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KEY POINTS

� The epidemiology of vasculitis has witnessed extraordinary advances in the past decade.

� These advances have been influenced by the worldwide increased recognition and accu-
rate classification and diagnosis of the vasculitides, and insights brought by genome-wide
association studies and online genetic biological repositories that allow researchers to
freely access a wide array of genetic and clinical resources.

� The result is improved understanding of the heritable factors of the systemic vasculitides.

� This article reviews the current knowledge of the epidemiology of vasculitides in different
global regions.
INTRODUCTION

The publication of recent genome-wide association studies (GWAS) has brought
awareness to the understanding of susceptibility factors designated genetic risk
loci for many of the vasculitides, supporting the interplay of immunologic, environ-
mental, and shared genetic susceptibility in the etiopathogenesis of vasculitic
disorders, With an incidence and prevalence of primary systemic vasculitis that is
steadily increasing and an impact that is being reported worldwide in developed
countries, government and nongovernmental organizations, and other key stake-
holders have not developed sufficient programs for the prevention and surveillance
of these disorders. This article focuses on the epidemiology of the major large-
vessel, medium-vessel, and small-vessel vasculitides shown in Box 1. A review of
the epidemiology and classification of primary systemic vasculitides was published
earlier.1
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Box 1

Classification of primary systemic vasculitides

Large-Vessel Vasculitis

Giant cell arteritis (formerly temporal arteritis) (GCA)

Takayasu arteritis (TAK)

Medium-Vessel Vasculitis

Kawasaki disease (KD)

Polyarteritis nodosa (PAN)

Small-Vessel Vasculitis

Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV)

Granulomatosis with polyangiitis (formerly Wegener granulomatosis) (GPA)

Microscopic polyangiitis (formerly microscopic polyarteritis) (MPA)

Eosinophilic granulomatosis with polyangiitis (formerly Churg-Strauss syndrome) (EGPA)
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LARGE-SIZE VESSEL VASCULITIS
Giant Cell Arteritis

Background
Giant cell arteritis (GCA) is a chronic granulomatous vasculitis of large and medium-
sized vessels that frequently affected the thoracic aorta and its branches, with a
mean age of diagnosis of age 76 years and a male-to-female ratio of 1.5:1.2

Both GCA and polymyalgia rheumatica (PMR), a related disorder, are probably
polygenic diseases in which multiple environmental and genetic factors influence
susceptibility and severity.3 For both the purpose of epidemiologic studies and
in clinical practice, GCA has been classified according to the 1990 American
College of Rheumatology (ACR) criteria4 and designed to discriminate between
different types of vasculitides. The 5 discriminatory features include age older
than 50 years at onset, new onset of localized headache, temporal artery tender-
ness or decreased temporal artery pulse, erythrocyte sedimentation rate greater
than 50 mm/h, and biopsy of an artery showing necrotizing arteritis characterized
by a predominance of mononuclear cells or a granulomatous process with multinu-
cleated giant cells. Unrecognized and untreated or inadequately treated, there is a
high likelihood of large-artery complications including increased morbidity and
mortality,5 especially as a result of aortic aneurysm and dissection and large-
artery stenosis.

Epidemiology

The epidemiology of GCA was reviewed by Gonzalez-Gay and colleagues.6 Since
2000, relatively large cohort studies exemplifying the epidemiologic aspects of
GCA in different regions of the world have been reported from Australia,7,8 Germany,9

Israel,10 Japan,11 New Zealand,12 Norway,13,14 Spain,15,16 Sweden,17 the United
Kingdom (UK),18 and the United States (USA).19 Smaller nonepidemiologic case series
of patients with GCA have been reported from Brazil,20 Saudi Arabia,21 Mexico,22 and
Japan11 where the incidence is very low, especially in Japan where a nationwide sur-
vey of GCA demonstrated a correspondingly low prevalence of 1.47 cases per
100,000 population. The global incidence and prevalence of GCA is summarized in
Table 1.



Table 1
Global incidence and prevalence of GCA

Authors,Ref. Year Country
Study
Period

Incidence
per 106

Prevalence
per 106

Kobayashi et al,11 2003 Japan 1997 1.47 —

Herlyn et al,9 2004 Germany 2006 2.71 171

Dunstan et al.7 2014 Australia 1992–2011 3.20 —

Bas-Lando et al,10 2007 Israel 1980–2004 9.50 —

Gonzalez-Gay et al,15 2005;
Gonzalez-Gay et al,16 2007

Spain 1981–2005 10.13 —

Mohammad et al,17 2014 Sweden 1997–2010 13.3 —

Salvarani et al,19 2004 USA 1950–1999 18.8 —

Smeeth et al,18 2006 UK 1990–2001 22.0 —

Haugeberg et al,13 2003;
Haugeberg et al,14 2000

Norway 1992–1996 27.50 —
Norway 1992–1996 36.70 —
Norway 1992–1996 32.8 —
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The highest known incidence of GCA was reported by Haugeberg and col-
leagues,13,14 without major differences between northern and western Norway
compared with southern Norway. By comparison, very low incidence rates of
GCA were found in Saudi Arabian,21 Mexican,22 and Japanese populations.11

Dustan and colleagues7 found evidence of seasonal variation in the incidence of
GCA in Australian Bureau of Statistics population data for South Australia, noting
higher rates in the summer months (P<.015). Abdul-Rahman and coworkers12 noted
a cyclic annual incidence with peaks in 5 years between 1996 and 2005, and a sta-
tistically insignificant (P<.9) but suggestive seasonal variation nonetheless, with
more cases diagnosed in the spring than in summer, fall, and winter. Bas-Lando
and coworkers10 noted more common onset of GCA in the late spring and early
summer, with fluctuation in the annual incidence that included 3 distinctive peaks
during the 25-year period of observation among 170 patients in Jerusalem between
1980 and 2014. Ninan and coworkers8 noted that the relative survival for different
follow-up periods in South Australian patients with GCA linked to birth, death,
and marriage registry records showed mortality similar to that of the general popu-
lation of age-matched and sex-matched controls. According to Herlyn and col-
leagues,9 who studied inhabitants of the city of Luebeck and the rural region of
Segeberg in northern Germany, GCA was the most prevalent systemic vasculitis
in 2006, with 171 per million inhabitants, followed by granulomatosis with polyangii-
tis (GPA) with a prevalence rate of 98 per million inhabitants. The prevalence rate of
GCA doubled in northern Germany for those aged 50 years or older from 240 to 440
per million inhabitants between 1994 and 2006, and from 87 to 171 per million pop-
ulation overall. There was a difference in both period prevalence and incidence rates
between the urban and rural areas, with an incidence of GCA of 27.1 per million in-
habitants per year in urban Luebeck compared with 14.7 per million inhabitants per
year in rural Segeberg (P 5 .2), while respective prevalence rates were 237 and 116
per million population overall and 586 and 311 per million inhabitants of age 50 years
or older.
Differences in incidence between regional populations of the world may be

explained in part by immunogenetic and environmental factors that account for differ-
ences in susceptibility and may contribute to severity and outcome.23 In 1980, Kemp
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and coworkers24 performed human leukocyte antigen (HLA) tissue-type antigen deter-
minations for the A, B, and C antigens in the sera of 88mixed cases of clinical GCA and
PMRwith an overwhelming representation of women and only sporadic familial occur-
rence, demonstrating no significant deviation from a sample compared with 3164
blood donor controls. In 1983, Armstrong and colleagues25 studied 55 patients with
GCA and PMR, typed for HLA A, B, C, and DR loci, noting a significantly increased fre-
quency of DR4, Cw3, and Cw6, with the increase in Cw3 possibly attributed to linkage
disequilibrium to DR4. Among 128 DNA samples for 128 patients and 145 ethnically
matched controls in a case-control association study to determine whether patients
with GCA and PMR from a sample in Lugo, northwestern Spain, showed identical
HLA class II associations, Dababneh and colleagues26 found that the association of
HLA-DRB 1*0401 and GCA reached statistical significance in the total GCA group
of patients, but less so for DRG1*0101 and *0102. An association was also observed
between the RA DRB1 shared epitope (SE) and GCA that was primarily accounted for
by the presence of a single copy of the SE; moreover, an SE-bearing allele of DRB1
was observed in patients with jaw claudication and visual manifestations. The genetic
susceptibility to GCA was supported by reports of the contribution of shared HLA
class II gene polymorphisms in mannose-binding lectin variant alleles by Jacobsen
and coworkers27; in DR4 by Jacobson,27–29 Richardson,30 and Barrier and col-
leagues31; in DR3 by Lowenstein and colleagues32; in DRB1 by Martinez-Taboda,33

Weyand,34,35 and Gonzalez-Gay and colleagues,36 in Cw3 by Hansen and col-
leagues37; and in major histocompatibility complex (MHC) class I MICA and HLA-B
gene polymorphisms by Gonzalez-Gay and coworkers.38

Takayasu Disease

Background
In contrast to GCA, Takayasu arteritis (TAK) occurs in individuals younger than age
40 years and presents with large vessel-sized vasculitis of the aorta and its branches.
For the purpose of epidemiologic studies, the case definition has generally followed
the ACR 1990 criteria for the classification of TAK.39 The evolution and characteriza-
tion of pediatric-specific vasculitis classification criteria and the associated clinical
syndromes have been reviewed.40,41 An understanding of the inflammatory lesions
in TAK, like that of GCA, has been advanced by immunologic studies, revealing a
clearer understanding of the pathophysiology, which may be affected by the genetic
background of different global regions. The inflammatory cell infiltrate in aortic tissue
specimens of affected patients is composed of neutrophils, macrophages, CD41 and
CD81 T-cells, natural killer (NK) cells, and macrophages. Infiltrating adT cells and NK
cells seems to facilitate endothelial cell apoptosis through production of perforin and
killer cell lectin-like receptor subfamily K (NKG2D). The latter activating C-type lectin
family receptor triggers NK cells and costimulates CD81 a/b T-cell receptor1 T-cells,
while CD41 T helper 1 (Th1) cells that secrete interferon-g promote giant cell and gran-
ulomatous lesion formation.42–45 Peripheral T-cells, notably Th1 and Th17, contribute
to the pathophysiology of GCA and TAK46,47 as do MHC I and II molecules and endo-
thelial intracellular adhesion molecules, expressed in tissue lesions of the aorta with
TAK.42,48

Epidemiology
Two GWAS conducted in TAK, respectively identifying 379 UK cases and 1985 con-
trols49 and 451 USA/Turkish cases and 1115 controls,50 noted strong associations
with IL12B located at the 5q33.3 chromosome locus (rs6871626), and susceptibility
to the Max-like protein X (MAX) gene transcription factor-like 4 positioned at the
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17q21.2 chromosome locus (rs665268),49 whereas those in the UK alone49 exhibited
independent associations at the 6p21.32 chromosome locus in HLA-DQB1/HLA-
DRB1 (rs113452171; rs189754752). HLA-DQB1 specifies the autoimmune response
against insulin-producing islet cells that leads to insulin-dependent diabetes mellitus,
while the function of HLA-DRB1 is to present processed foreign antigens to T cells.
The USA/Turkish group reported another susceptibility locus at the Fc fragment of
immunoglobulin G (IgG) low-affinity IIa and IIIa receptors (FCGR2A/3A) at the 1q23.3
chromosome locus (rs10919543), leading to increased mRNA expression of FCGR2A
and proteasome-assembling chaperone 1 (PSMG1). With receptors present on mono-
cytes, macrophages, neutrophils, NK cells, and T and B lymphocytes, FCGR2A/3A
play an essential role in the protection of the organism against foreign antigens by
removing antigen-antibody complexes from the circulation, and participate in diverse
functions such as phagocytosis of immune complexes andmodulation of antibody pro-
duction by B cells. Located at the 21q22.2 chromosome locus, PSMG1 is involved in
thematuration of themammalian 20S proteasomeswith a yet clear implication for TAK.
The global incidence and prevalence of TAK is summarized in Table 2. Watts and col-

leagues51 using the primary care UK General Practice Research Database and the sec-
ondary care-basedNorfolk Vasculitis Register from2000 to 2005, applied theACR1990
criteria for incident cases39, covering a population of 445,000. The authors identified 16
caseswith a first diagnosis of TAK and an annual incidence of 0.8 permillion, and calcu-
lated as the number of incident cases divided by the total person-years, which remained
stable throughout the study period. The annual prevalence of TAK was 4.7 per million,
with an increase during the course of the study period from 3.6 to 6.3 per million.
Mohammad andMandl52 studied 3 health care districts of southern Sweden with a total
population of 983,419 as of 2011 to identify incident cases of TAK among 5 hospitals in
the study area and in all private rheumatology clinics between 1997 and 2011, noting
13 cases that fulfilled the ACR 1990 criteria for TAK.39 Among them, 8 were of Swedish
ancestry, 1 of Asian, 2 of Arab, 1 of African, and 1 of northern European descent. The
annual incidence rate was estimated at 0.8 per million for the whole population. The
point prevalence of TAK as of June 2012 was estimated at 13.2 per million for the whole
population. The incidence findings were comparable with the reported incidence of 0.8,
0.5, and 0.4 per million, respectively, in previous studies from Sweden,53 Germany,54

and eastern Denmark,55 although the prevalence of TAK was somewhat higher than
the prevalence of 6.4 per million previously reported in Sweden.53
MEDIUM-SIZE VESSEL VASCULITIS
Polyarteritis Nodosa

The ACR 199056 and the Chapel Hill Consensus Conference (CHCC)57 criteria for pol-
yarteritis nodosa (PAN) have been used for the case definitions of most epidemiologic
Table 2
Global incidence and prevalence of TAK

Authors,Ref. Year Country
Study
Period

Incidence
per 106

Prevalence
per 106

Watts et al,51 2009 UK 2000–2005 0.8 4.7

Mohammad and Mandl,52 2013 Sweden 1997–2011 0.8 —

Waern et al,53 1983 Sweden 1969–1976 0.8 6.4

Reinhold-Keller et al,54 2005 Germany 1998–2000 0.5 —

Dreyer et al,55 2011 Demark 1990–2009 0.4 —
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studies, as well as the criteria of other investigators58,59 for adult cases, and the criteria
of the Turkish Pediatric Vasculitis Study Group60,61 for pediatric cases, stratified into
cutaneous and classic PAN. This author was unable to find any GWAS for PAN.
The global incidence and prevalence of PAN is shown in Table 3. Mahr and col-

leagues59 defined PAN as a predominantly medium-size-vessel disease that occurs
alone or in association with hepatitis B virus (HBV) infection. These investigators an-
giographically documented aneurysms or histologic proof of vessel inflammation,
without glomerulonephritis, lung hemorrhage, or Antineutrophil cytoplasmic antibody
(ANCA) positivity, in a capture-recapture study in the calendar year 2000 in Seine-St
Denis, a northeastern suburb of Paris with a population of 1,093,515 adults, 28% of
whom were of non-European ancestry, from among general practitioners, depart-
ments of all of the public hospitals, 2 large private clinics, and the National Health In-
surance System. The prevalence of PAN was estimated at 30.7 per million adults.
However, previous studies based on the most restrictive and biopsy-dependent
CHCC57 criteria estimated PAN to be 9 per million adults, in comparison with 33 per
million based on the less specific ACR criteria56 that fail to discriminate between
microscopic polyangiitis (MPA) and PAN. The total prevalence estimate for all disor-
ders was 90.3 per million which, substratified for geographic origin, showed a 2-fold
higher incidence rate for subjects of European than non-European ancestry, respec-
tively, 104.7 compared with 52.5 per million. Not more than 30% of the PAN cases
seemed to be HBV related, with most diagnosed during the 1980s, suggesting that
the reported incidence of HBV-associated PAN of 77 per million noted in a small pop-
ulation of Alaskan Eskimos with high rates of HBV infection62 was currently decreasing
as a consequence of vaccination campaigns and the improved safety of blood prod-
ucts. Mohammad and colleagues63 studied incident cases of PAN, GPA, MPA, and
eosinophilic granulomatosis with polyangiitis (EGPA) in 2 health care districts of South
Sweden (central and southwest Skâne) containing 14 municipalities with a population
of 641,763 for the period 1997 to 2006 from hospital databases, identifying 144 cases
of primary systemic vasculitis, of which 6 were PAN. The annual incidence rate was
21.8 per million for all patients and 0.9 per million for PAN. Watts and colleagues64

studied incident cases of PAN, GPA, MPA, and EGPA in 2 regions of Europe, among
general medical practices of the Norwich Health Authority (NHA) in Norfolk, UK
covering 413,500 patients, and in the referral center of Lugo, Spain at the Hospital
Xeral-Calde with a population of 250,000 people between 1988 and 1998. The
study used the 2012 revised CHCC57 and ACR criteria,56 noting an overall incidence
Table 3
Global incidence and prevalence of PAN

Authors,Ref. Year Country
Study
Period

Incidence
per 106

Prevalence
per 106

Jennette et al,57 2013 USA 2012 — 30.7

Lightfoot et al,56 1990 USA 1990 — 9.0

Mohammad et al,63 2009 Sweden 1997–2006 0.9 —

Watts et al,64 2001 UKa 1988–1998 9.7 —
Spainb 1988–1998 6.2 —

Omerod and Cook,65 2008 UKa 1 Spainb 1995–1999 2.3 —
UKa 1 Spainb 2000–2004 1.1 —

a Norwich.
b Lugo.
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of primary systemic vasculitis of 18.9 in Norwich compared with 18.3 per million in
Spain, with a higher incidence of PAN in Norwich than in Spain, 9.7 versus 6.2 per
million, respectively. Omerod and Cook65 studied the prevalence and incidence of pri-
mary systemic vasculitides for the two 5-year periods of 1995 to 1999 and 2000 to
2004 in the Australian Capital Territory and the surrounding rural regions. Altogether,
41 cases of primary systemic vasculitides including PAN, GPA, MPA, and EGPA were
identified between 1995 and 1999, and 67 between 2000 and 2004. This yielded a
prevalence of 95 and 148 per million, with a similar annual incidence of 17 per million
for Norwich, UK and Lugo, Spain; and a disease-specific incidence for PAN of 2.2 and
1.1 for the 2 successive periods.

Kawasaki Disease

Kawasaki disease (KD), or mucocutaneous lymph node syndrome, is an acute, self-
limited systemic vasculitis of medium- and small-size vessels occurring predominantly
in children aged 6 months to 5 years.66 It is the second commonest childhood vascu-
litis and the leading cause of acquired childhood heart disease in developed coun-
tries.67,68 The distribution is worldwide, with an incidence in Japanese populations
10-fold to 15-fold greater than in Caucasians.69 Before revision of the criteria for
KD, the classification was based on either Japanese70 or the American Heart Associ-
ation (AHA) classification.71 The former criteria, applied in Japanese epidemiologic
studies of KD, required the presence of 5 of the following 6 criteria: characteristic fe-
ver, bilateral conjunctivitis, changes in lips and oral cavity, polymorphous exanthema,
changes of peripheral extremities, and cervical lymphadenopathy, whereas those of
the latter, used in American and Caucasian studies, generally required fever plus 4
of the remaining 5 criteria. Two recent modifications to the criteria for KD made by
the European League Against Rheumatism/Pediatric Rheumatology European Society
consensus criteria conference,61 which may alter the carriage of epidemiologic
studies in the future, included the addition of perineal desquamation describing
changes in the extremities; moreover, fewer than 4 of the remaining 5 criteria were
deemed necessary in the presence of fever and coronary arterial involvement demon-
strated by echocardiography. To emphasize pediatric vasculitis disease even before
retrospective and prospective epidemiologic studies, a half-century of 1,335,045
postmortem examinations from the Annual of Pathologic Autopsy Cases in Japan
from 1958 to 2008 identified 380 cases of vasculitis in children, more than one-half
of which were KD and other disease entities including unclassified vasculitis, PAN,
purpuric vasculitis, TAK, and others. Moreover, the postmortem findings for 24 of
125 childhood vasculitides performed before 1976 and diagnosed as non-KD were
later consistent with KD.
The global incidence and prevalence of KD is shown in Table 4. Saundankar and

colleagues72 identified hospitalized patients in Western Australia with the diagnosis
of KD, noting a steady increase in the mean annual incidence from 7.96 between
1990 and 1999 to 9.34 per 100,000 children younger than 5 years between 2000
and 2009, with the peak incidence of 15.7 per 100,000 in 2005. Lin and colleagues73

identified hospitalized discharges with the diagnosis of KD in Ontario, noting a mean
annual incidence of 26.2 per 100,000 for children younger than 5 years, 6.7 per
100,000 for 5- to 9-year old children, and 0.9 per 100,000 for those 10 to 14 years
old, which steadily increased from 14.39 to 26.24 per 100,000 from 1995 to 2006.
Ma and colleagues74 studied all children sent to 1 of 50 hospitals in Shanghai, noting
a mean annual incidence of 46.32 per 100,000 children younger than 5 years that
steadily increased from 36.78 to 53.28 between 2003 and 2007. Li and coworkers75

identified cases of KD in children younger than 5 years in 212 hospitals in Sichuan



Table 4
Global incidence and prevalence of KD

Authors,Ref. Year Country
Study
Period

Incidence
per 106

Prevalence
per 106

Saundankar et al,72 2014 Australia 1990–1999 7.96 —
Australia 2000–2009 9.34 —
Australia 2005 15.7 —

Lin et al,73 2010 Canadaa 1995–2006 26.2b —
Canadaa 1995–2006 6.8c —
Canadaa 1995 14.39d —
Canadaa 2006 26.24d —

Ma et al,74 2010 Chinae 2003–2007 46.32b —
Chinae 2003 36.78b —
Chinae 2007 53.28b —

Li et al,75 2008 Chinaf 1997–2001 7.06b —
Chinaf 1997 8.57b —
Chinaf 2001 9.81b —

Du et al,76 2007 Chinag 2000–2004 49.4b —
Chinag 2000 40.9b —
Chinag 2004 55.1b —

Fischer et al,77 2007 Denmark 1981–2004 4.5–5.0 —

Holman et al,78 2010 Hawaii, USA 1996–2006 50.4 —

Ng et al,79 2011 Hong Kong 1994–1997 26.0 —
Hong Kong 1994–1997 39.0 —

Singh et al,80 2011 North India 1994 0.51 —
North India 2007 4.5 —

Nakamura et al,81 2012 Japan 2009 206.2 —
Japan 2010 239.6 —

Park et al,82 2011 Korea 2006–2008 113.1 —
Korea 2006 108.7 —
Korea 2008 113.1 —

Schiller et al,83 1995 Sweden 1990–1992 2.9 —
Sweden 1990–1992 6.2b —

Lue et al,84 2013 Taiwan 2006 66.24b —

Huang et al,85 2009 Taiwan 2003–2006 153.0 —
Taiwan 2003–2006 69.0b —

Harnden et al,86 2002 UK 1991 4.8 —
UK 2000 9.2 —

Holman et al,87 2010 USA 2006 20.8 —

a Ontario.
b Age less than 5 years.
c Age 5 to 9 years.
d Age 10 to 14 years.
e Shanghai.
f Sichuan Provence.
g Beijing.
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Province, noting a steady increase in the incidence from 8.57 to 9.81 per 100,000, with
an average incidence throughout the latest 5 years of 7.06 per 100,000. Du and co-
workers76 conducted a hospital-based survey of KD in 45 Beijing hospitals, identifying
1107 KD patients with a mean annual incidence of 49.4 per 100,000 in children
younger than 5 years, and a steady increase from 2000 to 2004 that ranged from



Epidemiology of the Vasculitides 209
40.9 to 55.1 per 100,000. Fischer and colleagues77 performed a population-based
hospital study of KD children in Denmark from 1981 to 2004, identifying 360 cases
of KD in children younger than 15 years and noting a mean annual incidence of 4.5
to 5 per 100,000 person-years, with a gradual increase over the study period. Holman
and colleagues78 conducted a retrospective analysis of children aged less than
18 years and focusing on those younger than 5 years hospitalized in Hawaiian hospi-
tals from 1996 to 2006, noting a mean annual incidence of 50.4 per 100,000 children
younger than 5 years, ranging from 45.5 to 56.5. Japanese children who had the high-
est mean annual incidence of 210.5 per 100,000 exceeded the mean Asian and Pacific
pediatric annual incidence of 62.9 per 100,000 children, followed by native Hawaiian
children with an incidence of 86.9, other Asian children with an incidence of 84.9,
and Chinese children with an incidence of 83.2 per 100,000, exceeding that of whites
with an KD incidence of 13.7 per 100,000 children. Ng and colleagues79 conducted
retrospective and prospective studies of KD in Hong Kong from 1994 to 1997 and
then from 1997 to 2000, identifying 696 children younger than 15 years and noting a
higher incidence of KD in the prospective period (39 versus 26 per 100,000 children).
Singh and colleagues80 analyzed the records of children younger than 15 years with
KD in Chandigarh, North India, identifying 196 cases. There was an increasing inci-
dence of disease from 0.51 to 4.5 cases during the period from 1994 to 2007. Naka-
mura and coworkers81 conducted the 21st nationwide survey of 23,730 KD children
treated between 2009 and 2010, noting an annual incidence rate of 206.2 and 239.6
per 100,000, establishing the highest rate ever for Japan in 2010. Park and co-
workers82 surveyed Korean hospitals for the period of 2006 to 2008, identifying
9039 KD children and noting an outbreak rate of 108.7 100,000 in 2006 that increased
to 113.1 per 100,000 in 2008, with a mean annual incidence of 113.1 per 100,000 chil-
dren. Schiller and colleagues83 examined a national prospective study of KD children
over a 2-year period from 1990 to 1992, recording an annual incidence rate of 2.9 per
100,000 children younger than 16 years, and a rate of 6.2 per 100,000 children younger
than 5 years. Lue and colleagues84 conducted nationwide hospital surveys of KD in
Taiwan in 2006, noting an incidence of 66.24 per 100,000 children younger than
5 years, representing the highest of any preceding survey. Huang and colleagues85

investigated the epidemiology of KD by using national insurance claims made be-
tween 2003 and 2006, noting an annual incidence of KD of 153 per 100,000 in children
younger than 1 year with an overall incidence of 69 per 100,000 children younger than
5 years. Harnden and colleagues86 analyzed hospital admission data for childhood KD
in England for the period 1991 to 2000, identifying 2215 emergency admissions rep-
resenting an incidence that increased from 4.8 to 9.2 per 100,000 in this time period.
Holman and coworkers87 performed a retrospective analysis of emergency childhood
admission for KD in the USA using the Kids’ Inpatient Database and a Nationwide
Inpatient Sample for 2006, noting an incidence of 20.8 per 100,000 children.
Eight GWAS and linkage analysis studies of KD88–92 have led to susceptibility ge-

netic loci for KD. Onouchi and colleagues88 performed a nonparametric GWAS of
sib pairs on 75 full sib pairs, 3 sib trios, and 1 half-sib, applying Japanese criteria,70

and identified a candidate gene locus at 12q24 (maximum logarithm-of-odds [LOD]
score 5 2.69), with possible linkage to 4q35, 5q35, 5q34, 6q27, 7p15, 8q24, 18q23,
19q13, Xp22, and Xq27. Moreover, 90 genes were believed to be expressed in organs
related to immune function among the 128 genes that mapped within 1 LOD confi-
dence interval of the linkage position on chromosome 12. Burgner and coworkers,89

on behalf of the International Kawasaki Disease Genetics Consortium, investigated
genetic determinants of KD susceptibility in a GWAS of 119 Caucasian KD patients
and 135 matched controls using the AHA criteria.71 The investigators89 noted
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associations with 40 single-nucleotide polymorphisms (SNPs) and 6 haplotypes, most
significantly at NAALADL2 (rs17531088) and ZRHX3 (rs7199343). The latter, also
known as ATBF1, which encodes a large enhancer-binding transcription factor known
to be polymorphic and interactive with several proteins including protein inhibitor of
activated signal transducer and activator of transcription 3 (STAT3), is activated by
interleukin (IL)-6 that is involved in innate immune reactivity. The function of the
N-acetylated a-linked acidic dipeptidase-like 2 (NAALADI2) gene, which showed the
greatest change in transcript levels between acute and convalescent KD, contributes
to Cornelia de Lange syndrome, a multisystem malformation syndrome. Tsai and co-
workers90 conducted a GWAS in a Han Chinese population in 250 KD patients and 446
controls residing in Taiwan, using the AHA criteria.71 The most strongly associated
SNPs were detected in 3 novel loci close to the coatomer protein complex b-2 subunit
(COPB2) gene (rs1873668, rs4243399, rs16849083), as well as in the intronic region of
the endoplasmic reticulum aminopeptidase 1 (ERAP1) gene (rs14981). COPB2 coats
non–clathrin-coated vesicles and is essential for Golgi budding and vesicular traf-
ficking, whereas ERAP1 plays a role in trimming peptides to the optimal length for
HLA)class I presentation, cleaving cell surface receptors for proinflammatory cyto-
kines. Kim and coworkers, on behalf of the Korean Kawasaki Disease Genetics Con-
sortium,91 conducted a GWAS among 186 Korean KD patients and 600 controls,
applying the disease definition according to the AHA,71 and noted susceptibility loci
for KD at the 1p31 region and 2p13.3 chromosomal loci. A putative KD susceptibility
locus (rs5277409) mapped to chromosome 1p31, and the coronary artery lesion (CAL)
locus (rs7604693) mapped to the Pellino 1 protein (PELI1) (rs7604693) gene in the
2p13.3 region encoding PEL1, an intermediate component in the signaling cascade
initiated by toll-like receptors and the IL-1 receptor (IL1R) gene, which are associated
with innate and adaptive immune responses. Khor and colleagues92 performed a
GWAS in 2173 KD patients of European and Asian descent, noting 2 significant loci
in the Fc fragment of IgG, low-affinity 2A receptor (FCGR2A) (rs1801274), and for
the rs2233152 SNP near the melanoma inhibitory activity (MIA), inositol 1,4,5-trisphos-
phate 3-kinase C (ITPKC) gene. Whereas the FCGR2A, present on monocytes, mac-
rophages, neutrophils, NK cells, T-cells, and B-cells, participates in the phagocytosis
of immune complexes and modulation of antibody production by B cells, ITPKC acts
as a negative regulator of T-cell activation through the Ca21/NFAT signaling pathway;
contributing to immune hyperactivity. Lee and coworkers93 performed a GWAS in 622
KD patients and 1107 controls in a Han Chinese population residing in Taiwan, using
the AHA criteria,71 and noted 2 loci significantly associated with KD, including one at
the B-lymphoid tyrosine kinase (BLK) gene and the other at CD40. Whereas the BLK
gene seems to play an important role in the expression of B cell signaling, activation,
and antibody secretion, CD40 is instead a member of the tumor necrosis factor recep-
tor superfamily, and its interaction with the CD40 ligand (CD40L) leads to cross-talk,
integrating strong antigenic signals and microbial stimuli to induce IL-17-producing
CD41 T-cells that contribute to inflammation and the development of autoimmune dis-
ease. Onouchi and coworkers94,95 performed a GWAS in 428 Japanese KD patients
and 3379 controls, noting significant associations in the FAM167A-BLK region at
8p22 to 23 (rs2254546) in the HLA region at 6p21.3 (rs2857151), and in the CD40 re-
gion at 20q13 (rs48130030), also replicating the association of a functional SNP of
FCGR2A (rs1801274). Although ubiquitously expressed, the function of FAM167A
has not been well characterized. Yan and coworkers95 analyzed variants of 6 SNPs
in 358 Japanese KD patients and 815 controls, identifying 3, rs1801274, rs2857151,
and rs22554546 respectively corresponding to FCGR2A, HLA, and BLK genes, noting
a significant effect and stronger association on KD than single-locus, 2-loci, and 3-loci
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combinations; moreover, a significant association with CALs was noted in KD, with
high-risk genotypes at both rs1801274 and rs2857151.
SMALL-SIZE VESSEL VASCULITIS
Antineutrophil Cytoplasmic Antibody-Associated Vasculitis

The classification of the ANCA-associated vasculitides (AAV) has been controversial96

with existing systems developed by the ACR,97,98 the CHCC,57 and the European
Medicines Agency algorithm99 to provide a standardized method for their application
in epidemiologic studies, each with separate deficiencies, especially when applied to
unselected patients. These systems were developed as classification criteria and not
as diagnostic criteria. As there were no validated diagnostic criteria for AAV, the Diag-
nostic and Classification Criteria for Vasculitis Study, developed by Watts and col-
leagues,99 led to the consensus development and validation of diagnostic criteria by
an algorithm to avoid inclusion of patients with other conditions. So defined, the inves-
tigators noted an annual incidence of 11.3 for GPA and 5.9 per million for MPA, with
respective prevalence at the end of calendar year 2008 of 145.9 per million for GPA
and 63.1 per million for MPA. Lyons and colleagues100 conducted a GWAS in a cohort
of 1233 UK subjects with AAV and 5884 controls, noting both MHC and non-MHC
associations with AAV, with the strongest genetic association with the antigenic spec-
ificity of ANCA and not with the clinical syndrome. Those with anti-proteinase 3 (PR3)
ANCA were associated with HLA-DP (rs3117242) at the 6p21.32 chromosome locus,
as well as those encoding a1-antitrypsin (SERPINA1 to SERPINA11) (rs7151526) at
the 14q32 chromosome locus and proteinase 3 (PRTN3) (rs62132295) at the
19p13.3 chromosome locus, while anti-myeloperoxidase ANCA (MPO) was associ-
ated with HLA-DQ (rs5000634) at the 6p21.32 chromosome locus. These studies
confirmed that the pathogenesis of AAV had a genetic component and that the genetic
distinction between GPA and MPA was associated with ANCA specificity. Moreover,
the response against the PR3 autoantigen was a central pathogenic feature of PR3-
AAV, distinct from MPO-AAV.
The global incidence and prevalence of AAV is summarized in Table 5. Watts,64,101

Ormerod,65 Mohammad,63 and Mahr and colleagues59 evaluated the epidemiologic
aspects of AAV globally in adults. In 2 regions of Europe, Norwich (UK) and Lugo
(Spain), the incidence rate of GPA in Norwich was 10.6 per million compared with
4.9 per million in Lugo for 2008, with virtually equal age distribution of 34.1 per million
between age 45 and 74 years, suggesting that environmental factors might be impor-
tant in the their etiopathogenesis.64 In a 10-year study of primary systemic vasculitis in
the UK101 in the NHA from 1988 to 1997, the annual incidence of GPA was 9.7, EGPA
2.7, and MPA 8.0 per million during the entire study period; however, a comparison of
the periods 1988 to 1992 and 1993 to 1997 showed respective annual incidences to-
ward an increase in all conditions (8.7 per million for GPA, 1.5 for EGPA, and 6.8 for
MPA, compared with 10.3 for GPA, 3.7 for EGPA, and 8.9 for MPA). In a comparison
of primary systemic vasculitis in the Australian Capital Territory and southeastern New
South Wales between 1995 and 1999, and between 2000 and 2004, Ormerod and
Cook65 noted similar disease-specific incidences for each of the 2 periods, with 8.8
and 8.4 per million for GPA, 2.3 and 5.0 per million for MPA, and 2.3 and 2.2 per million
for EGPA in the Australian Capital Territory in comparison with southeastern New
South Wales, with a trend for higher values in MPA and GPA in rural areas. A similar
relation was found in disease-specific prevalence for each of the 2 periods, with
64.3 and 95.0 per million for GPA, 17.5 and 39.1 per million for MPA, and 11.7 and
22.3 per million for EGPA in the Australian Capital Territory compared to southeastern



Table 5
Global incidence and prevalence of AAV

Authors,Ref. Year Country
Study
Period

Incidence
per 106

Prevalence
per 106

Watts et al,101 2000 UK 1988–1992 8.7a —
UK 1988–1992 6.8b —
UK 1988–1992 1.5c —
UK 1993–1997 10.3a —
UK 1993–1997 8.9b —
UK 1993–1997 3.7c —

Ormerod and Cook,65 2008 Australia 1 UK 1995–1999 8.8a 64.3a

2000–2004 8.4a 95.0a

1995–1999 2.3b 17.5b

2000–2004 5.0b 39.1b

1995–1999 2.3c 11.7c

2000–2004 2.2c 22.3c

Mahr et al,59 2004 Franced 2000 — 23.7a

Franced 2000 — 25.1b

Franced 2000 — 10.7c

Mohammad et al,63 2009 Sweden 1997–2006 9.8a —
Sweden 1997–2006 10.1b —
Sweden 1997–2006 0.9c —

a GPA.
b MPA.
c EGPA.
d Seine-St Denis County, Paris.
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New South Wales. In incident cases of primary systemic vasculitis identified in the
Seine-St Denis County of, Mahr and colleagues59 estimated the prevalence of GPA
as 23.7, MPA 25.1, and EGPA 10.7 per million adults in a population of 1,093,515,
28% of whom were of non-European ancestry, with an overall prevalence that was
2-fold higher for those of European (104.7 5 per million) compared with non-
European ancestry (52.5 per million). Mohammad and colleagues63 estimated incident
cases of GPA, MPA, and EGPA in southern Sweden as 9.8, 10.1, and 0.9 per million,
respectively, in a total population of 641,000 between 1997 and 2006, with a progres-
sive increase in age-specific incidence rates over the study period.
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