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Diagnostic Utility of Anticarbamylated Protein Antibodies as
Measured Using Carbamylated Fetal Calf Serum
To the Editor:
Rheumatoid factor (RF) and anticitrullinated protein antibodies (ACPA) are
important biomarkers in the diagnosis of rheumatoid arthritis (RA), but leave
a gap of about 30–50% seronegative RA, which drives the demand for novel
biomarkers. In 2011 a novel autoantibody system, anticarbamylated protein
(anti-CarP) antibodies, was described in the sera of patients with RA1. In
contrast to enzyme-mediated protein citrullination, carbamylation is a
chemical reaction whereby cyanate converts lysine into homocitrulline1, a
protein modification that is chemically similar to citrulline (1 CH2 longer
side chain)2. Most studies on anti-CarP antibodies have used an ELISA
based on carbamylated fetal calf serum (Ca-FCS) and accordingly a complex
mixture of carbamylated proteins as the antigen(s)1,2. Although many
clinical observations have been reported, precise information on the
antigenic targets of anti-CarP antibodies is limited. Importantly, anti-CarP
antibodies have been detected in both ACPA-positive and ACPA-negative
RA patients, suggesting that they might represent an important test in the
diagnosis of RA1,2. A recent metaanalysis estimated the sensitivity, speci-
ficity, and OR of anti-CarP antibodies as 42% (95% CI 38–45), 96% (95%
CI 95–97), and 17 (95% CI 12–24), respectively, when comparing RA to
healthy controls3. It was also demonstrated that anti-CarP antibodies predict
joint damage as assessed by total Sharp/van der Heijde score in a large
cohort of sequential RA samples1,2. Additionally, anti-CarP antibodies were
reported to be useful in predicting the future development of RA in patients
presenting with arthralgia, in first-degree relatives of patients with RA, and
even in apparently healthy individuals2. Besides the potential utility in the
diagnosis of RA, one of the main benefits of anti-CarP antibodies is the
reported strong association with joint erosions and more rapid radiographic
progression of disease1,2. Even though anti-CarP antibodies are predomi-
nantly found in patients with RA, they are also found in other inflammatory
conditions, albeit at considerably lower frequencies4, which certainly brings
into question the diagnostic specificity.
      In this context, we read with interest the recent paper by Nakabo, et al5
on the diagnostic utility of anti-CarP antibodies. The authors studied
anti-CarP antibodies in 265 patients with RA [209 cyclic citrullinated peptide
(CCP)-positive and 56 CCP-negative] and 616 controls (mostly connective
tissue disease) using an ELISA following the original method and protocol
with Ca-FCS, as published by Shi, et al2. Based on the results of the study,
the authors concluded that anti-CarP antibodies are not useful in the

diagnosis of RA. Unfortunately, no commutability data between the method
used in this study and the original method (e.g., by interlaboratory sample
exchange) was presented. In addition, there was deviation from the original
protocol (e.g., sample dilution) and lack of protocol details (e.g., incubation
time and reaction conditions). It should also be clarified that the pre-test
probability does not affect the sensitivity and specificity of a given test, as
stated by the authors. In contrast, the composition of the control group has
a significant effect on the specificity of a diagnostic test. Ideally, this compo-
sition should be as similar as possible to the patients routinely tested in
clinical practice. Consequently, individuals in whom RA was suspected and
then excluded represent a more suitable control group than serological
cohorts. 
      Nevertheless, concerns about the specificity as well as challenges in
standardizing and validating a complex immunoassay that uses Ca-FCS is
prompting other approaches to the detection of anti-CarP antibodies using
immunoassays based on more clearly defined molecular targets such as
alpha-1 antitrypsin6, fibrinogen1, enolase7, or vimen tin-derived peptides8.
To verify the clinical utility of antibodies directed to these molecularly
defined CarP targets, studies of larger cohorts will be required. A desirable
outcome could be that anti-CarP antibodies that bind defined molecular
targets show similar clinical associations such as erosive joint disease, while
yielding higher disease specificity.
      We acknowledge that measuring anti-CarP antibodies by a conventional
Ca-FCS–based anti-CarP ELISA might have limited diagnostic utility by
itself4. However, as demonstrated, anti-CarP antibodies in combination with
RF and ACPA significantly increase the diagnostic power for the diagnosis
of RA (Figure 1)4,9. This was also confirmed by Nakabo, et al, who reported
that anti-CarP antibodies do not necessarily overlap with ACPA in non-RA
patients, which clearly indicates the utility of combining test results. In the
event that data on RF are available for the cohorts, we encourage the authors
to calculate and present the OR and Venn diagrams using double and triple
positivity, as done by others4,9. This is of particular importance because of
the attempt to identify patients with RA as early as possible, ideally in the
preclinical phase of the disease10.
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Figure 1. OR for rheumatoid arthritis (RA) for rheumatoid factor (RF) and anticitrullinated
protein/peptide antibodies (ACPA) with and without anticarbamylated protein (anti-CarP)
antibodies. Adding anti-CarP antibodies to the combination of RF and ACPA (as used in the
classification criteria) increased the OR 3-fold from 36.7 to 112.2 (p = 0.04). Data derived from
Shi, et al4. 95% CI are used as error bars. CCP: cyclic citrullinated peptide.
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