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ABSTRACT 
 
Background:  Anti-citrullinated protein/peptide antibodies (ACPAs) are a heterogeneous family of autoantibodies, 
targeting citrullinated proteins. We investigated the relationship between serum levels of anti-mutated 
citrullinatedvimentin antibody (anti-MCV) and rheumatoid arthritis (RA) activity. Method:  A total of 271 consecutive 
female patients with diagnosis of RA who met the ACR/EULAR criteria were enrolled. The disease activity was 
measured by the Disease Activity Score in 28 joints-erythrocyte sedimentation rate (DAS28-ESR). Anti-MCV was 
measured by enzyme-linked immunosorbent assay using a commercial kit with a cut-off value for positivity >20 U/mL. 
Results:  Anti-MCV was positive in 153 (56.5%) patients. Disease in anti-MCV positive patients was significantly more 
active. A new composite index for predicting disease activity was constructed by replacing ESR with anti-MCV in the 
DAS28 model. There was a correlation between the absolute scores of DAS28-anti-MCV and DAS28-ESR scores. 
The new composite index best cut-off values corresponding to DAS28-ESR values of 2.6, 3.2, and 5.1 were 2.94, 
3.17, and 4.87, respectively. The patients were re-categorized based on the new threshold values calculated by ROC 
curve analysis. There was agreement between the DAS28-anti-MCV categories and DAS28-ESR disease activity 
categories. Conclusions:  Based on the correlation between anti-MCV levels with RA disease activity index, we 
conclude that anti-MCV may be a useful test to determine disease activity in RA.  
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INTRODUCTION 
 
Rheumatoid arthritis (RA) is a chronic inflammatory 
autoimmune disease characterized by chronic erosive 
arthritis with involvement of small and large joints, 
pannus formation, as well as the presence of 
autoantibodies includingrheumatoid factor (RF) and 
anti-citrullinated protein/peptide antibodies (ACPAs).  
ACPAs are a heterogeneous family of autoantibodies, 
targeting citrullinated proteins like pro-filaggrin (anti-
perinuclear factor), filaggrin (anti-keratin antibodies), 
citrullinated fibrinogen, and others [1].ACPAs have an 
important role in the pathogenesis of RA and have 
been introduced as a very specific marker for the 
diagnosis of RA [2]. Anti-citrullinated cyclic peptide 
antibodies (anti-CCP) are the most widely used 
ACPAs for the diagnosis of RA. Anti-CCP has been 
included in the most recent classification criteria for 

the diagnosis of RA [3]. Anti-mutated 
citrullinatedvimentin (anti-MCV) antibodies are 
another type of ACPAs, which have been proposed 
recently as a tool for the diagnosis of RA. Anti-MCV 
recognizes citrullinatedvimentin, which is a widely 
expressed protein by macrophages in the synovium of 
patients with RA and in which arginine residues are 
replaced by glycine [4]. Anti-MCV has a diagnostic 
and prognostic value comparable with anti-CCP [5]. 
In addition to the role of ACPAs in the diagnosis of 
RA, they are frequently used by clinicians to assess 
RA. ACPAs are a marker of disease severity and 
radiographic joint damage [5-7]. Despite a good 
diagnostic and prognostic value of anti-CCP, reports 
about the correlation of anti-CCP and disease activity 
are controversial [8-15]. A few studies also evaluated 
the correlation between anti-MCV and RA activity and 
raised the probability that anti-MCV is a better 
predictor of RA disease activity [16-20]. However, the 
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results are contradictory.According to the existing 
conflicts contradiction, we investigated the 
relationship between serum levels of anti-MCV and 
RA disease activity. 

 
MATERIALS AND METHODS 
 
This study was conducted in the outpatient 
rheumatology clinic of Kashan University of Medical 
Sciences from Apr 2014 to Jan 2016. The study 
protocol was approved by the Ethics Committee of 
Kashan University of Medical Sciences. The study 
was performed in accordance with the Declaration of 
Helsinki and informed consents were obtained from 
the participants. A total of 271 consecutive female 
patients with diagnosis of RA who met the 
ACR/EULAR criteria[3] were enrolled. The disease 
activity was measured by the Disease Activity Score 
in 28 joints-erythrocyte sedimentation rate (DAS28-
ESR) [21]. The 28-joint count of tender and swollen 
joint was performed by an expert rheumatologist. 
Patient global assessment of pain and general health 
was measured using visual analogue scale (VAS) 
method and was reported as millimeter (zero = no 
pain, and 100 =worst possible pain). The established 
cut points for the disease activity using DAS28-ESR 
are as follows: remission < 2.6; 2.6 ≤ low disease 
activity ≤ 3.2;3.2 < moderate disease activity ≤ 5.1; 
high disease activity > 5.1. 
Five milliliters venous blood samples were taken from 
all the participants after an overnight fast. The sera of 
the participants were separated by centrifugation with 
the speed of 1500 rounds per minute for 10 min at 
room temperature. Then it was stored at -86ºC until 
the biochemical analysis was performed. ESR was 
measured based on the amount of erythrocytes 
sediment in 1 hour and was reported as millimeter per 
hour (mm/h) according to Westergren. Anti-MCV was 
measured by the enzyme-linked immunosorbent 
assay (ELISA) using a commercial kit (ARP 

American, Affymetrix) with a cut-off value for positivity 
>20 U/mL. 
Statistical analysis  
The data was analyzed by SPSS version 16. 
Quantitative variables were described as mean and 
standard deviation (SD). Qualitative variables were 
described as number and percentage. The correlation 
between disease activity and serum anti-MCV was 
analyzed by linear regression, and correlation 
coefficient (Pearson) was calculated. Comparisons of 
mean serum anti-MCV in different disease activity 
categories were performed by analysis of variances 
(ANOVA) using Tukey post hoc tests. In order to 
consider the correlation between the disease activity 
based on DAS28-ESR and serum anti-MCV level, in 
this study, we decided to construct a new composite 
index for measuring disease activity by replacing the 
ESR with the serum anti-MCV level in the DAS28-
ESR composite index. In order to assess the 
correlation validity of the new composite index, the 
correlation of the absolute scores of the new 
composite index was compared with the DAS28-ESR 
scores by linear regression analysis, and correlation 
coefficient was calculated. 
ROC curve analysis was performed to set cut-off 
values for new composite index (based on anti-MCV) 
to diagnose RA patients in different disease activity 
categories, considering the DAS28-ESR cut-off 
values as the gold standard. The best cut-off value 
was calculated through the contact point of the ROC 
curve and the line with slope equal to one in which the 
sum of sensitivity and specificity was the highest. The 
patients were re-categorized based on the calculated 
threshold values by ROC curve analysis for the new 
composite index. The number of patients in each 
disease activity categories in new composite index 
was compared with the number of patients in DAS28-
ESR disease activity categories by using cross tabs 
and calculating kappa statistics.  
 

 
Table 1. Disease activity in anti-MCV positive and negative patients 

 
 Anti -MCV positive  

153 
Anti -MCV negative  

118 
P-value  

Age 34.1 ± 8.7 35.4 ± 11 0.004 
DAS-28 4.4 ±1.5 3.6 ±1.2 0.001 

Disease activity 
Remission 
Mild activity 

Moderate activity 
Severe activity 

 
24 (15.7) 
6 (3.9) 

62 (40.5) 
61 (39.9) 

 
28 (23.7) 
15 (12.7) 
69 (58.5) 
6 (5.1) 

 
0.001 

Anti-MCV: anti-mutated citrullinatedvimentin 
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Table 2. Relationship between disease activity and anti-MCV titer in the study patients 
 

Disease activity  Frequency (%)  Anti -MCV titer (U/ml)  P-value  

  DAS-28 ≤ 3.2 
  3.2 < DAS-28 ≤ 5.1 
  DAS-28 > 5.1 

73 (26.9) 
131 (48.3) 
67 (24.7) 

20.9 ± 17.8 
26.3 ± 18.7 
50.4 ± 19.2 

0.001 

Anti-MCV: anti-mutated citrullinatedvimentin 
 
RESULTS 
 
Anti-MCV was measured in 271 female patients 
diagnosed with RA. Anti-MCV was positive in 153 
(56.5%) patients. Disease in anti-MCV positive 
patients was significantly more active (Table 1). The 

mean serum anti-MCV level in patients with more 
disease activity was significantly higher (Table 2). 
Also Pearson correlation test results showed that 
there is a significant relationship between the anti-
MCV and DAS-28 in patients with rheumatoid arthritis 
(p=0.0001) and (r=0.379). 

 
Constructing new composite index 
The new composite index for predicting disease 
activity was constructed by replacing ESR with anti-
MCV in the DAS28 model, as follows: 
DAS anti-MCV= 0.56×√ (number of tender joints)+ 
0.28×√ (number of swollen joints)+ 1.63 × ln (anti-
MCV) + 0.014× VAS – 3.06 
There was a correlation between the absolute scores 
of DAS28-anti-MCV and DAS28-ESR scores (R2 = 
0.91, P value < 0.014). ROC curves for determining 
new composite index values corresponded to the 
DAS28-ESR values of 2.6, 3.2, and 5.1. The new 

composite index best cut-off values corresponding to 
DAS28-ESR values of 2.6, 3.2, and 5.1 were 2.94, 
3.17, and 4.87, respectively (Table 3). The patients 
were re-categorized based on the new threshold 
values calculated by ROC curve analysis. The 
distribution of the patients in each disease activity 
category in new composite index based on the new 
threshold values and DAS28-ESR disease activity 
categories are shown in Table 4. There is agreement 
between the DAS28-anti-MCV categories and 
DAS28-ESR disease activity categories (Kappa = 
0.69, P value < 0.01). 

 
Table 3. New composite index values corresponding t o DAS28-ESR cut-off values 

 
DAS28-ESR DAS28-anti -MCV Sensitivity (%)  Specifity (%)  

2.6 2.94 92 89 
3.1 3.17 95.4 91 
5.2 4.87 91 93 

Anti-MCV: anti-mutated citrullinatedvimentin 
DAS28-ESR: Disease Activity Score in 28 joints-erythrocyte sedimentation Rate 

 
Table 4. Distribution of the patients in different disease activitycategories in DAS28-anti-MCV and DA S28-ESR 

 
 DAS28-anti -MCV categ ories  DAS28-ESR categories  
Remission (%) 64 (23.6) 52 (19.2) 
Mild activity (%) 14 (5.2) 21 (7.7) 
Moderate activity (%) 118 (43.5) 131 (48.3) 
Severe activity (%) 75 (27.7) 67 (24.7) 

Anti-MCV: anti-mutated citrullinatedvimentin 
DAS28: Disease Activity Score in 28 joints 

 
DISCUSSION 
 
This study showed that RA activity in patients with 
positive anti-MCV is higher than patients with 
negative anti-MCV and a positive correlation exist 
between anti-MCV level and disease activity. 
Regarding the high specificity of anti-MCV in 
predicting disability in RA, a new composite index for 

measuring disease activity was developed by 
replacing ESR with anti-MCV in the DAS28 model. 
The positive correlation between the new composite 
index scores and the DAS28-ESR scores showed the 
correlation validity of the new model. Considering the 
DAS28-ESR as gold standard, the high area under 
curve (AUC) in the ROC curve analysis indicates the 
great diagnostic accuracy of the calculated cut-off 
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values for DAS28-anti-MCV in determination of 
patients in different disease activity categories. The 
best cut-off values for new composite index were 
calculated to diagnose RA patients in different 
disease activity categories. Considering the 
distribution of the patients in different disease activity 
categories in DAS28-anti-MCV with kappa statistic 
showed a substantial agreement with DAS28-ESR. 
The main limitation of our study was lack of follow-up 
analysis. 
In agreement with this study, some studies showed a 
correlation between anti-MCV level and RA activity; 
however, other studies did not find this correlation. 
Bang et al. in a study on 1151 RA patients and the 
follow-up analysis of anti-MCV response in 42 
patients found a significant correlation between anti-
MCV and disease activity [22]. In Mansour et al. study 
on 64 patients with RA anti-MCV positive patients 
there was a significantly higher DAS-28 and more 
erosion on peripheral joints than anti-MCV negative 
patients [23]. Zahran et al. in a study on 30 patients 
with RA considered the value of anti-MCV, RF, and 
anti-CCP as a marker of disease activity [24]. They 
found that only anti-MCV can be used as a marker of 
disease activity. In a study by Ursum and colleagues, 
the association between anti-MCV levels and DAS28 
was very low [25]. They conclude that monitoring 
disease activity with anti-MCV levels is not useful. In 
Mathsson et al. study on 273 patients with RA, no 
relationship was found between disease activity in 
anti-MCV positive and negative patients [26]. 
Yousefghahari et al. also did not report any 
relationship between disease activity and anti-MCV 
[27]. 

 
CONCLUSION 
 
Based on the correlation found between anti-MCV 
levels and disease activity index, we conclude that 
anti-MCV may be a useful test to determine disease 
activity in RA.  A disease activity index that applies 
serum anti-MCV has a substantial agreement with 
DAS28-ESR. 
 
Acknowledgments 
This paper is derived from the residency dissertation 
(No: 92151) of Meysam Orangi and its cost has been 
paid from the authorized protocol of Vice Chancellor 
of Research and Technology in Kashan University of 
Medical Sciences. 
 
Funding source 

Vice Chancellor of Research and Technology in 
Kashan University of Medical Sciences 

Conflict of Interest 

The authors have no conflict of interest to disclose. 
 
Authors’ Contribution 

Kamal Esalatmanesh developed the study concept 
and design and the acquisition of data, interpretations 
of data, and drafting of the manuscript. Davood 
Kheirkhah, Zahra Soleimani and Meysam Orangi 
developed the protocol, analysis of data and drafting 
of the manuscript. 
 
REFERENCES 

1. Szodoray P, Szabó Z, Kapitány A et al.Anti-
citrullinated protein/peptide autoantibodies 
inassociation with genetic and environmental 
factors as indicators ofdisease outcome in 
rheumatoid arthritis. Autoimmun 
Rev.2010;9(3):140-3. 

2. Schellekens GA, de Jong BA, van den 
Hoogen FH et al.Citrulline is anessential 
constituent of antigenicdeterminants 
recognized by rheumatoid arthritis-specific 
autoantibodies. JClin Invest. 1998;101(1): 
273-81. 

3. Aletaha D, Neogi T, Silman AJ et al. 
Rheumatoid arthritis classification criteria. 
Arthritis Rheum, 2010;62(9):2569-81. 

4. Bang H, Egerer K, GauliardA et al.Mutation 
and citrullination modifies vimentin to a novel 
autoantigen for rheumatoid arthritis. Arthritis 
Rheum, 2007;56(8):2503-11. 

5. Luime JJ, Colin EM, Hazes JM, et al.Does 
anti-mutated citrullinatedvimentin have 
additional value as a serological marker in 
the diagnostic and prognostic investigation of 
patients with rheumatoid arthritis? A 
systematic review. Ann Rheum 
Dis.2010;69(2):337-44. 

6. Mathsson L, Mullazehi M, Wick MC et 
al.Antibodies against citrullinatedvimentin 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(1):36-45. 

7. Syversen SW, Goll GL, van der Heijde D et 
al.Prediction of radiographic progression in 
rheumatoid arthritis and the role of 
antibodies against mutated 
citrullinatedvimentin results from a 10-year 
prospective study. Ann Rheum Dis. 
2010;69(2):345-51. 

8. Ronnelid J, Wick MC, Lampa J, et 
al.Longitudinal analysis of citrullinated 



Zahra Soleimani et al: Anti MCV in rheumatoid arthritis                                                                                                                                    www.jrmds.in 

Journal of Research in Medical and Dental Science | Vol. 4 | Issue 4 | October-December 2016 9 

 

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(12):1744-9. 

9. Esalatmanesh K, Jamali R, Jamali A, et 
al.Serum anti-cyclic citrullinated peptide 
antibodies may predict disease activity in 
rheumatoid arthritis. RheumatolInt, 
2012;32(12):3799-805. 

10. O¨nder B, KurtaranA, Kimyon S, et al. 
Association of anti-CCP positivity with serum 
ferritin and DAS-28. RheumatolInt, 
2009;30(2):223-7. 

11. Landmann T, Kehl G, Bergner R. The 
continuous measurement of anti-CCP-
antibodies does not help to evaluate the 
disease activity in anti-CCP-antibody-
positive patients with rheumatoid arthritis. 
Clin.Rheumatol, 2010;29(12):1449-53. 

12. Vanichapuntu M, Phuekfon P, Suwannalai P 
et al. Are anti-citrulline autoantibodies better 
serum markers for rheumatoid arthritis than 
rheumatoid factor in Thai population? 
RheumatolInt, 2010;30(6):755-9.  

13. Aridog˘an BC, Kaya S, Savas S et al.The 
role of anti-cyclic citrullinated peptide (anti-
CCP) antibodies in serologic diagnosis and 
evaluation of disease activity in rheumatoid 
arthritis.MikrobiyolBul, 2008;42(4):669-74.  

14. Serdarog˘lu M, Cakirbay H, Deg˘er O, et 
al.The association of anti-CCP antibodies 
with disease activity in rheumatoid 
arthritis.RheumatolInt, 2008;28(10):965-70. 

15. Sghiri R, Bouagina E, Zaglaoui H et al. 
Diagnostic performances of anti-cyclic 
citrullinated peptide antibodies in rheumatoid 
arthritis. RheumatolInt, 2007;27(12):1125-30.  

16. Innala L, Kokkonen H, Eriksson C.Antibodies 
against mutated citrullinatedvimentin are a 
better predictor of disease activity at 24 
months in early rheumatoid arthritis than 
antibodies against cyclic citrullinated 
peptides. J Rheumatol,2005;35(6):1002-8.  

17. Bang H, Egerer K, Gauliard A, et al.Mutation 
and citrullination modifies vimentin to a novel 
autoantigen for rheumatoid arthritis. Arthritis 
Rheum,2007;56(8):2503-11. 

18. Jennie Ursum, Markus MJ Nielen, Dirkjan 
van Schaardenburg, et al.Antibodies to 
mutated citrullinatedvimentin and disease 
activity score in early arthritis: a cohort 
study.Arthritis Res Ther.2008;10(1):R12. 

19. Reyes-Castillo Z, Palafox-Sánchez CA, 
Parra-Rojas I et al.Comparative analysis of 

autoantibodies targeting peptidylarginine 
deiminase type 4, mutated 
citrullinatedvimentin and cyclic citrullinated 
peptides in rheumatoid arthritis: associations 
with cytokine profiles, clinical and genetic 
features. ClinExpImmunol, 2015;182(2):119-
31. 

20. Wagner E, Skoumal M, Bayer PM, et 
al.Antibody against mutated 
citrullinatedvimentin: a new sensitive marker 
in the diagnosis of rheumatoid arthritis. 
RheumatolInt, 2009;29(11):1315-21. 

21. Van GestelAM, Haagsma CJ, van Riel 
PL.Validation of rheumatoid arthritis 
improvement criteria that include simplified 
joint counts. Arthritis Rheum, 
1998;41(10):1845-50. 

22. Bang H, Egerer K, GauliardAet al. Mutation 
and citrullination modifies vimentin to a novel 
autoantigen for rheumatoid arthritis. Arthritis 
Rheum, 2007;56(8):2503-11. 

23. Howaida E. Mansour, Khaled M et 
al.Antibodies to Mutated 
CitrullinatedVimentin in Rheumatoid Arthritis: 
Diagnostic Value, Association with 
Radiological Damage and Axial Skeleton 
Affection. Clin Med Insights Arthritis 
MusculoskeletDisord, 2010;24;3:33-42.  

24. Zahran WE, Mahmoud MI, Shalaby KA, et 
al.Unique correlation between mutated 
citrulinatedvimentine IgG autoantibodies and 
markers of systemic inflammation in 
rheumatoid arthritis patients. Ind. 
J.Clin.Biochem.2013; 28(3):272-6. 

25. Ursum J, Nielen MM, van Schaardenburg 
D.Antibodies to mutated citrullinatedvimentin 
and disease activity score in early arthritis: a 
cohort study. Arthritis Research & Therapy, 
2008;10(1):1-6. 

26. Mathsson L, Mullazehi M, Wick MC et 
al.Antibodies against citrullinatedvimentin 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(1):36-45. 

27. Yousefghahari B, Alhooei S, Soleimaniamiri 
M, et al.Comparison of sensitivity and 
specificity of anti-CCP and anti-MCV 
antibodies in an Iranian cohort of patients 
with rheumatoid arthritis. Caspian J Intern 
Med. 2013; 4(3):702-706. 

 


