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ABSTRACT 

Aim of Work: To investigate the value of the detection of antibodies against modified citrullinated vimentin antibodies 
(anti-MCV) in comparison with anti-CCP2- for the diagnosis of rheumatoid arthritis (RA). Patients and Methods: The 
study Included Forty patients with Rheumatoid arthritis (RA). They under went assessment by the disease activity score 
(DAS-28), visual analogue scale (VAS) and health assessment questionnaire (HAQ). Thirty healthy subjects matched 
for age and sex served as a control group. Blood samples were obtained from patients and controls for erythrocyte sedi- 
mentation rate (ESR), C reactive protein (CRP), rheumatoid factor (RF). Anti-CCP2 and anti-MCV were determined 
using ELISA technique. Results: Estimated serum levels of anti-CCP2 and anti-MCV were significantly higher in pa- 
tients compared to controls (p < 0.001). There were no significant correlations between anti-MCV levels and age, dis- 
ease duration, duration of morning stiffness, number of swollen and tender joints, HAQ or ESR in patients with RA, 
while serum levels correlates significantly with DAS28, VAS and CRP (p < 0.05). Anti-CCP2 correlates significantly 
with DAS28, VAS and CRP and ANA (p < 0.05). Serum anti-MCV and anti-CCP2 were significantly correlated with 
each other (r = 0.483; p < 0.001). The receiver operating characteristic (ROC) curve was drawn and it showed that 
anti-MCV had diagnostic specificity, sensitivity of 93.3%, 75.5%, respectively, while anti-CCP2 specificity, sensitivity 
of 98.1%, 85%, respectively. Conclusion: Serum anti-MCV as well as the anti-CCP-2 assay perform comparably well 
in the diagnosis of RA. In the high-specificity range, however, the anti-CCP2 assay appears to be superior to the anti- 
MCV test. 
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Rheumatoid Arthritis (RA) 

1. Introduction 

Rheumatoid arthritis (RA) is a chronic, inflammatory, 
autoimmune, systemic disease, in which various joints in 
the body are inflamed, leading to swelling, pain, stiffness, 
and the possible loss of function [1]. Early diagnosis and 
treatment may prevent joint destruction and suppress di- 
sease progression [2]. 

Several different autoantibodies with varying have been 
found in serum from patients with RA [3], but rheuma- 
toid factor (RF) is at present the only autoantibody in- 
cluded in the 1987 American College of Rheumatology 
(ACR) classification criteria [4]. 

Highly specific and sensitive tests are necessary to di- 
agnose early RA and initiate aggressive treatment regi- 

mens to prevent the irreversible joint damage. Testing for 
RF alone is not enough. It can be found in only 70% - 
80% of RA patients. It is also present in other rheumatic 
disorders and healthy individuals [5]. 

Antibodies recognizing citrullinated proteins/peptides, 
especially the peptide mixture designated cyclic citrulli- 
nated peptides (CCP), have reasonable sensitivity and 
high specificity for RA and are incessantly used in the 
evaluation of patients with RA [6,7]. It is found to be 
highly specific for early diagnosis (97%) as well as prog- 
nosis of [8]. Vimentin is an intermediate filament that is 
widely expressed by mesenchymal cells and macrophag- 
es and easy to detect in the synovium. Modification of 
the protein occurs in macrophages undergoing apoptosis, 
and antibodies to citrullinated vimentin may emerge if 
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the apoptotic material is inadequately cleared [9]. Recent- 
ly, anti-mutated citrullinated vimentin (anti-MCV) anti- 
bodies have been recommended to be better diagnostic 
marker for early arthritis [10]. 

Some studies showed that anti-MCV antibody is more 
sensitive compared to other antibodies against citrulline- 
containing epitopes for RA diagnosis, and that anti-MCV 
antibody was present even earlier in the course of RA 
than anti-CCP, and therefore was a better marker of early 
RA [11]. Besides the higher sensitivity it has been shown 
that anti-MCV antibody is a better marker for early RA, 
and it correlates well with the disease activity score 
(DAS). The presence of anti-MCV antibodies at disease 
onset is associated with a more severe disease course, 
measured as higher level of inflammatory activity com- 
pared with anti-CCP [12]. 

Several studies demonstrated that anti-MCV antibod- 
ies have the same specificity as anti-CCP antibodies, but 
with better sensitivity [13,14]. Like anti-CCP antibodies, 
anti-MCV antibodies are also suitable for the early diag- 
nosis of RA, with comparable sensitivity and specificity 
[15]. 

This work was aimed to evaluate the role of anti-mu- 
tated citrullinated vimentin antibodies (anti-MCV) and 
anti-CCP2for the diagnosis of RA. 

2. Patients and Methods 

This case control study was conducted on RA patients 
attending the outpatient clinic of Rheumatology and Re- 
habilitation Department, Sohag University Hospital, in 
the period between May 2012 and September 2012. Forty 
patients (female/male = 26/14) fulfilling the 1987 Ameri- 
can College of Rheumatology (ACR) criteria for a diag- 
nosis of RA with a mean age of 46.95 ± 11.60 years were 
studied. Thirty healthy control subjects (female/male = 
18/12). The mean age of the control subjects was 43.7 ± 
9.9 years. Informed consent was obtained from patients 
and controls participating in the study. Age, sex, disease 
duration, Body Mass Index (BMI) (kg/m2), swollen and 
tender joint counts of the RA patients were recorded. 
Duration of morning stiffness, Visual Analog Scale of 
pain (VAS) [16] disease activity index 28 (DAS28) [17], 
health assessment questionnaire (HAQ), erythrocyte se- 
dimentation rate (ESR) and C-reactive protein (CRP) were 
used to assess disease activity. Disease Activity-Score 28 
(DAS28) as a validated index of RA activity. It consists 
of four measures: 28 tender (TJC28) and swollen joint 
counts (SJC28), ESR, and patient global health assess- 
ment (VAS). Patients were grouped according to DAS28 
scores as having high (DAS28 > 5.1) or mild to moderate 
(DAS28 < 5.1) disease activity. 

3. Laboratory Methods 

Six mL of peripheral venous blood were withdrawn asep- 

tically from each patient and from each control subject. 
Two mL blood were left to clot for 15 minutes then cen- 
trifuged and sera were put into aliquots and stored at 
−20˚C until assayed for anti-MCV and anti CCP2 anti- 
bodies for both patients and controls. The remaining 3 ml 
were used for other investigations done to patients: 

1) Complete blood picture CBC was performed on The 
CELL-DYN 3700 automated hematology analyzer. 

2) Renal and liver function tests were performed on 
Autoanalyzer Bechman Synchron cx5 system. 

3) Measurement of ESR by the Westergren method. 
4) Serum CRP concentrations were determined by im- 

munonephelometry methods on a Turboxnephelometer 
(Orion Diagnostica, Finland). The titer of 6 mg/l was 
considered positive for CRP. 

5) Rheumatoid factor IgMisotype was analyzed using 
the ELISA kit for RF IgM quantitation (Orgentec Diag- 
nostika GmbH, Germany) according to the manufac- 
turer’s instructions. The titer of 20 IU/ml was regarded as 
positive [18]. 

6) Measurement of anti-nuclear antibody (ANA) was 
detected by the Fluro-kit supplied by DiaSorine Catalog 
No 1740 based on indirect immunoflorescent for the 
screening and titration ANA. 

7) Anti-CCP2 antibodies were detected by enzyme- 
linked immunosorbent assay Kit supplies by INOVA Di- 
agnostica Cat. NO 570139 is a semiquantitative enzyme- 
linked immunosorbent assay for the detection of IgG 
anti-CCP2 (Cyclic Citrullinated Peptide 2) antibodies in 
patient sera. The antigen is bound to the surface of a mi- 
crowell plate, allowing any CCP2IgG antibodies present 
to bind to the immobilized antigen. A second incubation 
allows the enzyme labeled antihuman IgG to bind to any 
patient antibodies that have been attached to the micro- 
wells. After washing away any unbound enzyme labeled 
anti-human IgG, the remaining enzyme activity is meas- 
ured by adding a chromogenic substrate and measuring 
the intensity of the color that develops spectrophotomet- 
rically. A titer above 20 units was considered as positive. 

8) Determination of Anti-MCV antibodies were meas- 
ured using ELISA kits (provided by ORGENTEC Diag- 
nostica GmbH, Mainz, Germany) according to the manu- 
facturer’s instructions [19]. Serum samples were diluted 
1:100 and incubated on MCV coated microtiter wells for 
30 minutes at room temperature. Plates were washed 
three times and incubated with peroxidase-labeled anti- 
human IgG-conjugate for 15 minutes. Then substrate was 
incubated for 15 minutes after additional washing. Color 
development was stopped with 1 M HCl solution, and the 
optical density was measured. Results are expressed in 
U/ml using a simple point-to-point curve-fitting method. 
Values of 20.0 U/ml or greater were considered to be ab- 
normal according to manufacturer’s recommendations. 
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4. Statistics 

The results were analyzed by IBM-SPSS (version 19). 
Results were given as means and standard deviation. Stu- 
dent’s t-test for continuous variables was used to exam- 
ine the significance of differences between RA and con- 
trol groups. P-value less than 0.05 was regarded as sig- 
nificant. The correlation between anti -MCV, anti-CCP2 
levels and age, disease duration, duration of morning 
stiffness, swollen and tender joint counts, VAS, DAS28, 
HAQ, ESR, CRP and BMI was analyzed by Pearson cor- 
relation analyses. Receiver operator characteristic curve 
(ROC) was drawn to find out the best cut-off value of 
anti-MCV in diagnosing RA. p value > 0.05 was consid- 
ered insignificant, p < 0.05 was significant and p < 0.001 
was highly significant. 

5. Results 

Age, sex and BMI did not show statistically significant 
differences between RA patients and control subjects (p 
> 0.05).Patients with RA had mild to moderate (DAS28 
< 5.1) disease activity. The demographic and clinical cha- 
racteristics of patients with RA and of control subjects 
are shown in Table 1. The mean serum Anti-CCP2 in 
patients with RA (89.2 ± 11.3 U/ml) was significantly 
higher (p < 0.001) than controls (14.8 ± 3.21 U/mL). 
 
Table 1. Demographic and clinical characteristics of rheu- 
matoid arthritis (RA) patients and control. 

Characteristics  
(mean ± SD) 

RA patients (40) Control (30) p value

Age (years) 46.95 ± 11.60 43.7 ± 9.9 0.542

Sex (F/M) 26/14 18/12 0.532

Disease duration (years) 4.57 ± 2.59 -  

Morning stiffness (min) 18.84 ± 9.04 -  

VAS (0 - 10) 4.62 ± 1.40 -  

Number of swollen joints 2.32 ± 1.18 -  

Number of tender joints 3.89 ± 2.08 -  

DAS28 score 3.79 ± 0.66 -  

HAQ score 11.49 ± 4.15 -  

ESR (mm/1st hr) 42.65 ± 8.59 -  

Rheumatoid factor (%) 46.0 ± 9.8 -  

CRP (mg/l) 18.65 ± 9.59 -  

Body mass index (BMI) 14.15 ± 11.48 27.85 ± 2.62  

Anti-CCP2 (U/ml) 89.2 ± 11.3 14.8 ± 3.21 <0.001**

Anti-MCV (U/mL) 114.45 ± 16.57 9.05 ± 3.67 <0.001**

RF: rheumatoid factor; MS: morning stiffness; VAS: visual analog scale of 
pain; DAS28: disease activity for 28 joint indices score; HAQ: health as- 
sessment questionnaire; ESR: erythrocyte sedimentation rate; CRP: C- 
reactive protein; BMI: body mass index. Anti-CCP2, antibodies against 
cyclic citrullinated peptide; MCV: Anti-MCV: antibodies against mutated 
citrullinated vimentin **= Highly significant (Figures 1 and 2). 
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Figure 1. Serum anti-MCV levels in patients with RA and in 
controls. 
 

 

Figure 2. Serum anti-CCP2 levels in patients with RA and 
in controls. 
 
Also, the anti-MCV levels (114.45 ± 16.57 U/ml) were 
higher (p < 0.001) in RA patients compared to healthy 
control subjects (9.05 ± 3.6 U/ml) Table 1. 

Using Spearman’s rank correlation coefficient, serum 
levels of anti-MCV correlated positively but insignifi- 
cantly with age, onset of RA, duration of the disease, 
number of tender joints and ESR. (p > 0.05) and correlat- 
ed negatively with the number of swollen joints (r = 
−0.053, p > 0.05) in RA patients. The anti-MCV level 
significantly correlated with CRP, VAS and DAS 28 
(r.0.084, 0.747 and 0.802, p < 0.05). The level of anti- 
CCP2 correlated positively but insignificantly with age, 
onset of RA, duration of the disease, number of tender 
joints (p < 0.5) and significantly with VAS, DAS28, CRP, 
RF and ANA (p < 0.05). Anti-MCV and anti-CCP2 were 
significantly, correlated with each other (correlation co- 
efficient = 0.483; p < 0.001) Table 2. 

For direct comparison of the diagnostic values of the 
anti-MCV and the anti-CCP2 assays, we performed Re- 
ceiver operator characteristic curve ROC analysis. The 
best cut-off value for the anti-MCV test was found at 
21.5 U/mL (Figure 3). The area under the curve (AUC) 
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was 0.893 at the 95% CI, Sensitivity was 75.6% and spe- 
cificity was 93.3% indiagnosing RA patients, both posi- 
tive and negative predictive values were (82.8% and 
87.4%, respectively). At cut-off value 20 U/mL for the 
anti CCP2 test it was found that, the area under the curve 
was AUC 0.926 at the 95% CI, Sensitivity was 85.71% 
and specificity was 98.1% in diagnosing RA patients po- 
sitive and negative predictive values were (86% and 93%, 
respectively) (Table 3 and Figure 4). 

The sensitivity of each test is plotted against one mi- 
nus specificity for varying cutoffs (values lower than the 
cutoff were considered negative, and other values were 
considered positive) (n = 40). 

6. Discussion 

Therapeutic intervention early in the course of RA leads 
to more efficient disease control, less joint damage, and 
better prognosis of disease outcome [20]. So, it is of a 
particular importance to identify a sensitive diagnostic 
marker which permits early definitive diagnosis of RA. 
Several reports have demonstrated high diagnostic value 
of antibodies directed against citrullinated proteins in the 
 
Table 2. Correlations between serums Anti CCP2, Anti- 
MCV and patients’ characteristics. 

Anti-CCP2 Anti-MCV 
Parameters 

r p-value r p-value

Age 0.264 0.231 0.359 0.65 

Onset of RA 0.658 0.455 0.236 0.742 

Disease Duration 0.633 0.333 0.302 0.561 

Number of tender joints 0.222 0.432 0.301 0.543 

Number of  
swollen joints 

0.651 0.652 -0.053 0.344 

VAS 0.561 0.003** 0.747 0.005**

MS 0.233 0.645 -0.341 0.123 

DAS28 0.351 0.001** 0.802 0.001**

HAQ 0.321 0.356 -0.29 0.06 

ESR 0.452 0.442 0.029 0.367 

CRP 0.568 0.031* 0.084 0.021*

RF 0.529 0.032* 0.560 0.312 

ANA 0.333 0.051* 0.651 0.231 

Anti-CCP2 (u/mL) - - 0.483 0.001**

Pearson correlation coefficients between Anti CCP2, Anti MCV R, RF in 
RA patients. RF: rheumatoid factor; MS: morning stiffness; VAS: visual 
analog scale of pain; DAS28: disease activity for 28 joint indices score; 
HAQ: health assessment questionnaire; ESR: erythrocyte sedimentation rate; 
CRP: C-reactive protein; BMI: body mass index. Anti-CCP2, antibodies 
against cyclic citrullinated peptide; MCV: Anti-MCV: antibodies against 
mutated citrullinated vimentin *= significant. **= Highly significant. 
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Figure 3. Receiver operator characteristic curve (ROC) 
assessing the validity of the anti-MCV test in diagnosing RA. 
The area under the curve was 0.893 at the 95% CI. The 
sensitivity of each test is plotted against one minus specific- 
ity for varying cutoffs (values lower than the cutoff were 
considered negative, and other values were considered posi- 
tive) (n = 40). 
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Figure 4. Receiver operator characteristic curve (ROC) as- 
sessing the validity of the anti-CCP2 test in diagnosing RA. 
The area under the curve was 0.923 at the 95% CI. The sen- 
sitivity of each test is plotted against one minus specificity 
for varying cutoffs (values lower than the cutoff were consi- 
dered negative, and other values were considered positive) 
(n = 40). 
 
diagnosis of RA. Although the specificity was more than 
90% in most studies, the sensitivity of the same antibod- 
ies varied between 33% and 87.2%, possibly reflecting 
diverse genetic backgrounds and/or methodological dif- 
ferences in diverse antigen preparations and detection te- 
chniques applied [21]. 

In our study, we have shown that, the levels of anti- 
CP2 were significantly increased in the serum of the C 
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Table 3. Diagnostic effectiveness of the anti-MCV test and the anti-cyclic citrullinated peptide in RA patients. 

 Cut off (U/ml) Sensitivity % [95% CI] Specificity % [95% CI]
Positive predictive  
values % [95% CI] 

Negative predictive  
values % [95% CI] 

Anti-MCV 21.5 (U/ml) 75.56 (60.5 - 87.1) 93.33 (68.1 - 99.8) 82.24 (78 - 96.22) 87.4 (69 - 81.42) 

Anti-CCP2 21 (U/ml) 85.71 (42.1 - 99.6) 98.11 (89.9 - 100.0) 86 (62.1 - 89.6) 93 (89.7% - 99.6%) 

 
patients with RA in comparison with the controls (p < 
0.001). This results in agreement with other studies [22, 
23]. 

The present study revealed a significantly higher se- 
rum anti-MCV antibody level in RA patients when com- 
pared to healthy controls (p < 0.001). This can be ex- 
plained by the hypothesis that vimentin might trigger the 
initial immune response in RA [24]. It activates T lym- 
phocytes by binding on HLA-DR4 on the surface of anti- 
gen presenting cells and may contribute to certain path- 
ways in the pathogenesis of RA. Several studies demon- 
strated significant elevation in serum anti-MCV in RA- 
patients versus controls [25-27]. 

In contrast to this finding, Morbach et al., [27], found 
no significant difference, a finding which can be explain- 
ed by the fact that vimentin contains 43 arginine residues 
with 10 citrullination sites experimentally confirmed and 
anti-MCV antibodies are considered a heterogenous group 
of antibodies directed against different epitopes on the 
citrulline molecule [13]. 

In the present work, anti-MCV titer was significantly 
correlated with DAS-28, VAS and CRP (p < 0.05). Our 
finding is in consistent with the report of Innala et al., 
[28] who concluded that anti-MCV titer was significantly 
correlated with DAS-28, VAS and ESR. Similarly, in a 
three-year follow-up study of 427 RA patients, Keskin et 
al., [23] found that patients with active RA were found to 
have higher anti-MCV titers than patients with inactive 
disease, while, anti-CCP2 titer failed to show this corre- 
lation (a non-significant difference in anti-CCP2 titer be- 
tween patients with active or inactive disease). Similarly 
he found that the mean serum anti-MCV levels were 
correlated with DAS 28, serum CRP levels, serum RF 
levels, swollen joints number and tender joints number (p 
= 0.001). 

In a trial to assess the diagnostic performance of serum 
anti MCV antibodies in RA, the ROC curve was plotted. 
We found that at a cut off value of 21.5 u/ml serum anti 
MCV antibody had specificity and a sensitivity of 93.3% 
and 75.6% respectively and positive and negative predic- 
tive values were (82.8% and 87.4%, respectively). This is 
in consistent with the results of previous reports conduct- 
ed by Damjanovska et al., Soos et al., and Mathsson et 
al., [26,29,30]. So, detection of anti-MCV antibodies has 
been shown to provide a sensitivity of 62% - 84% and 
specificity of 83% - 95% for the diagnosis of RA. Poul- 
som and Charles [10] found a specificity and sensitivity 

of 87% and 84% respectively, while Dejaco and associ- 
ates [15] reported a result of 90.8% and 69.5% respec- 
tively. However, at a cut off value of 25 u/ml, Bang and 
colleagues [13] reported the specificity and sensitivity to 
be 88% and 82% respectively. Variation in the sensitivity 
and specificity can be attributed to the fact that some of 
the studies included patients with undifferentiated arthri- 
tis and psoriatic arthritis [31]. 

In the present study, out of 40 RA patients, 31 (77.5%) 
tested positive for anti-MCV. Anti-MCV sensitivity and 
specificity were 75.6% and 93.3%, respectively while 
anti-CCP2 was of sensitivity was 85.71% and specificity 
was 98.1% in diagnosing RA patients, similar to our fin- 
ding a cutoff value of 20.0 U/ml (as recommended by the 
manufacturer), sensitivity and specificity of the anti-MCV 
ELISA were 69.5% and 90.8%, respectively, compared 
with 70.1% and 98.7% of the anti-CCP2 assay Dejaco et 
al., [15]. 

While, Egerer et al., [19] at cut-off value 20.5 found 
that anti-MCV antibodies in 1151 RA patients, have the 
same specificity as anti-CCP2 antibodies but with much 
better sensitivity (82% versus 72%). Similarly, Mathsson 
et al., and Gross et al., [20,26] who concluded that the 
anti-MCV assay extends the diagnostic spectrum for RA 
with higher sensitivity and prognostic value concerning 
radiological progression than anti-CCP2 antibodies (71% 
versus 58%, respectively). 

7. Conclusion 

In conclusion, Anti-MCV antibodies can be regarded as a 
promising diagnostic marker in RA patients with high 
sensitivity and specificity Autoantibodies to citrullinated 
proteins are specific for the diagnosis of RA. Antibodies 
directed against a modified citrullinated vimentin that de- 
monstrates comparable overall diagnostic performance in 
relation to the anti-CCP2. In the high specificity range of 
both tests, which is clinically the most relevant, the anti- 
CCP2 appears to be superior to the anti-MCV assay. Se- 
rum anti-MCV antibody could be a promising tool in di- 
agnosing RA, show a significant link with disease activ- 
ity. 
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