belostotsky et al. [57] reported that the mortality rate of pe-
diatric patients with GPA was 12% during a 17 year period. Zwerina et al. [26] demonstrated that EGPA
has a highermortality rate in children than in adults (19% in children versus 5% in adults). Childhood PAN
has a benign course, withmortality rates of 1e4% in children [29,58] compared to those of 24.9% in adults
[59]. Eleftheriou et al. [7] found that the mortality rate for pediatric TA was 27% in the UK.

In untreated cases of KD, coronary involvement is present in up to 25% of cases. Recently, Lin et al.
[60] demonstrated that the severity of coronary artery involvement during the first month of disease
was the most important predictor for late coronary outcomes. However, in patients who were given
appropriate treatment within the first 10 days of fever, the incidence of coronary artery lesions
decreased from approximately 25%e5%.

Long-term morbidities such as Cushing's syndrome and osteopenia, due to glucocorticoid therapy,
are common in pediatric BD [45]. The data regarding long-term outcomes of childhood BD are limited,
and the outcome mainly depends on organ involvement.
Treatment approaches

Pediatric treatment approaches mainly depend on the recommendations published for adult pa-
tients, together with small case series and personal experiences of managing pediatric cases. The
SHARE initiative (Single-Hub Access for pediatric Rheumatology in Europe) [61] has been developing
evidence-based recommendations for the treatment of pediatric vasculitides (manuscript in prepa-
ration). Treatment of IgA-V (HSP) is mainly conservative; studies show that early steroid treatment
does not prevent renal involvement [62]. However, in the presence of severe gastrointestinal or skin
involvement, systemic glucocorticoids may be required [33]. We hope that the SHARE initiative will
provide clinicians with a more standardized approach in IgA-V (HSP) treatment in the future.

Management of AAV in childhood mainly depends on clinical trials conducted in adults [68]. The
recommendations endorsed by EULAR have been reviewed elsewhere.

KD is one of the most common vasculitides occurring during childhood. Recently, the AHA updated
its guideline for the management and follow-up of KD [26]. It is currently recommended that the
measurement of coronary artery size should be made and compared with Z scores to provide a more
quantitative assessment [31]. Patients should be treated with a single dose of 2 g/kg intravenous
immunoglobulin (IVIG) together with acetylsalicylic acid (ASA). However, the standard dose of ASA at
initiation is still controversial [31]. Patients can be classified as IVIG resistant, in the presence of
persistent or recrudescent fever for at least 36 h after the end of the first IVIG infusion [31]. Patients
with IVIG resistance may be treated with a second dose of IVIG, high-dose pulse steroids, tumor ne-
crosis factor (TNF) inhibitors, cyclosporine A, or anakinra [31]. Patients should be evaluated by a
cardiologist at 4e6 weeks after discharge and during the first year. If there is no coronary involvement,
routine cardiology follow-up is not indicated after the first year, but patients should be assessed for
cardiovascular risk factors [31]. Risk scoring systems to predict IVIG resistance have been suggested
[63e65]; however, these scores have not been as successful in patients of Western ethnicity [66,67].
The Kobayashi score [63e65] remains the most widely used scoring system. In the presence of high
risk, patients should be treated with corticosteroids combined with IVIG and ASA [31]. Recently, a
phase I/IIa trial in children with KD demonstrated the safety and tolerability of anakinra in KD [68].

Classic treatment of PANusually follows practice in adults [69]. We still lack evidence-based data for
the treatment of PAN in childhood. The ongoing “MYPAN trial” is amulticenter, open-label, randomized
controlled trial conducted to compare the efficacy of cyclophosphamidewithmycophenolatemofetil (a
potentially less toxic therapy) for the induction of remission in pediatric forms of PAN.

EULAR recommendations for adult patients with TA have already been established [70], but we lack
randomized controlled trials for the treatment of pediatric patients with TA. Promising results with
tocilizumab have been published in pediatric patients with TA as a single-center experience [71].
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A new group of vasculitides in childhood: the monogenic vasculitides

Deficiency of adenosine deaminase type 2

Recently, a new monogenic disorder, mimicking PAN, has been described: deficiency of adenosine
deaminase 2 (DADA2) [72,73]. This is an autosomal recessive inherited disease that manifests with
early-onset stroke and vasculopathy, elevated acute phase reactants, fever, peripheral neuropathy, mild
immunodeficiency, and fluctuating low titers of antibodies [72,73]. Loss-of-function mutations in the
cat eye syndrome chromosome region candidate 1 (CECR1) gene, which encodes adenosine deaminase 2
(ADA2), are associated with the disease [72,73]. Deficiency of ADA2 leads to endothelial damage and
reduction in the anti-inflammatory macrophage population [72,73]. However, the pathogenesis of the
disease remains unclear. The presence of early-onset stroke, parental consanguinity or familial cases, or
unresponsiveness to conventional treatment should be seen as red flags in patients with presumed
PAN, which should prompt a genetic analysis for mutations in CECR1. ADA2 enzyme activity is
significantly reduced in affected individuals compared to that in healthy controls [74]. ADA2 enzyme
replacement therapy may be a treatment option in the future; however, current treatment is usually
with TNF inhibitors [72,75].
Autoinflammatory interferonopathies presenting with vasculopathy

STING-associated vasculitis of infancy (SAVI) is an autoinflammatory disease, caused by gain-of-
function mutations in the TMEM173 gene [76]. SAVI manifests with severe vasculopathy and intersti-
tial lung disease [76]. Patients present with vasculitic lesions such as violaceous plaques and/or nodules
prominent in cold-sensitive acral areas. Gangrene and infarcts of fingers and toes leading to tissue loss
are the most remarkable skin involvements of the disease [76]. Skin biopsies of patients show marked
vascular inflammation, limited to capillaries without any sign of medium- or large-vessel vasculitis. In
addition, microthrombotic vascular changes may be observed in some biopsy samples [76]. Janus ki-
nase (JAK) inhibitors may be a promising therapeutic alternative. A Baricitinib (JAK1 and JAK2 inhib-
itor) trial is underway [77].
Haploinsufficiency of A20

Haploinsufficiency of A20 (HA20) is a newly describedmonogenic autoinflammatory syndrome that
mimics BD [78]. This disease is caused by high-penetrance heterozygous mutations in TNF a-induced
protein 3 (TNFAIP3/A20), which encodes the nuclear factor kappa-B (NF-kB) regulatory protein [78]. A20
suppresses NF-kB signals, and this subsequently leads to increased expression of inflammatory cyto-
kines through its deubiquitinase activity, and a loss-of-function mutation in this gene leads to an in-
crease in inflammatory processes, especially NF-kB signaling [78]. Sixteen patients have been
described with early-onset recurrent oral, genital, and/or gastrointestinal ulcers. There is no standard
treatment for the disease. Published cases were treated with TNF inhibitors, anti-IL1 receptor (ana-
kinra), or anti-IL6 receptor (tocilizumab) [78e80].

Association of primary immune deficiencies and vasculitides in childhood

Systemic vasculitides related to immunodeficiency have already been reported, including
WiskotteAldrich syndrome (WAS) and interleukin-12 receptor beta-1 (IL-12Rb1) deficiency [81,82]. In
2016, a new monogenic autosomal dominant immune dysregulatory disease, called COPA Syndrome,
was described. Patients manifest with arthritis, renal disease, and interstitial lung disease with pul-
monary hemorrhage, resembling AAV [83]. Recently, we described a patient with a hypomorphic
mutation in the recombination-activating (RAG) 1 gene, presenting with a severe PAN-like disease [84].
This patient had pulmonary hemorrhage, digital necrosis, and finger amputation. The tissue biopsy of
the patient was compatible with PAN. In patients with atypical presentations of vasculitis, genetic
defects and immune deficiencies should be considered, especially if there is consanguinity.
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Current initiatives in pediatric vasculitis

The pediatric field is improving the recognition and management of patients with vasculitis. In-
ternational registries such as the PRINTO vasculitis registry have served as the basis for the childhood
classification criteria and to define the characteristics of these diseases. Another international registry,
ARCHIVE, has served for validation studies and for defining treatment strategies [85].

A number of collaborative studies are currently underway to improve our understanding of the
diagnosis, biomarkers, and treatment [86]. Furthermore, through international collaborations, pedia-
tricians have provided management recommendations for two childhood vasculitides: KD and IgA
Vasculitis (HSP) (submitted work). Pediatricians have led the work in defining characteristics of some
rare vasculitides of childhood, such as the pediatric central nervous system vasculitides, pediatric BD,
and vasculitis mimics due to single-gene defects.
Conclusion

Vasculitides in children present distinct features. Collaboration among pediatricians has enabled
better characterization of these diseases. Multicenter studies may lead us to classify, treat, and manage
this challenging disease group; indeed, new pediatric initiatives are emerging as outlined above.
Summary

New data emerging in childhood vasculitides suggest that the vasculitic syndromes display dif-
ferences in epidemiology and clinical aspects. These differences and the lack of validation of the adult
criteria have led pediatricians to develop separate classification criteria for childhood vasculitides. The
adult vasculitis activity score has been adapted for use in pediatric studies with the term “pediatric
vasculitis activity score (PVAS).”

Treatment strategies mainly depend on adult experience and recommendations because most of
these diseases are very rare in childhood. Pediatricians have led the work on monogenic vasculitides
because these new diseases often have a childhood onset. Among the new monogenic diseases, ADA2
deficiency and “STING associated vasculopathy of infancy” have been particularly important in our
practice.
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Practice points

� Systemic vasculitides are a group of disorders that occur during childhood characterized by
inflammation of vessel walls, with an increased risk of morbidity and mortality. Thus, early
diagnosis and multidisciplinary assessment are very important.

� There are differences in the forms of the disease between children and adults in terms of
epidemiology, type of vasculitis, and clinical features.

� Monogenic forms of vasculitis should be considered in children with vasculitis of early onset
or with an atypical course, especially if there is parental consanguinity.



Research agenda

� Further epidemiologic studies are needed to define the true incidence and prevalence of
these rare diseases.

� We still lack randomized controlled trials in many types of childhood vasculitis.
� Multicenter studies and collaboration may guide us in improving the outcome in these
patients.

� Understanding the pathogenesis of the new monogenic forms of vasculitis will not only help
us in better management of these patients but also shed light on our understanding of the
more common forms of vasculitis.
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[84] Taşkıran EZ1, S€onmez HE2, Ayvaz DÇ3, Koşukcu C4, Batu ED2, Esenbo�ga S, et al. Hypomorphic RAG1 defect in a child
presented with pulmonary hemorrhage and digital necrosis. Clin Immunol 2017;187:92e942.

[85] Morishita K1, Guzman J, Chira P, Muscal E, Zeft A, Klein-Gitelman M, et al. Do adult disease severity subclassifications
predict use of cyclophosphamide in children with ANCA-associated vasculitis? An analysis of ARChiVe study treatment
decisions. J Rheumatol 2012;39(10):2012e20.

[86] Brogan P, Eleftheriou D. Vasculitis update: pathogenesis and biomarkers. Pediatr Nephrol 2018;33(2):187e98.

http://refhub.elsevier.com/S1521-6942(18)30056-1/sref58
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref58
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref58
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref59
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref59
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref59
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref59
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref60
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref60
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref60
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref61
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref62
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref62
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref62
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref63
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref63
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref63
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref64
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref64
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref64
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref65
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref65
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref65
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref65
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref66
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref66
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref66
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref66
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref67
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref67
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref67
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref68
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref68
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref68
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref68
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref69
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref69
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref69
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref70
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref70
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref70
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref71
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref71
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref71
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref71
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref71
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref71
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref71
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref71
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref72
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref72
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref72
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref73
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref73
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref73
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref74
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref75
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref75
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref75
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref76
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref76
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref76
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref77
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref77
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref77
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref78
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref78
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref78
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref79
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref79
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref79
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref80
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref80
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref80
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref80
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref81
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref81
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref81
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref82
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref82
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref82
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref83
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref83
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref83
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref84
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref84
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref84
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref84
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref84
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref84
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref84
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref84
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref85
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref85
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref85
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref85
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref86
http://refhub.elsevier.com/S1521-6942(18)30056-1/sref86

	Pediatric forms of vasculitis
	Introduction
	Epidemiological and clinical differences of vasculitides in children
	How to define and classify pediatric vasculitides
	Outcome and management of pediatric vasculitides
	Treatment approaches
	A new group of vasculitides in childhood: the monogenic vasculitides
	Deficiency of adenosine deaminase type 2
	Autoinflammatory interferonopathies presenting with vasculopathy
	Haploinsufficiency of A20

	Association of primary immune deficiencies and vasculitides in childhood
	Current initiatives in pediatric vasculitis
	Conclusion
	Summary
	Funding
	Conflicts of interest
	References


