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ABSTRACT
During the past 15 years, the epidemi-
ology of Wegener’s granulomatosis
(WG) has become better understood.
Descriptive epidemiological studies
carried out primarily in European
countries estimate a prevalence of WG
ranging from 24 to 157 per million
and annual incidence rates from 3 to
14 per million. These studies suggest a
North-South declining gradient in dis-
ease risk in the Northern Hemisphere
and an increase in incidence over
time, although the latter is likely
largely due to improved diagnostic
ascertainment. Data also indicate the
presence of potential secular and sea-
sonal variations in WG incidence and
a decreasing disease risk among non-
Caucasians. Furthermore, analytic
epidemiological studies have pointed
out putative genetic and non-genetic
risk factors for WG. Genetic investi-
gations have identified various candi-
date genes, with α1-antitrypsin defi-
ciency being the most consistently
reported genetic susceptibility factor
to date. Even though much less
research has been devoted to environ-
mental risk factors, evidence has
grown for a possible relationship
between WG and occupational expo-
sure to crystalline silica. Thus far,
data support the concept of WG as a
multifactorial disease in which genet-
ic and environmental determinants are
involved but a major gap in under-
standing persists regarding the extent
to which both factors contribute to its
development. This and many other
questions remain to be answered by
future structured epidemiological re-
search. This review focuses on the
current knowledge of descriptive epi-
demiology and genetic and environ-
mental factors associated with WG.

Introduction
Wegener’s granulomatosis (WG) is a
necrotizing granulomatous vasculitis
primarily involving the upper and low-
er respiratory tracts and the kidneys but
that may also affect multiple other
organs or tissues. Originally described
as a clinical triad with an almost invari-
ably fatal course if left untreated, it is
now apparent that this primary sys-
temic vasculitis may have highly div-
erse clinical and prognostic profiles.
Moreover, WG is characterized by a
close association with anti-neutrophil
cytoplasm antibodies (ANCA), most
commonly giving a cytoplasmic pat-
tern by immunofluorescence (C-
ANCA) and directed against proteinase
3 (anti-PR3), that has led to the classifi-
cation of this disorder together with
microscopic polyangiitis and Churg-
–Strauss syndrome as an “ANCA-asso-
ciated vasculitis” (AAV). Hypotheses
regarding the pathogenesis of WG con-
centrate on neutrophil-, monocyte- and
lymphocyte-dependent mechanisms and
a possibly pivotal role of ANCA (1).
The etiology of WG remains unknown.
Based on a growing number of epi-
demiologic investigations carried out
during the last 15 years, current under-
standing is that of a complex disease
resulting from the interplay among
multiple genetic and environmental
risk factors. The increased interest in
the epidemiology of WG is likely
reflective of an overall heightened
awareness to WG since the discovery
of ANCA (2) but also the result of the
development of standardized defini-
tions for primary systemic vasculitides.
In particular, publication of the Ameri-
can College of Rheumatology (ACR)
classification criteria (3) and the
Chapel Hill Consensus Conference
(CHCC) definitions of vasculitides (4)
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greatly facilitated the separation of WG
from other primary systemic vasculi-
tides and had a strong positive effect on
epidemiological research.
This article reviews the current data on
the descriptive epidemiology and
genetic and environmental factors
associated with WG.

Descriptive epidemiology
The aim of descriptive epidemiological
studies is to give insight into the fre-
quencies, geographic variations, tem-
poral trends, and clinical characteristics
of diseases. Estimates of disease fre-
quencies, expressed as prevalence or
incidence rates, are most reliably deriv-
ed from population-based studies
which additionally offer the opportuni-
ty to perform wider investigations
within unselected cohorts. However, as
is common in the study of rare dis-
eases, many of the investigations, both
descriptive and analytic, discussed
herein were hospital-based rather than
population- based. Hospital- based coh-

orts allow for accumulation of larger
patient groups but are associated with
the potential for serious selection biases.

1. Prevalence and incidence rates
Prior to the publication of the ACR
classification criteria and the CHCC
nomenclature, only a few population-
based studies had estimated the fre-
quency of WG in the USA (5) and UK
(6, 7), each using what are now obso-
lete disease definitions. Since the new
classification schemes have become
available, prevalence and incidence
rates have been published for a variety
of populations throughout the world (8-
22). Notably, studies from 3 geograph-
ic areas provided results derived from
prospective longitudinal patient reg-
istries (13, 16, 19).
Accordingly, the prevalence of WG is
estimated at 23.7-156.5 per million (8,
10, 12-14, 17, 18, 20, 22) and the annu-
al incidence at 3.0-14.4 per million (9,
11-13, 15, 16, 19-21) (Table I, Fig. 1).
These variations in occurrence of WG

generate valuable hypotheses for the
etiology of WG, but it should be noted
that some of the discrepancies may be
accounted for by methodological dif-
ferences. Limitations to comparability
result partly from the fact that these
studies employed either the ACR clas-
sification criteria or CHCC definitions
since both sets likely perform different-
ly. Although the CHCC definitions
appear conceptually more flexible,
there is evidence that in practice they
tend to generate lower estimates of the
frequency of WG than the ACR criteria
(22-24). Moreover, it is probable that
among different investigators the
instruments have not been used in a
uniform manner. Comparisons are fur-
ther problematic because the incidence
and prevalence estimates were, apart
from one study (16), crude rates and
not age- and sex-adjusted to a common
standard population. In some studies,
these differences were minimized by
providing estimates restricted to the
adult population (9, 11-13, 18), but

Table I. Frequency estimates (per million) of WG in various populations (studies are sorted by continents and increasing geographical lati-
tudes from top to bottom).

References Study area Inclusion criteria Prevalence Annual incidence

Study Rate (95% CI) Study period Rate (95% CI)
period

Europe
Gonzales-Gay et al. (16) Lugo county (Spain) CHCC 1998-2001 3.0 (1.4-6.1)
Gonzales-Gay et al. (11) Lugo county (Spain) ACR 1988-1997 4.8 (1.6-7.9)¶

Reinhold-Keller et al. (14) Breisgau district (Germany) CHCC 1994 42 (23-62)
Reinhold-Keller et al. (15) Baden-Württemberg State (Germany) CHCC 1998-1999 5.5 (2-12)*

Mahr et al. (18) Seine-St. Denis county (France) ACR 2000 23.7 (16-31)†

Reinhold-Keller et al. (14) Segeberg district (Germany) CHCC 1994 58 (36-80)
Reinhold-Keller et al. (19) Schleswig-Holstein State (Germany) CHCC 1998-2002 8.6 (4-16)*

Carruthers et al. (9) Norwich county (UK) ACR 1988-1993 10.3 (6.4-15.5)§

Watts et al. (13) Norwich county (UK) ACR 1997 62.9 (41.5-91.6)‡ 1988-1997 8.5 (5.2-12.9)‡

Mohammad et al. (17) Lund-Orup district (Sweden) 2003 156.5 (133-182)* NR
Knight et al. (21) Sweden (nationwide) Discharge diagnoses 1991-2001 11.9 (11.2-12.6)
Haugeberg et al. (10) Vest-Agder county (Norway) ACR 1996 53 (41-69)*

Koldingsnes et al. (12) Northern Norway ACR 1998 95.1 (69-129) 1994-1998 14.4 (9.5-21.0)†

United States of America
Cotch et al. (8) Nationwide Discharge diagnoses 1986-90 26 (17-35)**

New York State Discharge diagnoses 1986-90 32 (22-45)*

Zeft et al. (20) Western Montana, MT NR 2004 90 (58-122) 1993-2004 8.6 (5.7–12.5)

New Zealand
Gibson et al. (22) Province of Canterbury CHCC 2003 112 (82-152)

Province of Canterbury ACR 2003 93.5 (66-121)

ACR: American College of Rheumatology classification criteria; CHCC: Chapel Hill Consensus Conference definition; NR: not reported; CI: confidence
interval.
*Confidence interval specifically calculated based on data provided in the original article (according to an exact Poisson distribution).
Estimates for adult population aged 15 years or above†, above 15 years‡, 20 years and above¶ or age cut-off not specified §.
**99% confidence interval.
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such figures are still not directly com-
parable.

2. Demographic pattern
Although affecting individuals of virtu-
ally all ages, WG occurs primarily in
middle-aged adults. According to large
hospital-based series, mean or median
ages at diagnoses reportedly varied
between 41 and 52 years (25-30). How-
ever, population-based surveys, includ-
ing 2 nationwide studies (8, 21), sug-
gest higher mean or median ages rang-
ing from 50 to 66 years (8-12, 18, 19,
21, 22). Similarly, age-specific inci-
dence rates reported from population-
based studies indicate the incidence of
WG peaks in the age-groups of 55-64
years (16) or 65-74 years (12, 13),
although in one of these studies (12)
this finding was limited to male
patients. Population-based data there-
fore provide evidence that WG might
occur later in life than had been report-
ed by hospital-based cohorts, perhaps
because older patients are less prone to
be referred to tertiary care centers.
Likewise, a small discrepancy exists
for gender distribution according to the
study type. Hospital-based series quite
consistently indicated a slight excess
among men compared to women with
male-to-female ratios ranging from

1.0-1.7 (25-30). Data from several pop-
ulation-based studies also suggest an
increased disease risk in males with
male-to-female ratios of 1.1 (19) and
1.3 (10, 18) and gender-specific annual
incidence rates 1.2- (21), 1.7- (9) and
1.9-fold (12) higher in males than
females. In contrast, results of other
population-based investigations show-
ed a female predominance with male-
to-female ratios of 0.9 (8) or 0.6 (22)
and male-to-female gender-specific
annual incidence rates of 0.5 (11) or 0.8
(16). Although some of the latter find-
ings (11, 16) were obtained from small
samples, they question the classical
male predominance in occurrence of
WG.

3. Geographic distribution
The geographic distribution of disease
occurrence suggests that WG might be
more common in northern European
countries compared with southern
European countries (31) (Fig. 1). This
hypothesis of a potential North–South
decreasing gradient in the Northern
Hemisphere had been addressed in
greater detail in a study comparing
incidences of WG in 3 different, mostly
rural and Caucasian regions using
homogeneous classification criteria.
This study indeed revealed a 2-times

higher annual incidence in the Norwe-
gian and English populations compared
to that in Spain (31, 32). Although the
characterization of this distribution of
risk warrants further confirmation, it
suggests the existence of a particular
disease susceptibility in northern Euro-
pean populations on a genetic basis or
as a result of exposure to putative envi-
ronmental triggers. Prevalence and in-
cidence figures are much less well doc-
umented in regions outside Europe.
Data support that occurrence of WG in
some North-American populations and
in New Zealand might be similar to that
observed in northern Europe (20, 22).
Conversely, preliminary observations
would indicate a low occurrence of
WG in Asian countries (33).

4. Temporal changes
There is evidence suggesting an in-
crease in the incidence of WG during
the last several decades. In northern
Norway, the annual incidence rates
more than doubled during 3 consecu-
tive quinquennia from 1984-1998 (12)
and an almost 4-fold increase among 3
time-periods from 1975-2001 was ob-
served in a nationwide Swedish study
(21). Interestingly, both studies also
suggested that this increasing trend
might have extended beyond the intro-

Fig. 1. Geographic distribution of WG (numbers represent prevalence/annual incidence rates per million) (data from ref. 8, 10-22).



duction of ANCA testing (12, 21). Con-
versely, other studies suggest the inci-
dence has remained relatively stable,
although these results were drawn from
shorter observation periods (13, 19) or
smaller populations (16). Even though
it is highly probable that some of the
temporal change in incidence simply
reflects enhanced diagnostic ascertain-
ment due to ANCA testing, the possi-
bility remains that there has been a real
increase in some areas. Future studies
will help clarify whether or not the
incidence of WG has reached a plateau
or remains on the rise.
Results are mixed regarding the issue
of the incidence of WG exhibiting tem-
poral clustering, which, if confirmed,
could support the hypothesis of an
environmental component to the etiolo-
gy of WG. Data from Norway indicate
the occurrence of peaks in the inci-
dence of WG every 4 to 5 years during
a 15 year-period (12). Similar findings
were reported for AAV – that is WG,
microscopic polyangiitis and Churg-
Strauss syndrome together – with
apparent peaks and troughs occurring
every 3 years over a 14-year period
(1988-2001) in Spain (16) and every 3
to 5 years over a 21-year period (1975-
1995) in an area of Central Sweden
(34). However, temporal clustering was
not found in the UK (13) and no major
fluctuations in the annual incidence
rates of WG were observed in a nation-
wide study in Sweden (21).

5. Seasonality of disease onset
Several hospital- (34-37) and popula-
tion-based studies (9) have suggested
that the onset of WG peaks predomi-
nantly during the winter, a finding that
is often cited to support an environ-
mental factor and, particularly, an
infectious cause in the etiology of WG.
These studies observed that 30-43% of
patients’ first symptoms attributable to
WG occurred during December-Febru-
ary as compared to an expected random
distribution of 25% (9, 34-36,). How-
ever, the issue of seasonality in the
onset of WG remains controversial.
Most of these studies (9, 34, 35, 37)
were not specifically designed to inves-
tigate this complicated question, and
one of them evaluated seasonality in a

mixed population of patients with WG
and microscopic polyangiitis (35).
Most importantly, two other studies did
not demonstrate evidence of a consis-
tent seasonal pattern in the onset of
WG (12, 38) including an evaluation
that suggested a non-significant in-
crease in the summer season (12).

6. Urban-rural differences
Examining differences in disease fre-
quency between urban and rural popu-
lations provides opportunities to assess
the effects of a variety of specific envi-
ronmental exposures, including air pol-
lution, occupational factors, or life-
style. In an attempt to explain the high-
er occurrence of WG in their popula-
tion compared to previous surveys
from the UK, Carruthers et al. were the
first to hypothesize that WG might
occur more frequently in the country-
side than in cities (9). A similar sugges-
tion was made by Cotch et al. who
mapped the prevalence of WG in New
York State, USA and found that the
highest figures were observed not only
in New York City but also in a number
of rural areas (8). The only population-
based frequency estimate that was
derived from an almost exclusively
urbanized area, the greater Parisian
metropolitan area in France, indeed
yielded the lowest prevalence rate for
WG reported to date, although this dif-
ference might also be explained by sev-
eral other variables (18). However,
studies that directly compared the fre-
quency of WG among rural and urban
areas within the same region did not
find any significant differences (14,
16). Although it is not entirely clear
what methods were used to define the
urban-rural status in these studies, the
possibility of the frequency of WG
varying between cities and the country-
side seems rather unlikely in light of
the currently available data.

7. Migration studies
An interesting approach to discern the
respective inputs of environmental and
genetic factors in the development of a
condition is to study the disease risk in
migrant populations. The impact of
migration from one country to another
has not yet been assessed with respect

to WG, but several observations sug-
gest that disease risk among non-Cau-
casian migrants residing in North
America or Europe is lower than that
among the non-migrants of these areas.
Assessment of disease by ethnic distri-
butions in US hospital-based (25, 27,
29) or population-based (8) cohorts
demonstrated that 83-97% of patients
with WG are Caucasian Americans and
2-8% are African Americans with this
excess among Caucasians being  great-
er than expected from the background
populations. Additional support for the
decreased occurrence of WG in non-
Caucasian migrants comes from a
prevalence study within a French mul-
ti-ethnic population that included many
residents of African, Asian and Carib-
bean ancestries. Among 21 patients
with WG identified in that area, 14%
were of non-European background as
compared to an expected rate of 26%.
The overall prevalence of AAV com-
bined with another vasculitic disorder,
polyarteritis nodosa, was significantly
lower – by a factor of 2 – in the non-
European than in the European popula-
tions (18). Although one might postu-
late that ethnic disparities in risk of
WG reflects underascertainment or
reduced access to medical care facili-
ties within immigrant populations,
these figures strongly suggest that non-
Caucasian migrants may have a lower
risk of WG even though they are
exposed to similar environments. This
finding supports the contribution of
genetic factors for susceptibility to WG
although culturally-based differences
in behavior or socio-economic status
might also play important roles.

Analytic epidemiology
Analytic epidemiology aims to identify
the determinants of disease occurrence
with putative risk factors commonly
falling into 2 major categories: genetics
and environment. In that context, the
term ‘environment’ is generally used to
designate all non-genetic variables
regardless whether they are truly exter-
nal to the host, e.g. infection, occupa-
tion, or diet, or endogenous, e.g. hor-
monal influences. Concerning WG,
while considerable effort has been
directed at studying genetic factors,
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less attention has been given to the
examination of environmental risk fac-
tors. In particular, the theoretical roles
of hormonal, dietary or socioeconomic
factors have not yet been assessed.
Because WG is rare, almost all avail-
able data on analytic epidemiology
were derived from case–control stud-
ies. However, all these studies included
prevalent cases which, compared to
enrollment of incident cases, increases
the risk of selection and recall biases
and renders reliable establishment of
temporality between exposures and the
onset of WG more difficult.

1. Genetic factors
Genetic predisposition to WG is sug-
gested by ethnic variation (see above)
and by reports of familial aggregation
(39-45). Increased recurrence risk for
relatives of affected individuals is gen-
erally considered an important indica-
tion of a genetic component to the eti-
ology of diseases, although not defini-
tive support because familial aggrega-
tion can also result from shared envi-
ronmental exposures. Several case re-
ports describe familial clustering of
WG among siblings (39-42), parents
and children (43, 44) or second and
higher-degree relatives (45). Additional
reports of the occurrence of polyarteri-
tis nodosa (44) or Churg-Strauss syn-
drome (46) among relatives of WG
patients may further suggest the exis-
tence of a common genetic risk factor
across vasculitides. Conversely, occur-
rence of WG has also been reported in

unrelated family members (47, 48) and
other data suggests that the familial
recurrence of WG is rather modest. A
survey of 701 people with self-reported
WG did not detect a single familial
case (49). In addition, 12 of the 701
individuals reported having a twin (49),
a finding consistent with previous case
reports on discordance for WG among
twins (50, 51). Taken together, these
observations provide indirect evidence
of a genetic effect, but they also indi-
cate that development of WG can not
be explained by genetics alone.
More direct evidence of genetic risk for
WG stems from identification of sever-
al candidate genes by gene association
studies (reviewed in 52, 53). Human
leucocyte antigen (HLA) typing studies
yielded divergent results detecting
either no particular WG-related pattern
(54-56) or various associations with
HLA-B8 (57, 58), -B50 (59), -DQw7
(60), -DR1 (61), -DR2 (62), -DR9 (59)
genes, or the DR4DQ7 haplotype (59,
60). Other investigations suggested a
protective effect of HLA-DR3 (60) or -
DR13DR6 (63). Many studies focused
on other potentially important genetic
markers, e.g. cytokines, chemokines,
adhesion molecules or proteinase 3. A
number of these studies were consis-
tent in showing a link with the Z defi-
ciency allele of α1-antitrypsin (64-72)
with some of these demonstrations not
directly referring to WG but to C-
ANCA- (66, 69, 71), anti-PR3-positive
vasculitis (67, 71) or AAV (70) (Table
II). The significance of the 3-7-fold

overrepresentation of Z phenotypes in
WG is not well understood but a plausi-
ble theory is that since α1-antitrypsin
has a major role in inactivating neu-
trophil enzymes proteinase 3 and elas-
tase, individuals deficient in α1-antit-
rypsin suffer from an increased prote-
olytic activity with resultant tissue in-
jury (64). However, the frequency of Z
phenotypes among patients with WG
(or C-ANCA/anti-PR3-positive vas-
culitis) did not exceed 7–27% (Table
II), suggesting that this susceptibility
gene could explain disease develop-
ment for only a subset of cases. Other
potentially relevant polymorphisms
have been found for the genes encoding
cytotoxic T lymphocyte associated
antigen-4 (CTLA-4) (73-75), inter-
leukin-10 (76-78), proteinase 3 (79),
the complement component 4B (61)
and the intracellular tyrosine phos-
phatase protein PTPN22 (80). Another
study reported an association between
the absence of the ∆32 allele of CCR5
and ANCA-negative WG (81). Thus,
for many of these polymorphisms, it is
not clear whether they are functionally
relevant and some associations with
WG were weak, suggesting that they
may not be key determinants in the
development of the disease.
In the future, screening of the entire
genome using microarray techniques
might identify chromosomal areas that
include genes predisposing to WG
(53). To date, the only genetic study
that had used such a reverse approach
was based on an extended association

Table II. Genetic α1-antitrypsin polymorphism (expressed as frequency of phenotypes with the Z allele) and WG or C-ANCA/anti-PR3-
positive vasculitis.

References Year of Diagnosis No. of Z phenotype P
publication patients/controls

Cases, % Controls, %

Elzouki et al. (65) 1994 WG 66/NR† 22.7 4.7 < 0.0001*

Lhotta et al. (66) 1994 C-ANCA-positive vasculitis 32/868 15.6 2.8 0.003*

Savige et al. (67) 1995 Anti-PR3-positive vasculitis 31/NR‡ 9.7 1.5 < 0.05
Baslund et al. (68) 1996 WG 44/NR† 18.2 4.7 < 0.001
Griffith et al. (69) 1996 C-ANCA-positive vasculitis 99/2310 10.1 3.6 0.004*

Callea et al. (70) 1997 C- or P-ANCA-positive vasculitis 84/200 7.1* 1.5 0.022
Esnault et al. (71)§ 1997 C-ANCA/anti-PR3-positive vasculitis 37/1310 27.0 3.8 < 0.0001*

Borgmann et al. (72) 2001 WG 79/752 8.9 2.5 < 0.0001

NR: not reported.
*Calculations specifically performed based on data provided in the original article (comparisons used 2-sided Fisher’s exact tests).
Population-based estimates from Sweden† and Australia‡ used as controls.
§Include patients from reference (64).
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screen of functionally relevant genes
using microsatellite markers (82).
Results of this study suggest a linkage
with the genomic region 6p21.3 within
the human major histocompatibility
complex and identifies an association
with the HLA DPB1*0401 allele and
the extended DPB1*0401/RXRB03
haplotype (82).

2. Environmental factors:
a. Infection
Although it has long been suggested
that exposure to an infectious agent
might be the trigger for WG (83), to
date there is little evidence for this
hypothesis. Most of the support for a
relationship between infection and WG
remains indirect and refers to: i) data
demonstrating seasonal variations or
temporal clustering in occurrence of
WG (see above); ii) findings that dis-
ease onset is often preceded by flu-like
symptoms (35) and disease relapse
may coincide with infectious episodes
(84); and iii) the seminal observation
(85) and numerous confirmatory re-
ports of a beneficial effect of trimetho-
prim-sulfamethoxazole on WG and a
therapeutic trial demonstrating that this
antibiotic reduced the relapse rate in
WG (86). Interpretation of the studies
involving trimethoprim-sulfamethoxa-
zole is not straightforward. Although it
is tempting to consider that trimetho-
prim-sulfamethoxazole exerts its
effects via its anti-microbial, and per-
haps more specifically anti-staphylo-
coccal, properties, it can not be ruled

out that this anti-folate agent also has a
separate immunosuppressive activity (85).
There have been only a few investiga-
tions evaluating the role of specific
infectious agents in the occurrence of
WG. Particular interest has focused on
Staphylococcus aureus since this agent
has been held responsible for most of
the secondary infections of the upper
airways (87) and can be cultured from
bronchoalveolar lavages (88) in pa-
tients with WG. The most striking evi-
dence for a role of this microorganism
in disease pathogenesis came from a
study showing that chronic nasal car-
riage of S. aureus has been associated
with disease relapses (89). Thus, even
though S. aureus could influence the
course of WG, there is little support to
date that this agent induces the disease
per se. Several other microorganisms
have been invoked as possible causes
of WG, including Mycobacterium.
tuberculosis (90-92), Mycobacterium
avium intracellulare (93), or Par-
vovirus B19 (94, 95), but these are
often case reports and the data conflict
with the negative results of larger stud-
ies (93, 96).

b. Occupational exposures
The commonly prominent airway dis-
ease seen in WG has also raised the hy-
pothesis that occupational exposure,
especially to an inhalant, may be the
causative agent of the disease. The
association between potential occupa-
tional risk factors and WG has been
assessed by several case-control stud-

ies (38, 97-101). These studies are con-
sistent in finding positive associations
between crystalline silica exposure and
risk of WG with odds ratios of 2.5-5
(97, 98, 100) and exposure to silica
among patients of 31-50% (97-99)
(Table III). Importantly, these results
are in line with other studies suggesting
an analogous association between crys-
talline silica exposure and AAV (99,
102, 103) (Table III) or other auto-
immune diseases (rheumatoid arthritis,
systemic lupus erythematosus, systemic
sclerosis) (104). Although controversial
(99), studies of AAV demonstrated a
dose-response relationship between dif-
ferent levels of silica exposure and the
disease with the intensity more so than
the duration of exposure being of
importance (100, 103).
Additional occupational risk factors for
WG have been reported with fewer
consistencies. Lane et al. (100) sug-
gested an association between the risk
of WG and high exposure to organic
solvents; the same survey also linked
farming to WG (100) but this finding
was in contrast with that of a previous
study (38). Exposure to industrial pol-
lutants such as mercury (101), lead, and
cadmium (97) had been found among
patients with WG but these associa-
tions were weak (101) or statistically
non-significant (97). Another study re-
vealed exposure to pesticides, particu-
late matter, or fumes as potential risk
factors for WG (38). Interpretation of
these investigations of occupational
risk has to be done with recognition of

Table III. Occupational exposure to crystalline silica exposure and WG or ANCA-associated vasculitis.

References Year of Diagnosis No. of Exposure to silica Odds ratio (95% CI)
publication patients/controls

Cases, % Controls, %

Gregorini et al. (102) 1993 ANCA-associated vasculitis† 16/32 44 3 14.0 (1.7–113.8)
Nuyts et al. (97) 1995 WG 16/32 31 3 5 (1.4–11.6)
Hogan et al. (98) 2001 ANCA-associated vasculitis 65/65 46 20 4.4 (1.4–14.4)

WG 21/65 NR 20 2.5 (0.8–8.5)
Stratta et al. (99) 2001 ANCA-associated vasculitis 31/58 45 24 2.6 (1.02–6.5)§

WG 6/58 50 24 3.1 (0.6–17.4)§

Lane et al. (100) 2003 ANCA-associated vasculitis 75/273 14 4 3.0 (1.0–8.4)
WG 47/273 48 24 3.5 (0.7–16.8)

Beaudreuil et al. (103) 2005 ANCA-positive disease‡ 60/120 21 11 3.4 (1.1–9.9)

NR: not reported, CI: confidence interval.
*Calculations specifically performed based on data provided in the original article (comparisons used 2-sided Fisher’s exact tests).
†P-ANCA/anti-myeloperoxidase-positive rapidly progressive glomerulonephritis.
‡Including 42 patients with ANCA-associated vasculitis (among which 20 cases of WG) and 18 patients with other diseases and positive ANCA serology.
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potential methodological flaws: apart
from single studies (97, 99), most of
these investigations did not include
controls matched for the area of resi-
dence and, as discussed above, results
had been obtained on prevalent cases.

c. Miscellaneous factors
A number of other factors have been
associated with WG. Investigations in-
dicated that patients with WG more fre-
quently had a history of allergy than
controls (100, 105). In particular, these
studies suggested a link with prior drug
allergy (100, 105) although that result
could not be replicated by another stu-
dy (101). Studies assessing the relation
between smoking and the development
of WG or AAV found either no associa-
tion (98, 100) or a protective effect
(106). The simultaneous occurrence of
WG and renal cell carcinomas (107) or
various malignancies (108) and in-
creased occurrence of other auto-
immune diseases in patients with WG
(45) or their families (45, 49) have
been reported, but the significance of
these findings is uncertain. Finally, a
variety of drugs have been described as
putative initiators of AAV, including
cases of WG (109, 110), with the best
evidence for a causal relationship exist-
ing for propylthiouracil and hydra-
lazine (111). However, the precise risk
of developing WG in association with
any therapeutic agent remains un-
known yet.

Conclusion
A substantial body of literature has
now provided insights into the epi-
demiology of WG. Descriptive studies
show evidence that the disease might
not be evenly distributed among geo-
graphic areas, time intervals, and eth-
nic populations. Analytic investiga-
tions suggest several potential contrib-
utors to the development of WG,
including various genetic polymor-
phisms, a possible association with
crystalline silica exposure and more
preliminary links with other environ-
mental factors. Thus, for any of the
observed associations, it is presently
unclear whether they reflect causality
or whether they are modifiers of dis-
ease expression or merely confounders.

In light of the variety of potential risk
factors identified to date and the fact
that none of these associations is either
sufficient or necessary to explain all
cases, there is a general consensus that
WG is a multifactorial disease resulting
from the interaction of both genetic and
environmental determinants. However,
the respective degrees to which genetic
and environmental factors might influ-
ence the susceptibility to WG remain
critical and unanswered questions. For-
mal assessment of the familial recur-
rence risk and migration studies might
help to better dissect the gene-environ-
ment interaction and thereby guide
more targeted etiologic research. In
addition, the possibility that different
disease patterns of WG, such as various
clinical profiles or ANCA status, might
reflect etiologic heterogeneity should
not be dismissed.
Epidemiological research in WG faces
interesting challenges in the future.
Further structured investigation is war-
ranted to strengthen previously estab-
lished hypotheses of distribution and
determinants of WG and to seek un-
known risk factors. Innovative technol-
ogies such as genetic molecular tech-
niques may provide significant prog-
ress but increases in the yields of epi-
demiological research might also be
achieved by improved study designs. In
particular for descriptive studies, there
is an unmet need to harmonize the use
of classification criteria (112). More-
over, investigations should be disease-
specific and will require collaborative
efforts to assemble sufficiently large
number of patients for properly pow-
ered studies. There is much hope that,
in time, continued study of the epi-
demiology will provide further contri-
butions in deciphering the enigmatic
etiology of WG.

References
1. SEO P, STONE JH: The antineutrophil cyto-

plasmic antibody-associated vasculitides.
Am J Med 2004; 117: 39-50.

2. VAN DER WOUDE FJ, RASMUSSEN N, LOBAT-
TO S et al.: Autoantibodies against neu-
trophils and monocytes: tool for diagnosis
and marker of disease activity in Wegener’s
granulomatosis. Lancet 1985; 1: 425-9.

3. LEAVITT RY, FAUCI AS, BLOCH DA et al.:
The American College of Rheumatology
1990 criteria for the classification of

Wegener’s granulomatosis. Arthritis Rheum
1990; 33: 1101-7.

4. JENNETTE JC, FALK RJ, ANDRASSY K et al.:
Nomenclature of systemic vasculitides. Pro-
posal of an international consensus confer-
ence. Arthritis Rheum 1994;37:187-92.

5. KURLAND LT, HAUSER WA, FERGUSON RH,
HOLLEY KE: Epidemiologic features of dif-
fuse connective tissue disorders in
Rochester, Minn., 1951 through 1967, with
special reference to systemic lupus erythe-
matosus. Mayo Clin Proc 1969; 44: 649-63.

6. SCOTT DG, BACON PA, ELLIOTT PJ, TRIBE
CR, WALLINGTON TB: Systemic vasculitis
in a district general hospital 1972-1980:
clinical and laboratory features, classifica-
tion and prognosis of 80 cases. Q J Med
1982; 51: 292-311.

7. ANDREWS M, EDMUNDS M, CAMPBELL A,
WALLS J, FEEHALLY J: Systemic vasculitis
in the 1980s-is there an increasing incidence
of Wegener’s granulomatosis and micro-
scopic polyarteritis? J R Coll Physicians
Lond 1990; 24: 284-8.

8. COTCH MF, HOFFMAN GS, YERG DE, KAUF-
MAN GI, TARGONSKI P, KASLOW RA: The
epidemiology of Wegener’s granulomatosis.
Estimates of the five-year period preva-
lence, annual mortality, and geographic dis-
ease distribution from population-based
data sources. Arthritis Rheum 1996; 39: 87-
92.

9. CARRUTHERS DM, WATTS RA, SYMMONS
DP, SCOTT DG: Wegener’s granulomatosis-
increased incidence or increased recogni-
tion? Br J Rheumatol 1996; 35: 142-5.

10. HAUGEBERG G, BIE R, BENDVOLD A,
LARSEN AS, JOHNSEN V: Primary vasculitis
in a Norwegian community hospital: a retro-
spective study. Clin Rheumatol 1998; 17:
364-8.

11. GONZALEZ-GAY MA, GARCIA-PORRUA C:
Systemic vasculitis in adults in northwest-
ern Spain, 1988-1997. Clinical and epidemi-
ologic aspects. Medicine (Baltimore) 1999;
78: 292-308.

12. KOLDINGSNES W, NOSSENT H: Epidemiol-
ogy of Wegener’s granulomatosis in north-
ern Norway. Arthritis Rheum 2000; 43:
2481-7.

13. WATTS RA, LANE SE, BENTHAM G, SCOTT
DG: Epidemiology of systemic vasculitis: a
ten-year study in the United Kingdom.
Arthritis Rheum 2000; 43: 414-9.

14. REINHOLD-KELLER E, ZEIDLER A, GUT-
FLEISCH J, PETER HH, RASPE HH, GROSS
WL: Giant cell arteritis is more prevalent in
urban than in rural populations: results of an
epidemiological study of primary systemic
vasculitides in Germany. Rheumatology
(Oxford) 2000; 39: 1396-402.

15. REINHOLD-KELLER E, HERLYN K, WAGN-
ER-BASTMEYER R et al.: No difference in
the incidences of vasculitides between north
and south Germany: first results of the Ger-
man Vasculitis Register. Rheumatology
(Oxford) 2002; 41: 540-9.

16. GONZALEZ-GAY MA, GARCIA-PORRUA C,
GUERRERO J, RODRIGUEZ-LEDO P, LLOR-
CA J: The epidemiology of the primary sys-
temic vasculitides in northwest Spain:
implications of the Chapel Hill Consensus



S-89

Epidemiology of Wegener's granulomatosis / A.D. Mahr et al. REVIEW

Conference definitions. Arthritis Rheum
2003; 49: 388-93.

17. MOHAMMAD A, JACOBSSON L, SEGEL-
MARK M, STURFELT G: Prevalence of small
vessel vasculitis in Sweden – preliminary
report (abstract). Kidney Blood Press Res
2003; 26: S251.

18. MAHR A, GUILLEVIN L, POISSONNET M,
AYMÉ S: Prevalence of polyarteritis nodosa,
microscopic polyangiitis, Wegener’s granu-
lomatosis and Churg-Strauss syndrome in a
French urban multiethnic population in
2000: a capture-recapture estimate. Arthritis
Rheum 2004; 5: 92-9.

19. REINHOLD-KELLER E, HERLYN K, WAGN-
ER-BASTMEYER R, GROSS WL: Stable inci-
dence of primary systemic vasculitides over
five years: results from the German vasculi-
tis register. Arthritis Rheum 2005; 53: 93-9.

20. ZEFT A, SCHLESINGER M, WEISS N, EMERY
H: Case control study of ANCA-associated
vasculitis in Western Montana (abstract).
Arthritis Rheum 2005; 52: S648.

21. KNIGHT A, EKBOM A, BRANDT L, ASKLING
J: Increasing incidence of Wegener’s granu-
lomatosis in Sweden 1975-2001 (abstract).
Arthritis Rheum 2005; 52: S403.

22. GIBSON A, STAMP LK, CHAPMAN PT,
O’DONNELL JL: The epidemiology of
Wegener’s granulomatosis and microscopic
polyangiitis in a Southern Hemisphere re-
gion. Rheumatology (Oxford) 2006 (in press).

23. BRUCE IN, BELL AL: A comparison of two
nomenclature systems for primary systemic
vasculitis. Br J Rheumatol 1997; 36: 453-8.

24. LANE SE, WATTS RA, SHEPSTONE L, SCOTT
DG: Primary systemic vasculitis: clinical
features and mortality. Q J Med 2005; 98:
97-111.

25. HOFFMAN GS, KERR GS, LEAVITT RY et al.:
Wegener’s granulomatosis: an analysis of
158 patients. Ann Intern Med 1992; 116:
488-98.

26. ANDERSON G, COLES ET, CRANE M et al.:
Wegener’s granuloma. A series of 265
British cases seen between 1975 and 1985.
A report by a sub-committee of the British
Thoracic Society Research Committee. Q J
Med 1992; 83: 427-38.

27. MATTESON EL, GOLD KN, BLOCH DA, HUN-
DER GG: Long-term survival of patients
with Wegener’s granulomatosis from the
American College of Rheumatology
Wegener’s Granulomatosis Classification
Criteria Cohort. Am J Med 1996; 101: 129-
34.

28. REINHOLD-KELLER E, BEUGE N, LATZA U
et al.: An interdisciplinary approach to the
care of patients with Wegener’s granulo-
matosis: long-term outcome in 155 patients.
Arthritis Rheum 2000; 43: 1021-32.

29. STONE JH FOR THE WEGENER'S GRANULOMATOSIS

ENTANERCEPT TRIAL RESEARCH GROUP: Limited
versus severe Wegener’s granulomatosis:
baseline data on patients in the Wegener’s
granulomatosis etanercept trial. Arthritis
Rheum 2003; 48: 2299-309.

30. BLIGNY D, MAHR A, TOUMELIN  P,
MOUTHON L, GUILLEVIN L: Predicting
mortality in systemic Wegener’s granulo-
matosis: a survival analysis based on 93
patients. Arthritis Rheum 2004; 51: 83-91.

31. WATTS RA, GONZALEZ-GAY MA, LANE SE,
GARCIA-PORRUA C, BENTHAM G, SCOTT
DG: Geoepidemiology of systemic vasculi-
tis: comparison of the incidence in two
regions of Europe. Ann Rheum Dis 2001;
60: 170-2.

32. WATTS RA, LANE SE, SCOTT DG et al.: Epi-
demiology of vasculitis in Europe. Ann
Rheum Dis 2001; 60: 1156-7.

33. WATTS RA, LANE S, SCOTT DG: What is
known about the epidemiology of the vas-
culitides? Best Pract Res Clin Rheumatol
2005; 19: 191-207.

34. TIDMAN M, OLANDER R, SVALANDER C,
DANIELSSON D: Patients hospitalized
because of small vessel vasculitides with
renal involvement in the period 1975-95:
organ involvement, anti-neutrophil cyto-
plasmic antibodies patterns, seasonal attack
rates and fluctuation of annual frequencies.
J Intern Med 1998; 244: 133-41.

35. FALK RJ, HOGAN S, CAREY TS, JENNETTE
JC: Clinical course of anti-neutrophil cyto-
plasmic autoantibody-associated glomeru-
lonephritis and systemic vasculitis. The
Glomerular Disease Collaborative Network.
Ann Intern Med 1990; 113: 656-63.

36. RAYNAULD JP, BLOCH DA, FRIES JF: Sea-
sonal variation in the onset of Wegener’s
granulomatosis, polyarteritis nodosa and
giant cell arteritis. J Rheumatol 1993; 20:
1524-6.

37. BLOCKMANS D, VANDENBON C, MACKEN
T, STEVENS E, BOBBAERS H: Wegener’s
granulomatosis: a study on 50 patients. Eur
J Intern Med 1997; 8: 19-26.

38. DUNA GF, COTCH MF, GALPERIN C, HOFF-
MAN DB, HOFFMAN GS: Wegener’s granu-
lomatosis: role of environmental exposures.
Clin Exp Rheumatol 1998; 16: 669-74.

39. MUNIAIN MA, MORENO JC, GONZALEZ
CAMPORA R: Wegener’s granulomatosis in
two sisters. Ann Rheum Dis 1986; 45: 417-21.

40. KNUDSEN BB, JOERGENSEN T, MUNCH-
JENSEN B: Wegener’s granulomatosis in a
family. A short report. Scand J Rheumatol
1988; 17: 225-7.

41. STONEY PJ, DAVIES W, HO SF, PATERSON IC,
GRIFFITH IP: Wegener’s granulomatosis in
two siblings: a family study. J Laryngol
Otol 1991; 105: 123-4.

42. HAY EM, BEAMAN M, RALSTON AJ, ACK-
RILL P, BERNSTEIN RM, HOLT PJ: Wegener’s
granulomatosis occurring in siblings. Br J
Rheumatol 1991; 30: 144-5.

43. SEWELL RF, HAMILTON DV: Time-associat-
ed Wegener’s granulomatosis in two mem-
bers of a family. Nephrol Dial Transplant
1992; 7: 882.

44. ROTTEM M, COTCH MF, FAUCI AS, HOFF-
MAN GS: Familial vasculitis: report of 2
families. J Rheumatol 1994; 21: 561-3.

45. NOWACK R, LEHMANN H, FLORES-SUAREZ
LF, NANHOU A, VAN DER WOUDE FJ: Familial
occurrence of systemic vasculitis and rapid-
ly progressive glomerulonephritis. Am J
Kidney Dis 1999; 34: 364-73.

46. MANGANELLI P, GIACOSA R, FIETTA P,
ZANETTI A, NERI TM: Familial vasculitides:
Churg-Strauss syndrome and Wegener’s
granulomatosis in 2 first-degree relatives. J
Rheumatol 2003; 30: 618-21.

47. NAGIBOV VM, CHERANOV EA: A case of
Wegener’s granulomatosis in married couples
(Russian). Vestn Otorinolaringol 1987: 72-3.

48. BARRETT TG, TAYLOR CM, THOMASON P,
PALL A, ADU D: Environmental trigger for
anti-neutrophil cytoplasmic antibodies?
Lancet 1993; 342: 369-70.

49. ABDOU NI, KULLMAN GJ, HOFFMAN GS et
al.: Wegener’s granulomatosis: survey of
701 patients in North America. Changes in
outcome in the 1990s. J Rheumatol 2002;
29: 309-16.

50. WEINER SR, KWAN LW, PAULUS HE, CARO
XJ, WEISBART RH: Twins discordant for
Wegener’s granulomatosis. Clin Exp
Rheumatol 1986; 4: 389-90.

51. GASKIN G, PUSEY CD: Systemic vasculitis.
In: DAVISON AM, CAMERON JS, GRÜNFELD
JP, KERR DNS, RITZ E, WINEARLS CG,
(Eds.): Oxford Textbook of Clinical
Nephrology. Oxford, UK: Oxford Universi-
ty Press; 1996:  881-910.

52. BORGMANN S, HAUBITZ M: Genetic impact
of pathogenesis and prognosis of ANCA-
associated vasculitides. Clin Exp Rheumatol
2004; 22: S79-86.

53. JAGIELLO P, GROSS WL, EPPLEN JT: Com-
plex genetics of Wegener’s granulomatosis.
Autoimmun Rev 2005; 4: 42-7.

54. STRIMLAN CV, TASWELL HF, KUEPPERS F,
DEREMEE RA, MCDONALD TJ: HLA-A anti-
gens of patients with Wegener’s granulo-
matosis. Tissue Antigens 1978; 11: 129-31.

55. MURTY GE, MAINS BT, MIDDLETON D,
MAXWELL AP, SAVAGE DA: HLA antigen
frequencies and Wegener’s granulomatosis.
Clin Otolaryngol Allied Sci 1991; 16: 448-
51.

56. GRIFFITH ME, PUSEY CD: HLA genes in
ANCA-associated vasculitides. Exp Clin
Immunogenet 1997; 14: 196-205.

57. KATZ P, ALLING DW, HAYNES BF, FAUCI AS:
Association of Wegener’s granulomatosis
with HLA-B8. Clin Immunol Immunopathol
1979; 14: 268-70.

58. BEIGEL A, LEHMANN H, WESTPHAL E: The
spectrum of histocompatibility antigens
(HLA) in Wegener’s granulomatosis (Ger-
man). Arch Otorhinolaryngol 1981; 233:
157-60.

59. COTCH MF, FAUCI AS, HOFFMAN GS: HLA
typing in patients with Wegener’s granulo-
matosis. Ann Intern Med 1995; 122: 635.

60. SPENCER SJ, BURNS A, GASKIN G, PUSEY
CD, REES AJ: HLA class II specificities in
vasculitis with antibodies to neutrophil
cytoplasmic antigens. Kidney Int 1992; 41:
1059-63.

61. PAPIHA SS, MURTY GE, AD’HIA A, MAINS
BT, VENNING M: Association of Wegener’s
granulomatosis with HLA antigens and oth-
er genetic markers. Ann Rheum Dis 1992;
51: 246-8.

62. ELKON KB, SUTHERLAND DC, REES AJ,
HUGHES GR, BATCHELOR JR: HLA antigen
frequencies in systemic vasculitis: increase
in HLA-DR2 in Wegener’s granulomatosis.
Arthritis Rheum 1983; 26: 102-5.

63. HAGEN EC, STEGEMAN CA, D’AMARO J et
al.: Decreased frequency of HLA-
DR13DR6 in Wegener’s granulomatosis.
Kidney Int 1995; 48: 801-5.



S-90

Epidemiology of Wegener's granulomatosis / A.D. Mahr et al.REVIEW

64. ESNAULT VL, TESTA A, AUDRAIN M et al.:
Alpha 1-antitrypsin genetic polymorphism
in ANCA-positive systemic vasculitis. Kid-
ney Int 1993; 43: 1329-32.

65. ELZOUKI AN, SEGELMARK M, WIESLAN-
DER J, ERIKSSON S: Strong link between the
alpha 1-antitrypsin PiZ allele and Wegener’s
granulomatosis. J Intern Med 1994; 236:
543-8.

66. LHOTTA K, VOGEL W, MEISL T et al.: Alpha
1-antitrypsin phenotypes in patients with
anti-neutrophil cytoplasmic antibody-posi-
tive vasculitis. Clin Sci (Lond) 1994; 87:
693-5.

67. SAVIGE JA, CHANG L, COOK L, BURDON J,
DASKALAKIS M, DOERY J: Alpha 1-anti-
trypsin deficiency and anti-proteinase 3
antibodies in anti-neutrophil cytoplasmic
antibody (ANCA)-associated systemic vas-
culitis. Clin Exp Immunol 1995; 100: 194-7.

68. BASLUND B, SZPIRT W, ERIKSSON S et al.:
Complexes between proteinase 3, alpha 1-
antitrypsin and proteinase 3 anti-neutrophil
cytoplasm autoantibodies: a comparison
between alpha 1-antitrypsin PiZ allele carri-
ers and non-carriers with Wegener’s granu-
lomatosis. Eur J Clin Invest 1996; 26: 786-92.

69. GRIFFITH ME, LOVEGROVE JU, GASKIN G,
WHITEHOUSE DB, PUSEY CD: C-antineu-
trophil cytoplasmic antibody positivity in
vasculitis patients is associated with the Z
allele of alpha-1-antitrypsin, and P-antineu-
trophil cytoplasmic antibody positivity with
the S allele. Nephrol Dial Transplant 1996;
11: 438-43.

70. CALLEA F, GREGORINI G, SINICO A et al.:
alpha 1-Antitrypsin (AAT) deficiency and
ANCA-positive systemic vasculitis: genetic
and clinical implications. Eur J Clin Invest
1997; 27: 696-702.

71. ESNAULT VL, AUDRAIN MA, SESBOUE R:
Alpha-1-antitrypsin phenotyping in ANCA-
associated diseases: one of several argu-
ments for protease/antiprotease imbalance
in systemic vasculitis. Exp Clin Immuno-
genet 1997; 14: 206-13.

72. BORGMANN S, ENDISCH G, URBAN S, SIT-
TER T, FRICKE H: A linkage disequilibrium
between genes at the serine protease
inhibitor gene cluster on chromosome
14q32.1 is associated with Wegener’s gran-
ulomatosis. Clin Immunol 2001; 98: 244-8.

73. HUANG D, GISCOMBE R, ZHOU Y, LEFVERT
AK: Polymorphisms in CTLA-4 but not
tumor necrosis factor-alpha or interleukin
1beta genes are associated with Wegener’s
granulomatosis. J Rheumatol 2000; 27: 397-
401.

74. GISCOMBE R, WANG X, HUANG D,
LEFVERT AK: Coding sequence 1 and pro-
moter single nucleotide polymorphisms in
the CTLA-4 gene in Wegener’s granulo-
matosis. J Rheumatol 2002; 29: 950-3.

75. ZHOU Y, HUANG D, PARIS PL, SAUTER CS,
PROCK KA, HOFFMAN GS: An analysis of
CTLA-4 and proinflammatory cytokine
genes in Wegener’s granulomatosis. Arthri-
tis Rheum 2004; 50: 2645-50.

76. MURAKÖZY G, GAEDE KI, RUPRECHT B et
al.: Gene polymorphisms of immunoregula-
tory cytokines and angiotensin-converting
enzyme in Wegener’s granulomatosis. J Mol

Med 2001; 79: 665-70.
77. ZHOU Y, GISCOMBE R, HUANG D, LEFVERT

AK: Novel genetic association of Wegener’s
granulomatosis with the interleukin 10 gene.
J Rheumatol 2002; 29: 317-20.

78. BÁRTFAI Z, GAEDE KI, RUSSELL KA,
MURAKÖZY G, MÜLLER-QUERNHEIM J,
SPECKS U: Different gender-associated
genotype risks of Wegener’s granulomatosis
and microscopic polyangiitis. Clin Immunol
2003; 109: 330-7.

79. GENCIK M, MELLER S, BORGMANN S,
FRICKE H: Proteinase 3 gene polymor-
phisms and Wegener’s granulomatosis. Kid-
ney Int 2000; 58: 2473-7.

80. JAGIELLO P, ARIES P, ARNING L et al.: The
PTPN22 620W allele is a risk factor for
Wegener’s granulomatosis. Arthritis Rheum
2005; 52: 4039-43.

81. ZHOU Y, HUANG D, FARVER C, HOFFMAN
GS: Relative importance of CCR5 and
antineutrophil cytoplasmic antibodies in
patients with Wegener’s granulomatosis. J
Rheumatol 2003; 30: 1541-7.

82. JAGIELLO P, GENCIK M, ARNING L et al.:
New genomic region for Wegener’s granu-
lomatosis as revealed by an extended associ-
ation screen with 202 apoptosis-related
genes. Hum Genet 2004; 114: 468-77.

83. WEGENER F: Über eine eigenartige rhino-
gene Granulomatose mit besonderer Beteili-
gung des Arteriensystems und der Nieren.
Beitr Pathol Anat Allg Pathol 1939: 36-68.

84. PINCHING AJ, REES AJ, PUSSELL BA, LOCK-
WOOD CM, MITCHISON RS, PETERS DK:
Relapses in Wegener’s granulomatosis: the
role of infection. Br Med J 1980; 281: 836-8.

85. DEREMEE RA, MCDONALD TJ, WEILAND
LH: Wegener’s granulomatosis: observa-
tions on treatment with antimicrobial
agents. Mayo Clin Proc 1985; 60: 27-32.

86. STEGEMAN CA, TERVAERT JW, DE JONG PE,
KALLENBERG CG: Trimethoprim-sulfa-
methoxazole (co-trimoxazole) for the preven-
tion of relapses of Wegener’s granulomatosis.
Dutch Co-Trimoxazole Wegener Study
Group. N Engl J Med 1996; 335: 16-20.

87. FAUCI AS, HAYNES BF, KATZ P, WOLFF SM:
Wegener’s granulomatosis: prospective
clinical and therapeutic experience with 85
patients for 21 years. Ann Intern Med 1983;
98: 76-85.

88. VAN PUTTEN JW, VAN HAREN EH, LAMMERS
JW: Association between Wegener’s granu-
lomatosis and Staphylococcus aureus infec-
tion? Eur Respir J 1996; 9: 1955-7.

89. STEGEMAN CA, TERVAERT JW, SLUITER
WJ, MANSON WL, DE JONG PE, KALLEN-
BERG CG: Association of chronic nasal car-
riage of Staphylococcus aureus and higher
relapse rates in Wegener’s granulomatosis.
Ann Intern Med 1994; 120: 12-7.

90. GORDON C, LUQMANI R, FIELDS P, HOWIE
AJ, EMERY P: Two cases of ‘Wegener’s tuber-
culosis’. Br J Rheumatol 1993; 32: 143-9.

91. TOYOSHIMA M, CHIDA K, SUDA T,
IMOKAWA S, NAKAMURA H: Wegener’s
granulomatosis responding to antitubercu-
lous drugs. Chest 2001; 119: 643-5.

92. KHILNANI GC, BANGA A, SHARMA SC,
GUPTA SD: Wegener’s granulomatosis: an
isolated lung mass responding to antituber-

culosis therapy and atypical course. J Assoc
Physicians India 2003; 51: 731-3.

93. HOFFMAN GS, SECHLER JM, GALLIN JI et
al.: Bronchoalveolar lavage analysis in
Wegener’s granulomatosis. A method to
study disease pathogenesis. Am Rev Respir
Dis 1991; 143: 401-7.

94. NIKKARI S, MERTSOLA J, KORVENRANTA
H, VAINIONPAA R, TOIVANEN P: Wegener’s
granulomatosis and parvovirus B19 infec-
tion. Arthritis Rheum 1994; 37: 1707-8.

95. CORMAN LC, STAUD R: Association of
Wegener’s granulomatosis with parvovirus
B19 infection: comment on the concise
communication by Nikkari et al. Arthritis
Rheum 1995; 38: 1174-5.

96. EDEN A, MAHR A, SERVANT A et al.: Lack of
association between B19 or V9 erythrovirus
infection and ANCA-positive vasculitides: a
case-control study. Rheumatology (Oxford)
2003; 42: 660-4.

97. NUYTS GD, VAN VLEM E, DE VOS A et al.:
Wegener’s granulomatosis is associated to
exposure to silicon compounds: a case-con-
trol study. Nephrol Dial Transplant 1995;
10: 1162-5.

98. HOGAN SL, SATTERLY KK, DOOLEY MA,
NACHMAN PH, JENNETTE JC, FALK RJ: Sili-
ca exposure in anti-neutrophil cytoplasmic
autoantibody-associated glomerulonephritis
and lupus nephritis. J Am Soc Nephrol 2001;
12: 134-42.

99. STRATTA P, MESSUEROTTI A, CANAVESE C
et al.: The role of metals in autoimmune
vasculitis: epidemiological and pathogenic
study. Sci Total Environ  2001; 270: 179-90.

100. LANE SE, WATTS RA, BENTHAM G, INNES
NJ, SCOTT DG: Are environmental factors
important in primary systemic vasculitis? A
case-control study. Arthritis Rheum 2003;
48: 814-23.

101. ALBERT D, CLARKIN C, KOMOROSKI J,
BRENSINGER CM, BERLIN JA: Wegener’s
granulomatosis: Possible role of environ-
mental agents in its pathogenesis. Arthritis
Rheum 2004; 51: 656-64.

102. GREGORINI G, FERIOLI A, DONATO F et al.:
Association between silica exposure and
necrotizing crescentic glomerulonephritis
with p-ANCA and anti-MPO antibodies: a
hospital-based case-control study. Adv Exp
Med Biol 1993; 336: 435-40.

103. BEAUDREUIL S, LASFARGUES G, LAUER-
IERE L et al.: Occupational exposure in
ANCA-positive patients: a case-control
study. Kidney Int 2005; 67: 1961-6.

104. STEENLAND K, GOLDSMITH DF: Silica
exposure and autoimmune diseases. Am J
Ind Med 1995; 28: 603-8.

105. CUADRADO MJ, D’CRUZ D, LLOYD M,
MUJIC F, KHAMASHTA MA, HUGHES GR:
Allergic disorders in systemic vasculitis: a
case-controlled study. Br J Rheumatol 1994;
33: 749-53.

106. HAUBITZ M, WOYWODT A, DE GROOT K,
HALLER H, GOEBEL U: Smoking habits in
patients diagnosed with ANCA associated
small vessel vasculitis. Ann Rheum Dis
2005; 64: 1500-2.

107. TATSIS E, REINHOLD-KELLER E, STEIN-
DORF K, FELLER AC, GROSS WL: Wegener’s
granulomatosis associated with renal cell



S-91

Epidemiology of Wegener's granulomatosis / A.D. Mahr et al. REVIEW

carcinoma. Arthritis Rheum 1999; 42: 751-6.
108. PANKHURST T, SAVAGE CO, GORDON C,

HARPER L: Malignancy is increased in
ANCA-associated vasculitis. Rheumatology
(Oxford) 2004; 43: 1532-5.

109. PILLINGER M, STAUD R: Wegener’s granu-
lomatosis in a patient receiving propylth-

iouracil for Graves’ disease. Semin Arthritis
Rheum 1998; 28: 124-9.

110. CHOI HK, MERKEL PA, WALKER AM, NILES
JL: Drug-associated antineutrophil cytoplas-
mic antibody-positive vasculitis: prevalence
among patients with high titers of antimye-
loperoxidase antibodies. Arthritis Rheum

2000; 43: 405-13.
111. MERKEL PA: Drug-induced vasculitis.

Rheum Dis Clin North Am 2001; 27: 849-62.
112. WATTS RA, LANE SE, SCOTT DG, ON BEHALF

OF EMEA VASCULITIS GROUP: Towards a
practical classification for vasculitis
(abstract). Arthritis Rheum 2005; 52: S224.


