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Abstract
Background—The “International consen-
sus document on testing and reporting of
antineutrophil cytoplasmic antibodies
(ANCA)” requires all sera to be examined
by indirect immunofluorescence (IIF).
However, commercial neutrophil slides
are expensive, fluorescence patterns can
be diYcult to interpret, and coincidental
antinuclear antibodies (ANA) cannot be
demonstrated; in addition, in house cyto-
spin neutrophil preparations are time
consuming to prepare and deteriorate
with time.
Aims—To compare the IIF demonstration
of ANCA, using washed peripheral blood
cell smears, with commercial neutrophil
preparations and with ANCA positivity as
demonstrated by enzyme linked immuno-
sorbent assay (ELISA).
Methods—Serum fluorescence positivity,
pattern, and intensity using washed pe-
ripheral blood cell smears were compared
with the results obtained using commer-
cial neutrophil slides (INOVA). Fluores-
cence positivity, pattern, and intensity of
500 sera from consecutive patients with
suspected vasculitis tested with washed
peripheral blood cells were compared with
binding in ELISAs for proteinase 3 (PR3)
and myeloperoxidase (MPO).
Results—IIF of washed peripheral blood
cell smears detected seven of eight sera
with cytoplasmic fluorescence (C-ANCA),
and 11 of 12 sera with perinuclear fluores-
cence (P-ANCA) demonstrated using
commercial slides. The two sera that were
negative by IIF were also negative in the
ELISAs for both PR3-ANCA and MPO-
ANCA. Of the 500 sera examined, there
were 35 (7%) with C-ANCA, 65 (13%) with
P-ANCA, and eight (2%) IIF negative sera
that were positive by either ELISA. There
was a strong correlation between C-ANCA
fluorescence and PR3-ANCA values
(p < 0.0001), and a moderate to strong
correlation between P-ANCA fluores-
cence and MPO-ANCA values (p < 0.001)
when ANCA fluorescence was demon-
strated with washed peripheral blood cell
smears.
Conclusions—Washed peripheral blood
cells are a convenient and useful low cost
alternative to commercial or cytospin
neutrophil preparations for the IIF dem-
onstration of ANCA.
(J Clin Pathol 2000;53:774–777)
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The most common reasons to request a test for
antineutrophil cytoplasmic antibodies
(ANCA) are to diagnose and to monitor
inflammatory activity in the primary systemic
small vessel vasculitides, Wegener’s granulo-
matosis, microscopic polyangiitis, and Churg-
Strauss syndrome.1–3 In these diseases, ANCA
produce cytoplasmic (C-ANCA) or perinu-
clear (P-ANCA) neutrophil staining on indi-
rect immunofluorescence (IIF) examination,
and bind in enzyme linked immunoassays
(ELISAs) for proteinase 3 (PR3) or myeloper-
oxidase (MPO).

The “International consensus statement on
testing and reporting of antineutrophil cyto-
plasmic antibodies (ANCA)” requires all sera
from patients suspected of having a small vessel
vasculitis to be tested by a standardised IIF
technique.4 5 Any sera with neutrophil cyto-
plasmic fluorescence or an antinuclear anti-
body (ANA) that could mask an ANCA should
be tested in ELISAs for both PR3-ANCA and
MPO-ANCA.4 (Optimally all sera should be
tested by IIF and in both ELISAs.) Other rec-
ommendations include the titration of all sera
positive only by IIF, or if any other cytoplasmic
fluorescence or an ANA is present, and the
inclusion of the most recent positive serum in
the IIF (or ELISA) studies to demonstrate a
change in antibody concentration.

Most laboratories in Australia currently use
commercial neutrophil slides for IIF, and
adopting the minimal requirements or the
optimal recommendations of the consensus
statement means that ANCA testing is expen-
sive. We describe here a method using washed
peripheral blood cell smears to demonstrate
ANCA fluorescence, and we have compared
results using these preparations with commer-
cial neutrophil slides, and with ANCA positiv-
ity demonstrated by ELISA. The method has
been modified from the technique formerly
used in the detection of ANA, and in the first
descriptions of ANCA.1

Methods
IIF USING WASHED PERIPHERAL BLOOD CELLS

Aliquots of 2 ml of venous blood (of any ABO
and Rh type) were collected into EDTA, and
centrifuged at 1500 ×g at room temperature for
six minutes. A washing step where 90% of the
plasma was removed and replaced with phos-
phate buVered saline (PBS) was performed to
reduce background fluorescence. The washed
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cells were then resuspended and smears made;
these were air dried for five minutes, fixed with
100% ethanol at −20oC for five minutes, and
fan dried for 10 minutes. A circle was marked
on the thin end of the smear.

Test sera were diluted 1/10 in PBS and incu-
bated within the circle for 15 minutes at room
temperature. Slides were then washed five
times in PBS, incubated for a further 15
minutes with 1/500 fluorescein conjugated
F(ab')2 fragment of polyclonal antiglobulin
(AMRAD, Melbourne, Australia) in PBS,
washed, and examined by epi-illumination in a
fluorescent microscope. The fluorescence was
described as C-ANCA, C-ANCA (atypical),
P-ANCA, and atypical, as described in the
International consensus statement. ANA were
noted. These smears could be stored at −20oC
for one to two weeks, and two sera could be
tested separately on a single smear.

COMPARISON OF IIF POSITIVITY AND INTENSITY

USING COMMERCIAL NEUTROPHIL PREPARATIONS

AND WASHED PERIPHERAL BLOOD CELLS

Sera with C-ANCA or P-ANCA demonstrated
on commercial (INOVA) neutrophil slides and
with known PR3-ANCA and MPO-ANCA
positivity were examined using washed periph-
eral blood cell smears.

COMPARISON OF ANCA POSITIVITY BY IIF OF

PERIPHERAL BLOOD SMEARS AND IN ELISAS FOR

PR3 AND MPO-ANCA

Five hundred sera from consecutive patients
suspected of having a systemic vasculitis were
tested by both IIF and in ELISAs for both
PR3-ANCA and MPO-ANCA, according to
the optimal recommendations of the Inter-
national consensus statement. The assay for
PR3-ANCA (Calbiochem, San Diego, Califor-
nia USA) was performed according to the
manufacturer’s instructions. The normal range
was < 10 U. An in house assay for MPO-
ANCA used MPO from Calbiochem, a 1/50
dilution of serum, and a 1/400 dilution of alka-
line phosphatase linked anti-IgG (AMRAD);
normal values were < 2 U.

Positive sera were diluted and the IIF titre on
washed peripheral blood cells compared with
the amount of binding in the PR3-ANCA and
MPO-ANCA ELISAs.

Results
COMPARISON OF IIF POSITIVITY AND INTENSITY

USING COMMERCIAL NEUTROPHIL PREPARATIONS

AND WASHED PERIPHERAL BLOOD CELLS 1

Peripheral blood neutrophils were larger than
the neutrophils in the commercial slides, and it
was easier to distinguish between the diVerent
fluorescent patterns (fig 1).

Eight C-ANCA positive sera with intensity
1+ to 3+ were identified using commercial
neutrophil slides, and three of these were PR3-
ANCA positive. Seven of these sera were also
positive using washed peripheral blood cells.
The serum that gave C-ANCA 1+ to 2+ results
using commercial slides, but which was nega-
tive with peripheral blood smears, was from a
patient with clinically inactive Wegener’s
granulomatosis, and was negative for both

PR3-ANCA and MPO-ANCA by ELISA. This
serum was not tested for ANCA with other
antigen specificities.

Twelve sera were P-ANCA positive using
commercial neutrophil slides. Again, the fluo-
rescence intensity varied from 1+ to 3+, and
eight were MPO-ANCA positive. Eleven of
these sera were also positive using washed
peripheral cells. The serum that was P-ANCA
1+ using the commercial slides, but negative
with peripheral blood smears, was from a
patient with a frusemide induced drug reac-
tion, and was negative for both PR3-ANCA
and MPO-ANCA by ELISA.

There was a good correlation between
fluorescence intensity with the commercial
slides and peripheral blood smears for both
C-ANCA and P-ANCA: the weakest sera were
weakest in both preparations, and the strongest
were strongest in both.

Two of the sera containing P-ANCA had
coincidental ANA on the peripheral blood
neutrophil preparations with a screening dilu-
tion of 1/10, but these ANA were not present
when tested at a 1/40 dilution on HEp2 cells.

COMPARISON OF ANCA POSITIVITY BY IIF OF

PERIPHERAL BLOOD SMEARS AND IN ELISAS FOR

PR3 AND MPO-ANCA

In the 500 sera, there were 35 C-ANCA
positive sera (7%), 65 P-ANCA positive sera
(13%), as well as eight IIF negative sera (2%)
that were positive by PR3-ANCA ELISA
(n = 3) or MPO-ANCA ELISA (n = 5). No
C-ANCA (atypical) or atypical IIF patterns
were reported.

There was a strong correlation between the
C-ANCA titre demonstrated by IIF of washed
blood cells and PR3-ANCA values (r = 0.75;
p < 0.0001, by Spearman’s rank correlation),
and a moderate to strong correlation between
P-ANCA titre and MPO-ANCA values
(r = 0.55; p < 0.001) (fig 2). Nine of the 35
C-ANCA positive sera were negative for PR3-
ANCA, and 35 of the 65 P-ANCA positive sera
were negative for MPO-ANCA.

Discussion
The use of washed peripheral blood cell smears
for IIF screening for ANCA is an eVective and
low cost alternative to the use of commercial
neutrophil slides. The neutrophils are larger in
these smears than in commercial preparations,
making it easier to distinguish between cyto-
plasmic, perinuclear, and other fluorescence
patterns. In addition, the smears contain
lymphocytes and thus can demonstrate coinci-
dental ANA when there is lymphocyte as well
as neutrophil nuclear fluorescence. Washed
peripheral cell smears are also convenient,
because urgent single specimens can be tested
without the other wells in a commercial multi-
well slide being wasted. Finally, this method
can be used in research involving animals
where species specific blood smears will detect
ANCA directed against antigenic epitopes that
might diVer between species. Although in
house cytospin preparations of buVy coat6 or
dextran sedimented neutrophils also result in
larger cells than commercial preparations, and
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contain lymphocytes, these preparations dete-
riorate rapidly and unlike the peripheral blood
smears are labourious to prepare.

Washed peripheral blood cell smears de-
tected about 90% of the sera that were IIF
positive with commercial neutrophil prepara-
tions. The sera that were negative by IIF on the
washed smears were also negative in ELISAs
for both PR3-ANCA and MPO-ANCA, and
fluorescence positivity is subjective whereas
ELISA results are not. These results suggest
the fluorescence detected by commercial slides
but not by the smears was either not clinically
important or, in the case of the P-ANCA, was
not from a patient with Wegener’s granuloma-
tosis or microscopic polyangiitis. Washed

peripheral blood smears have been used
successfully for the past 15 years by the labora-
tory that first described ANCA,1 which per-
forms the most ANCA screening tests in Aus-
tralia.

The patterns and intensities of all fluorescent
sera were similar when washed peripheral
smears and commercial neutrophil prepara-
tions were compared.

The results of testing 500 sera for ANCA
with washed peripheral blood cells showed that
the proportion of C-ANCA sera with PR3 spe-
cificity was similar to that described elsewhere
using in house neutrophil cytospin smears.7

Furthermore C-ANCA and P-ANCA values
demonstrated by IIF correlated well with PR3-

Figure 1 (A) C-ANCA using commercial neutrophil
preparation; (B) C-ANCA using peripheral blood
smear; (C) P-ANCA using commercial neutrophil
preparation; (D) P-ANCA using peripheral blood
smear; (E) ANA using peripheral blood smear. These
photographs were taken at the same magnification and
demonstrate that neutrophils are larger in peripheral
blood smears (B, D, and E) than in commercial
preparations (A and C) ANA, antinuclear antibodies;
ANCA, antineutrophil cytoplasmic antibodies;
C-ANCA, cytoplamic ANCA; P-ANCA, perinuclear
ANCA.
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ANCA and MPO-ANCA values, respectively,
which has not been shown previously.8

Few sera that were IIF negative using washed
peripheral blood cells were positive in either

PR3-ANCA or MPO-ANCA ELISAs, suggest-
ing a low “false negative” rate for ANCA.
However, this method may detect more “false
positive” ANA, because sera are screened for
ANCA at a 1/10 dilution, which will demon-
strate low amounts of nuclear fluorescence that
cannot be confirmed at a 1/40 dilution on
HEp2 cells. Because some of these ANA might
mask an ANCA, this will result in more sera
being tested in ELISAs for both PR3-ANCA
and MPO-ANCA according to the Inter-
national consensus statement guidelines.
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Figure 2 (A) Correlation between PR3-ANCA binding
in ELISA and C-ANCA fluorescence intensity; (B)
correlation between MPO-ANCA binding in ELISA and
P-ANCA fluorescence intensity. ANCA, antineutrophil
cytoplasmic antibodies; C-ANCA, cytoplasmic; P-ANCA,
perinuclear; IIF, indirect immunofluorescence; MPO,
myeloperoxidase; OD, optical density; PR3, proteinase 3.
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