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Abstract Background: Rheumatoid arthritis (RA) is an autoimmune disease characterized by autoantibodies against
citrullinated antigens. Anti-CCP is a test commonly used for the diagnosis of rheumatoid arthritis, anti-mutated citrullinated
vimentin (Anti-MCV) is another anti-citrullinated antibody reacting with mutated citrullinated vimentin. There are many
studies in comparing anti-MCV and ACCP antibodies for their diagnostic value in rheumatoid arthritis. Anti-MCV
especially correlates with higher levels of DAS28 core and joint damage. The aim of this study was to determine the
sensitivity and specificity of anti-MCV antibodies in comparison with other inflammatory markers and disease activity in
Egyptian rheumatoid arthritis patients. Patients and Methods: Fifty female rheumatoid arthritis patients, were allocated
from Rheumatology outpatient clinic and inpatients Internal Medicine Department, Al-Zahraa University Hospital. Their
ages ranged from 18 to 74 years with a mean + SD was (44.6+£12.5) years, and fifty healthy volunteers served as a control
group. Rheumatoid factor (RF) was measured by latex agglutination, high Sensitive C- Reactive Protein (hs-CRP),
Anti-Cyclic Citrullinated Peptides (ACCP) and Anti-Mutated Citrullinated Vimentin (AMCV) were estimated by ELISA.
Results: There was statistically highly significant increase in AMCV level with mean + SD (61.8£47.1 ng/ml) in the
patients compared to the control group (8.3+2.9 ng/ml). There was a highly statistically significant correlation between
anti-MCV and anti-CCP in the patients (P= 0.001). Also, there was a highly statistically significant correlation between
anti-MCV and DAS28 (P= 0.009). The sensitivity of anti-MCV was 92% with 92% specificity, positive predictive value
92%, and negative predictive value 92%. The sensitivity of anti-CCP was 84% with 100% specificity, positive predictive
value 100%, and negative predictive value 86.2%. Conclusion: There was a highly significant correlation between
anti-MCV and anti-CCP of patients, also highly significant correlation between anti-MCV and DAS28 score. Anti-MCV
being more sensitive than anti-CCP while anti-CCP is more specific.
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arthritis is not clear; it is believed to involve a combination of

1. Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune
disease characterized by chronic inflammation of the
synovial joints [1], that often leads to the destruction of bone
and cartilage [2]. Women were affected two to three times
more commonly than men [3]. The cause of rheumatoid
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genetic and environmental factors [4]. The rheumatoid factor,
used as a diagnostic marker for RA, is nonspecific and may
be present in healthy individuals or those with other
autoimmune diseases [1]. Anti-CCP is a specific prognostic
marker for RA, which predict progression of the disease
[5]. Antibodies against mutated citrullinated vimentin
(anti-MCV) have been evaluated for the diagnosis of RA,
showing high sensitivity and specificity for the diagnosis of
the disease [6]. Vimentin is an intermediate filament that is
widely expressed by mesenchymal cells and macrophages
and easy to detect in the synovium [5]. Citrullinated peptide
activates T-lymphocytes by binding on HLA-DR4 on the
surface of antigen-presenting cells and contribute to the
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pathogenesis of rheumatoid arthritis [7]. Anti-MCV also
correlates with higher levels of DAS28 and joint damage
[8]. This study aimed to determine the sensitivity and
specificity of anti-MCV antibodies in comparison with other
inflammatory markers and disease activity in Egyptian
patients.

2. Subjects and Methods

2.1. Study Design

This study is a case-control study conducted on a hundred
participants, they were divided into two groups: Group I:
Fifty rheumatoid arthritis female patients were allocated
to the study from Rheumatology outpatients clinic and
inpatients Internal Medicine Department, Al-Zahraa
University Hospital, in the period between March 2018 to
December 2018, after written consent from all patients
and control subjects according to the ethical committee of
the university. Patients were diagnosed according to the
2010 ACR/EULAR RA classification criteria. They were
subdivided according to disease activity into three subgroups:
Group la: Patients with mild disease activity: included 15
patients whose DAS28 score <3.2. Group Ib: Patients with
moderate disease activity: included 17 patients whose
DAS28 score >3.2 and <5.1. Group Ic: Patients with severe
disease activity: Included 18 patients whose DAS28
score >5.1. Group Il: Fifty healthy volunteers served as a
control group. Inclusion criteria: Adult female rheumatoid
arthritis patients. Exclusion criteria: Other autoimmune
diseases such as systemic lupus erythematosus, overlapping
syndrome, myasthenia gravis, Hashimoto thyroiditis,
pregnant or nursing patients.

2.2. Blood Sampling and Measurements

All patients and control subjects were subjected to the
following laboratory investigations: Blood samples were
obtained by venipuncture technique 2 ml of whole blood on
EDTA tube for determination of complete blood count
(CBC) by Sysmex KX-21N (Kobe, Japan) an automated
hematology cell counter and erythrocyte sedimentation rate
(ESR) determination by Westergren method, another 3 ml of
blood in serum separator tube, for routine chemistry analysis,
after centrifugal separation of serum total cholesterol (TC),
triglyceride (TG), serum calcium and phosphorus were done
on Cobas C311 (Germany) by using kits of Roche (Germany)
at the same day. The rest of serum samples were stored
at -20°C for later analysis of Rheumatoid factor (RF), High
Sensitive C- Reactive Protein (hs-CRP), Anti-Cyclic
Citrullinated  Peptides (ACCP) and Anti-Mutated
Citrullinated Vimentin (AMCV). Rheumatoid factor (RF)
was measured by semi-quantitative latex agglutination kit
supplied from Omega Diagnostics, Scotland, United
Kingdom, A vitex RF (Ref OD063), negative results are at
an RF concentration below 8 IU/L, and positive results are
at an RF concentration above 8 IU/L. High Sensitive C-

Reactive Protein (hs-CRP) was measured by quantitative
solid-phase enzyme-linked immunosorbent assay (ELISA)
kit supplied from BioScience, San Francisco, USA, Cat. No.
10603 (Sensitivity: normal expected values in adult
serum: 68-8200 ng/ml); using AS 1851 Das; Italy (reader)
and 16041412 Bio Tek; USA (washer). Anti-Cyclic
Citrullinated Peptide 3 (ACCP3) was measured by
semi-quantitative ELISA for the detection of IgG
anti-CCP3antibodies in patient sera (using QUANTA Lite
CCP3 1gG ELIZA kit from Inova Diagnostics, San Diego,
USA) (Ref. No. 704535); using AS 1851 Das; Italy (reader)
and 16041412 Bio Tek; USA (washer). Negative results are
at a concentration below 20 U/mL; positive results are at a
concentration above 20 U/mL (weak positive 20-39,
moderate positive 40-59, strong positive equal or above 60
U/mL). Anti-Mutated Citrullinated Vimentin (AMCV)
was measured by quantitative double-antibody sandwich
ELISA kit supplied from Bioassay Technology Laboratory,
China, Cat. No. E0474 Hu (Standard curve range: 0.5 ng/ml
- 200 ng/ml and sensitivity: 0.25 ng/ml); using AS 1851
Das; Italy (reader) and 16041412 Bio Tek; USA (washer).

2.3. Statistical Methods

Data were collected, revised, coded, and entered to the
Statistical Package for Social Science (IBM Corp. Released
in 2015. IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp. The sample size was calculated
according to the following formula [9]:

Specificity (SP)=z2 x £U=5F) (;SP)

SP= Specificity

z = Confidence Interval normal distribution value i.e. for
95%, z=1.96

d = prevalence of the disease in the test population

Specificity considered 96.6% [10]

Prevalence of RA in population= 1% worldwide [11]

The normality tests were done. The quantitative data
were presented as mean, standard deviations when their
distribution found parametric, and median, interquartile
range (IQR) for non-parametric data. The comparison
between two independent groups with quantitative data and
parametric distribution was done by using Independent
t-test and Mann Whitney U test for non-parametric one.
Comparison of quantitative variables between more than
two groups was done using ANOVA for parametric data
and the Kruskal Wallis test for nonparametric one.
Correlation between various variables was done using
Pearson and Spearman rank correlation equation for normal
and non-normal distributed variables, respectively. P-values
less than 0.05 were considered statistically significant. All
statistical calculations were done using computer programs
SPSS version 23.

3. Results
The study included two groups: patients' group (fifty RA
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female patients, (100%), compared to the control group (50
healthy female subjects). Table (1) shows the demographic
data of patients included in the study; their age ranged from
18-74 years, with mean + SD (44.6x12.5) years and control
group their age ranged from 20-71 years, with mean + SD
(43.7£13.4). Clinical and laboratory characteristics of the
RA patients and controls are demonstrated in (Tables 2 and
3). There were highly statistically significant differences
between cases and controls as regards ESR, CRP, ACCP, RF,
and AMCV. AMCYV level mean = SD (61.8+47.1 ng/ml) in
cases while in control group mean = SD (8.3£2.9 ng/ml) as
shown in table (3) and figure (1). Comparison between the
subgroups of cases (mild, moderate, and severe) there was a
highly significant difference as regard ESR, ACCP, AMCV,
DAS28 score. Anti-MCV levels in the cases were detected
with a mean of (41.5+29 ng/ml), (49.8+32.7 ng/ml), and
(90.1+£57.8 ng/ml) (P=0.004) for mild, moderate, and severe
groups of cases respectively. Anti-CCP levels showed a high
significant difference between cases subgroups (mild,
moderate and severe) with a mean = SD (34.9£30.4 ng/ml),
(187.2+177.3 ng/ml), and (285.2+149.1 ng/ml) (P=0.000)

for mild, moderate and severe cases respectively (Table 4).
The cases were divided according to anti-MCV into 2 groups;
anti-MCV positive and anti-MCV negative. Both groups
were compared as regards some characteristics. The
anti-CCP titers were significantly higher in RA patients with
a positive anti-MCV compared to those with a negative
anti-MCV (P= 0.002). There were no significant differences
between anti-MCV positive and negative patients as regards
to DAS28 score, ESR, RF, CRP, and disease duration (Table
5). There was a highly significant correlation between
anti-MCV and anti-CCP among patients (P = 0.001), also a
highly statistically significant correlation between anti-MCV
and DAS28 score (P = 0.009) (Table 6 and Figures 2 & 3).
The sensitivity of anti-MCV was 92% with 92% specificity,
positive predictive value 92%, and negative predictive value
92% (Figure 4). The sensitivity of anti-CCP was 84% with
100% specificity, positive predictive value 100%, and
negative predictive value 86.2% (Figure 5). Our results
revealed anti-MVC being more sensitive than anti-CCP
while anti-CCP is more specific (Table 7 and Figures 4 & 5).

Table 1. Demographic data of the rheumatoid arthritis patients and control

Groups Controls Cases Significance
Demographic Data N=50 N=50 tests
4462125 t=-0.3
56 (18-74) P=0.74
':Ag:aﬁyjasrg 43.7£13.4 Mild Moderate Severe
Range 51 (20-71) N=15 N=17 N=18 F=0.4
42.1+14.4 46.9+12.7 44.4+10.8 P=0.8
(18-70) (24-74) (23-70)
Duration of disease (years) F=2.5
Mean + SD 6.9+4.8 12.1+6.9 11.2+48.5 P=0.09
Table 2. Laboratory Findings of the rheumatoid arthritis patients and control
_ Groups Controls Cases Significance tests
Variables N=50 N=50
RBCs (x10%/L) t=3.1
Mean + SD 4.6+0.5 4.4+0.4 P=0.002*
HB (g/dl) t=4.9
Mean + SD 12.6+0.5 11.5+1.5 P=0.000*
MCV (fl) t=4.6
Mean + SD 81.1+1.2 75.1#9.1 P=0.000*
WBCs (x10%L) t=0.08
Mean + SD 6.9+1.2 6.9+2.1 P=0.94
PLT (x10%L) t=-7.7
Mean + SD 207.6+33.8 300.6+78.6 P=0.000*
Cholesterol (mg/dl) t=-12.9
Mean + SD 139.4+9.5 193.8+28.3 P=0.000*
Triglycerides (mg/dl) t=-1.9
Mean + SD 100.2+2.6 110.3+38.6 P=10.08
Calcium (mg/dl) t=-2.1
Mean + SD 8.9£0.3 9.1£0.5 P=0.04*
Phosphorus (mg/dl) t=7.1
Mean + SD 3.7£0.3 3.2£0.3 P=0.000*

*Significant difference: (P-value <0.05)
RBCs: Red blood cells, HB: Hemoglobin, MCV: Mean corpuscular volume, WBCs: White blood cells, PLT: Platelets



64

Table 5. Anti-Mutated Citrullinated Vimentin (AMCV) positive and negative (according to cut off point by ROC curve) in rheumatoid arthritis (RA)

patients

Nalgaa Abou-Elfattah Tawfik et al.:

Anti-Mutated Citrullinated Vimentin antibodies (Anti-MCV):

A Relation with Other Diagnostic Markers in Rheumatoid Arthritis Patients

Table 3. Inflammatory markers of the rheumatoid arthritis patients and control
Groups Controls Cases Significance tests
Variables N=50 N=50
ESR (mm/1* h)
Median 7 40.5 Z=-8.2
IQR 3 39 P=0.001*
CRP (ng/ml)
Median 3735 15200 Z=-79
IQR 31125 3600 P=0.001*
ACCP (U/ml)
Median 7.9 94 Z=-6.7
IQR 3.7 351.8 P=0.001*
Anti-MCV (ng/ml)
Median 8 50.2 Z=-8.1
IQR 25 71.9 P=0.001*
RF (1U/L)
Median 7 17.9 Z=-8
IQR 3 75 P=0.001*

*Significant difference: (P-value

<0.05)

ESR: Erythrocyte sedimentation rate, CRP: C-Reactive Protein, ACCP: Anti-Cyclic Citrullinated Peptide, AMCV:
Anti-Mutated Citrullinated Vimentin, RF: Rheumatoid factor

Table 4. Inflammatory markers of the rheumatoid arthritis patients
Groups Cases (50)
. Mild Moderate Severe Significance tests
Variables N= 15 N= 17 N= 18
ESR (mm/1* h)
Mean + SD 16.9+6.4 47.1+26.6 58.3+20.9 P=0.001*
CRP (ng/ml) 12376.7+ 13565.3+ 14605+
Mean + SD 5029.3 3850.9 23245 P=0.64
ACCP (U/ml)
Mean + SD 34.9+30.4 187.2+177.3 285.2+149.1 P=0.001*
AMCV (ng/ml)
Mean = SD 41.5+29 49.8+32.7 90.1+57.8 P=0.004*
RF (1U/L)
Mean + SD 19.9+17.7 19.8+8.7 24.3+14.9 P=0.09
DAS28
Mean + SD 2.9+0.2 45%0.5 5.8+0.4 P=0.001*

*Significant difference: (P-value <0.05)

Groups | Anti MCV positive Anti MCV negative Significance
Variables N= 46 N=4 Tests
Z=-3.3
Anti-MCV (ng/ml
t-MCV (ng/mi) 66.4+46.3 9.142 P=0.001*
Age (years) t=14
ge 43.8+12.3 53+13.8 P=0.16
Z=-0.16
Durati
uration (years) 9.845.8 15.3+17.9 P=0.87
Z=-0.7
DAS28 4.6+£1.2 3.9+1.2 P=0.49
Anti-CCP (U/ml) 191.7+168.8 5.5+1.9 z=-31
T R P=0.002*
Z=-87
CRP (ng/ml) 13896.7+3418.5 9975+6864.9 P=0.39
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z=-17
ESR (mm/1* h) 42.9+26.9 31.5+15.4 b0
z=-15

RF (IU/L) 22.1+14.4 13.8+4 P=0.15

*Significant difference: (P-value <0.05)

Table 6. Correlation between Anti-MCV and other inflammatory markers in rheumatoid arthritis patients

Correlation of Anti-MCV Correlation coefficient (r) P-value
Anti-CCP 0.6 0.000*
DAS 28 0.4 0.009*

RF 0.3 0.08

CRP 0.3 0.08

ESR 0.13 0.36

*Significant difference: (P-value <0.05)

Table 7. Diagnostic accuracy of ESR, CRP, RF, Anti-CCP, and Anti-MCYV in the diagnosis of rheumatoid arthritis

R? Linear =0.133

Cut off point AUC Sensitivity | Specificity PPV NPV
ESR 9.5 0.97 98.0% 82.0% 84.5% 97.6%
CRP 8045 0.95 88.0% 100% 100% 89.3%
RF 13.6 0.96 76.0% 100% 100% 80.6%
Anti-CCP 17.4 0.89 84.0% 100% 100%, 86.2%.
Anti-MCV 11.45 0.97 92.0% 92.0% 92.0% 92.0%
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Figure 1. Anti-MCV level in rheumatoid arthritis patients and controls
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Figure 2. Correlation between AMCV and ACCP in rheumatoid arthritis

patients
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Figure 3. Correlation between AMCV and DAS 28 score in rheumatoid

arthritis patients
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Figure 5. The ROC curve analysis of Anti-CCP in demonstration of
rheumatoid arthritis

4. Discussion

Rheumatoid arthritis is the most common inflammatory
joint disease [5]. Numerous serological markers of RA have
been described [7]. Rheumatoid factor and anti-cyclic
citrullinated antibodies (anti-CCP) are present prior to the
appearance of clinical symptoms of arthritis [12]. The
diagnosis of RA has been improved by the detection of
auto-antibodies against different citrullinated antigens as
anti-mutated citrullinated vimentin antibodies (Anti-MCV)
[13].

In the presented study there was statistically highly
significant increase between cases and controls as regard
ESR, CRP, ACCP, RF, and AMCYV, these results agreed with
Osman et al. [5] and Abou El-Fetou and Abozaid [14]. Also,
our result revealed highly significant increase between
groups of cases: mild, moderate, and severe as regards ESR,
ACCP, AMCV, and DAS28 score.

In the presented study there is a significant increase was
found between anti-MCVpositive and anti-MCV negative
groups as regards ACCP (p=0.002), this result agreed with El
Shazly et al. [7] while there were no significant differences
found between anti-MCV positive and anti-MCV negative
groups as regards of the Disease Activity Score28 (DAS28),
ESR, RF, CRP and duration of disease [7]. A significant
positive correlation was present between anti-MCV and
anti-CCP in patient with rheumatoid arthritis, this agreed
with Osman et al. [5] and EI Shazly et al. [7], also, it was in
agreement with Khalifa et al. [15]. This is explained by the
cross-reactivity between anti-MCV, and anti-CCP antibodies
indicate that anti-MCV and anti-CCP target some shared
epitopes, which may explain the high positive correlation
between these antibodies [16]. Also, a positive correlation
was present between anti-MCV and DAS28 score; this result
is in agreement with Osman et al. [5]. In the present study,
the non-significant correlation was found between RF and
anti-MCV, this result agrees with Osman et al. [5] and
disagrees with Al-Shukaili et al. [2] who reported a
significant positive correlation between Anti-MCV and RF.

We found that the sensitivity of Anti -MCV in the
diagnosis of RA was (92.0%), and specificity was (92.0%),
this agreed with the study of El Shazly et al. [7] as they found
that the sensitivity of anti-MCV is 84% and the specificity is
80%,also agreed with Poulsom and Charles [4] who reported
a sensitivity of 84% and specificity of 87%, also Bang et al.
[17], found that sensitivity of Anti MCV was 82% and
specificity 88%, respectively, while Liu et al. [18], reported
a lower sensitivity and higher specificity (78.2% and 93.4%),
respectively, Sizova [19] reported a lower sensitivity (53.3%)
and comparable specificity (83.3%). Also, in the present
study, the Sensitivity of Anti-CCP in diagnosing RA is
(84.0%), and specificity is (100.0%), this result agrees with
the studies of El Shazly et al. [7], they found that sensitivity
for anti-CCP was 70% and specificity was 100%. We found
that anti-MCV antibodies have the highest sensitivity, and
anti-CCP antibodies have the highest specificity.

5. Conclusions

The diagnostic performance of anti-MCV is comparable
to anti-CCP in RA, and the lower diagnostic accuracy of
anti-MCV was mainly due to its relatively lower specificity.
Also, anti-MCV correlates with DAS28 score.
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