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ABSTRACT

Anti-cyclic citrullinated peptides (anti-CCP) antibodies and rheumatoid factor (RF) represent the key biomarkers that are
harnessed to diagnose rheumatoid arthritis (RA). This work stands to appraise other less ascertainable antibodies, such as
anti-mutated citrullinated vimentin (anti-MCV) or anti-carbamylated protein (anti-CatP), to be used for RA diagnosis.

The current study was designed as a case-referent model including 60 RA patients and 30 controls. Sera levels of antibodies
and RF were estimated via ELISA and correlated with each other and the DAS28 score.

Sera of 43.3% of patients own anti-MCV, while only 30% and 61.7% own anti-CarP antibodies and RF, respectively.
Furthermore, 66.7% tested positive for anti-CCP antibodies. Patients' anti-MCV was notably greater than among healthy
controls (P value=0.0061). Statistically there is no significant difference between early and established or between
seronegative and seropositive patients. The sensitivity and specificity of anti-MCV for the diagnosis of RA were 43.3% and
96.7%. In regard to anti-CarP antibody, RA patients have significantly higher ODs than controls. Anti-CarP possessed a
lower sensitivity (28.3%) and specificity (93.3%) in contrast to anti-MCV antibodies. The validity of anti-Carp antibodies to
discriminate between early and established or between seronegative and seropositive RA seems to be low. Although both
anti-MCV and anti-CarP antibodies were correlated with each other, neither of them showed correlation with RF, anti-
CCP, or DAS 28 score.

Anti-MCV and anti-CarP antibodies are not superior to anti-CCP and RF as diagnostic indicators for RA, with limitations

in discrimination between early, late, seronegative, and seropositive RA.
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Introduction

Rheumatoid arthritis (RA) is a lifelong systemic
inflammatory disease  affecting
synovium and precipitating joint degradation (1,2).
It affects both men and women in a ratio of 3:1,
with general prevalence among the population
ranging between 0.5% and 1% (3). The disease is
pathologically heterogeneous. Measurements of
autoantibodies have long been a part of the
medical team's care for patients (4). Furthermore,
seropositivity is linked to significant discomfort
and damage to the joints. (5). Antibodies targeting
cyclic citrullinated peptides (anti-CCP) as well as
the rheumatoid factor (RF) are the two main
clinically significant autoantibodies in RA patients
(6). The 2010  American  College  of
Rheumatology/European League Against
Rheumatism (ACR/EULAR) diagnostic criteria

autoimmune

for classifying rheumatoid arthritis now include
RF and anti-CCP (7). Nevertheless, RF's
specificity for RA is limited. When diagnosing RA,
the anti-CCP used to be specific but not
sufficiently sensitive (8). In addition to anti-CCP,
RA patients may also have other autoantibodies
that target structurally related determinants (9).
Anti-carbamylated proteins (ACP) are among
these antibodies. An example of a non-enzymatic
post-translational modification is carbamylation,
which occurs when isocyanic acid interacts with
amino acid free groups (10). Research data
showed that proteins that are carbamylated can
elicit strong principal immunological reactions,
including T cell activation, antibody generation,
cytokine expression, andchemotaxis. Furthermore,
the detection of these carbamylated and
citrullinated biomolecules within the joints is
made feasible by T cells as well as antibody
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immune responses. Eminent evidence supports
the contribution of these peptides in erosive
arthritis (11). Anti-CarP antibody frequency in RA
varies but is generally reported to be between 16%
and 45% (12).

Another class of autoantibodies associated with
RA is the anti-mutated citrullinated vimentin
(MCV). Vimentin is generated from the
cytoskeleton's  intermediate filament and is
synthesized by diverse cells such as mesenchymal
cells, endothelial cells, fibroblasts, and other
mononuclear cells. Vimentin undergoes two stages
of differentiation during its release from apoptotic
macrophages in the joint’s synovium, which are
citrullination and mutation. In  genetically
predisposed individuals, DNA damage can change
genes in  the rheumatoid synovium and
synoviocytes, explaining the formation of novel
epitopes that may compromise immunological
tolerance and cause the generation of anti-MCV
abs (13, 14). The anti-MCV abs are considered
one of the newly studied abs for the diagnosis of
RA. Although a number of studies showed a
controversy of its utility as a diagnostic tool (15,
16), others revealed an optimistic result of 95%
specificity and 78% sensitivity (17). In addition,
these antibodies are also proposed as a further
indicator of the severity of construction. Patients
who expressed anti-MCV abs may show greater
risk of getting early joint erosions in comparison
to Ab-free patients (18, 19).

The present study aims to appraise the
performance of these two antibodies, anti-MCV
and anti-CarP, in the diagnosis of RA. Moreover,
this study further extended to correlate the level
of these antibodies with clinical and laboratory
parameters, namely DAS 28 score, anti-CCP, and
RF levels.

Materials and Methods

Ethical considerations and consent approval:
This work has been ratified by the Medical
Research Committee (MREC) at the College of
Medicine, University of Mosul, on 23/10/2022 in
concurrence with the Helsinki Declaration for
Medical Research. All related individuals signed
written consent to take part in this study.

Subjects: Between January 2022 and May 2023, a
case-referent study was accomplished at the
University of Mosul-College of Medicine. 90
subjects participated in this study; 60 of them are
RA patients attending a private rheumatology
specialized  clinic in  Mosul City. The
ACR/EUROLAR 2010 criteria were followed by

the second author, a rheumatologist, to confirm
the RA diagnosis in these patients (7). The
remaining subjects are 30 age- and sex-matched
apparently healthy individuals with no previous

history of RA or other rheumatic illnesses.
Different illnesses that might alter the
concentration of antibodies, such as other

autoimmune rheumatic illnesses, immunological
deficiencies, infections, malignancy, pregnancy,
and liver and kidney disorders, were among the
exclusion criteria. FEach patient had a detailed
history taken, a thorough clinical examination, and
a disease activity score (DAS28) assessment (20).
Furthermore, individuals with one year of the
disease or less were classified as early RA, and
those with more than one year were classified as
established RA (21). Additionally, patients were
categorized as seropositive (anti-CCP antibody
and/orRF positive) or seronegative for both
parameter categories (22). Other laboratory
parameters, such as complete blood count (CBC)
and erythrocyte sedimentation rate (ESR), were
assessed for the patients. All studied groups were
investigated for RF, anti-CCP, anti-MCV, and
anti-CarP abs.

Blood sampling and Collection: Under sterile
conditions, blood samples equal to 5 ml were
collected by venipuncture from participants,
clotted, and then sera separated using a centrifuge
at 4000 rpm. The obtained sera are then frozen at
-20°C for later use.

Serological Estimations: Sandwich ELISA Kkits
from Sunlong Biotech Co. LTD, China, were used
to evaluate serum levels of these studied factors as
follows: RF  (SL1538Hu), anti-CCP  abs.
(SLO154Hu), anti-MCV abs. (SLO214Hu), and
anti-CarP abs. (SL2657Hu). The procedure was
correctly accomplished in compliance with the
manufacturer guidelines. The RF and the other
two antibodies of concern (anti-CCP and anti-
MCV antibodies) serum concentrations were
calculated  utilizing  the  standard  curve.
Concentrations were reported as U/ml. However,
because the kit was qualitative, the anti-CarP
antibody cut-off values were expressed as
estimated optical density (OD) measurements at
450 nm. According to manufacturer
recommendations, the critical (cut-off) OD value
to differentiate between RA and healthy controls
was determined as follows: Critical cutoff =
average value of negative control + 0.15. The
decision to use a qualitative kit was based on
resource constraints and the limited availability of
validated quantitative kits in our locality. Since
the primary aim was to compare the presence of
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anti-CarP antibodies across groups rather than to
determine their exact concentrations, the OD-
based approach provided a consistent method for
group comparison and aligned with the scope of
the study.

Statistics: All statistical assessments in this study
were cartied out via the “MedCalc®20 software
package (Belgium).” The graph setup was
petformed by Microsoft Excel 10. Minimum
(min), maximum (max), mean, median, standard
deviation (SD), and 95% confidence interval (CI)
are used to summarize the data when appropriate.
Statistical tests, such as the non-parametric Mann-
Whitney test or the parametric "Student t-test,”
were used to test the means whenever indicated.
Serum anti-MCV  and anti-CarP  antibodies
(antibodies of interest) were examined for their
ability to diagnose RA at various cut-off values
depending on the "Area under the Receiver
Operating  Characteristics (AUC-ROC)
Fisher's exact test was chosen to compare the
category data. The pearson correlation coefficient
assessed the relationships between the factors
under study. P values = 0.05 were assumed
statistically significant.

curve.

Results

Characteristics of the samples: The participant's
clinical, laboratory, and demographic details were
compiled in Table 1. They include sixty RA (49
female and 11 male) together with 30 healthy
individuals (22 female and 8 male). No significant
difference was detected between the patients and
the controls regarding their age or sex (P > 0.05).
Family history regarding RA proved positive in
20% of patients, and smoking was reported in
31.7%. Dry eye was the most popular extra-
articular feature, detected among 15% of patients.
Most patients have moderate-to-severe RA with
average DAS scores ranging from 4.09 to 5.57.
The medications most prescribed to the patient
group are  NASIDs, prednisolone, and
methotrexate.

Table 2 classified the RA patients according to
duration of illness and seropositivity. In this
context, 14 patients (23.3%) had early RA, and 46
patients (76.7%) had established RA. Moreover,
57 patients (95.0%) were seropositive, and only 3
patients (5.0%) were seronegative.

Frequencies and serum levels of anti-MCV,
anti-Carp, RF, and anti-CCP antibodies
among patients and controls: Anti-MCV
antibody testing revealed that 26 individuals
(43.3%) with RA tested positive at the universal

cut-off value of 20.2 U/ml, while 34 patients
(56.7%) tested negative, in contrast to 2
individuals (6.7%) positive and 28 individuals
(93.3%) negative in the control group (Table 3).
Using an OD cut-off value of 0.235, 18 patients
(30%) are positive for the anti-carp antibody,
while 42 patients (70%) tested negative (Table 3).
Additionally, when the cut-off value is 20 U/ml,
37 RA patients (61.7%) tested positive for RF, and
40 patients (66.7%) tested positive for anti-CCP in
contrast to the controls.

Anti-MCV  abs. level in RA patients’ sera
(25.42+16.69, n=060) was notably greater than
those of the healthy controls (16.08£7.99, n=30),
(P=0.0061) (Table 4). However, the anti-MCV abs
concentrations did not express any significant
difference between early and established RA
patients (P=0.092). In the same manner, anti-
MCV abs serum levels did not differ significantly
between seronegative and seropositive groups (P
0.447) (Table 4). In regard to anti-CarP
antibody, since the ELISA kit used for measuring
anti-CarP antibodies in this study was a qualitative
kit, therefore, the OD measurements at 450 nm
were used as an indirect indicator of its serum
level in both RA patients and healthy individuals.
RA patients have significantly higher OD wvalues
(0.23 *+ 0.14) in contrast to controls (0.15 £ 0.05,
P = 0.002) (Table 4).

Diagnostic utility of Anti-MCV and anti-CarP
among patient group: Table 5 summarizes the
efficacy of both anti-MCV and anti-CarP abs. in
diagnosing RA depending on ROC curve analysis.
The sensitivity of anti-MCV abs. at a best cut-off
value of 20.29 U/ml was 43.3% with a specificity
of 96.7% (AUC = 0.678, P = 0.0020). Meanwhile,
anti-CarP antibody expressed a lower sensitivity
(28.3%) with specificity (93.3%) in comparison to
anti-MCV antibody at the best cut-off value of
0.235 (AUC=0.641, P=0.0236). In addition, the
validity of both antibodies to discriminate
between ecarly and established RA or between
seronegative and seropositive RA seems to be low.

As shown in Figure 1, anti-CarP antibodies and
the serum level of anti-MCV antibodies were
positively correlated with one another (r=0.5830,
P < 0.0001). However, neither of them showed
any correlation with RF, anti-CCP, or DAS 28
score.
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Table 1: Demographic, Clinical, and Laboratory Properties of Studied Subjects

Subjects Patients Controls
Female 49/60 (81.67%) 22/30 (73.33%) *P =0.4159
Male 11/60 (18.33%) 8/30 (26.67%) (ns)
Age in years (mean * SD) 20-68 (47.48%+11.35) 24-77 (45.57%£16.10) P = 0.3604
(ns)

Family history of RA 12/60 (20%) -
Smoking 19/60 (31.7%) -
Extra-articular manifestation
Negative 41/60 (68.2%) -
Dry eye 9/60 (15.0%) -
ILD (Interstitial lung 3/60 (5.0%) -
diseases)
Rheumatoid nodules 2/60 (3.3%) -

1/60 (1.7%) -
Felty syndrome
Rheumatoid nodules 1/60 (1.7%) -
Sjogren syndrome 1/60 (1.7%) -
Rh. nodules+ Sjorgen 1/60 (1.7%) -
syndrome
Vasculitis 1/60 (1.7%) -
Severity of RA Remission Mild Moderate Severe
Number 7 8 29 16
***Duration (years) 9.29%+11.03 10.13£12.70 6.4316.52 3.1£3.56
***+DAS score 2.2940.19 2.9310.16 4.0910.54 5.57%0.22
EHD (gm/dl) 12.8£0.69 12.67+1.83 12.04%+1.57 11.51+1.31
¥ Platelets (x103/ mm3) 320.5£110.04 304.29+110.04  369.51144.72  310.42£147.10
*AWBC/ mm3 7.98%2.61 7.8712.54 8.98+3.68 9.9+4.13
**FESR (mm/hr) 28.86+12.47 33.63+16.95 43.79+25.60 74.31£27.89

Current Medication
NSAID
Prednisolone
Methotrexate
Hydroxychloroquine
Etanercept
Leflunomide

27/60 (45%)
14/60 (23.3%)
45/60 (75%)
6/60 (10%)
12/60 (20%)
2/60 (3.3 %)

* Fishet's exact test and ** Mann-Whitney test were used for calculation of P value; "ns"

"

means not significant,

"ILD" means interstitial lung diseases, "DAS28" means disease activity scoring, "Hb" means hemoglobin, "ESR"

means erythrocyte sedimentation rate, and "NSAID" means non-steroidal anti-inflammatory drugs. *** Results
resented as means * standard deviations .

p ted + standard deviat SD
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Table 2: Classification of RA Depending On Seropositivity and Duration of Illness

Early (=1 1) Established (>1) Seronegative Seropositive
* Number 14 (23.3%) 46 (76.7%) 3 (5.0%) 57 (95.0%)
* Duration (years) 0.7940.30 8.021+8.035 615.20 6.321+7.80
* DAS score 4.13+1.41 4.11+1.07 3.23+0.91 4.16%1.15
* Hb (gm/dl) 11.81£1.59 12.17%£1.49 121+0.46 12.09%1.55
* Platelets (x103/ mm3) 287.921+84.07 357.78+134.43 249.33173.66 347.521+128.40
* WBC/ mm3 6.912.81 9.31+3.53 7.4712.99 9.46%+3.57
* ESR (mm/hr) 48.361£28.29 48.98%29.18 33.33£22.55 49.65x£28.96
* Results presented as means + standard deviations (SD)
Table 3: Frequencies of anti-MCV, anti-CarP, RF and anti-CCP in the studied groups
Anti-MCV Anti-CarP RF Anti-CCP
Negeatlv Positive Negative Positive Negative Positive Negative  Positive
34 26 o o o 37 20 40
RA (56.7%)  (43.3%) 42.(0%) 18 (30%) 23 (38.5%) (61.7%) (33.3%)  (66.7%)
HC (932380 oy 2(67%) 2803%)  2(67%)  26(86.7%) 4(133%) 27 (90%) 3 (10%)
. 0
Table 4: Anti-MCV, anti-CarP, RF and anti-CCP Levels Among Studied Groups
Remission Mild Moderate Severe All Control Rﬁ(;/s
Anti- *P =
MCV(U/ml) 19.48+9.42 30.08+28.87 23.54+14.52 29.09+15.10 25.42+16.69 16.08+7.99 0.006(s)
Anti-CarP *P=
_ 0.14+0.01 0.46+0.61 0.20+0.11 0.19+0.07 0.23+0.14 0.15+0.05 0.002
(OD=450nm) (s)
RF (U/ml) 31.66+42.80 22.5£18.10  106.31£105.79  96.25+96.28  83.74+94.95  14.33+6.08
/(ch'\/trl];IC)ICP 148.57+185.38 156.38+£216.68 156.03+197.47 183.31£168.05 162.48+186.86 13.47+7.60
Early RA Late RA
Anti- -
MCV(Umy 18841055 274221776 P=0.092 (ns)
Anti-CarP P =0.2389
(OD=450nm) 0.16+0.05 0.25+0.28 (ns)
RF (U/ml) 40.54£41.59  96.89+102.78 :(?1'80)510
Anti-CCP -
(U/ml) 262.07+214.09 132.17+168.86 P =0.0214 (s)
Seronegative Seropositive
Anti- _
MCV(U/ml) ~ 3263%1459 25041682 P =0.447 (ns)
Anti-CarP _
(OD=450nm) 0.38+0.30 0.22+0.24 P =0.269 (ns)
RF (U/ml) <20 87.62495.88 =(?]'52)3°5
Anti-CCP P=0.1763
(U/ml) <20 170.24+188.57 (ns)
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Table 5: Diagnostic Utility of anti-MCV and anti-CarP abs. to Diagnose RA at the best cut-off Values

Cut-Off  AUC Sensitivity Specificity Youden index (%) P value
RA vs HC
Anti-MCV 20.29 0.678 43.3% 96.7% 0.40 (40.0%) *0.0020
(U/ml)
Anti-CarP
0.235 0.641 28.33% 93.33% 0.30 (30.0% *0.0236
(OD=450nm) ’ ’ (30.0%)
Anti-CCP
na 19 0.891 66.7% 96.7% 0.63 (63%) *P<0.001
(U/ml)
RF
19 0.789 61.7% 86.7% 0.48 (48%) *P<0.001
(U/ml)
Early vs Late RA
Ant-MCV 20.29 0.700 45.7% 71.4% 0.447 (44.7%) *0.0163
(U/ml)
Anti-CarP
0.235 0.609 34.78% 92.86% 0.276 (27.6.0% 0.2049
(OD=450nm) ’ ’ ( ")
Anti-CCP
nt 23 0.717 54.3% 85.7% 0.40 (40%) *P=0.004
(U/ml)
RF
20 0.645 65.2.7% 57.1% 0.48 (48%) *P<0.05
(U/ml)
Seronegative vs Seropositive
Anti-MCV 20.29 0.708 59.6% 66.7% 0.473 (47.3%) 0.108
(U/ml)
And-CarP 0.235 0.711 73.7% 66.7% 0.596 (59.6%) 0.395
(OD:450nm) . . . 0 . 0 . . 0 .
Anti-CCP
nt 19 0.868 66.7% 100.0% 0.67 (67%) *P<0.001
(U/ml)
RE 20 0.930 63.2 100/0% 0.63(63%) *P<0.001
(U/ml)
* Significant
Anti-MCV and anti-CarP abs.correlation with DAS 28 score and RF and anti-CCP
Discussion of non-rheumatoid arthritis patients  (24).

The current study is concerned with the utility of
anti-MCV and anti-CarP antibodies to diagnose
RA and the investigation of their relation with
other lab or clinical characteristics in those
patients. Compared to 6.7% of healthy controls,
43.3 percent of those with RA yielded positive
results for anti-MCV antibodies at the threshold
level of 20.2 U/ml. The frequency of anti-MCV
autoantibody positivity was greater than that
detected by Iwaszkiewicz et al. 2015, who showed
that 3.1% of participants without RA and 36.6%
of RA patients had anti-MCV antibody positivity
(23). The percentage of anti-MCV antibody
positivity, however, was less than that seen in
other studies. For example, Marina et al., 2010
demonstrated that 80% of those with RA had anti-
MCV antibody positivity, compared to just 40.5%

Similarly, 72.5% of those suffering from RA and
12% of the control group yielded positive results
for anti-MCV autoantibodies, as outlined in the
study by Al-Shukaili et al.,2012 (25). The
discrepancy in antibody frequencies may be due to
the variation in autoantibody prevalence across
patient populations or the application of disparate
methodologies for the detection of antibodies. In
contrast to the healthy control group, participants
with RA had noticeably higher serum levels of
anti-MCV antibody. The finding of the present
study supports earlier studies showing those with
RA had noticeably greater levels of anti-MCV than
healthy controls (26, 27, 28).

It is noteworthy that the anti-MCV levels didn’t
correlate with the disease activity index (DAS28
scores) or two other recognized RA indicators,
namely anti-CCP and RF. This may imply that
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Fig. 1. Correlation of serum anti-MCV (u/ml) and
serum anti-CarP (OD 450 nm) antibodies and with
DAS 28 score and correlation of anti-CarP OD
(450 nm) with DAS 28 score (A); and correlation
of anti-MCV (u/ml) or anti-CarP OD (450 nm)
with RF (B); and the correlation of anti-MCV
(u/ml) or anti-CarP OD (450 nm) and anti-CCP
(U/ml) (C).

anti-MCV may be a marker of autoimmunity in
RA rather than a direct reflection of ongoing
inflammatory processes.

Nearly a third of RA sufferers in the current study
showed positive results for the presence of anti-
CarP abs. This is consistent with what earlier
studies have shown (29-31) and lower than that
detected by other studies (32, 33, 34). Akin to
anti-MCV findings, RA patients have far higher
anti-CarP levels than controls. This finding is
consistent with earlier studies (6, 30, 35) that
found a link between anti-CarP autoantibodies
and rheumatoid arthritis. Unfortunately, using a
qualitative ELISA kit limited our ability to assess
anti-CatP's  diagnostic significance. Anti-CarP
exhibited the same lack of correlation with
recognized markers of RA or disease activity as
anti-MCV. According to the study conducted by
Othman et al. 2017, anti-CarP autoantibodies have
correlation with RF but not anti-CCP
autoantibodies ~ (35).  Moreover,  anti-CarP
autoantibodies had no meaningful correlation with
DAS28. Yee and colleagues, 2015 did not discover

a

any correlation between the DAS28 score and
anti-CarP antibody levels (29).

Anti-CCP  autoantibodies have the greatest
sensitivity and specificity in the current study
(66.7% and 96.7%, respectively), whereas RF
antibodies demonstrated 61.7% and 86.7%,
respectively.  The sensitivity of anti-MCV
autoantibodies was just 43.3%, despite having a
strong specificity of 96.7% for diagnosing RA.
This suggests that anti-MCV alone may overlook a
sizable fraction of those patients with RA. In
keeping with Kondo et al, 2005, anti-MCV
antibodies exhibited a 37% sensitivity and a 98%
specificity (36). According to Dejaco et al.2000,
the anti-MCV ELISA showed a sensitivity of
about 69.5% and specificity of 90.8%, while the
anti-CCP2 assays were 70.1% and 98.7% (37). The
study conducted by Maraina and colleagues
revealed that anti-mutated citrullinated vimentin
antibodies exhibited sensitivity equal to 80%,
while their specificity was nearly 60%; RF
antibodies demonstrated an 85% sensitivity and a
specificity of about 75%; on the other hand, anti-
CCP abs sensitivity exceeded 70% with specificity
equal to 94.8% (24). In an Italian multicentric
study, Bartoloni et al., 2012 disclosed that anti-
MCV antibodies possess 59 percent sensitivity and
92 percent specificity, whereas anti-CCP
antibodies showed a 77% sensitivity and 96%
specificity (38). In a Chinese study, the detected
anti-MCV sensitivity as well as specificity were
78.6% and 73.8%, respectively; anti-CCP had a
67.9% sensitivity and a 97.6% specificity; while RF
had a 71.4% sensitivity and a 78.6% specificity
(39). While the performance of kits from various
manufacturers may have an impact, the
heterogeneity in autoantibody prevalence in
various patient populations is more likely to be the
cause of the discrepancy.

In comparison to anti-MCV, anti-CarP exhibited
considerably  lower  sensitivity (28%) and
specificity (93%). According to a study done on
Egyptian patients suffering with RA, anti-CarP
antibodies showed a 32.2% sensitivity and a 96.7%
specificity; for anti-CCP antibodies they were
61.1% and 97.8%, and for RF they were 66.7%
and 91.1% (34). Li et al. 2016, reported in their
meta-analysis that anti-CarP autoantibodies had
pooled sensitivity and specificity of 42% and 96%,
respectively (39). In an Iraqi study on patients
with RA, anti-CarP autoantibodies showed 46%
sensitivity and 97.1% specificity for diagnosing
RA; anti-CCP antibodies revealed 66% sensitivity
and 65.7% specificity, while RF exhibited 86%
sensitivity and 100% specificity (40). Another
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study conducted by Pecani et al., 2016 found that
anti-CarP antibodies had 46.8% sensitivity and
91.95% specificity in an Italian cohort with RA
(6). In comparison, ACPA showed a 61.8%
sensitivity and 89.9% specificity, whilst RF
exhibited 64.4% sensitivity and 76.5% specificity.
Shi and colleagues (2015) demonstrated that the
specificity values for anti-CarP autoantibodies,
anti-CCP2, and RF were 89%, 96%, and 91%,
respectively, and that the sensitivity was 44%,
54%, and 59%, respectively (41). A possible
explanation is the difference in sample size and
the population studied.

The evident positive correlation between anti-
MCV and anti-CarP implies a possible common
pathway in their formation. It needs more
investigation to clarify this connection, though.
However, anti-CarP and anti-MCV autoantibodies
did not correlate with RF, anti-CCP, or DAS28
score, in contrast to previous studies (29, 35). This
supports the notion that distinct facets of RA
pathophysiology may be reflected by wvarious
antibodies.

The prime drawback of the current study was its
rather small sample number that might limit the
overall applicability of the findings. The ability to
perform a more thorough evaluation was hindered
by the use of a qualitative assay for anti-CarP.
Since the number of seronegative patients was
inadequate, conclusions regarding this group
should be interpreted very cautiously and in a
limited manner. In the future, these results need
to be confirmed by larger cohort studies.
Furthermore, exploring the exact mechanisms via
which RA produces anti-MCV and anti-CatP can
shed light on how the disease develops. To
ascertain whether anti-MCV and anti-CarP can be
employed as prognostic indicators for RA or to
assess the effectiveness of treatment, further
studies are required. Both anti-MCV and anti-CarP
autoantibodies appear to have minimal diagnostic
usefulness, despite an association with RA. To
precisely characterize their significance in RA
diagnosis and prognosis, more investigation is
required.
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