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❚❚ ABSTRACT
Objective: To evaluate the performance of enzyme-linked immunosorbent assay and indirect 
immunofluorescence methods for the detection of antineutrophil cytoplasmic antibodies in a 
routine clinical laboratory setting. Methods: A total of  227 samples were tested by indirect 
immunofluorescence and enzyme-linked immunosorbent assay with antigen specificity for 
antiproteinase 3 and antimyeloperoxidase. The proportions of positive samples were compared 
by McNemar hypotheses and agreement was described by Cohen’s Kappa coefficient. Results: 
The agreement of the tests was 96.5%, and the Kappa coefficient obtained was 0.70 (95%CI: 
0.50-0.90; p<0.001). Considering indirect immunofluorescence as the gold standard, the 
sensitivity of the enzyme-linked immunosorbent assay was 0.62 and the specificity was 0.99, 
with diagnostic accuracy in 96% of cases. Some samples were negative in enzyme-linked 
immunosorbent assay and positive in indirect immunofluorescence. This situation occurred in all 
immunofluorescence patterns, but particularly in atypical patterns. Two samples with antiproteinase 
3 positivity were considered negative in indirect immunofluorescence. Conclusion: The enzyme-
linked immunosorbent assay had high specificity but lower sensitivity. The performance of indirect 
immunofluorescence increases diagnostic sensitivity, while the search for antiproteinase 3 by 
enzyme-linked immunosorbent assay may also add diagnostic power.
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❚❚ RESUMO
Objetivo: Avaliar o desempenho das metodologias de ensaio imunoenzimático e imunofluorescência 
indireta para a detecção de anticorpos anticitoplasma de neutrófilos em um contexto de 
laboratório clínico de rotina. Métodos: Foram testadas 227 amostras pelas metodologias de 
imunofluorescência indireta e ensaio imunoenzimático com especificidades para anticorpos 
antiproteinase-3 e antimieloperoxidase. As proporções de amostras positivas foram comparadas 
por hipóteses de McNemar, e a concordância foi descrita pelo coeficiente Kappa de Cohen. 
Resultados: A concordância dos testes foi 96,5%, e o coeficiente Kappa obtido foi 0,70 (95%CI: 
0,50-0,90; p<0,001). Utilizando a imunofluorescência indireta como padrão-ouro, a sensibilidade 
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do ensaio imunoenzimático foi de 0,62 e a especificidade, 0,99, 
com acurácia diagnóstica em 96% dos casos. Algumas amostras 
apresentaram resultados negativos por ensaio imunoenzimático e 
positivos por imunofluorescência. Isso ocorreu em amostras com 
vários padrões de fluorescência, mas particularmente nos casos com 
padrões atípicos. Duas amostras com positividade antiproteinase 3 
foram consideradas negativas por imunofluorescência. Conclusão: 
Os métodos de ensaio imunoenzimático tiveram alta especificidade, 
mas sensibilidade inferior. A realização da imunofluorescência 
indireta aumenta a sensibilidade diagnóstica, ao mesmo tempo que 
a pesquisa de antiproteinase 3 por ensaio imunoenzimático também 
pode agregar poder diagnóstico.

Descritores: Doenças autoimunes; Autoanticorpos; Anticorpos, 
anticitoplasma de neutrófilos; Ensaio de imunoadsorção enzimática; 
Técnica indireta de fluorescência para anticorpo

❚❚ INTRODUCTION
The detection and characterization of autoantibodies in 
serum is a critical part of the clinical diagnosis of several 
autoimmune diseases. However, reference clinical 
laboratories permanently face the dilemma of choosing 
among the different methods available, which can be 
used for screening or confirmation, alone or combined. 
These commercial tests differ in terms of the nature of 
the substrate, conditions for the action of antibodies, 
and mode of detection of markers, which can affect 
their sensitivity and specificity. For this reason, there 
is considerable variability in their performance, with 
conspicuous differences such as, for example, when 
comparing the enzyme-linked immunosorbent assay 
(ELISA) and indirect immunofluorescence (IIF), which 
can interfere in clinical decision-making.(1)

The group of antineutrophil cytoplasmic 
autoantibodies, known as ANCA, is a relevant serum 
marker for a group of diseases called systemic vasculites, 
such as granulomatosis with polyangiitis (GPA), 
microscopic polyangiitis (MPA) and eosinophilic 
granulomatosis with polyangiitis (EGPA),(2,3) in addition 
to having an ancillary role in the differential diagnosis 
of inflammatory bowel disease.(4)

The classic method used by most laboratories for 
ANCA testing around the world is IIF with a substrate 
of ethanol and/or formalin-fixed human neutrophils. 
This test is commonly used before confirmatory testing 
for antigen specificities in the same laboratory where the 
screening was carried out, or in reference laboratories.(5,6) 
Samples considered positive in microscopy can show 
three distinct patterns (cytoplasmic – cANCA, perinuclear 
– pANCA or atypical – aANCA,), depending on the 
fluorescence characteristics. The cytoplasmic pattern 
is more frequently caused by antiproteinase 3 (PR-3) 

antibodies, and is associated with a GPA diagnosis.(7) 
The pANCA pattern, on the other hand, may be 
related with different autoantibodies of distinct 
specificities, of which the most clinically relevant 
are antimyeloperoxidase (MPO) antibodies,(8) and is 
more frequently associated with a MPA diagnosis.(1) 
Other antigens associated with pANCA include 
cathepsin G, lactoferrin and elastase, for example.(8) 
These same autoantibodies, however, could also 
give rise to a cytoplasmic pattern in some patients.(9)  

The pANCA pattern is an artifact of the technique, 
caused by ethanol fixation, in which the granule 
membranes burst, and positively charged proteins 
migrate to the negatively charged nucleus.(8) The 
aANCA pattern, in turn, is mixed, and combines 
cytoplasmic and perinuclear or nuclear staining, with 
multiple antigenic specificities.(1)

Previous studies have shown that the specificity 
of IIF for ANCA testing is close to 93%, whereas 
sensitivity is approximately 67% to 78%, and additional 
tests are needed to improve this performance.(4) 
ELISA can play this role.(4) In this case, proteins with  
individual antigen specificities are used − particularly 
PR-3 and MPO.(1) The specific determination of anti-
PR3 and anti-MPO antibodies is useful in differential 
diagnosis of systemic vasculites, particularly when 
differentiating between GPA, MPA and EGPA, which 
have diverse clinical presentations, prognoses and 
treatment responses.(10)

The reason for the mismatch between IIF and 
ELISA results when testing for ANCA is still unknown. 
One hypothesis is that IIF can detect antibodies against 
proteins that are still unknown, and these antibodies 
cannot be detected by ELISA, since it uses specific 
proteins.(11)

Although the classic method for ANCA testing 
is IIF followed by confirmatory ELISA, some recent 
studies have challenged the need for the IIF test,(12) 
whereas others recommend the simultaneous use of 
both methods which, when combined, could result 
in a sensitivity and specificity of 92% and 99%, 
respectively.(4) 

There is a need to revise the current diagnostic 
algorithm used for ANCA detection.(1,13,14) In this light, 
this study compared the results of the ELISA and IIF 
methods for ANCA testing in blood samples collected 
in a clinical laboratory, which is considered as a 
reference for this type of testing, in patients at different 
stages of diagnostic investigation for several suspected 
conditions. 
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❚❚ OBJECTIVE
To investigate the performance of the enzyme-linked 
immunosorbent assay and indirect immunofluorescence 
methods for detection of antineutrophil cytoplasmic 
antibodies in a reference clinical laboratory for 
autoimmunity testing, comparing the current algorithm 
in use with other hierarchization strategies involving 
indirect immunofluorescence and enzyme-linked 
immunosorbent assay.

❚❚METHODS

This study used 227 serum samples from patients 
seen at the clinical laboratory of Hospital Israelita Albert 
Einstein (HIAE), between April and October 2016, 
for whom ANCA testing had been requested by their 
attending physicians, within the context of their clinical 
investigation. Blood samples were obtained with a 
standard vacuum collection system (Sarstedt, Germany) 
used in the hospital, and centrifuged for serum 
separation, as per the routine established for ANCA 
testing at the laboratory. All serum samples were tested 
by the two methods: IIF (Euroimmun®, Germany) 
and anti-PR3 and anti-MPO ELISA  (Inova, Werfen®, 
USA). The results were entered in a spreadsheet for 
comparison purposes.

ELISA tests used diagnostic kits with purified 
human anti-PR3 and anti-MPO antigens, previously 
bound to polystyrene plates (Inova, Werfen®, USA). 
Controls and pre-diluted patient sera were added to 
the different wells, allowing any anti-PR3 and anti-MPO 
antibodies present to separately bind to the immobilized 
antigens. After the washing step, enzyme-labeled  
anti-human IgG conjugate was added to each well. A 
second incubation allowed the enzyme conjugate to 
bind to any patient antibodies adhered to the wells. 
After the second wash, to remove any excess conjugate, 
the remaining enzyme activity was determined by 
adding a specific chromogenic substrate and measuring 
the color intensity by spectrometry, to compare the 
color intensity of patient wells and control wells. In this 
case, samples were considered positive if they reacted to  
anti-PR3 or anti-MPO. The cutoff used for both tests 
was 20 units. Positive samples were further classified 
into weak positives (21 to 30 units) and moderate to 
strong positives (over 30 units).

IIF tests used diagnostic kits with ethanol-fixed 
human neutrophils (Euroimmun®, Germany). In this 
test, patient serum was added to slides with a pre-
fixed substrate. In a second step, fluorescein-labeled 

antibodies (conjugate) against patient antibodies 
were added. The slides were read in a microscope 
by two independent observers and classified into 
“non reagent” (no fluorescence) or “reagent” (if 
fluorescence was present). “Reagent” samples were 
classified into three possible patterns of fluorescence: 
cANCA, pANCA or aANCA. The cANCA pattern 
is detected by fluorescence in the cytoplasm of 
segmented neutrophils; in pANCA, fluorescence is 
seen around the nuclei of neutrophils; aANCA, in 
turn, shows different patterns, or a combination of  
the previous patterns.

In the statistical analysis, the proportions of 
positive samples observed in each of the tests were 
compared by Mc Nemar’s test (for dependent data). 
The rate of agreement between the tests was described 
by the proportion of agreement and Cohen’s kappa 
coefficient, using a 95% confidence interval (95%CI) 
and a p-value for hypothesis testing. Statistical analyses 
were conducted with the aid of computing package R  
(R Core Team, 2017), version 3.4.1, assuming a 
significance level of 5%.

This study was approved by the Institutional Review 
Board (IRB) under final opinion number 2.939.366 and 
CAAE: 70390417.5.0000.0071. The waiver of informed 
consent form was approved under opinion number 
2.274.307.

❚❚ RESULTS

Of the 227 samples tested, 12 (5.29%) were positive in 
ELISA and 16 (7.05%) on IIF. This difference was not 
significant in the McNemar’s hypothesis test (p=0.289). 
Only 10 (4.4%) samples were positive in both methods 
(Table 1).

Of the 16 positive cases on IIF, 8 were classified as 
cANCA (Figure 1), of which 6 were positive for anti-PR3 
and 2 were negative in ELISA; 5 cases were classified 
as pANCA (Figure 2), of which 3 were positive for  
anti-MPO, 1 positive for anti-PR3 and 1 negative in 
both ELISA tests; three were classified as aANCA 
(Figure 3), and also negative in ELISA.

Additionally, two negative cases under IIF were 
positive in the ELISA anti-PR3 test, one with a value 
between 21 and 30, and one over 30 units (Table 2).

The two methods were in agreement for 10 
positive samples and 209 negative samples, leading 
to an agreement of 96.5% and a Kappa coefficient of 
0.70 (95%CI: 0.50-0.90; p<0.001). This value indicates 
substantial, however not perfect agreement.
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Table 3 shows the diagnostic measurements of the 
ELISA test for ANCA, with IIF as the gold standard. 
Its sensitivity was 0.62 and specificity, 0.99, which makes 
it a more specific than sensitive test, with diagnostic 
accuracy in 96% of cases.

Figure 1. Cytoplasmic pattern observed under indirect immunofluorescence 
in ethanol-fixed human neutrophils. Apple-green fluorescence can be seen 
throughout the cytoplasm of segmented neutrophils, with negative nuclei

Figure 2. Perinuclear pattern observed under indirect immunofluorescence in 
ethanol-fixed human neutrophils. Apple-green fluorescence can be seen around 
and over the nuclei of segmented neutrophils, with the rest of the cytoplasm 
being negative

Figure 3. Atypical pattern observed under indirect immunofluorescence in 
ethanol-fixed human neutrophils. Apple-green fluorescence can be seen, with 
features that do not define it as one of the two classic fluorescence patterns 
(cytoplasmic or perinuclear)

Table 1. General description of results for antineutrophil cytoplasmic antibodies

Results n (%) Median (minimum - maximum)

IIF  

Negative 211 (93.0)  

Positive 16 (7.0)  

Pattern of positive tests  

aANCA 3 (1.3)  

cANCA 8 (3.5)  

pANCA 5 (2.2)  

Myeloperoxidase (unit) 2.34 (0.97-46.20)

Categories of positive tests  

Up to 20 222 (97.8)  

21-30 3 (1.3)  

>30 2 (0.9)  

Proteinase 3 (unit) 2.40 (0.69-116.00)

Categories of positive tests  

Up to 20 218 (96.0)  

21-30 2 (0.9)  

>30 7 (3.1)  

ELISA  

Negative 215 (94.7)  

Positive 12 (5.3)  

Categories of positive tests  

MPO and PR3 up to 20 215 (94.7)  

MPO or PR3 21-30 3 (1.3)  

MPO or PR3 >30 9 (4.0)  

IIF: indirect immunofluorescence; aANCA: atypical pattern of antineutrophil cytoplasmic antibodies; cANCA: cytoplas-
mic pattern of antineutrophil cytoplasmic antibodies; pANCA: perinuclear pattern of antineutrophil cytoplasmic antibod-
ies; ELISA: enzyme-linked immunosorbent assay; MPO: myeloperoxidase; PR3: proteinase 3.
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❚❚  DISCUSSION
Samples negative in ELISA and positive in IIF were 
found for all patterns of fluorescence (cANCA, 
pANCA and aANCA), however more frequently for 
aANCA patterns. This finding differs from the findings 
of Damoiseaux et al., who suggested there was no 
advantage in using IIF for screening or in association 
with ELISA, when it came to finding ANCA patterns 
in patients with suspected vasculites.(12) 

Harris et al., demonstrated that, in cases of active, 
biopsy-confirmed, systemic necrotizing vasculitis, the 
ELISA method had similar sensitivity (85% versus 88%; 
p=0.056), however greater specificity (97% versus 
90%; p=0.0006) and positive predictive value (73% 
versus 50%; p=0.0013) than IIF for ANCA detection. 
The authors also showed that the combination of 
immunofluorescence and ELISA led to a lower positive 

predictive value when compared with ELISA alone.(15) 
Our results, however, suggest that the use of IIF in all 
cases referred for ANCA detection would increase the 
sensitivity of testing, since it would classify as positive 
patients who, without IIF, would be considered negative.

On the other hand, the occurrence of two negative 
samples in IIF with positive results for anti-PR3, 
an autoantibody of high clinical relevance for GPA 
diagnosis, suggests that anti-PR3 testing with ELISA, 
previously or simultaneously to the IIF test, can improve 
diagnostic power, as supported by previous studies.(4,6)

These data show the need for revision of the 
current algorithm, supporting the findings of previous 
studies.(13,14)

Our study, however, has limitations, such as the 
failure to evaluate the correlation between laboratory 
results and the clinical diagnosis of the study subjects. 
We plan to assess this correlation in future studies. 
Also, IIF was investigated as a gold standard, and it was 
not possible to estimate the sensitivity and specificity  
of this method alone.

In our case series, the combined, simultaneous use 
of ELISA and IIF was deemed the most appropriate 
diagnostic strategy, conferring the highest sensitivity to 
ANCA testing, and including as positive all patients with 
autoantibodies of antigen specificities relevant to the 
differential diagnosis of systemic vasculites, particularly 
those positive for anti-PR3.

Table 2. Results of the enzyme-linked immunosorbent assay for antineutrophil cytoplasmic antibodies 

Enzyme-linked immunosorbent assay
Indirect immunofluorescence

Negative Positive aANCA cANCA pANCA

Negative 209 (99.1) 6 (37.5) 3 (100.0) 2 (25.0) 1 (20.0)

Positive 2 (0.9) 10 (62.5) 0 (0.0) 6 (75.0) 4 (80.0)

Categories of positive tests

MPO and PR3 up to 20 209 (99.1) 6 (37.5) 3 (100.0) 2 (25.0) 1 (20.0)

MPO or PR3 21 - 30 1 (0.5) 2 (12.5) 0 (0.0) 1 (12.5) 1 (20.0)

MPO or PR3 > 30 1 (0.5) 8 (50.0) 0 (0.0) 5 (62.5) 3 (60.0)

Myeloperoxidase (unit)

Up to 20 211 (100.0) 11 (68.8) 3 (100.0) 6 (75.0) 2 (40.0)

21-30 0 (0.0) 3 (18.8) 0 (0.0) 2 (25.0) 1 (20.0)

>30 0 (0.0) 2 (12.5) 0 (0.0) 0 (0.0) 2 (40.0)

Serine protease 3 (unit)

Up to 20 209 (99.1) 9 (56.2) 3 (100.0) 2 (25.0) 4 (80.0)

21-30 1 (0.5) 1 (6.2) 0 (0.0) 1 (12.5) 0 (0.0)

>30 1 (0.5) 6 (37.5) 0 (0.0) 5 (62.5) 1 (20.0)
Results expressed as n (%).
aANCA: atypical pattern of antineutrophil cytoplasmic antibodies; cANCA: cytoplasmic pattern of antineutrophil cytoplasmic antibodies; pANCA: perinuclear pattern of antineutrophil cytoplasmic antibodies; MPO: myeloperoxidase; PR3: 
proteinase 3. 

Table 3. Diagnostic measurements of the enzyme-linked immunosorbent 
assay for antineutrophil cytoplasmic antibodies, according to indirect 
immunofluorescence 

Diagnostic measurements Estimate 

Sensitivity 0.62 (0.35-0.85)

Specificity 0.99 (0.97-1.00)

Positive predictive value 0.83 (0.52-0.98)

Negative predictive value 0.97 (0.94-0.99)

Diagnostic accuracy 0.96 (0.93-0.98)
The measurements were assessed based on contingency tables.
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❚❚ CONCLUSION
Results show that the antimyeloperoxidase and 
antiproteinase 3 ELISA tests used together had high 
specificity, however with inferior sensitivity.

It is possible to say that indirect immunofluorescence 
increased the sensitivity of ANCA testing when 
compared with ELISA alone and, at the same time, the 
antiproteinase 3 ELISA test improved the sensitivity 
for samples with this antigen specificity. Based on these 
results, it is possible to suggest that the combined, 
simultaneous use of indirect immunofluorescence and 
ELISA is the most appropriate diagnostic strategy for 
the population studied.
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