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A Comparison Between IgG- and IgA-class Antibodies
to Cyclic Citrullinated Peptides and to Modified
Citrullinated Vimentin in Early Rheumatoid Arthritis
and Very Early Arthritis
ANNA SVÄRD, ALF KASTBOM, MARIA K. SÖDERLIN, ÅSA RECKNER-OLSSON, and THOMAS SKOGH

ABSTRACT. Objective. Because of their slightly higher sensitivity, it has been argued that antibodies to modified
citrullinated vimentin (anti-MCV) are superior to antibodies to cyclic citrullinated peptides (anti-
CCP), while others claim that anti-CCP is preferable because of higher diagnostic specificity for
rheumatoid arthritis (RA). We evaluated IgG- and IgA-class anti-MCV and anti-CCP as diagnostic
and prognostic markers in early arthritis. 
Methods. Two Swedish arthritis populations were examined: 215 patients with early RA (≤ 12
months’ duration) from the Swedish TIRA-1 cohort, and 69 patients with very early arthritis (≤ 3
months’ duration) from the Kronoberg Arthritis Incidence cohort, in which 22% were diagnosed with
RA. IgG anti-CCP and anti-MCV antibodies were analyzed with commercial kits. These tests were
modified for IgA-class antibody detection. Results were related to disease course, smoking habits,
and shared epitope status.
Results. In the TIRA-1 cohort, occurrence of IgG anti-MCV and IgG anti-CCP showed a 93% over-
lap, although IgG anti-MCV had higher diagnostic sensitivity. Twenty-four percent tested positive
for IgA anti-MCV compared to 29% for IgA anti-CCP. In the Kronoberg Arthritis Incidence cohort,
15% tested positive for IgG anti-MCV and 6% for IgA anti-MCV, compared to 10% positive for IgG
anti-CCP and 3% positive for IgA anti-CCP, revealing that anti-CCP had higher diagnostic speci-
ficity for RA. As previously reported for IgA anti-CCP, IgA anti-MCV antibodies occurred in a small
proportion of high-level IgG antibody-positive sera and were associated with a more aggressive dis-
ease course. Smokers were more often positive for antibodies to citrullinated proteins, most strik-
ingly among the patients who were IgA anti-MCV-positive.
Conclusion. The occurrences of IgG-class anti-MCV and anti-CCP in early RA largely overlap. The
sensitivity of anti-MCV is slightly higher, while the diagnostic specificity is higher for anti-CCP. In
both instances a positive test predicts an unfavorable disease course, possibly slightly more so for
anti-MCV. Although associated with a more active disease over time, IgA-class anti-CCP or
anti-MCV do not add any diagnostic advantage. (J Rheumatol First Release April 1 2011;
doi:10.3899/ jrheum.101086)
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Testing for IgG-class antibodies to citrullinated proteins/
peptides has become firmly established as an important
diagnostic and prognostic tool in rheumatoid arthritis
(RA)1,2,3,4. Compared to other anti-citrullinated protein anti-
body (ACPA) tests, the second-generation anti-cyclic citrul-
linated peptide antibody test (anti-CCP) is by far the best
documented. A major advantage of the anti-CCP test com-
pared to rheumatoid factor (RF) is its superior diagnostic
specificity for RA. However, even before the anti-CCP era,
anti-Sa antibody analysis had been shown to be a highly
specific marker for RA5. Later it was demonstrated that the
target antigen for anti-Sa antibodies is in fact citrullinated
vimentin6. An enzyme-immunoassay for antibodies to mod-
ified citrullinated vimentin (anti-MCV) is now commercial-
ly available. Several studies report anti-MCV to be a slight-
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ly more sensitive diagnostic marker of RA than anti-
CCP7,8,9,10, with 12%–15% of CCP-negative patients with
RA being anti-MCV-positive8,9. Two studies report that anti-
MCV and anti-CCP have similar specificities for RA (95%
and 98%, respectively) using healthy blood donors as con-
trols8,11. On the other hand, when patients with other inflam-
matory diseases have been used as referents, it has been
reported that anti-CCP with specificities in the range
88%–99% is superior to anti-MCV with specificities of
78%–91%7,9,10,12,13. Recently, Raza, et al reported that,
among patients with very early arthritis (duration of symp-
toms ≤ 3 months), anti-CCP has higher diagnostic specifici-
ty and higher positive predictive value for development of
RA as compared to anti-MCV, although anti-MCV had mar-
ginally higher sensitivity14. In patients with established RA
according to the 1987 American College of Rheumatology
(ACR) classification criteria, IgG anti-MCV has been
reported to be a better predictor of persistently active dis-
ease and radiographic progression than IgG anti-CCP8,15.

A few studies have demonstrated that anti-CCP antibod-
ies of the IgA class occur in a subpopulation of patients who
are IgG anti-CCP-positive16,17,18. We reported that these
patients had an even worse prognosis than patients with IgG
anti-CCP alone, and that smokers more frequently produce
IgA anti-CCP in addition to IgG anti-CCP18. Apart from IgG
and IgA antibodies, anti-CCP antibodies of the IgM isotype
occur19 and, interestingly, IgE-class anti-CCP antibodies
have been found to interact with circulating basophil granu-
locytes, indicating that ACPA of different isotypes can have
distinct functional properties20. In a recent study in which
anti-CCP of IgG1-4, IgA, and IgM isotypes were evaluated,
it was concluded that the presence of multiple ACPA iso-
types was associated with more radiographic damage21. Our
current study aims to compare the performance of IgG anti-
MCV antibodies in 2 separate Swedish early arthritis
cohorts, and to assess circulating IgA anti-MCV antibodies
in relation to disease progression. In addition, we aimed to
compare IgG and IgA anti-CCP and anti-MCV status in rela-
tion to smoking habits and genetic carriage of the shared
epitope (SE).

MATERIALS AND METHODS

Patients. Two patient populations were investigated. First, the Swedish
TIRA-1 (Swedish acronym for “early intervention in rheumatoid arthritis”)
cohort, as described22. It involves 320 patients with recent-onset RA (< 12
months since first joint swelling) who were followed up regularly over 3
years by recording the 28-joint count Disease Activity Score (DAS28)23,
serum C-reactive protein (CRP), the physician’s global assessment of dis-
ease activity (PGA), and the Swedish version of the Health Assessment
Questionnaire (HAQ)24. Of the TIRA patients, 97% fulfilled the 1987 ACR
criteria, and the remaining 3% had symmetrical synovitis, small-joint
arthritis (metatarsophalangeal and/or metacarpophalangeal, and/or proxi-
mal interphalangeal joints), and morning stiffness ≥ 60 min. In the TIRA-1
cohort, cigarette smoking and SE status were assessed as described, and
defined as HLA-DRB1*01, *0401, *0404, *0405, *0408, *0409, *0410,
*0413, *0416, *0419, *0421, or *1025. Serum samples for analysis of

ACPA (IgG and IgA anti-MCV and anti-CCP) were available from 215
patients with RA. Data on smoking habits were available from all 215
patients; 140 never smoked and 75 had ever smoked (of whom 39 were cur-
rent smokers). DNA was available from 145 of these patients, but no sig-
nificant differences were found concerning age, sex, erythrocyte sedimen-
tation rate (ESR), CRP, DAS28, or HAQ scores at inclusion, comparing the
groups with and without serum samples and/or DNA.

The second study population was part of the Kronoberg Arthritis
Incidence cohort26. It was designed as a prospective population-based inci-
dence rate study in which 69 patients with very early arthritis (< 3 months’
duration) were identified26. Serum samples for later analysis of ACPA were
collected at inclusion. At the 2-year followup, the diagnoses as assessed by
an experienced rheumatologist were RA (n = 16), reactive arthritis (n = 28),
undifferentiated arthritis (n = 10), and other arthritides (n = 15), including
5 psoriatic arthropathy, 2 systemic lupus erythematosus, 2 sarcoid arthritis,
2 gluten enteropathy, 1 Lyme arthritis, 1 mixed connective tissue disease, 1
ankylosing spondylitis, and 1 polymyalgia rheumatica. All patients diag-
nosed with RA in the Kronoberg cohort fulfilled the ACR 1987 criteria.
Criteria for the other diagnoses have been reported in detail27. Smoking sta-
tus and DNA were not available in this cohort.

Autoantibody analyses. IgG-class anti-CCP antibodies of the second gener-
ation (RA immunoscan mark 2, EuroDiagnostica, Arnhem, The
Netherlands) were analyzed as described22, and a modification of this diag-
nostic kit was used to analyze anti-CCP antibodies of the IgA class17.
Serum samples (stored in aliquots of 500 µl at –70˚C until use) were dilut-
ed 1:100 with the diluent included in the kit. Polyclonal rabbit antihuman
α-chain antibodies conjugated with horseradish peroxidase (HRP;
DakoCytomation, Glostrup, Denmark) served as secondary antibodies at a
dilution of 1:2000 in the kit diluent. A serially diluted high-level IgA anti-
CCP patient serum was used as a calibrator, and the results were given in
arbitrary units (AU/ml). Serum analyses were performed in duplicates and
a cutoff limit of 25 AU/ml was determined based on the 99th percentile of
80 blood donors. The interassay coefficient of variation (CV) was 15% (9
separate analyses).

IgG-class anti-MCV antibodies (Orgentec Diagnostika, Mainz,
Germany) were analyzed according to the manufacturer’s directions, and a
modification of this assay was developed to analyze anti-MCV antibodies
of IgA class. Patient sera were diluted 1:100 using the diluent provided with
the kit. As a secondary antibody, we used the HRP-conjugated rabbit anti-
serum, diluted 1:2000 with the anti-MCV kit diluent. (Anti-MCV kits were
provided by Stefan Korpe, Electrabox Diagnostica AB, Tyresö, Sweden.)
Similarly to the IgA anti-CCP assay, a 7-step serial dilution of a high-level
IgA anti-MCV patient serum was used as a calibrator and the results
expressed as AU/ml. Serum samples were analyzed in duplicate and the
cutoff limit was set at 150 AU/ml, based on the 99th percentile of 105 blood
donors. The interassay CV (12 separate analyses) was 15%. Anti-CCP anti-
bodies had been analyzed earlier and anti-MCV antibodies were analyzed
in connection with our current study.

Statistical analysis. Statistical analyses were performed using SPSS v.15.0
(SPSS, Chicago, IL, USA). Spearman’s r correlation coefficient (rs) was
used to detect an association between levels of IgG anti-MCV and IgG anti-
CCP. The difference in IgG anti-MCV levels between IgA anti-MCV-posi-
tive and IgA anti-MCV-negative sera was evaluated with the Mann-
Whitney U test. The chi-squared test was used to analyze anti-MCV occur-
rence in relation to anti-CCP, as well as differences in antibody occurrence
in relation to smoking and shared epitope status. Differences regarding dis-
ease activity measures at baseline and over time were tested by ANOVA for
repeated measures.

The participating patients gave their written informed consent, and the
study protocol was approved by the regional ethics committee in
Linköping, Sweden.

RESULTS

The TIRA-1 cohort: IgG anti-MCV vs IgG anti-CCP. A total
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of 215 baseline sera were available for analysis of both IgG
anti-CCP and IgG anti-MCV. Out of these, 143 (67%) were
IgG anti-MCV-positive and 137 (64%) IgG anti-CCP-posi-
tive. The distributions were largely overlapping, as shown in
Table 1, but out of the 78 IgG anti-CCP-negative samples,
10 (13%) were IgG anti-MCV-positive and conversely, out
of the 72 IgG anti-MCV-negative serum samples, 4 (6%)
were IgG anti-CCP-positive (p < 0.001). The serum levels
of IgG anti-CCP and IgG anti-MCV showed a strong corre-
lation (rs = 0.87).

The TIRA-1 patients testing positive for IgG anti-MCV
had significantly higher disease activity as judged by ESR,
serum CRP, DAS28, and PGA at 6, 12, 24, and 36 months
compared to the IgG anti-MCV-negative patients (data not
shown). No difference was seen in HAQ scores.
Corresponding data regarding IgG and IgA anti-CCP, also
from the TIRA-1 cohort, have been published18. The IgG
anti-CCP-negative/IgG anti-MCV-positive patients (n = 10)
had higher median ESR, DAS28, and HAQ scores than the
IgG anti-CCP-negative/IgG anti-MCV-negative patients,
with a consistent statistically significant difference over
time regarding ESR (Figure 1). The few (n = 4) IgG anti-
CCP-positive/IgG anti-MCV-negative patients had lower
median levels of ESR (significant at 3 and 6 months) and
DAS28 (significant at 3, 6, and 12 months) than the IgG
anti-CCP-negative/IgG anti-MCV-negative patients.

The TIRA-1 cohort: IgA anti-MCV, smoking, and SE. Of the
total number of 215 patients with RA, 52 (24%) were posi-
tive for IgA anti-MCV, all of whom tested positive for IgG
anti-MCV and all but 1 testing positive for IgG anti-CCP.
Among the IgG anti-MCV-positive patients, 36% were IgA
anti-MCV-positive. The mean level of IgG anti-MCV was
significantly higher (p < 0.001) in the IgA anti-MCV-posi-
tive patients (Figure 2).

The IgA anti-MCV-positive patients had significantly
higher ESR and DAS28 throughout the 3-year followup
period, compared to IgA anti-MCV-negative patients,
according to ANOVA (p < 0.001 for ESR and p = 0.002 for
DAS28; Figure 3A). Similar results were obtained using the
Mann-Whitney U test at each timepoint. Among the IgG
anti-MCV-positive patients, IgA anti-MCV-positive patients
had significantly higher ESR at all times and a nonsignifi-
cant trend to higher DAS28 and HAQ (Figure 3B).
Considering that IgA anti-MCV-positive individuals had
higher levels of IgG anti-MCV, a condition known to be
associated with higher disease activity, a comparison was
done between 27 IgA anti-MCV-positive patients and 27
IgA anti-MCV-negative patients with similar levels of IgG
anti-MCV. The median level of IgG anti-MCV in IgA anti-
MCV-positive patients was 464 U/ml (25th percentile = 217,
75th percentile = 888) and 460 U/ml (25th percentile = 224,
75th percentile = 863) in IgA-negative patients. A compari-
son between these groups showed a remaining tendency to
higher ESR over time in IgA anti-MCV-positive patients,
but without reaching statistical significance (Figure 3C).

Smoking habits and prevalence of SE were assessed in
the 3 groups with different ACPA status: IgG-negative/
IgA-negative, IgG-positive/IgA-negative, and IgG-posi-
tive/IgA-positive. Chi-squared analyses of smoking habits
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Table 1. IgG anti-MCV and IgG anti-CCP status among 215 patients with
early RA at the time of diagnosis (the TIRA-1 cohort).

IgG Anti-MCV+ IgG Anti-MCV– Total

IgG anti-CCP+ 133 (61%) 4 (2%) 137
IgG anti-CCP– 10 (5%) 68 (32%) 78
Total 143 72 215

MCV: modified citrullinated vimentin; CCP: cyclic citrullinated peptide
antibodies; RA: rheumatoid arthritis.

Figure 1. Median erythrocyte sedimentation rate (ESR) over 3 years after
inclusion of IgG anticyclic citrullinated peptide (CCP)-negative patients
with positive (n = 10) or negative (n = 68) IgG antimodified citrullinated
vimentin (MCV) tests. *p < 0.05; **p < 0.01 (the TIRA-1 cohort).

Figure 2. Levels of IgG antibodies to citrullinated vimentin (MCV; medi-
an/25th/75th percentile) in relation to IgA anti-MCV status. ***p < 0.001
(the TIRA-1 cohort).
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(never, former, current) compared to ACPA status revealed
the lowest proportion of smokers in the IgG-negative/IgA-
negative group, slightly higher in the IgG-positive/IgA-neg-
ative group, and the highest percentage of smokers in the
IgG-positive/IgA-positive group (Figure 4). These differ-
ences were statistically significant for anti-MCV but not for
anti-CCP.

Regarding SE, a large and highly significant difference in
the number of SE copies was recorded between IgG-negative
and IgG-positive patients, irrespective of IgA status, with
similar results for anti-CCP and anti-MCV. There was no sig-
nificant difference between the IgA-negative/IgG-positive
and the IgA-positive/IgG-positive groups (Figure 5).

The Kronoberg Arthritis Incidence cohort. Analyses of IgG
and IgA anti-CCP and anti-MCV were made on all 69 sera
from the patients included in the Kronoberg Arthritis
Incidence cohort. Sera from 2 patients (1 with RA and 1

with reactive arthritis) previously testing positive for IgG
anti-CCP26 were now negative in repeated tests (probably
because of prolonged storage and repeated thawing), and
these 2 patients were therefore excluded from our study. In
the remaining 67 sera, all previous results were reproduced.

A total of 10/67 (15%) were positive for IgG anti-MCV
and 4/67 (6%) positive for IgA anti-MCV, while 7/67 (10%)
were positive for IgG anti-CCP and 2/67 (3%) positive for
IgA anti-CCP. Among the patients with RA, 6/15 (40%) test-
ed positive for IgG anti-CCP and IgG anti-MCV, but only 2
(13%) for IgA anti-CCP and IgA anti-MCV. Among the
patients with reactive arthritis, 1/27 (4%) tested positive for
IgG anti-CCP and 2 (7%) for IgG anti-MCV, but none for
IgA anti-CCP or IgA anti-MCV. In the group with undiffer-
entiated arthritis, 1 (10%) tested positive for IgG anti-MCV,
and in the “Other” group there was 1 (7%) patient positive
for IgG anti-MCV and 1 (7%) for IgA anti-MCV.
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Figure 3. Median erythrocyte sedimentation rate (ESR), 28-joint count Disease Activity Score (DAS28), and Health Assessment
Questionnaire (HAQ) in (A) all 215 patients, (B) all patients positive for IgG antimodified citrullinated vimentin (MCV; n = 143),
and (C) 27 + 27 patients with pairwise comparable levels of IgG anti-MCV. *p < 0.05. Numbers along X axes indicate time, in
months (the TIRA cohort).
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In this cohort of patients with very early arthritis pro-
gressing into clinically distinct diagnoses, IgG anti-CCP and
IgG anti-MCV had equal sensitivity for very early RA
(40%), but the specificity and positive predictive value of
IgG anti-CCP was higher (Table 2).

DISCUSSION

We found that circulating IgA-class antibodies to MCV
occur in a subpopulation of patients with early RA who have
high serum levels of IgG anti-MCV. This is in keeping with
our previous report on IgA-class anti-CCP18. The presence

of IgA anti-MCV (similarly to IgA anti-CCP) was associat-
ed with a less favorable disease course compared to IgA
anti-MCV antibody-negative cases18. In our current study
we also compared the diagnostic utility of anti-MCV with
anti-CCP antibodies, by analyzing data from 2 separate
early arthritis cohorts. The Swedish TIRA-1 cohort was
exploited to assess the prognostic value of the different IgG
and IgA ACPA tests and their relation to disease activity,
smoking, and SE status. The Kronoberg Arthritis Incidence
cohort, in which patients with very early arthritis were pro-
gressing into a variety of rheumatologic diagnoses, was used
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Figure 4. Smoking habits in groups with different antibody profiles (IgG- and IgA-negative, IgG-positive but IgA-negative, and
IgG- and IgA-positive). A. Antibodies to cyclic citrullinated peptides (anti-CCP). B. Antibodies to modified citrullinated vimentin
(MCV). P values refer to chi-squared tests, taking all 3 types of smoking status into account (the TIRA-1 cohort).

Figure 5. Prevalence of shared epitope (SE) in groups with different antibody profiles (IgG- and IgA-negative, IgG-positive but
IgA-negative, and IgG- and IgA-positive). A. Antibodies to cyclic citrullinated peptides (anti-CCP). B. Antibodies to modified cit-
rullinated vimentin (MCV). P values refer to chi-squared tests, taking all 3 types of SE status into account (the TIRA-1 cohort).
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to evaluate the specificity of the ACPA tests regarding the
diagnosis of very early RA. We found higher specificity of
IgG anti-CCP but higher sensitivity of IgG anti-MCV, in
keeping with other studies4,7,9,12.

Soon after the discovery of IgG-class antibodies to cit-
rullinated proteins/peptides, anti-CCP analysis was intro-
duced into clinical routine as an important diagnostic tool in
early arthritis1. Apart from its high diagnostic specificity,
the IgG anti-CCP antibody assay identifies a distinct sub-
population of patients with unfavorable prognosis2,3,4,22.
The strong association between IgG anti-CCP and SE has
been firmly established28 and has also clearly been con-
firmed in our early arthritis cohort TIRA-118. Among expo-
sure and lifestyle factors, cigarette smoking is so far the
strongest identified risk factor for development of anti-CCP-
positive RA28. This risk factor has also been found in the
TIRA-1 cohort29, and it has been shown to be a risk factor
for extraarticular manifestations30,31. Further, a strong gene-
environment interaction between SE and smoking has been
demonstrated in 3 European studies32,33,34. In one study
based on 3 European RA cohorts, it was demonstrated that
the association between ACPA positivity, smoking, and
genetic susceptibility factors to a large extent can be attrib-
uted to a subset of patients positive for IgG antibodies to cit-
rullinated α-enolase35. In a recent Dutch study it was report-
ed that the interaction between genotype, smoking, and
ACPA positivity was stronger in a subset of anti-CCP-posi-
tive patients with RA who had antibodies against citrullinat-
ed vimentin as compared to anti-CCP-positive patients with
antibodies against citrullinated fibrinogen36. In contrast to
the European studies, one North American study found only
a weak gene-environment interaction, while in 2 other North
American studies, no interaction was found between SE and
smoking with regard to susceptibility to anti-CCP-positive
RA37. Thus, although several investigations have confirmed
a genetic dose-dependent interaction with cigarette smoking
and development of IgG anti-CCP-positive RA, conflicting
reports exist37,38. In a study by Verpoort, et al, it was noted
that the occurrence of anti-CCP of multiple isotypes among
patients with RA, most notably IgA and IgM, was more
prevalent in former or current smokers and without associa-
tion to SE39. Our study partly supports this notion. Strong

correlations were seen both to smoking and to SE among
IgG anti-MCV-positive patients, but the even stronger cor-
relation seen between IgA anti-MCV and smoking was not
accompanied by a further enhanced occurrence of SE. This
implies that IgG- and IgA-ACPA production in patients with
RA may be influenced in part by different factors. Further
studies on larger patient groups are required to shed more
light on this matter.

Although the functions of mucosal IgA are well estab-
lished, the roles of circulating IgA are not. It is conceivable
that monomeric IgA-ACPA can mediate proinflammatory as
well as antiinflammatory Fcα-receptor-dependent responses
in phagocytes40,41, but the importance of Fcα-mediated
effects compared to Fcg-mediated effects is completely
unknown. A proinflammatory action of IgA-ACPA may
seem logical, since their presence correlates to aggressive
disease. Nevertheless, a factor correlating to disease activi-
ty does not necessarily mean that such a factor is a driving
proinflammatory force. On the contrary, it could be specu-
lated that IgA-ACPA may act as a downregulator of inflam-
mation by tuning down proinflammatory responses mediat-
ed by IgG-class antibodies.

In our very early arthritis cohort (≤ 3 months’ disease
duration), IgG anti-MCV did not provide any important
diagnostic information beyond that of IgG anti-CCP for the
diagnosis of very early RA, as the sensitivity was equal,
while the specificity of IgG anti-CCP was slightly higher, as
also shown by others14. A limitation of these results is the
low number of patients in this cohort (n = 67). In the
TIRA-1 cohort, on the other hand, a substantial number of
IgG anti-CCP-negative/IgG anti-MCV-positive patients
were identified. These patients had a similarly unfavorable
disease course to those testing positive for IgG anti-CCP.
Because the IgG anti-CCP-negative/IgG anti-MCV-positive
patients (in the absence of anti-MCV results and relying on
the anti-CCP test alone) may erroneously be considered to
have a favorable prognosis, there could be a risk of over-
looking their need for close surveillance and early aggres-
sive treatment. However, 7 out of these 10 patients tested
positive regarding IgM-class RF, and as long as we contin-
ue analyzing RF, the “serological risk” of misjudging the
prognosis of anti-CCP-negative/anti-MCV-positive patients
is lowered, because a positive RF test is associated with an
aggressive disease course in RA, even in the absence of anti-
CCP42.

Our study demonstrates a large overlap between anti-
CCP and anti-MCV antibodies of IgG as well as IgA class in
serum. Although the ACPA test of choice in clinical routine
may largely be a matter of personal preference, our first
choice remains IgG anti-CCP2 because of its superior diag-
nostic specificity. IgA-class ACPA is not needed for routine
diagnostic purposes. However, further studies are required
to investigate functional (proinflammatory or antiinflamma-
tory) properties of IgG-class and IgA-class antibodies. The

6 The Journal of Rheumatology 2011; 38:7; doi:10.3899/jrheum.101086
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Table 2. Performance profiles of IgG- and IgA-ACPA in relation to
rheumatoid arthritis diagnosis in the very early arthritis cohort (n = 67; the
Kronoberg Arthritis Incidence cohort). Data are percentages.

ACPA Type Sensitivity Specificity PPV

IgG anti-CCP 40 98 86
IgA anti-CCP 13 100 100
IgG anti-MCV 40 92 60
IgA anti-MCV 13 98 50

ACPA: anti-citrullinated protein antibodies; PPV: positive predictive
value; MCV: modified citrullinated vimentin.

 www.jrheum.orgDownloaded on April 20, 2024 from 

http://www.jrheum.org/


indication that IgA-ACPA-positive patients may constitute a
distinct subpopulation of patients with RA with poor prog-
nosis, and where smoking may be a trigger, needs further
scrutiny. 

ACKNOWLEDGMENT

We thank all TIRA coworkers, Christina Olsson and colleagues at the
Department of Microbiology in Falun, for technical advice.

REFERENCES

1. van Venrooij WJ, van Beers JJ, Pruijn GJ. Anti-CCP antibody, a
marker for the early detection of rheumatoid arthritis. Ann NY
Acad Sci 2008;1143:268-85.

2. Forslind K, Ahlmen M, Eberhardt K, Hafstrom I, Svensson B.
Prediction of radiological outcome in early rheumatoid arthritis in
clinical practice: Role of antibodies to citrullinated peptides 
(anti-CCP). Ann Rheum Dis 2004;63:1090-5.

3. Ronnelid J, Wick MC, Lampa J, Lindblad S, Nordmark B,
Klareskog L, et al. Longitudinal analysis of citrullinated
protein/peptide antibodies (anti-CP) during 5 year follow up in
early rheumatoid arthritis: Anti-CP status predicts worse disease
activity and greater radiological progression. Ann Rheum Dis
2005;64:1744-9.

4. van der Helm-van Mil AH, Verpoort KN, Breedveld FC, Toes RE,
Huizinga TW. Antibodies to citrullinated proteins and differences in
clinical progression of rheumatoid arthritis. Arthritis Res Ther
2005;7:R949-58.

5. Despres N, Boire G, Lopez-Longo F, Menard H. The Sa system: 
A novel antigen-antibody system specific for rheumatoid arthritis. 
J Rheumatol 1994;21:1027-33.

6. Vossenaar E, Despres N, Lapointe E, van der Heijden A, Lora M,
Senshu T, et al. Rheumatoid arthritis specific anti-sa antibodies
 target citrullinated vimentin. Arthritis Res Ther 2004;6:R142-50.

7. Damjanovska L, Thabet MM, Levarht EW, Stoeken-Rijsbergen G,
van der Voort EI, Toes RE, et al. Diagnostic value of anti-MCV
antibodies in differentiating early inflammatory arthritis. Ann
Rheum Dis 2010;69:730-2.

8. Mathsson L, Mullazehi M, Wick MC, Sjoberg O, van Vollenhoven
R, Klareskog L, et al. Antibodies against citrullinated vimentin in
rheumatoid arthritis: Higher sensitivity and extended prognostic
value concerning future radiographic progression as compared with
antibodies against cyclic citrullinated peptides. Arthritis Rheum
2008;58:36-45.

9. Nicaise Roland P, Grootenboer Mignot S, Bruns A, Hurtado M,
Palazzo E, Hayem G, et al. Antibodies to mutated citrullinated
vimentin for diagnosing rheumatoid arthritis in anti-CCP-negative
patients and for monitoring infliximab therapy. Arthritis Res Ther
2008;10:R142.

10. van der Linden MP, van der Woude D, Ioan-Facsinay A, Levarht
EW, Stoeken-Rijsbergen G, Huizinga TW, et al. Value of 
anti-modified citrullinated vimentin and third-generation anti-cyclic
citrullinated peptide compared with second-generation anti-cyclic
citrullinated peptide and rheumatoid factor in predicting disease
outcome in undifferentiated arthritis and rheumatoid arthritis.
Arthritis Rheum 2009;60:2232-41.

11. Bang H, Egerer K, Gauliard A, Lüthke K, Rudolph PE,
Fredenhagen G, et al. Mutation and citrullination modifies vimentin
to a novel autoantigen for rheumatoid arthritis. Arthritis Rheum
2007;56:2503-11.

12. Dejaco C, Klotz W, Larcher H, Duftner C, Schirmer M, Herold M.
Diagnostic value of antibodies against a modified citrullinated
vimentin in rheumatoid arthritis. Arthritis Res Ther 2006;8:R119.

13. Sghiri R, Bouajina E, Bargaoui D, Harzallah L, Ben Fredj H,
Sammoud S, et al. Value of anti-mutated citrullinated vimentin 

antibodies in diagnosing rheumatoid arthritis. Rheumatol Int
2008;29:59-62.

14. Raza K, Mathsson L, Buckley CD, Filer A, Ronnelid J. 
Anti-modified citrullinated vimentin (MCV) antibodies in patients
with very early synovitis. Ann Rheum Dis 2010;69:627-8.

15. Innala L, Kokkonen H, Eriksson C, Jidell E, Berglin E, 
Rantapää-Dahlqvist S. Antibodies against mutated citrullinated
vimentin are a better predictor of disease activity at 24 months in
early rheumatoid arthritis than antibodies against cyclic citrullinat-
ed peptides. J Rheumatol 2008;35:1002-8.

16. Verpoort KN, Jol-van der Zijde CM, Papendrecht-van der Voort
EA, Ioan-Facsinay A, Drijfhout JW, van Tol MJ, et al. Isotype
 distribution of anti-cyclic citrullinated peptide antibodies in
 undifferentiated arthritis and rheumatoid arthritis reflects an
 ongoing immune response. Arthritis Rheum 2006;54:3799-808.

17. Snir O, Widhe M, von Spee C, Lindberg J, Padyukov L, Lundberg
K, et al. Multiple antibody reactivities to citrullinated antigens in
sera from patients with rheumatoid arthritis: Association with 
HLA-DRB1 alleles. Ann Rheum Dis 2009;68:736-43.

18. Svard A, Kastbom A, Reckner-Olsson A, Skogh T. Presence and
utility of IgA-class antibodies to cyclic citrullinated peptides in
early rheumatoid arthritis: The Swedish TIRA project. Arthritis Res
Ther 2008;10:R75.

19. Ioan-Facsinay A, Willemze A, Robinson DB, Peschken CA,
Markland J, van der Woude D, et al. Marked differences in fine
specificity and isotype usage of the anti-citrullinated protein 
antibody in health and disease. Arthritis Rheum 2008;58:3000-8.

20. Schuerwegh AJ, Ioan-Facsinay A, Dorjée AL, Roos J, Bajema IM,
van der Voort EI, et al. Evidence for a functional role of IgE 
anticitrullinated protein antibodies in rheumatoid arthritis. Proc Natl
Acad Sci USA 2010;107:2586-91.

21. van der Woude D, Syversen SW, van der Voort EI, Verpoort KN,
Goll GL, van der Linden MP, et al. The ACPA isotype profile
reflects long-term radiographic progression in rheumatoid arthritis.
Ann Rheum Dis 2010;69:1110-6.

22. Kastbom A, Strandberg G, Lindroos A, Skogh T. Anti-CCP 
antibody test predicts the disease course during 3 years in early
rheumatoid arthritis (the Swedish TIRA project). Ann Rheum Dis
2004;63:1085-9.

23. Prevoo ML, van ‘t Hof MA, Kuper HH, van Leeuwen MA, van de
Putte LB, van Riel PL. Modified disease activity scores that include
twenty-eight-joint counts. Development and validation in a
prospective longitudinal study of patients with rheumatoid arthritis.
Arthritis Rheum 1995;38:44-8.

24. Ekdahl C, Eberhardt K, Andersson SI, Svensson B. Assessing 
disability in patients with rheumatoid arthritis. Use of a Swedish
version of the Stanford Health Assessment Questionnaire. Scand J
Rheumatol 1988;17:263-71.

25. Kastbom A, Ahmadi A, Soderkvist P, Skogh T. The 158V
 polymorphism of Fc gamma receptor type IIIA in early rheumatoid
arthritis: Increased susceptibility and severity in male patients (the
Swedish TIRA project). Rheumatology 2005;44:1294-8.

26. Soderlin MK, Borjesson O, Kautiainen H, Skogh T, Leirisalo-Repo
M. Annual incidence of inflammatory joint diseases in a population
based study in southern Sweden. Ann Rheum Dis 2002;61:911-5.

27. Soderlin M, Kastbom A, Kautiainen H, Leirisalo-Repo M,
Strandberg G, Skogh T. Antibodies against citrullinated peptide
(CCP) and levels of cartilage oligomeric matrix protein (COMP) in
very early arthritis: Relation to diagnosis and disease activity.
Scand J Rheumatol 2004;33:185-8.

28. Klareskog L, Catrina AI, Paget S. Rheumatoid arthritis. Lancet
2009;373:659-72.

29. Olsson AR, Skogh T, Wingren G. Aetiological factors of
 importance for the development of rheumatoid arthritis. Scand J
Rheumatol 2004;33:300-6.

7Svärd, et al: IgA antibodies in RA

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved.

 www.jrheum.orgDownloaded on April 20, 2024 from 

http://www.jrheum.org/


30. Nyhall-Wahlin BM, Jacobsson LT, Petersson IF, Turesson C.
Smoking is a strong risk factor for rheumatoid nodules in early
rheumatoid arthritis. Ann Rheum Dis 2006;65:601-6.

31. Nyhall-Wahlin BM, Petersson IF, Nilsson JA, Jacobsson LT,
Turesson C. High disease activity disability burden and smoking
predict severe extra-articular manifestations in early rheumatoid
arthritis. Rheumatology 2009;48:416-20.

32. Klareskog L, Stolt P, Lundberg K, Kallberg H, Bengtsson C,
Grunewald J, et al. A new model for an etiology of rheumatoid
arthritis: Smoking may trigger HLA-DR (shared epitope)-restricted
immune reactions to autoantigens modified by citrullination.
Arthritis Rheum 2006;54:38-46.

33. Linn-Rasker SP, van der Helm-van Mil AH, van Gaalen FA,
Kloppenburg M, de Vries RR, le Cessie S, et al. Smoking is a risk
factor for anti-CCP antibodies only in rheumatoid arthritis patients
who carry HLA-DRB1 shared epitope alleles. Ann Rheum Dis
2006;65:366-71.

34. Pedersen M, Jacobsen S, Garred P, Madsen HO, Klarlund M,
Svejgaard A, et al. Strong combined gene-environment effects in
anti-cyclic citrullinated peptide-positive rheumatoid arthritis: A
nationwide case-control study in Denmark. Arthritis Rheum
2007;56:1446-53.

35. Mahdi H, Fisher BA, Kallberg H, Plant D, Malmstrom V, Ronnelid
J, et al. Specific interaction between genotype, smoking and
autoimmunity to citrullinated alpha-enolase in the etiology of
rheumatoid arthritis. Nat Genet 2009;41:1319-24.

36. van der Woude D, Alemayehu WG, Verduijn W, de Vries RR,
Houwing-Duistermaat JJ, Huizinga TW, et al. Gene-environment
interaction influences the reactivity of autoantibodies to

 citrullinated antigens in rheumatoid arthritis. Nat Genet
2010;42:814-6.

37. Lee HS, Irigoyen P, Kern M, Lee A, Batliwalla F, Khalili H, et al.
Interaction between smoking, the shared epitope, and anti-cyclic
citrullinated peptide: A mixed picture in three large North American
rheumatoid arthritis cohorts. Arthritis Rheum 2007;56:1745-53.

38. Bang S-Y, Lee K-H, Cho S-K, Lee H-S, Lee KW, Bae S-C.
Smoking increases rheumatoid arthritis susceptibility in individuals
carrying the HLA-DRB1 shared epitope, regardless of rheumatoid
factor or anti-cyclic citrullinated peptide antibody status. Arthritis
Rheum 2010;62:369-77.

39. Verpoort KN, Papendrecht-van der Voort EA, van der Helm-van
Mil AH, Jol-van der Zijde CM, van Tol MJ, Drijfhout JW, et al.
Association of smoking with the constitution of the anti-cyclic
 citrullinated peptide response in the absence of hla-drb1 shared
 epitope alleles. Arthritis Rheum 2007;56:2913-8.

40. Kanamaru Y, Pfirsch S, Aloulou M, Vrtovsnik F, Essig M, Loirat C,
et al. Inhibitory ITAM signaling by Fc alpha RI-FcR gamma chain
controls multiple activating responses and prevents renal
 inflammation. J Immunol 2008;180:2669-78.

41. Otten MA, Leusen JH, Rudolph E, van der Linden JA, Beelen RH,
van de Winkel JG, et al. FcR gamma-chain dependent signaling in
immature neutrophils is mediated by Fc alpha RI, but not by Fc
gamma RI. J Immunol 2007;179:2918-24.

42. Miriovsky BJ, Michaud K, Thiele GM, O’Dell JR, Cannon GW,
Kerr G, et al. Anti-CCP antibody and rheumatoid factor
 concentrations predict greater disease activity in men with
 rheumatoid arthritis. Ann Rheum Dis 2010;69:1292-7.

8 The Journal of Rheumatology 2011; 38:7; doi:10.3899/jrheum.101086

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2011. All rights reserved.

 www.jrheum.orgDownloaded on April 20, 2024 from 

http://www.jrheum.org/

