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Abstract Chronic infections may mimic antineutrophil
cytoplasmic antibody (ANCA)-associated vasculitides
(AAV). We investigated which markers may help in the
diagnosis and the prognosis of infections associated with
proteinase 3 (PR3) and myeloperoxidase (MPO)-ANCA. In
this study (1993–2008)—with an average follow-up of
5.1 years—we compared 66 AAV patients with 17 PR3
and/or MPO-ANCA-positive patients with protracted bac-
terial (11/17) or viral (6/17) infections. Seven of 17 patients
had subacute bacterial endocarditis (SBE), while six of 17
patients had various autoimmune manifestations of chronic
hepatitis C virus (HCV) infection. We determined ANCA,
antinuclear antibodies, anti-PR3, anti-MPO, anticardiolipin
(aCL), antibeta 2 glycoprotein I (β2-GP I), cryoglobulins,
C3, and C4. Patients with infections were younger than
AAV patients (p<0.01). There was no difference in

frequency of renal and skin lesions. AAV patients more
frequently had pulmonary and nervous system manifesta-
tions (p<0.01). Patients with infections more frequently
had dual ANCA (high PR3, low MPO), aCL, anti-β2-GP I,
cryoglobulins, and hypocomplementemia (p<0.001). Im-
munosuppressive therapy (IST) was used in five 17 patients
who had persistently high ANCA, cryoglobulinemia, and
hypocomplementemia. There was no difference in frequency
of lethality and renal failure in the two study groups. In
patients who are PR3- and/or MPO-ANCA positive, SBE and
HCV infection should be excluded. Although similar in renal
and skin manifestations in comparison to AAV, only patients
with infections developed multiple serological abnormalities.
In patients with infections, concomitant presence of ANCA,
cryoglobulins, and hypocomplementemia was associated with
severe glomerulonephritis. The serological profile should be
repeated after specific antimicrobial or surgical therapy, since
some cases might require IST.
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Introduction

The idiopathic systemic vasculitides (ISV) are characterized
by chronic vessel wall inflammation of unknown origin [1].
A number of potential environmental trigger factors have
been reported, including drugs and infections [2–4].

A link between infection and vasculitis has long been
suspected. Associations between hepatitis B virus infection
(HBV) and polyarteritis nodosa or hepatitis C virus (HCV)
infection and cryoglobulinemic vasculitis are now well
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recognized [5, 6]. On the other hand, bacterial and viral
infections can trigger the production of various autoanti-
bodies, antinuclear antibodies (ANA), anticardiolipin anti-
bodies (aCL), cryoglobulins, and antineutrophil cytoplasmic
antibodies (ANCA), which are not always associated with
vasculitis [6–8]. Generally, infection-associated autoanti-
bodies tend to be transient, of lower titers, and more often
of the IgM type.

ANCA specific for proteinase 3 (PR3) and myeloperox-
idase (MPO) are serological markers of small vessel “pauci-
immune” ISV [1]. Cytoplasmic PR3-ANCA has high
specificity (99%) for the newly diagnosed Wegener’s
granulomatosis (WG) [1]. Perinuclear MPO-ANCA is
present in 70% of patients with microscopic polyangiitis
(MPA) and in 38–50% of patients with Churg–Strauss
syndrome (CSS) [9]. The diagnosis of ANCA-associated
vasculitides (AAV) is based on the presence of clinical
manifestations with characteristic histopathological findings
and the presence of PR3-ANCA or MPO-ANCA [1, 9]. AAV
may have a variety of presentations, including constitutional
symptoms (fever, myalgia, and weight loss) with predomi-
nant involvement of the upper and lower respiratory tract,
skin, kidneys, and the nervous system [1]. Pauci-immune
segmental necrotizing glomerulonephritis (SNGN) with or
without crescents is often present [9]. Unfortunately, some
subacute or chronic infections may mimic idiopathic AAV,
and their differential diagnosis may be difficult [6, 8, 9].
Moreover, PR3-ANCA and MPO-ANCA have been detected
following bacterial (streptococcal, staphylococcal, and
tuberculosis), viral (parvovirus B19 and HCV), protozoal
(malaria), and fungal infections [9–13].

We addressed this issue by comparing clinical and
serological data from 66 AAV patients with 17 patients
whose ANCA positivity was associated with confirmed
protracted bacterial or viral infections, diagnosed during a
15-year period. These two subsets of patients usually have
similar clinical presentations, but the therapy is quite
different. Up to now, no guidelines on treatment of
protracted infections associated with ANCA and severe
glomerulonephritis (GN) have been defined. The identifi-
cation of trigger factors is essential for more effective and
less toxic therapy for infections associated with ANCA. In
this study, we showed that antibody profile may help to
distinguish infections associated with PR3- and MPO-
ANCA from primary AAV.

Patients and methods

Patients

From 1993 to 2008, 3,754 patients were tested for ANCA
in the Laboratory for Allergy and Clinical Immunology in

Belgrade, and 104 of 3,754 (2.7%) were PR3-ANCA and/
or MPO-ANCA positive. Sixty-six of 104 patients had
AAV, 21 of 104 had drug-induced ANCA, and 17 of 104
had protracted bacterial (11/17) or viral (6/17) infections. In
this retrospective study, we compared clinical and serolog-
ical data from 66 AAV patients with 17 patients who had
protracted infections associated with ANCA. The follow-up
period was from 2 weeks to 15 years, or 5.1 years on the
average.

Patients with AAV

The first group consisted of 66 AAV patients (33 WG, 29
MPA, and four CSS). The diagnoses of WG, MPA, and
CSS were established according to clinical, serologic, and
pathohistologic criteria [1]. The diagnoses were pathohisto-
logically confirmed in 57 of 66 patients. Kidney biopsy was
performed in 42 patients (29 SNGN with cellular and
fibrous crescents, four SNGN without crescents, and six
SNGN with arteritis, and three had mesangial proliferation).
Direct immunofluorescence (DIF) was done in 19 of 42
patients: In 15 of 19, it was negative, two of 19 showed
IgM, and two of 19 had IgM and IgG.

Complete blood count, renal function tests, and complete
urine tests (including 24 h proteinuria) were checked at the
time of diagnosis and then serially during the follow-up
period. We excluded associated viral (serology and PCR),
bacterial (culture, microscopy, and serology), fungal (direct
microscopy, culture, histopathology, and serology), and
protozoal infections (pathogen identification in peripheral
blood smears, bone marrow aspirate, stool specimens or
duodenal contents, histopathology, serology, and PCR).

Therapy of patients with AAV

Patients with AAV were treated with prednisone at
0.5 mg kg−1 day−1, in combination with cyclophosphamide,
either 6 i.v. pulses at 700 mg/m2, or at 2 mg kg−1 day−1 per
os. This standard regimen could not induce clinical
remission in 11 of 66 AAV patients, and the additional
immunosuppressive therapy (IST) was necessary (plasma
exchanges in four patients and intravenous immunoglobulins
(IVIg) at 2 g/kg in seven patients).

ANCA-positive patients with prolonged infections

The second group consisted of 17 patients whose ANCA
specific to PR3 and/or MPO were associated with confirmed
protracted infection. Their immunological profile was studied
because of various clinical/laboratory disorders, such as
prolonged fever, weight loss, elevated acute phase reactants,
purpura, pathological urine sediment, acute renal failure
(ARF), etc. In all 17 PR3-ANCA- and/or MPO-ANCA-
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positive patients, inflammatory bowel diseases, sclerosing
cholangitis, other autoimmune diseases, and malignancies
were excluded. Subacute or chronic bacterial infections were
confirmed in 11 of 17 patients (Table 2). The diagnosis of
infective endocarditis was established according to the
revised Duke Clinical diagnostic criteria [14]. According to
the criteria [14], seven of 11 patients had definitive subacute
bacterial endocarditis (SBE) (four of seven patients had two
major criteria, and three of seven had one major and three
minor criteria). Predisposing factors for SBE were identified
in all patients (Table 2). Two had prosthetic valves (patients
1 and 5), one had a pacemaker (patient 7), one had
ventriculo-atrial shunt (patient 6), two patients had previous
dental procedures (patients 2 and 3), and one patient with
Down’s syndrome also had ventricular septal defect (patient
4). In four of seven patients, endocardial involvement was
confirmed by echocardiography, while three of seven
patients had a new heart murmur (patients 2, 3, and 4).

The diagnosis of cutaneous and pulmonary tuberculosis
(TB) was established in two patients by pathohistology of a
skin biopsy and Löwenstein’s sputum culture, respectively
(Table 2, patients 10 and 11).

Chronic HCV or HCV/HBV viral infections were
confirmed in six of 17 patients (Table 3). Chronic HCV
infection was diagnosed in six patients (at least two positive
determinations) by a third-generation ELISA (Biokit,
Barcelona, Spain). At presentation and during the follow-
up period, PCR analysis of blood revealed the presence of
HCV RNA in one patient (Table 3). HBsAg positivity was
detected by ELISA test. Four of six patients had predom-
inant extrahepatic, autoimmune manifestations of HCV or
HCV/HBV infection (Table 3).

Kidney biopsies were carried out in 10 of 17 ANCA-
positive patients with infections: three patients had crescentic
GN (CGN), three had SNGN without typical crescents, three
had mesangial glomerulonephritis, and one had diffuse
chronic sclerotic GN. DIF was performed in five of 10
patients: Two of five showed IgM and C3 (3+); two of five
had IgM, IgG, and C3 (2+) deposits in mesangium; one of five
was negative.

Therapy of ANCA-positive patients with prolonged
infections

Eight of patients with bacterial infections were treated with
antibiotics, while three of 11 with antibiotics and surgery
(valve replacement, patients 1, 3, and 6) 3–6 months after
recovery. Patient 3 had an amputation of toes after septic
embolization. Only patient 7 received antibiotics and three
i.v. methylprednisolone pulses of 1,000 mg. Patient 4 was
treated with IVIg, 500 mg kg−1 month−1 (Table 2).

Four of six ANCA-positive patients with chronic HCV
infection were treated intermittently with corticosteroid

therapy (Table 3). Three patients (patients 1, 2, and 3)
were treated with pulses of methylprednisolone (three to six
pulses of 500–1,000 mg) followed by oral prednisone at
0.5 mg/kg, with gradual dose tapering. One patient (patient
1) was treated with cyclophosphamide (three i.v. pulses at
700 mg/m2). In one case (patient 4), the interferon-α
therapy was introduced, but the patient had very pro-
nounced flu-like symptoms and refused further therapy
(Table 3).

Methods

First, serum samples were obtained at the time of diagnosis,
and none of the patients had previously received IST.
Patients with TB had not received antituberculotics before
ANCA testing. IgG ANCA titers were determined at the
initial visit and at least 6 months thereafter, using an
indirect immunofluorescence assay with “in-house”
ethanol-fixed preparation of neutrophils, starting with 1:16
dilution, as previously described [15]. PR3-ANCA and
MPO-ANCA were detected (cutoff 15 U/mL) by ELISA
(Organtec Diagnostica, GmbH, Germany).

Antinuclear (ANA) IgG antibodies were detected by IIF
using HEp-2 cells as substrate (Mast Diagnostica, Reinfeld,
Germany). Anti-dsDNA IgG antibodies were detected by
IIF on Crithidia lucilliae (Mast Diagnostica, Germany).
The concentrations of specific antibodies (Sm/RNP, RNP,
SS-A, and SS-B) in ANA and antiextractable nuclear
antigens (ENA) positive sera were measured (cutoff 15 U/
mL) by commercial standard ELISA (Organtec Diagnos-
tica, GmbH). Antihistone (AHA) antibodies (cutoff 40 U/
mL) were measured by commercial standard ELISA
(Organtec Diagnostica, GmbH).

Concentrations of aCL IgG and IgM (cut-off 10 GPL U/
mL and 7 MPL U/mL, respectively) and anti-β-2 glyco-
protein (GP) I IgG and IgM (cut-off 5 U/mL) were
measured by commercial standard ELISA (Organtec Diag-
nostica, GmbH).

Concentrations of C3 (normal values 0.8–1.5) and C4
(normal values 0.1–0.4) complement components and C-
reactive protein (CRP) (normal values <5 mg/L) were
measured by nephelometry (Orion Diagnostica, Espoo,
Finland).

The presence (at least two positive determinations) and the
type of cryoglobulins were investigated by the standard
procedure [16]. Cryoprecipitate was analyzed by immuno-
fixation and by agglutination for the presence of rheumatoid
factor (Orion Diagnostica, Espoo, Finland).

Statistical analysis

Frequencies of nonparametric characteristics in AAV- and
ANCA-positive patients with infection were compared using
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χ2 test or with Fisher’s exact test. Student’s t test was applied
in comparisons of continuous variables. Probability (p) values
less than 0.05 were considered statistically significant. Data
were analyzed by SPSS statistical software version 10.0 for
Windows (SPSS, Inc, Chicago, IL, USA).

Results

Demographic characteristics of patients with AAV
and prolonged infections

MPO-ANCA- or PR3-ANCA-positive patients with infection
were significantly younger (p<0.01) in comparison to patients
with AAV, but there was no division based on gender
between the study groups (Table 1). The average duration of
symptoms before diagnosis was shorter in patients with
infection, but the difference was not statistically significant.

Characteristics of ANCA-positive patients with prolonged
infections

Eleven of 17 patients had confirmed bacterial infections
(three Streptococcus viridans, one Enterococcus, two
coagulase-negative Staphylococcus, three Staphylococcus
aureus, two Mycobacterium tuberculosis), while six of 17
had confirmed viral infections (three concomitantly HCV
and HBV and three HCV). All relevant clinical, serological,
and pathohistological characteristics of PR3-ANCA- and/
or/MPO-ANCA-positive patients with associated bacterial
and viral infections are presented in Tables 2 and 3.

Clinical differences between patients with AAV
and prolonged infections

AAV patients and ANCA-positive patients with infection
were characterized by high frequency of arthralgia/myalgia,
high fever, and weight loss (Table 4). There were no
differences in skin manifestations and renal involvement,
including ARF and hematuria between the two study

groups (p>0.05). On the other hand, patients with AAV
had significantly more frequent ear/nose/throat (ENT)
involvement, pulmonary manifestations, pulmonary–renal
syndrome, and nervous system manifestations. ANCA-
positive patients with infections had more frequent spleen
and/or liver enlargement and new heart murmurs (Table 4).

Serological differences between patients with AAV
and prolonged infections

There were no statistical differences in titers and ANCA
types between patients with vasculitides and patients with
infections (Table 5). On the other hand, patients with
infections more frequently expressed dual ANCA positivity
(high PR3 and low MPO) together with the presence of
ANA, anti-SSA, aCL, anti-β2 GP I, cryoglobulins, and
complement consumption (Table 5). For all ANA-positive
samples, ANCA/ANA titer ratio was >2. In the group of
patients with infections, only one had anti-dsDNA anti-
bodies (titer 1:80), and two patients had anti-SSA (one in
low and one in high concentration), one of 17 had
antihistone, and one of 17 had anti-Sm/RNP antibodies in
low concentration. Nine of 17 (53%) patients with
infections had aCL (five IgM, three IgG, and one IgG and
IgM). Four of five patients were weakly positive, and one
of five was medium positive for IgM aCL. One of three was
weakly and two of three were medium positive for IgG
aCL. On the other hand, only six of 66 (9%) patients with
AAV had aCL (five were weakly IgG positive, and one was
medium IgG and IgM positive). IgG and IgM anti-β2 GP I
were more frequently present in patients with infections
(Table 5). PR3- and/or MPO-ANCA-positive patients with
infections and simultaneous presence of ANA and/or aCL
did not have other criteria for connective tissue diseases
and/or antiphospholipid syndrome.

Low concentrations of C3 and/or C4 were found in eight
patients with infections who also had mixed cryoglobuli-
nemia (two of eight patients were ANA positive). Four of
eight patients with cryoglobulinemia had bacterial infec-
tion, while four of eight patients had chronic HCV

Patients with ANCA-associated
vasculitis (n=66)

Patients with prolonged infections
associated with ANCA (n=17)

Female sex 35 (53%) 12 (70%)

Mean age (years) 52.8±11.35 42.5±17.0*

Age range (years) 18–75 8–68

Months between complaints
and ANCA detection

3.2±2.2 2.9±1.8

Associated bacterial
infection, no

0 11

Associated viral
infection, no

0 6

Table 1 Characteristics of PR3
and/or MPO-ANCA-positive
patients with vasculitides and
infections at presentation

Values represent numbers of
patients or mean±standard
deviation

*p<0.01

896 Clin Rheumatol (2010) 29:893–904



T
ab

le
2

C
ha
ra
ct
er
is
tic
s
at

pr
es
en
ta
tio

n
an
d
fo
llo

w
-u
p
of

11
pa
tie
nt
s
w
ith

pr
ol
on

ge
d
ba
ct
er
ia
l
in
fe
ct
io
ns

as
so
ci
at
ed

w
ith

P
R
3
an
d/
or

M
P
O
-A

N
C
A

A
ge

(y
ea
rs
)/

se
x

Id
en
tif
ie
d

pa
th
og

en
D
is
ea
se

S
er
ol
og

ic
al

pa
ra
m
et
er
s

at
pr
es
en
ta
tio

n
C
lin

ic
al

fe
at
ur
es

R
en
al

pa
th
ol
og

y
T
he
ra
py

O
ut
co
m
e

A
N
C
A

fo
llo

w
-u
p

1
54

/F
St
re
pt
oc
oc
cu
s

vi
ri
da

ns
S
B
E
m
itr
al

va
lv
e

pA
N
C
A
/M

P
O

F
ev
er
,
ar
th
ra
lg
ia
s,

he
m
at
ur
ia

M
G
N

A
B
,
re
co
ve
ry

in
2
ye
ar
s

D
is
ap
pe
ar
ed

af
te
r

6
m
on

th
s

2
30

/M
St
re
pt
oc
oc
cu
s

vi
ri
da

ns
S
B
E
ao
rt
ic

va
lv
e

cA
N
C
A

P
R
3/
M
P
O

aC
L
Ig
M

F
ev
er
,
ar
th
ra
lg
ia
s,

he
m
at
ur
ia

S
N
G
N

A
B
,r
ec
ov

er
y
in

6
m
on

th
s

D
is
ap
pe
ar
ed

af
te
r

6
m
on

th
s

3
45

/F
St
re
pt
oc
oc
cu
s

vi
ri
da

ns
S
B
E
ao
rt
ic

va
lv
e

cA
N
C
A
/P
R
3
β
2G

P
I
Ig
M

F
ev
er
,
he
m
at
ur
ia
,

ga
ng

re
ne

S
N
G
N

A
B
,r
ec
ov

er
y
in

2
ye
ar
s

D
ec
re
as
ed
,
bu

t
re
m
ai
n

po
si
tiv

e
af
te
r
2
ye
ar
s

4
28

/M
E
nt
er
oc
oc
cu
s

S
B
E
tr
ic
us
pi
d
va
lv
e

cA
N
C
A

P
R
3/
M
P
O

aC
L
,

β
2G

P
I
Ig
G

M
C

II
,

lo
w

C
3,

C
4

F
ev
er
,
lu
ng

in
fi
ltr
at
e,

ne
ph

ro
tic

sy
nd

ro
m
e,

A
R
F,

sp
le
no

m
eg
al
y

C
G
N

D
IF

Ig
M
,

C
3

A
B
,
IV

IG
,

de
at
h

af
te
r
2

m
on

th
s

P
os
iti
ve

du
ri
ng

fo
llo

w
-

up

5
60

/M
C
oa
gu

la
se
-

ne
ga
tiv

e
st
ap
hy

lo
co
cc
us

S
B
E
ao
rt
ic

va
lv
e

cA
N
C
A
/P
R
3
M
C
II
I,

lo
w

C
4

F
ev
er
,
he
m
at
ur
ia

S
N
G
N

A
B
,
C
R
F

D
ec
re
as
ed

af
te
r
6

m
on

th
s,

ne
ga
tiv

e
af
te
r
1
ye
ar

6
48

/F
C
oa
gu

la
se
-

ne
ga
tiv

e
st
ap
hy

lo
co
cc
us

S
B
E
ri
gh

t
at
ri
um

cA
N
C
A

P
R
3/
M
P
O

A
N
A
,

aC
L
,β

2G
P
I
Ig
M

M
C
II
,l
ow

C
4

F
ev
er
,
A
R
F,

he
pa
to
sp
le
no

m
eg
al
y

C
h.

G
N

D
IF
:

ne
g.

A
B
,
T
R
F

D
ec
re
as
ed

bu
t
re
m
ai
n

po
si
tiv

e
af
te
r
2.
5

ye
ar
s

7
62

/F
St
ap

hy
lo
co
cc
us

au
re
us

S
B
E
ri
gh

t
at
ri
um

pA
N
C
A
/M

P
O

A
N
A
,

aC
L
,
β
2G

P
I
Ig
M

F
ev
er
,
ar
th
ra
lg
ia
s,

A
R
F

C
G
N

A
B
+
C
S
,
de
at
h

af
te
r
2.
5

m
on

th
s

P
os
iti
ve

du
ri
ng

fo
llo

w
-

up

8
55

/F
St
ap

hy
lo
co
cc
us

au
re
us

P
hl
eg
m
on

a
cA

N
C
A
/P
R
3
aC

L
,

β
2G

P
I
Ig
G

F
ev
er
,
ar
th
ri
tis

N
A

A
B
,r
ec
ov

er
y
in

1
ye
ar

D
ec
re
as
ed

af
te
r
6

m
on

th
s,

ne
ga
tiv

e
af
te
r
1
ye
ar

9
25

/F
St
ap

hy
lo
co
cc
us

au
re
us

P
hl
eg
m
on

a
cA

N
C
A

P
R
3/
M
P
O

A
N
A
,

M
C

II
I,
lo
w

C
4

F
ev
er
,
ar
th
ri
tis

N
A

A
B
,
C
R
F

D
is
ap
pe
ar
ed

af
te
r

6
m
on

th
s

10
66

/F
M
yc
ob

ac
te
ri
um

tu
be
rc
ul
os
is

S
ki
n
T
B
—

sc
ro
fu
lo
de
rm

a
cA

N
C
A
/P
R
3

S
ki
n
in
fi
ltr
at
io
n,

co
lli
qu

at
io
n

N
A

A
B
,r
ec
ov

er
y
in

1.
5
ye
ar

D
ec
re
as
ed

af
te
r
6

m
on

th
s,

bu
t
re
m
ai
n
po

si
tiv

e
af
te
r

3
ye
ar
s

11
47

/F
M
yc
ob

ac
te
ri
um

tu
be
rc
ul
os
is

P
ul
m
on

ar
y
T
B

cA
N
C
A
/P
R
3
aC

L
Ig
M

F
ev
er
,
lu
ng

in
fi
ltr
at
e,
m
el
en
a

N
A

A
B
,
de
at
h
af
te
r

15
da
ys

N
A

SB
E
su
ba
cu
te

ba
c.
en
do

ca
rd
iti
s,
A
R
F
ac
ut
e
re
na
l
fa
ilu

re
,
C
R
F
ch
ro
ni
c
re
na
l
fa
ilu

re
,
T
R
F
te
rm

in
al

re
na
l
fa
ilu

re
,
M
P
O

m
ye
lo
pe
ro
xi
da
se
,
P
R
3
pr
ot
ei
na
se

3,
aC

L
an
tic
ar
di
ol
ip
in

an
tib

od
ie
s,
an

ti-
β
2

G
P
I
an
tib

et
a
2
gl
yc
op

ro
te
in

I,
A
N
C
A
an
tin

eu
tr
op

hi
l
cy
to
pl
as
m
ic
an
tib

od
ie
s,
M
C
m
ix
ed

cr
yo

gl
ob

ul
in
em

ia
,
D
IF

di
re
ct
im

m
un

of
lu
or
es
ce
nc
e,
M
G
N
m
es
an
gi
al
gl
om

er
ul
on

ep
hr
iti
s,
SN

G
N
se
gm

en
ta
l

ne
cr
ot
iz
in
g
G
N
,
C
G
N
cr
es
ce
nt
ic

G
N
,
C
h
G
N

ch
ro
ni
c
sc
le
ro
tic

G
N
,
A
B
an
tib

io
tic
s,
C
S
co
rt
ic
os
te
ro
id
s,
N
A
no

t
av
ai
la
bl
e

Clin Rheumatol (2010) 29:893–904 897



T
ab

le
3

C
ha
ra
ct
er
is
tic
s
at

pr
es
en
ta
tio

n
an
d
fo
llo

w
-u
p
of

si
x
pa
tie
nt
s
w
ith

au
to
im

m
un

e
m
an
if
es
ta
tio

ns
of

ch
ro
ni
c
H
C
V
or

H
C
V
/H
B
V

in
fe
ct
io
ns

as
so
ci
at
ed

w
ith

P
R
3
an
d/
or

M
P
O
-A

N
C
A

C
as
e

A
ge

ye
ar
s/

se
x

Id
en
tif
ie
d

in
fe
ct
io
n

P
re
di
sp
os
in
g

fa
ct
or
s

S
er
ol
og

ic
al

pa
ra
m
et
er
s

at
pr
es
en
ta
tio

n
C
lin

ic
al

fe
at
ur
es

R
en
al

pa
th
ol
og

y
T
re
at
m
en
t

O
ut
co
m
e

fo
llo

w
-u
p

A
N
C
A

fo
llo

w
-u
p

1
63

/F
H
C
V

B
lo
od

tr
an
sf
us
io
n

pA
N
C
A
/M

P
O

M
C
II
,

lo
w

C
3,

C
4

F
ev
er
,
pu

rp
ur
a,

he
m
at
ur
ia
,

po
ly
ne
ur
op

at
hy
,

si
cc
a
sy
nd

ro
m
e

C
G
N

D
IF

Ig
M

Ig
G
,
C
3

C
y,

C
S

C
R
F,

3
re
la
ps
es

of
G
N

in
5

ye
ar
s

D
ec
re
as
ed

bu
t
re
m
ai
n

po
si
tiv

e
af
te
r
5
ye
ar
s

2
51

/F
H
C
V

B
lo
od

tr
an
sf
us
io
n

pA
N
C
A
/M

P
O

aC
L
Ig
M
,

M
C
II
lo
w

C
4

F
ev
er
,
pu

rp
ur
a,

liv
ed
o,

he
m
at
ur
ia

M
G
N

D
IF
:
Ig
M
,

Ig
G
,
C
3

C
S

C
R
F,

2
re
la
ps
es

of
G
N

in
2

ye
ar
s

D
ec
re
as
ed

bu
t
re
m
ai
n

po
si
tiv

e
af
te
r
2
ye
ar
s

3
24

/F
H
C
V

B
lo
od

tr
an
sf
us
io
n

pA
N
C
A
/M

P
O

M
C

II
lo
w

C
4

F
ev
er
,
pu

rp
ur
a,

he
m
at
ur
ia

M
G
N

D
IF
:

Ig
M
,
C
3

C
S

2
re
la
ps
es

of
G
N

in
5

ye
ar
s

D
ec
re
as
ed

bu
t
re
m
ai
n

po
si
tiv

e
af
te
r
5
ye
ar
s

4
30

/F
H
C
V
a /
H
B
V

A
lc
oh

ol
is
m

cA
N
C
A

P
R
3/
M
P
O

A
N
A
,

S
S
A
,
A
H
A

aC
L
Ig
M
,

G
β
2G

P
I
Ig
M
,
G

H
ep
at
os
pl
en
om

eg
al
y,

he
pa
tit
is

N
A

IF
N
-a
lp
ha

D
ea
th

af
te
r

2
m
on

th
s

P
os
iti
ve

du
ri
ng

fo
llo

w
-u
p

5
8/
F

H
C
V
/H
B
V

B
lo
od

tr
an
sf
us
io
n

cA
N
C
A
/P
R
3
A
N
A
,

D
N
A
,
S
S
A

S
m
/R
N
P,

aC
L
Ig
G

β
2G

P
I
Ig
G

M
C

II
I,
L
ow

C
3,
C
4

F
ev
er
,
pu

rp
ur
a,

ar
th
ra
lg
ia
e

N
A

C
S

2
re
la
ps
es

in
2

ye
ar
s

D
ec
re
as
ed

bu
t
re
m
ai
n

po
si
tiv

e
af
te
r
2
ye
ar
s

6
27

/M
H
C
V
/H
B
V

A
lc
oh

ol
is
m

cA
N
C
A

P
R
3/
M
P
O

aC
L

Ig
G

β
2G

P
I
Ig
G

H
ep
at
os
pl
en
om

eg
al
y

N
A

N
on

e
W
ith

ou
t
pr
og

re
ss
io
n

6
m
on

th
s

D
is
ap
pe
ar
ed

af
te
r

6
m
on

th
s

H
C
V
he
pa
tit
is
C
vi
ru
s,
H
B
V
he
pa
tit
is
B
vi
ru
s,
C
R
F
ch
ro
ni
c
re
na
l
fa
ilu

re
,
M
P
O

m
ye
lo
pe
ro
xi
da
se
,
P
R
3
pr
ot
ei
na
se

3,
aC

L
an
tic
ar
di
ol
ip
in

an
tib

od
ie
s,
an

ti-
β
2
G
P
I
an
tib

et
a
2
gl
yc
op

ro
te
in

I,
A
N
C
A

an
tin

eu
tr
op

hi
l
cy
to
pl
as
m
ic

an
tib

od
ie
s,
A
H
A
:
an
tih

is
to
ne

an
tib

od
ie
s,
C
y
cy
cl
op

ho
sp
ha
m
id
e,

C
S
co
rt
ic
os
te
ro
id
s,

M
C

m
ix
ed

cr
yo

gl
ob

ul
in
em

ia
,
C
G
N

cr
es
ce
nt
ic

G
N
,
M
G
N

m
es
an
gi
al

G
N
,
N
A
no

t
av
ai
la
bl
e.

a
P
C
R
an
al
ys
is
re
ve
al
ed

th
e
pr
es
en
ce

of
H
C
V

R
N
A

in
on

e
po

si
tiv

e
sa
m
pl
e

898 Clin Rheumatol (2010) 29:893–904



infection. Five of eight patients had cryoglobulinemia type
II, and three of eight had cryoglobulinemia type III (Tables 2
and 3).

There was no difference in the frequency of high CRP
value between AAV and ANCA-positive patients with
infections.

There was no difference in the frequency of renal and
skin manifestations, presence of autoantibodies, cryoglobu-
linemia, and low C4 between ANCA-positive patients with
bacterial (n=11) and viral (n=6) infections. Patients with
bacterial infections in comparison to patients with viral
infections (Tables 2 and 3) had more frequent cANCA
(81% versus 50%), but this difference was not statistically
significant (p>0.05).

Follow-up of patients with AAV and prolonged infections

Titers of ANCA and CRP levels decreased slowly after
6 months in both study groups (Table 6). After 6 months,
three of 17 patients with infections recovered with
disappearance of ANCA, while in nine patients (six
cANCA and three pANCA), ANCA titers decreased

(Tables 2, 3, and 6) but remained positive. In patients with
infections, clinical remission preceded the disappearance of
ANCA, especially pANCA, whose titer remained relatively
high (median 1/128) after 6 months. After prolonged
follow-up (median 2 years), seven of nine patients remained
with low ANCA titers (four cANCA and three pANCA)
(Tables 2 and 3). High titers of ANCA persisted in four
patients with various autoimmune manifestations of HCV
infection (Table 3, patients 1, 2, 3, and 5). By contrast,
ANCA titer decreased during remission in patients with
AAV (Table 6).

ANA, aCL, anti-β2 GP I, and cryoglobulins disappeared
after 6 months in all patients, except in three HCV positive
patients and one patient with SBE. Six of eight ANCA-
positive patients with protracted infections who had
cryoglobulins and hypocomplementemia at presentation,
developed ARF or chronic renal failure (CRF) during the
follow-up period. In patients with infections, concomitant
presence of cryoglobulins and hypocomplementemia was
associated with ARF or CRF (p≤0.05).

During the first episode of the disease, lethal outcome
occurred in six of 66 (9%) patients in the AAV group and in

Clinical manifestations Patients with
ANCA-associated vasculitis

Patients with prolonged infections
associated with ANCA

n=66 (%) n=17 (%)

Systemic 66 (100) 17 (100)

Arthralgia/myalgia 66 (100) 17 (100)

Fever>38.5°C 58 (88) 13 (76)

Weight loss >2 kg a month 57 (86) 13 (76)

Renal 55 (83) 10 (59)

Acute renal failure 28 (42) 3 (18)

Hematuria 27 (41) 7 (41)

Lung 33 (50) 2 (12)**

Infiltrate 17 (26) 2 (12)

Nodules 10 (15) 0 (0)

Hemoptysis 17 (26) 0 (0)*

Pulmonary–renal syndrome 27 (41) 0 (0)**

Skin 16 (24) 5 (29)

Necrosis 11 (17) 1 (6)

Gangrene 3 (4.5) 1 (6)

Purpura 7 (11) 4 (23)

Erythema nodosum 1 (2) 0 (0)

Gastrointestinal tract 8 (12) 1 (6)

Spleno- or hepatosplenomegaly 2 (3) 4 (23)*

New heart murmur 0 (0) 3 (18)**

Ear/nose/throat 17 (26) 0 (0)*

Eyes 8 (12) 0 (0)

Nervous system 28 (42) 1 (6)**

Central nervous system 14 (21) 0 (0)

Peripheral nervous system 16 (24) 1 (6)

Table 4 Initial clinical manifes-
tations in PR3- and/or MPO-
ANCA-positive patients with
vasculitides and prolonged
infections

The values represent numbers of
patients and percentage

MPO myeloperoxidase, PR3
proteinase 3, ANCA antineutro-
phil cytoplasmic antibodies

*p<0.05; **p<0.01
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four of 17 (23%) patients in the infection-associated group
(p<0.05) (Tables 2 and 3).

More relapses were observed in the AAV (95% of
patients had at least one relapse) group (p<0.001), while
only four HCV-positive patients had relapses of GN (Table 3
and 6).

Patients with AAV were statistically more frequently
treated with IST (Table 6). Ten of 11 patients with bacterial
infections (Table 2) were treated with antibiotics, eight of
10 recovered, and two of 10 died (patient 4 with SBE of
heart failure and patient 11 with TB or respiratory failure).
One of 11 cases (patient 7) who received three i.v.

methylprednisolone pulses of 1,000 mg progressed to
terminal renal failure (TRF) and died of heart failure. One
person (patient 4) with chronic HCV/HBV infection died of
pneumonia (Table 3).

During the follow-up period, the following final out-
comes were registered: 13 of 66 (20%) AAV patients died,
30 of 66 (45%) developed CRF, and nine of 66 (14%)
developed TRF. Four of 17 (23%) patients with infections
died, four of 17 (23%) patients developed CRF, and one of
17 (6%) developed TRF (Table 6). There was no difference
in frequency of lethal outcomes, CRF, and TRF in patients
with AAV and infections associated with ANCA (Table 6).

Serological parameters Patients with ANCA-associated
vasculitis

Patients with prolonged infections
associated with ANCA

n=66 (%) n=17 (%)

pANCA 34 (51) 5 (23)

Median (1/titer) 128 256

Range (1/titer) 32–256 32–512

MPO-ANCA 34 (51) 5 (23)

MPO-ANCA (U/mL) 130±47 166±38

cANCA 32 (49) 12 (77)

Median (1/titer) 128 64

range (titer) 1:32–1:256 1:16–1:256

PR3-ANCA 31 (47) 6 (41)

PR3-ANCA (U/mL) 93±14 158±28

PR3 high/MPO low ANCA 1 (2) 6 (35)***

PR3-ANCA (U/mL) 78 133±43

MPO-ANCA (U/mL) 20 32±13

Other autoantibodies 7 (11) 13 (76)***

ANA 5 (7) 5 (29)*

Median (1/titer) 80 160

Anti-DNA 0 1 (6)

Antihistone 0 1 (6)

Anti-SSA 0 2 (12)*

Anti-Sm/RNP 0 1 (6)

aCL 6 (9) 9 (53)***

aCL IgG 5 (7) 3 (18)

aCL IgM 0 5 (29)***

aCL IgG/IgM 1 (2) 1 (6)

Anti-β2 GP I 2 (3) 8 (47)***

Anti-β2 GP I IgG 1 (2) 4 (24)**

Anti-β2 GP I IgG U/mL 43 52+20

Anti-β2 GP I IgM 1 (2) 3 (18)*

Anti-β2 GP I IgM U/mL 13.4 15.4+8

Anti-β2 GP I IgG/M 0 1 (6)

Cryoglobulins 2 (3) 8 (47)***

Low C3 or/and C4 1 (2) 8 (47)***

High CRP 66 (100) 17 (100)

CRP mg/L 67±38 105 ± 28

Table 5 Comparison of sero-
logical parameters of PR3 and/
or MPO-ANCA-positive
patients with vasculitides and
prolonged infections at the
first presentation

The values represent either
numbers of patients (%) or
mean±standard deviation,
except median and range for p
and cANCA titer

pANCA perinuclear antineutro-
phil cytoplasmic antibodies,
cANCA cytoplasmic antineutro-
phil cytoplasmic antibodies,
MPO myeloperoxidase,
PR3 proteinase 3, ANA
antinuclear antibodies, DNA
deoxyribonucleic acid, aCL
anticardiolipin antibodies,
anti-β2 GP I antibeta 2 glyco-
protein I, CRP C-reactive
protein

*p<0.05; **p<0.01;
***p<0.001
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Discussion

AAV with renal involvement are rare diseases with the
mean annual incidence of 1.6 per 100,000 adults and have
seasonal, annual, and geographic fluctuation [17, 18]. It is
possible that such fluctuations are due to environmental
factors, especially to infectious agents. Interestingly, ANCA
was described for the first time in eight patients suffering
from arbovirus infection [17].

WG, MPA, and CSS are predominantly illnesses of
elderly or middle-aged people [1, 18], and this can explain
the significantly higher number of younger patients in our
group of PR3- and/or MPO-ANCA-positive patients with
infections.

In the group of ANCA-positive patients with infections,
streptococcal and staphylococcal infections are of special
interest. The association of SBE and suppurative skin
infections with ANCA has been previously reported [8,
19]. The role of bacterial superantigens as trigger factors
has been established: The higher relapse rate in patients
with WG who are S. aureus nasal carriers has been well
documented [2, 20]. Also, a marked increase in the
expression of T cell receptor V β 2.1, which recognizes
superantigens, was found in WG and MPA patients [2, 21].

Our experience confirms that ANCA may be induced by
M. tuberculosis, as previously reported [22]. Among 45
patients with tuberculosis, ANCAwas detected in 20 persons
(16 cANCA and four pANCA), while 18 patients had
positive ANCA on ELISA (15 PR3 and three MPO) [22].
Generally, clinical and histological similarities between

mycobacterial infections and WG implicate that positive
ANCA tests must be carefully interpreted.

Standard clinical and serologic criteria for differentiating
AAV from ANCA-positive patients with prolonged infec-
tions are inadequate, especially at the initial disease
presentation. Both groups of ANCA-positive patients had
subacute presentation without the difference in the duration
of the nonspecific symptoms (Table 1). Analysis of clinical
parameters (Table 4) showed that first symptoms (arthral-
gias, myalgias, weight loss, and fever over 38.5°C) were
very similar. There were no differences in frequency of
kidney involvement and various skin manifestations in
idiopathic and infection-related group (Table 4). By
contrast, involvement of ENT, lungs, nervous system, and
pulmonary–renal syndrome, which are typical for AAV [1,
9], were less frequently observed in ANCA-positive
patients with prolonged infections (Table 4).

The differential diagnosis between SBE and AAV may
be difficult [8, 23], especially if a heart murmur is absent,
as in four of our seven patients with SBE (Table 2). Minor
criteria for SBE [14], including a slow indolent course with
fever, GN, and purpura, overlap with those of the AAV
(Table 2). Chirinos et al. collected literature data on eight
ANCA-positive cases with SBE who had subacute consti-
tutional symptoms, elevated erythrocyte sedimentation rate,
hematuria, and/or proteinuria, and seven of eight had
anemia and skin manifestations, most often purpura [10].
Osler's nodes, Janeway lesions, and splinter hemorrhages
typical for SBE may mimic cutaneous vasculitis in AAV.
Other studies also demonstrated that manifestations such as

Patients with
ANCA-associated
vasculitis

Patients with prolonged infections
associated with ANCA

cANCA, 1/titer, median at presentation 128 64

Range 1/titer at presentation 32–256 16–256

cANCA,1/titer, median 6 months later 64 32

Range 1/titer after 6 months 0–256 0–64

pANCA, 1/titer, median at presentation 128 256

Range 1/titer at presentation 32–256 32–512

pANCA,1/titer, median after 6 months 32 128

Range 1/titer 6 months later 0–128 0–256

CRP mg/L at presentation 67±38 105±28

CRP mg/L 6 months later 28±15 16±10

Final outcomes n=66 (%) n=17 (%)

Chronic renal failure 30 (45) 4 (23)

Terminal renal failure 9 (14) 1 (6)

Lethal outcome 13 (20) 4 (23)

Patients with relapses 57 (95) 4 (31)***

Cyclophosphamide 63 (95) 1 (6)***

Only corticosteroids 2 (3) 4 (23)

Table 6 ANCA titers and mean
CRP values at presentation and
6 months later; final outcomes
and treatment of patients

At the beginning of the study,
there were 66 AAV patients and
17 patients with infections. Six
months later, there were 60 AAV
patients and 13 patients with
infections.

The values represent numbers of
patients (%) or mean±standard
deviation, except median and
range for p and cANCA titer

pANCA perinuclear antineutro-
phil cytoplasmic antibodies,
cANCA cytoplasmic antineutro-
phil cytoplasmic antibodies,
CRP C-reactive protein

***p<0.001
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GN, arthritis, purpura, pulmonary infiltrates, epistaxis, and
sinus symptoms typical for AAV are often present in
ANCA-positive patients with SBE [8, 24, 25]. Sometimes,
splenomegaly or hepatosplenomegaly can be useful clinical
parameters, because they are more frequently seen in SBE,
as we found in our patients [10].

The presence of ANCA in SBE patients has been
previously reported [8, 25, 26]. ANCA were more fre-
quently specific to PR3 with concomitant presence of
organ-nonspecific autoantibodies (ANA, aCL), the same as
in our study [8, 10, 24–26]. Genetic sequences of S. aureus,
one of microorganisms causing SBE, are complementary to
critical sequence of PR3 [27]. Until now, there were only
two reports of MPO-ANCA positivity in patients with SBE
[28, 29]. In our group, two of seven patients with SBE were
MPO-ANCA positive, and one of them developed ARF
with lethal outcome.

How infections produce ANCA in SBE in not clear, but
in an experimental system, the immunization of rats with
pasteurized protein from Escherichia coli and S. aureus
resulted in circulating ANCA and in pauci-immune SNGN
[30]. It has been shown that B cells, stimulated by bacterial
unmethlylated oligodeoxynucleotides via toll-like receptor
9 (TLR9), produce ANCA [31]. The recently described
release of neutrophil extracellular traps (NETs), containing
target autoantigens PR3 and MPO, are also important [32].

Although chronic bacterial infections are more frequent-
ly associated with ANCA, chronic HCV infection can also
induce ANCA against MPO, PR3, and bactericidal perme-
ability increasing protein and cathepsin G [9, 12, 33].
Chronic HCV infection implicates prolonged antigen
stimulation and severe autoimmune manifestations, often
without clinical important hepatitis [6]. Adults and young
patient from our group with chronic HCV or HCV/HBV
infection had various autoimmune manifestations, including
recurrent purpura, arthralgias, livedo, GN, and polyneurop-
athy. Both PR3-ANCA and MPO-ANCA were reported in
HCV infection [12, 33, 34]. The over-expression of CD81
and the expansion of CD5+ B lymphocytes in HCV-
infected patients may play a role in the development of
HCV-associated autoimmunity [35]. According to all these
data, we recommend routine testing for HCV in PR3-
ANCA and/or MPO-ANCA-positive patients, especially in
communities with a high prevalence of HCV infection.

In spite of similar clinical findings, our study demon-
strates that AAV patients and ANCA-positive patients with
prolonged infections have different serological profiles.
Patients with infections more frequently expressed dual
ANCA positivity (PR3 high/MPO low) together with
presence of ANA, cryoglobulins, complement consump-
tion, aCL, and anti-β2 GP I. There are few reports of dual,
PR3-ANCA, and MPO-ANCA positivity in SBE and HCV
infections [13, 36, 37]. Interestingly, drug-induced ANCA

vasculitis can be also positive for both PR3-ANCA and
MPO-ANCA [38]. By contrast, as we also found, only a
few patients with AAV exhibited both PR3-ANCA and
MPO-ANCA specificities [9].

Mixed cryoglobulinemia with hypocomplementemia that
we found in our patients was reported in ANCA-associated
bacterial and viral infections [6, 10, 13, 33]. HCV core
particles that concentrate in the cryoprecipitate may play a
role in the interactions between cryoglobulins, endothelial
cells, and neutrophils [33]. We found that in patients with
infections, concomitant presence of ANCA, cryoglobulins,
and complement consumption was associated with severe
GN. Neumann et al. reported significantly higher levels of
proteinuria in ANCA-positive patients with cryoglobuline-
mia and low complement level [36]. Contrary to AAV, DIF
of renal biopsy in ANCA-positive patients with infections
demonstrate presence of immune deposits [39]. According-
ly, screening for cryoglobulins and the determination of
autoantibodies and complement components levels, together
with histological and immuhistological findings, are manda-
tory in ANCA-positive patients with infection.

Many questions about multiple serological abnormalities
in ANCA-positive patients with infection, as found in our
cases, remain unresolved. Simultaneous presence of various
antibodies (ANA, aCL, β2-GP I) suggests that apoptotic
blebs on primed neutrophils could be a source of
autoantigens in ANCA-positive patients with prolonged
bacterial infections [40]. Failure to remove apoptotic
neutrophils might result in spreading of autoimmune
response and induction of dual ANCA (high PR3/low
MPO) in some patients with infections. Binding of ANCA
to PR3 and MPO, expressed on the surface of primed
neutrophils, induces secretion of TNF-α, IL-8, IL-1,
proteases, and stimulates production of oxygen radicals
with further enhancement of inflammation [41].

Recently described release of NETs, composed of
decondensed chromatin and targeted autoantigens PR3
and MPO, might explain concomitant presence of ANCA
and ANA in our patients with chronic infections [32]. It
was shown that chromatin in NETs is degraded by
extracellular DNAses to soluble nucleosomes, which can
trigger production of ANA [42]. The extracellular DNA,
modified by antimicrobial proteins, can activate plasmacy-
toid dendritic cells to produce type 1 interferons via TLR9
[43]. ANCAs are potent activators of NETs formation with
induction of the enzyme peptidyl arginin deiminase, which
covalently modify nuclear autoantigens, especially histone
[44]. Cooperation between ANCA and microbial compo-
nents during infection could contribute to the observed
serological profile of patients with prolonged infections.

Early diagnosis and therapy remain a big challenge in
infections associated with ANCA [13, 45]. Our study
demonstrated that there were no differences in frequency
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of CRF, TRF, and lethal outcomes in patients with AAVand
infections associated with ANCA. There are a few reports
on IST in ANCA-positive patients following SBE [13, 25,
26]. In most of our patients with bacterial infections, an
effective antimicrobial therapy or a surgical eradication of
infection stopped the sequence of inflammation, resulting in
the remission and gradual decrease of ANCA titers. Further
studies are needed to standardize the balanced antimicrobial
and IST for protracted infections associated with ANCA.

In conclusion, although PR3-ANCA and MPO-ANCA
are serological markers for AAV, the interpretation of PR3-
ANCA and/or MPO-ANCA positivity should consider the
possibility of protracted infection (Streptococcus spp.,
Staphylococcus spp., and HCV were the most frequent
pathogens). We demonstrated that, despite similar constitu-
tional, renal, and skin manifestations, AAV patients and
ANCA-positive patients with protracted infections have
different serological profiles. The patients with protracted
infections more frequently had concomitant PR3-ANCA
and MPO-ANCA positivity, ANA, IgM aCL, IgG and IgM
anti-β2 GP I, cryoglobulins, and low C3 and/or C4.
Concomitant presence of ANCA, cryoglobulins, and com-
plement consumption in patients with infections was
associated with severe course of GN. ANCA testing should
be repeated after specific antimicrobial therapy, since some
cases might require intermittent IST.
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