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Abstract
The antineutrophil cytoplasmic antibody (ANCA) test is now available in most routine diagnostic immunology laboratories. Improve-

ment, simplification and standardisation of the testing methodology have enabled it to become more reliable and accessible to clinicians.
ANCA has strong association with and is most useful in the diagnosis and management of the ANCA-associated vasculitides which include
Wegener’s  granulomatosis, microscopic polyarteritis, Churg-Strauss  syndrome and primary pauci-immune necrotising and crescentic
glomerulonephritis. It is found in lower frequency in the other vasculitides and collagen vascular diseases, in chronic inflammatory bowel
disease and autoimmune liver disease, and in miscellaneous infective and neoplastic disorders. While the gold standardfor  ANCA testing
remains the indirect immuofluorescence  (IIF)  assay, identification of ANCA-specific antigens such as proteinase 3 and myeloperoxidase
has enabled the development of antigen-specific tests. The antigen-specific solid-phase assays have comparable sensitiviq with IIF assays
and improved specificity in some instances. However, appropriate use of the ANCA test requires full knowledge of its capabilities and
limitations, and the results should always be correlated with clinical data. In particular, it is important to understand that it is not only test
sensitivity and specificity, but patient selection that contributes to thepositivepredictive value and clinical relevance of the test result.

Ann Acad Med Singapore 1998; 2’754-60

Key words: Collagen vascular diseases, Diagnosis, Sensitivity, Specificity, Vasculitis

Introduction

In 1982, Davies and co-workers’ in Melbourne
described the presence of a serum factor that stained
the cytoplasm of neutrophil leukocytes by indirect
immunofluorescence in 8 patients with generalised
illness associated with segmental necrotising glomeru-
lonephritis. This was followed two years later by a
report by Hall and co-workers2  of finding antineutrophil
cytoplasmic antibody in 4 patients with systemic
vasculitis, of whom 3 had necrotising glomerulonephri-
tis. Van der Woude et al3 retrospectively studied 41
patients with biopsy-proven Wegener’s granulomatosis
(WG) and found antibodies against the extranuclear
components of polymorphonuclear granulocytes in 25
of 27 samples from patients with active disease
compared to 4 of 32 samples from patients without signs
of disease activity.

The numerous studies that subsequently followed
these early reports soon confirmed the association of
antineutrophil cytoplasmic antibody with WG and ex-
panded the list of diseases associated with these anti-
bodies. As a result, the ANCA test is now available in
most hospital laboratories as a diagnostic aid in diverse
clinical problems.

Nomenclature and Antigenic Specificities

The original reports of antineutrophil cytoplasmic
antibody (ANCA)  described the antibodies as giving a
centrally accentuated granular staining pattern in the
cytoplasm of neutrophils using an indirect immunofluo-
rescence test. Falk and Jennette4  subsequently described
the presence of an antineutrophil cytoplasmic antibody
with a perinuclear to nuclear pattern in patients with
idiopathic necrotising and crescentic glomerulonephri-
tis (NCGN).  It was then proposed at the Second Interna-
tional Workshop on ANCA to call the first antibody
cytoplasmic or C-ANCA and the second perinuclear or
P-ANCA.5 In addition, a less well-defined pattern of
staining with characteristics of both C-ANCA and
P-ANCA  has been recently referred to as “atypical”
ANCA or X-ANCA.(jt7

The antigen with which C-ANCA specific to WG
reacted was identified as proteinase 3 (PR3),  a soluble
29 kD serine protease of the azurophilic granules of
normal human granulocytes and monocytes.8-12  The
specificity of perinuclear staining antibodies to
myeloperoxidase (MPO)  was also confirmed.13r14  Al-
though the presence of C-ANCA generally corresponds
with the presence of anti-PR3, patients with anti-MI’0
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can produce a C-ANCA pattern at indirect immunofluo-
rescence and anti-PR3 can be associated with a perinu-
clear pattern. 15-17  Furthermore, many sera that produce a
perinuclear or atypical cytoplasmic staining pattern do
not show specificity for MPO or PR3. Depending on the
population tested, between 11% and 98% of sera with
P-ANCA contain anti-MP0.18-21  In our own laboratory,
we have found only about 20% of P-ANCA positive
samples to contain anti-MPO.

Further studies to elucidate the other target antigens
have identified autoantibodies to lactoferrin (LF), hu-
man leukocyte elastase (HLE), cathepsin G (CG), eosi-
nophil  peroxidase (EPO), B-glucoronidase,  CAP57 or
bactericidal/permeability-increasing protein (BPI), and
alpha-enolase. Approximately 5% of C-ANCA positive
sera do not bind to B-granules, PR3,  MPO or the rarer
antigens, and on-going studies continue to characterise
the antigens invo1ved.14,21-28

The majority of ANCA-positive sera are specific for
only a single ANCA antigen, and anti-PR3 and anti-
MPO are almost never found together. Occasionally
anti-HLE and anti-BP1  have been found with anti-PR3
and anti-LF with anti-MPO, and it is hypothesised that
multiple ANCA specificities in a single serum result
from a secondary response to antigens released from the
neutrophils during the vasculitic process.26

ANCA Testing Methodology

Several methods exist to detect ANCA, including indi-
rect immunofluorescence (IIF)., solid phase assays,
immunoblotting and immunoprecipitation. The IIF and
solid-phase assays are routinely used by diagnostic labo-
ratories for ANCA detection, while immunoblotting
and immunoprecipitation are more commonly used as
research tools.

Indirect Immuojluorescence

The indirect immunofluorescence (IIF)  methodology
was standardised and adapted during the First Work-
shop on ANCA29 as the reference method in studies of
ANCA. By using ethanol-fixed leukocytes as the
substrate, IIF enables differentiation between the cyto-
plasmic  C-ANCA pattern and the perinuclear P-ANCA
pattern of staining. 3o The P-ANCA pattern is the result of
a fixation artefact caused by the disruption of neutrophil
granules during ethanol fixation and redistribution of
positively charged basic proteins to the negatively
charged nucleus. The use of formaldehyde fixation in-
stead of ethanol fixation prevents this migration and
makes it possible to distinguish between a P-ANCA and
an antinuclear antibody (ANA). The presence of an
ANA can also be excluded by the use of a non-myeloid
tissue culture substrate such as Hep-2 cells.

Solid Phase Assays

Because of the problems inherent in the interpretation
of IIF assays, solid phase assays were developed to
provide a more objective method of ANCA detection.
Early solid phase assays using neutrophil extracts as
substrates resulted in a high frequency of false positive
results due to contamination with nuclear components.
Fortunately, the identification of ANCA-associated an-
tigens enabled the use of purified antigens to determine
specific ANCA. An international collaborative study
has been working on the standardisation and develop-
ment of standardised methodology of such assays in an
effort to overcome major difficulties in these assays
involving the purity of the antigen preparations used as
substrates, the specificity of the secondary antibodies
used and the interpretation of values obtained in the
test.31 Commercial assays are already readily available
for the detection of anti-MI’0 and anti-PR3, and assays
for the detection of antibodies to LF, HLE and CG are
expected to be available soon.

In a large clinical study32  evaluating the performance
of solid phase ANCA assays, the sensitivity and
specificity of the anti-PR3 and anti-MPO assays for
histologically proven WG and systemic vasculitis were
found to be comparable to, if not better than, results
obtained using the IIF test. The combination of both C-
ANCA with anti-PR3 and P-ANCA with anti-MPO had
a specificity of 99% and are therefore very specific for the
diagnosis of WG, microscopic polyarteritis (MPA) and
idiopathic rapidly progressive glomerulonephritis.

Clinical Associations

ANCAs have been found to be associated with 3 major
groups of diseases:
1) primary systemic vasculitides,
2)

3)

collagen
and

vascular diseases and rheumatoid arthritis,

chronic inflammatory
mune hepatic disease.

bowel diseases and autoim-

In addition, ANCAs have been variously described in
different infectious and neoplastic disorders.

Primary Systemic Vasculitides

Much of the early difficulties involved in studying the
ANCA were due to lack of standardisation of clinical
disease definitions and diagnostic criteria in vasculitides.
While distinct vasculitic syndromes have been recog-
nised, there was frequent overlap in clinical presenta-
tion as well as evolution from one syndrome to another
and no single laboratory study was found to have ad-
equate predictive value. 33 Although much of this confu-
sion was resolved with the American College of
Rheumatology 1990 criteria and the Chapel Hill Consen-
sus Conference on Nomenclature of Systemic Vasculitis
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in 1994,34 differences between MPA and polyarteritis
nodosa (PAN) are still a subject of debate.35 Neverthe-
less, the use of the ANCA test has enabled the categori-
sation  of a subset of vasculitides under the term
“ANCA-associated vasculitic syndromes”, namely WG,
MPA, Churg-Strauss syndrome, and primary NCGN.36

The strongest ANCA associations so far have been
between PR3 specific C-ANCA and WG. The specificity
of the ANCA testing in WG is greater than 95% while the
sensitivity is dependent on the phase of the disease; in
active disease, the sensitivity of the test in WG is high
(>70%)  and significantly lower when the patients are in
complete remission (~35%).  Anti-PR3 assays exhibit
similar sensitivities and specificities for active WG. Nearly
a l l  anti-PR3-negative sera i n WG conta in
anti-MP0.7,17,18,22,37

larly  P-ANCA. Studies have found 70% to 100% of
patients with MPA to be ANCA-positive, with anti-
MPO in40% to 80% and anti-PR3 in20% (Table I).16J7~21~47~48
In contrast, less than 25% of cPAN  were anti-MPO-
positive and ANCA-positive.48-50

ANCAs have been found in more than two-thirds of
patients with primary pauci-immune NCGN compared
with less than 5% in patients with other renal disease.
The majority of ANCA in these patients have a perinu-
clear pattern with specificity to MP0.4116  Cohen Tervaert
et a122  have reported a 75% sensitivity and 92% specificity
for anti-MI’0 for idiopathic NCGN. Most patients with
vasculitis-associated or idiopathic glomerulonephritis
have either PR3 or MPO-ANCA (Table I).

TABLEI: PREVALENCE OF ANCA IN SELECTED RHEUMATIC
DISEASESSome studies have reported a positive association

between the extent and severity of disease and ANCA,
but in at least one prospective study of 106 patients no
significant difference was noted between active general-
ised and active limited WG.38-42  The majority of studies
have also found a correlation between serial C-ANCA
titres and disease activity although inter-individual vari-
ation was high; in some patients, increased titres pre-
ceded clinical relapse. Two studies also reported that
ANCA serial titres were able to distinguish between
primary disease activity and treatment or infectious
complications. However, it must be noted that up to 36%
of patients may not show any changes with disease
activity and, in several studies, either the C-ANCA titre
increase was not accompanied by clinical relapse or
disease remission was not associated with a fall in
C-ANCA titre in this subset of patients. It is therefore
important that if serial C-ANCA titres are to be used in
following disease activity it should be correlated with
the clinical assessment. It is also important to note that
C-ANCA titres can take up to 8 weeks to fall after disease
remission, and that interpretation of disease activity
based on C-ANCA titres should not be done within 6 to
15 weeks of treatment for vasculitic relapse. The same
study also reported poor correlation of P-ANCA titres
with disease activity, although a recent study has sug-
gested that serum anti-Ml’0 reflects disease activity in
some patients with primary vasculitis.42-46

Prior to the Chapel Hill consensus conference, PAN
and MPA were considered the same entity and this may
have contributed to the varying reports of ANCA in
association with PAN. The Chapel Hill consensus con-
ference defined MPA as a small vessel vasculitis charac-
terised by a pulmonary-renal syndrome with RPGN and
alveolar haemorrhage, while classic polyarteritis nodosa
(#AN)  involved medium and small-sized muscular
arteries and rarely manifested with RPGN or lung haem-
orrhage. Using this definition, MPA was found to be
strongly associated with the presence of ANCA, particu-

Disease ANCA Anti-PR3 Anti-MPO
% % %

Wegener’s Granulomatosis (active) 95 to 100 77 to 84 10 to 17
Microscopic polyarteritis 76 to 100 20 to 45 40 to 80
Necrotising and crescentic

glomerulonephritis
Churg-Strauss syndrome

Classic polyarteritis nodosa
Giant cell arteritis
Systemic lupus erythematosus
Rheumatoid arthritis

70 to 80
6 to 60
18 to 25

Rare
Rare

17 to 32

25
8 to 30
Rare
Rare
Rare
Rare

65 to 75
60 to 64

~25
Rare
Rare
Rare

ANCA: antineutrophil cytoplasmic
MPO: myeloperoxidase

antibody; PR3 : proteinase 3;

Data are derived from references in the text

Although one group has reported a frequency as high
as 66% in Churg-Strauss syndrome, other workers have
found lower frequencies of 14% to 30% for C-ANCA and
6% to 21% P-ANCA in their patients. There is a relatively
high frequency of anti-MPO, with a lower frequency of
anti-PR3 (Table I); some ANCAs of undefined specificity
are also seen.1697r49-51

ANCAs are only infrequently found (~10%)  in the
vasculitides involving medium-sized and large vessels,
i.e. giant cell (temporal) arteritis (GCA)52,53  and Takayasu
arteritis.42,51  Two studies reported a homogenous stain-
ing ANCA in one-third of patients with early Kawasaki
disease; however, it was also found with the same fre-
quency in febrile control patients5455  and was possibly
due to the presence of IgM antibodies directed against
CG.56 ANCAs have been reported in conjunction with
anti-glomulerular basement membrane (anti-GBM) an-
tibody in 2% to 9% of patients with anti-GBM disease;
these patients have been noted to have systemic vascu-
litis as well, and the presence of ANCAs has been
associated with a better prognosis following therapy
compared to patients with anti-GBM a10ne.57t58
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ANCAs are rare in essential cryoglobulinaemic vascu-
litis and cutaneous leukocytoclastic angiitis.18,51,59  Some
groups, but not all, have reported finding IgA-ANCA in
Henoch-Schonlein purpura.51,60-62  It has not been found
in Behcet’s disease.51,63

Collagen Vascular Diseases and Rheumatoid Arthritis

P-ANCAs are occasionally found in systemic lupus
erythematosus (SLE),  in association with low levels of
anti-MPO, anti-LF, anti-HLE and anti-lysozyme. No
correlation has been found between ANCA and the
presence of vasculitis or renal disease.51f59t64  In one study,
a strong association was found between anti-MI’0 and
anti-HLE in hydralazine-induced SLE; following with-
drawal of the hydralazine, anti-HLE disappeared but
not anti-MPO. It has been suggested that anti-HLE de-
tected in SLE is due to interaction between HLE and
DNA.65

ANCAs are rare and described occasionally in low
frequency in patients with other collagen diseases, such
as polymyositis/dermatomyositis,  Sjogren’s syndrome,
mixed connective tissue disease, overlap syndrome, sar-
coidosis, and scleroderma.47r51  One group studied ANCA
in patients with systemic sclerosis and reported correla-
tion between the I’-ANCA  and anti-Ml’0 titre with
rapid deterioration of renal function and development
of normotensive renal failure.66

ANCAs have been described in 17% to 32% of patients
with rheumatoid arthritis. Most of the ANCAs in rheu-
matoid arthritis are P-ANCAs and have specificity for
LF. Several groups have found correlations between
anti-LF and vasculitis, and between anti-LF and associ-
ated nephropathy, but others have not found any asso-
ciation with extra-articular disease or extent of disease.
P-ANCAs have also been described in Felty’s syndrome,
Still’s disease, juvenile chronic arthritis and psoriatic
arthritis. It has not been found in Reiter’s syndrome,
reactive arthritis and ankylosing spondylitis.51,67-70

Chronic Inflammatory Bowel Disease and Autoimmune Liver
Disease

While this review has concentrated on rheumatic dis-
orders, it is worthwhile to note that ANCAs, primarily P-
ANCAs, have been found in the sera of 50% to 80% of
patients with ulcerative colitis (UC), 10% to 40% of
patients with Crohn’s disease (CD), 75% to 85% of pa-
tients with primary sclerosing cholangitis (PSC) and
50% of chronic autoimmune hepatitis (CAH).  Recent
studies have also shown P-ANCA in low titres in rela-
tives of patients with PSC and UC.71-75  Data so far show
that some of the ANCAs in patients with UC, CD and
PSC are specific for lactoferrin, cathepsin G and BP1
rather than MPO and PR3.28,74-76

Miscellaneous Diseases

ANCAs have been described in a variety of malignant
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diseases such as lung cancer, myelodyplastic syndrome,
monoclonal gammopathies, subacute bacterial endocar-
ditis and atria1 myxoma.37,77,78  It has also been reported in
infectious diseases such as M. avium  infection,
chromomycosis, HIV infection, invasive amoebiasis and
acute Plasmodium falciparum malaria,18,71,79-83  and in pa-
tients taking drugs such as propylthiouracil.84  In many
of the infective disorders, an atypical form of ANCA
with a homogenous cytoplasmic staining pattern is seen
rather than the typical granular C-ANCA pattern.
ANCAs have been found in less than 10% of patients
with hepatitis B and hepatitis C, and in 27% of patients
with non-A, non-B hepatitis.71  I?-ANCA has also been
shown in about 5% of normal blood bank controls.74

Appropriate Use of ANCA Testing

It is a common observation that when a newly identi-
fied diagnostic test is introduced, the application of the
test expands rapidly. Improvements and simplification
of testing methodology have enabled ANCA testing to
be more reliable and accessible. Unfortunately, due to
insufficient understanding about how to use and inter-
pret the test, it is often ordered for patients with little
specific indications. “Shotgun testing” may also be prac-
tised when there is inadequate knowledge about what
tests should be ordered.

Laboratory testing performs best with selected
populations and the Positive Predictive Value (PIT)  of
a test increases with the prevalence of the disease in the
population. By careful history taking and examination,
the clinician is able to select a population with a high
prevalence, thus increasing the PPV of the test. In shot-
gun testing, the predicted pretest prevalence tends to be
low and this results in low PPV.85 ANCA testing is most
useful in the diagnosis of primary vasculitides, particu-
larly WG, MPA, pauci-immune NCGN and Churg-
Strauss syndrome, and less useful in the other rheumatic
diseases. It should therefore be used only when patients
present with symptoms and signs that are suggestive of
these conditions. For example, in a patient presenting
with haemoptysis and pulmonary infiltrates, the ANCA
test will be helpful in diagnosis and assessment of dis-
ease activity. In a patient presenting with vague symp-
toms, e.g. vague joint pains or fever alone, where the
suspicion of ANCA-associated vasculitis is low, the
ANCA test will not be useful.

Jennettes6  has described their experience with approxi-
mately 3500 assays, based on a previously determined
ANCA test assay sensitivity of 95% and specificity of
95% in ANCA-associated diseases. In patients with clini-
cal and pathological features associated with WG, pul-
monary-renal syndrome, systemic vasculitis or RPGN,
the PPV was greater than 90% and the ANCA test had
good diagnostic utility. However, when all patients
undergoing laboratory tests at the hospital were in-
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eluded,  most patients with positive ANCA assays had
false-positive tests and the PPV was less than.5%.  Simi-
larly, within the subset of P-ANCA positive patients,
only 50% of 900 P-ANCA positive samples ordered in
patients with varying degrees of clinical evidence for
vasculitis were positive by enzyme immunoassay for
anti-MI’0 activity compared to 90% of P-ANCA-posi-
tive samples from patients with biopsy-proven pauci-
immune NCGN with typical glomerular manifestations
of ANCA-associated vasculitides.87

Good correlation between ANCA titres with disease
activity has so far been confirmed only between
C-ANCA titres and WG. However, because C-ANCA
titres do not follow disease activity in a significant
proportion of patients, it should always be correlated
with clinical assessment and with knowledge of the time
lag seen before changes in titre after treatment. If
C-ANCA titres are used to determine disease activity
too soon after a course of treatment, e.g. at only 4 weeks
after completion of treatment, the titres may still be
elevated and further treatment initiated unnecessarily.

The results of inappropriate testing can therefore lead
to misinformation, confusing the clinician at best and
adversely affecting patient management at worst. It is
therefore important that ordering of ANCA tests, as
with all laboratory tests, be done with knowledge of the
test capabilities and limitations and the results consid-
ered in the context of the patient’s clinical presentation
and other laboratory data.

A Systematic Approach to ANCA Testing

The useful application of ANCA testing in the diagno-
sis and management of patients with suspected vasculitits
requires a systematic approach. Clinical assessment of
the patient should always be done and strong clinical
indications exist before ordering ANCA tests. The ap-
proach used by most laboratories in ANCA testing is to
screen by IIF using ethanol-fixed neutrophils.

Samples showing the typical granular C-ANCA pat-
terns on IIF should be further tested with a specific assay
for anti-PR3. A positive anti-PR3 and C-ANCA result is
strongly associated with WG and MPA. The C-ANCA
titre in these cases should be done by IIF using ethanol-
fixed neutrophils.

Sera with perinuclear or nuclear patterns are tested by
IIF using formalin-fixed neutrophils and Hep2 cells to
differentiate between P-ANCA and ANA. Positive
P-ANCA patterns should be followed with specific
assays for anti-MI’0 and anti-PR3 if ANCA-associated
vasculitic disease is suspected. Strong anti-Ml’0 activity
is characteristic of primary small vessel vasculitis or a
drug-induced syndrome whereas weak or absent anti-
MPO activity is more characteristic of another chronic
inflammatory disease.30

Some workers also advocate screening sera with re-
quests for an acute assay simultaneously with an ELISA
for anti-GBM antibodies because the clinical picture of
Goodpasture and WG can be identical;88  however, this is
not routine practice in most laboratories.

Conclusion

The ANCA test has become a useful tool in the diagno-
sis of vasculitides, especially in WG, MPA, pauci-im-
mune  NCGN and Churg-Strauss syndrome, and has
also been found of value in monitoring disease activity
in WG. The numerous studies conducted since it was
first described have contributed much to the under-
standing of the diseases associated with ANCA, which
have, in turn, contributed to efforts in classification and
nomenclature of the vasculitides. As more knowledge is
obtained regarding the specific target antigens, the use
of specific ANCA testing will no doubt in time replace
conventional IIF screening in the clinical laboratory and
provide more disease-specific testing. Finally, as inves-
tigators learn more and more of the pathogenecity of
ANCA, it is entirely possible that this knowledge will be
used to formulate new therapeutic interventions in the
ANCA-related diseases. With all these possibilities in
mind, it is therefore important that it is effectively and
knowledgeably used in clinical practice.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

REFERENCES

Davies D J, Moran J E, Niall J F, Ryan G B. Segmental necrotising glomeru-
lonephritis with antineutrophil antibody: possible arbovirus aetiology
[short report]? BMJ 1982; 285:606.

Hall J B, Wadham  B M, Wood C J, Ashton  V, Adam W R. Vasculitis and
glomerulonephritis: a subgroup with an antineutrophil cytoplasmic anti-
body. Aust N Z J Med 1984; 14:277-g.

Van der Woude F J,  Rasmussen N, Lobatto S, Wiik A, Permin H, van Es L
A, et al. Autoantibodies against neutrophils and monocytes: tool for
diagnosis and marker of disease activity in Wegener’s granulomatosis.
Lancet  1985; i:425-9.

Falk R J,  Jennette J C. Anti-neutrophil cytoplasmic autoantibodies with
specificity for myeloperoxidase in patients with systemic vasculitis and
idiopathic necrotising and crescentic glomerulonephritis. N Engl J Med
1988; 318:1651-7.

Wiik A, van der Woude E J.  The new ACPA/ANCA  nomenclature. Neth J
Med 1990; 36:107-g.

Gross W L, Hauschild S, Mistry N. The clinical relevance of ANCA in
vasculitis. Clin Exp Immunol1993; 93(Suppl1):7-11.

Gross W L, Csernok E, Szymkowiak C H. Antineutrophil cytoplasmic
autoantibodies with specificity for proteinase 3. In: Peter J B, Schoenfeld Y,
editors. Autoantibodies. Amsterdam: Elsevier Science BV, 1996:61-7.

Goldschmeding R, Ten Bokkel Huinink D, Faber N, Tettero I’, Vroom T,
Hack C, et al. Identification of the “ANCA-antigen” as a novel myeloid
lysosomal serine protease [abstract]. Acta  Path Microbial Stand 1989;
97(Suppl1):46.

Goldschmeding R, van der Schoot  C E, Huinink D. Wegener’s granuloma-
tosis autoantibodies identify a novel diisopropylfluorophosphate-binding
protein in the lysosome of normal human neutrophils. J Clin Invest
1989; 84:1577-87.

Niles J L, McCluskey R T, Ahmad  M F, Arnaout M A. Wegener’s granulo-

Annals Academv of Medicine



Antineutrophil Cytoplasmic Antibody Testing-D L T Teo 59

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23

24.

25.

26.

27.

28.

29.

30.

matosis autoantigen is a novel neutrophil serine proteinase. Blood 1989;
74:1888-93.

Liidermann J, Utecht B, Gross W L.  Anti-neutrophil cytoplasmic antibodies
in Wegener’s granulomatosis recognise an elastinolytic enzyme. J Exp Med
1990; 171:357-62.

Goldschmeding R, Dolman KM, van den Ende M E, van der Meer-Gerritsen
C H, Sonnenberg A, von dem Borne A E G K. The relation of 29 kD
C-ANCA to proteinase 3 [abstract]. Acta Path Microbial  Stand
1990; 98(Suppl19):26-7.

Falk R J, Jennette J C. Immunofluorescence and ELISA determination of
ANCA with description of a sub-class with anti-myeloperoxidase activity
[abstract]. Acta  Path Microbial Stand 1989; 97(Suppl1):45.

Goldschmeding R, Cohen Tervaert J W, van der Schoot  C E, van der Veen
C, Kallenberg C G M, von dem Borne A E G K. ANCA, anti-myeloperoxidase,
and anti-elastase: three members of a novel class of autoantibodies
against myeloid lysosomal enzymes [abstract]. Acta  Path Microbial Stand
1989; 97 (Suppl1):48-9.

Segelmark M, Baslund 8, Wieslander J. Some patients with anti-
myeloperoxidase autoantibodies have a C-ANCA pattern. Clin Exp Immunol
1994; 96:458-65.

Gaskin G, Ryan J J, Pusey C D. Anti-myeloperoxidase antibodies in vascu-
litis: relationship to ANCA and clinical diagnosis [abstract]. Acta  Path
Microbial Stand 1990; 98(Suppl19):33.

Jennings J G, Chang L, Savige J A. Anti-proteinase 3 antibodies, their
characterization and disease associations. Clin Exp Immunol
1994; 95:251-6.

Cohen Tervaert J W, Goldschmeding R, Elema J D, Limburg P C, van der
Giessen M, Huitema M G, et al. Association of autoantibodies to
myeloperoxidase with different forms of vasculitis. Arthritis Rheum
1990; 33:1264-72.

Lee S S, Adu D, Thompson R A. Anti-myeloperoxidase antibodies in
systemic vasculitis. Clin Exp Immunol 1990; 79:41-6.

DeRemee  R A, Homburger  H A, Specks U. Lesions of the respiratory tract
associated with the finding of anti-neutrophil cytoplasmic autoantibodies
with a perinuclear staining pattern. Mayo Clin Proc  1994; 69:819-24.

Sinico R A, Radice  A, Pozzi C and The Italian Group of Renal Immunopa-
thology. Specificity of anti-neutrophil cytoplasm antibodies (ANCA)  in
vasculitic syndromes [abstract]. Acta  Path Microbial Stand 1990; 98(Suppl
19):32.

Cohen Tervaert J W, Goldschmeding R, Elema J D, van der Giessen M,
Huitema M G, van der Hem G K, et al. Autoantibodies against myeloid
lysosomal enzymes in crescentic glomerulonephritis. Kidney Int
1990; 37799-806.

Thomson R A, Lee S S. Antineutrophil cytoplasmic antibodies [letter].
Lancet  1989; i:670-1.

Cohen Tervaert J W, Mulder L, Stegeman C, Elema J, Huitema M, The H, et
al. Occurrence of autoantibodies to human leucocyte elastase in Wegener’s
granulomatosis and other inflammatory disorders. Ann Rheum Dis
1993; 52:115-20.

Dolman K M, Goldschmeding R, Sonnenberg A, von dem Borne A E G K.
ANCA related antigens [abstract]. Acta  Path Microbial  Stand
1990; 98fSuppl 19):28.

LeSavre I?. Antineutrophil cytoplasmic autoantibodies antigen specificity.
Am J Kidney Dis 1991; 18:159-63.

Moodie F D L, Leaker B, Cambridge G, Totty N F, Segal A W. Alpha-enolase:
a novel cytosolic autoantigen in ANCA positive vasculitis. Kidney Int
1993; 43:675-81.

Zhao M H, Lockwood C M. Antineutrophil cytoplasmic autoantibodies
with specificity other than Pr3 and MPO (X-ANCA).  In: Peter J B, Schoenfeld
Y, editors. Autoantibodies.  Amsterdam: Elsevier Science BV, 1996:68-73.

Wiik A. Delineation of a standard procedure for indirect immunofluores-
cence detection of ANCA [abstract]. Acta Path Microbial Stand
1989; 97fSuppl  1):12-3.

Wiik A. Anti-neutrophil cytoplasmic autoantibodies.  In: Rose N R, de
Macario E C, Folds J D, Lane H C, Nakamura R M, editors. Manual of
Clinical Laboratory Immunology. Washington, DC: American Society for
Microbiology, 1997954-9.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45

46.

47.

48.

49.

50.

51.

52.

Hagen  E C, for the EC/BCR  Project for ANCA Assay Standardisation.
Standardisation of ANCA assays using purified proteinase-3 (PR3)
and myeloperoxidase (MPO) [abstract] .  Cl in Exp Immunol
1995; 101(supp11):41.

Hagen  E C. Development and standardization of solid-phase assays
for the detection of anti-neutrophil cytoplasmic antibodies (ANCA)
for clinical application: report of a large clinical evaluation study.
Clin Exp Immunol1995; lOl(Suppl1):29.

Dahlberg I? J, Lockhart J M, Overholt E L. Diagnostic studies for systemic
necrotising vasculitis. Arch Intern Med 1989; 149:161-5.

Jennette J C, Falk R J, Andrassy K, Bacon P A, Churg J, Gross W L, et al.
Nomenclature of systemic vasculitides. Arthritis Rheum 1994; 37187-92.

Jennette J C, Falk R J.  Clinical and pathological classification of ANCA-
associated vasculitis: what are the controversies? Clin Exp Immunol
1995; lOl(Supp1  1):18-22.

Niles J L. Antineutrophil cytoplasmic antibodies in the classification of
vasculitis. Annu Rev Med 1996; 47303-13.

Kallenberg C G M. Antineutrophil cytoplasmic autoantibodies with speci-
ficity for myeloperoxidase. In: Peter J B, Schoenfeld Y, editors. Autoantibod-
ies. Amsterdam: Elsevier Science BV, 1996:53-60.

Nolle B, Specks V, Ludermann J, Rohrbach M S, DeRemee R A, Gross W L.
Anticytoplasmic autoantibodies: their immunodiagnostic value in Wegener’s
granulomatosis. Ann Intern Med 1989; 111:28-40.

Cohen Tervaert J W, van der Woude F J, Fauci A S, Ambrus J L, Velosa J,
Keane W F, et al. Association between active Wegener’s granulomatosis
and anticytoplasmic antibodies. Arch Intern Med 1989; 149:2461-5.

Specks U, Wheatley C L, McDonald T J, Rohrbach M S, DeRemee  R.
Anticytoplasrnic autoantibodies in the diagnosis and follow-up of Wegener’s
granulomatosis. Mayo Clin Proc  1989; 64:28-36.

Liidermann G, Gross W L. Autoantibodies against cytoplasmic structures
of neutrophil granulocytes in Wegener’s granulomatosis. Clin Exp Immunol
1987; 69:350-7.

Kerr G S, Fleisher T A, Hallahan C W, Leavitt R Y, Fauci A S, Hoffman G S.
Limited prognostic value of changes in antineutrophil cytoplasmic anti-
body titer in patients with Wegener’s granulomatosis. Arthritis Rheum
1993; 36:365-71.

Egner W, Chapel H M. Titration of antibodies against neutrophil cytoplas-
mic antigens is useful in monitoring disease activity in systemic vasculiti-
des. Clin Exp Immunoll990;  82:244-9.

Pettersson E, Heigl Z. Antineutrophil cytoplasmic antibody (cANCA  and
pANCA)  titers in relation to disease activity in patients with necrotising
vasculitis: a longitudinal study. Clin Nephrol 1992; 37:219-28.

Markey B A, Warren J S. Use of antineutrophil cytoplasmic antibody assay
to distinguish between vasculitic disease activity and complications of
cytotoxic therapy. Am J Clin Path01  1994; 102:589-94.

Kyndt X, Reumaux D, Bataille I’, et al. Relationship between MPO-ANCA
and disease activity in vasculitis. Clin Exp Immunoll995;  lOl(Suppl1):67.

Andrassy K, Koderisch J, Rufer M, Erb A, Waldherr R, Ritz E. Detection and
clinical implication of anti-neutrophil cytoplasm antibodies in Wegener’s
granulomatosis and rapidly progressive glomerulonephritis. Clin Nephrol
1989; 32:159-67.

Guillevin L, Lhote F. Polyarteritis nodosa and microscopic polyangiitis.
Clin Exp Immunoll995;  lOl(Suppl1):22-3.

Hauschild S, Csernok E, Schmitt W, Gross W L.  Antineutrophil cytoplasmic
antibodies in systemic polyarteritis nodosa with and without hepatitis B
virus infection and Churg-Strauss syndrome-62 patients [letter]. J
Rheumatol 1994; 21:1173-4.

Guillevin L, Visser H, Noel L H, Pourrat  J, Vernier I, Gayraud M, et al.
Antineutrophil cytoplasm antibodies in systemic polyarteritis nodosa with
and without hepatitis B virus infection and Churg-Strauss syndrome-62
patients. J Rheumatol 1993; 20:1345-9.

Gross W L, Schmitt W H, Csernok E. Antineutrophil cytoplasmic autoanti-
body-associated diseases: a rheumatologist’s perspective. Am J Kidney Dis
1991; 18:175-9.

Bosch X, Font J, Mirapeix E, Cid M C, Revert L, Ingelmo M. Antineutrophil
cytoplasmic antibodies in giant cell arteritis [letter]. J Rheumatol
1991; 18:787-S.

January 1998, Vol. 27 No. I



60

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Antineutrophil Cytoplasmic Antibody Testing-D L T Teo

Baranger  T A R, Audrain M A I’, Castagne A, Barrier J H, Esnault V L M.
Absence of antineutrophil cytoplasmic antibodies in giant cell arteritis. J
Rheumatoll994;  21:871-3.

Guzman J, Fung  M, Petty R E. Diagnostic value of anti-neutrophil cytoplas-
mic and anti-endothelial cell antibodies in early Kawasaki disease. J Pediatr
1994; 124:917-20.

Nash M C, Shah V, Dillon M J.  ANCA and AECA are not increased
in acute Kawasaki disease, a childhood vasculitis. Clin Exp Immunol
1995; lOl(Supp1  l):C120.

Gilbert R D, Shah V, Reader J, Dillon M J.  Cathepsin G specific IgM anti-
neutrophil cytoplasmic antibodies (ANCA)  and anti-endothelial cell anti-
bodies (AECA)  in acute Kawasaki disease. Clin Exp Immunol
1993; 93fSuppl l):S34.

Bosch X, Mirapeix E, Font J, Borrellas X, Rodriguez R, Lopez-Sot0 A, et al.
Prognostic implication of anti-neutrophil cytoplasmic autoantibodies with
myeloperoxidase specificity in anti-glomerular basement membrane dis-
ease. Clin Nephroll991;  36:107-13.

Jayne D R W, Marshall P D, Jones S J, Lockwood C M. Autoantibodies to
GBM and neutrophil cytoplasm in rapidly progressive glomerulonephritis.
Kidney Int 1990; 37:965-70.

Sinico R A, Pozzi C, Radice  A, Tincani A, Li Vecchi M, Rota S, et al. Clinical
significance of antineutrophil cytoplasmic autoantibodies with specificity
for lactoferrin in renal diseases. Am J Kidney Dis 1993; 22:253-60.

Ronda N, Esnault V L M, Layward  L, Sepe V, Allen A, Feehally J, et al.
Antineutrophil cytoplasm antibodies (ANCA)  of IgA isotype in adult
Henoch-Schonlein purpura. Clin Exp Immunoll994;  95:49-55.

O’Donoghue D, Nusbaum I’, Halbwachs-Mercarelli L, LeSavre I’. Anti-
myeloperoxidase antibodies of IgG isotype in IgA nephropathy [abstract].
Acta  Path Microbial Stand 1990; 98(Suppl19):33.

Robson  W L, Leung A K, Woodman  R C. The absence of anti-neutrophil
cytoplasmic antibodies in patients with Henoch-Schonlein purpura. Pediatr
Nephrol 1994; 8:295-B.

Hamza M, Meyer 0. Negative antineutrophil cytoplasmic antibodies in
Behcet’s disease [letter]. Ann Rheum Dis 1990; 49:817.

Schnabel A, Csernok E, Isenberg D A, Mrowka C, Gross W L. Antineutrophil
cytoplasmic antibodies in systemic lupus erythematosus. Arthritis Rheum
1995; 38:633-7.

Nassberger L, Sjoholm A G, Jonsson  H, Sturfelt G, Akesson A. Autoantibod-
ies against neutrophil cytoplasm components in systemic lupus erythema-
tosus and in hydralazine-induced lupus. Clin Exp Immunoll990;  81:380-3.

Endo  H, Hosono  T, Kondo H. Antineutrophil cytoplasmic autoantibodies
in 6 patients with renal failure and systemic sclerosis. J Rheumatol
1994; 21:864-70.

Mulder A H L, Horst G, van Leeuwen M A, Limburg P C, Kallenberg C G
M. Antineutrophil cytoplasmic antibodies in rheumatoid arthritis. Arthritis
Rheum 1993; 36:1054-60.

Savige J A, Gallicchio M C, Stockman  A, Cunningham T J, Rowley M J,
Georgiou T, et al. Anti-neutrophil cytoplasm antibodies in rheumatoid
arthritis. Clin Exp Immunol 1991; 86:92-B.

Coremans  I E M, Hagen  E C, Daha M R, van der Woude F J, van der Voort
E AM, Kleijburg-van der Keur C, et al. Antilactoferrin antibodies in patients
with rheumatoid arthritis are associated with vasculitis. Arthritis Rheum
1992; 35:1466-75.

Speckmaier M, Rother  E, Terreri T, Reiff A, Metzger D, Schuchmann L, et
al. Prevalence of anti-neutrophil cytoplasmic antibodies (ANCA)  in juve-

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

nile chronic arthritis. Clin Exp Rheumatol 1996; 14:211-6

Hardarson S, LaBrecque  D R, Mitros F A, NeilG A, Goeken J A. Antineutrophil
cytoplasmic antibody in inflammatory bowel and hepatobiliary diseases.
Am J Clin Path01  1993; 99:277-81.

Oudkerk Pool M, Ellerbroek P M, Ridwan  B U, Goldschmeding R, Von
Blomberg B M E, Pena  A S, et al. Serum antineutrophil cytoplasmic
autoantibodies in inflammatory bowel disease are mainly associated with
ulcerative colitis. A correlation study between perinuclear antineutrophil
cytoplasmic autoantibodies and clinical parameters, medical and surgical
treatment. Gut 1993; 34:46-50.

Seibold F, Slametschka D, Gregor  M, Weber I’. Neutrophil autoantibodies:
a genetic marker in primary sclerosing cholangitis and ulcerative colitis.
Gastroenterology 1994; 107:532-6.

Mulder A H L, Broekroelofs J, Horst G, Limburg P C, Nelis G F, Kallenberg
C G M. Anti-neutrophil cytoplasmic antibodies (ANCA)  in inflammatory
bowel disease: characterization and clinical correlates. Clin Exp Immunol
1994; 95:490-7.

Saxon A, Shanahan F, Landers C, Ganz T, Targan S. A distinct subset of
antineutrophil cytoplasmic antibodies is associated with inflammatory
bowel disease. J Allergy Clin Immunoll990;  86:202-10.

Halbwachs-Mercarelli L, Nusbaum I’, Noel L H, Reumaux D, Erlinger S,
Grunfeld J I’, et al. Antineutrophil cytoplasmic antibodies (ANCA)  directed
against cathepsin G in ulcerative colitis, Crohn’s disease and primary
sclerosing cholangitis. Clin Exp Immunol 1992; 90:79-84.

Chevailler A, Michele C, Laporte J, et al. ANCA and subacute
endocarditis [abstract]. Clin Exp Immunol 1995; 101(supp11):71.

bacterial

Savige J A, Yeung S I’, Davies D J, Ebeling I’, Hunt D H. Anti-neutrophil
cytoplasmic antibodies associated with atria1 myxoma [letter]. Am J Med
1988; 85:755-6.

Pudifin DJ, Duursma J,  Gathiram V, Jackson T F H G. Invasive amoebiasis
is associated with the development of anti-neutrophil cytoplasmic anti-
body. Clin Exp Immunoll994;  97:48-51.

Galperin C, Schoenfeld Y, Gilburd B, Esterre I’, Meroni I’ L, Del Papa N, et
al. Anti-neutrophil cytoplasmic antibodies in patients with chromomycosis.
Clin Exp Rheumatol 1996; 14:479-83.

Koderisch J, Andrassy K, Rasmussen N, Hartmann  M, Tilgen W. “False-
positive” anti-neutrophil cytoplasmic antibodies in HIV infection [letter].
Lancet  1990; 335:1227-B.

Savige J A, Chang L, Crowe S M. Anti-neutrophil cytoplasm
HIV infection. Adv Exp Med Biol1993; 336:349-52.

antibodies in

Wenisch C, Wenisch H, Bank1 H C, Exner M, Graninger W, Looareesuwan
S, et al. Detection of anti-neutrophil cytoplasmic antibodies after acute
Plasmodium  falciparum malaria. Clin Diagn Lab Immunoll996;  3:132-4.

Dolman K M, Gans R 0, Vervaat T J, Zevenbergen G, Maingay  D, Nikkels
R E, et al. Vasculitis and antineutrophil cytoplasmic autoantibodies associ-
ated with propylthiouracil therapy. Lancet  1993; 342:651-2.

Keren D F, Warren
Wilkins, 1992:221-9.

J S. Diagnostic immunology. Baltimore: Williams &

Jennette J C. Antineutrophil cytoplasmic autoantibody-associated
a pathologist’s perspective. Am J Kidney Dis 1991; 18:164-70.

diseases:

Jennette J C, Falk R J.  The coming of age of serologic testing for
anti-neutrophil cytoplasmic autoantibodies [editorial]. Mayo Clin Proc
1994; 69:908-10.

Wieslander J.  How are antineutrophil cytoplasmic autoantibodies de-
tected? Am J Kidney Dis 1991; 18:154-B.

Annals Academy of Medicine


	Content

