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ARTICLE INFO ABSTRACT
Keywords: Background: Anti-citrullinated protein antibodies (ACPA) are a specific serological biomarker used
Cyclic citrullinated peptide antibodies in the diagnosis of rheumatoid arthritis (RA). In clinical practice ACPA can be identified using

Rheumatoid arthritis

: ! immunoassays targeting synthetic cyclic citrullinated peptides (CCP). The 3rd generation anti-
Diagnostic performance

CCP IgG antibody (CCP3) offers improved sensitivity compared to the earlier versions.
Recently, CCP3.1, capable of detecting both IgG and IgA antibodies, was introduced to enhance
sensitivity, especially in patients with early RA.

Methods: We assessed serum CCP3.1 against CCP3 in 331 subjects undergoing RA panel serology,
comprising 136 patients with RA and 195 patients without RA. Sera were tested for anti-CCP IgG
(CCP3) and anti-CCP IgG/IgA (CCP3.1) antibodies. Clinical performance of these tests was
compared at manufacturer-suggested cutoffs. A separate set of 81 patients with a diagnosis of RA
by 2010 criteria and whose samples were obtained from within 1-year of RA diagnosis was
similarly assessed to evaluate assay performance in an independent clinical RA cohort.

Results: Overall diagnostic accuracy was similar; CCP3 had an area under the curve (AUC) of 0.88,
CCP3.1 had an AUC of 0.89. Sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) for CCP3 were 79 %, 91 %, 86 %, and 86 %, respectively. For CCP3.1,
sensitivity was 78 %, specificity 93 %, PPV 89 %, NPV 86 %. Both assays demonstrated excellent
agreement; positive percent agreement of 94 % and negative percent agreement of 99 %.
Conclusion: Our findings indicate comparable diagnostic accuracy between CCP3 and CCP3.1
assays in these clinical cohorts.

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune inflammatory disease [1]. It is a common cause of inflammatory polyarthritis with an
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estimated global prevalence of 0.1-0.63 % [2]. Diagnosis of RA has been challenged by the heterogenous clinical presentation and
course of disease. Modern treatment has shifted toward an aggressive antirheumatic therapy in early disease, creating a need for
diagnostic tests highly specific and sensitive for early RA.

Anti-citrullinated protein antibodies (ACPA) have become a leading biomarker for RA diagnosis, with increased sensitivity and
specificity compared to other serological markers [3,4]. Citrullination is a posttranslational modification in which arginine is con-
verted to citrulline and occurs naturally during inflammation, apoptosis, and keratinization. ACPA were first discovered in 1995, when
it was demonstrated that ACPA was the commonality between perinuclear factor and anti-keratin antibodies detected in patients with
RA [5]. Notably these early ACPA were thought to be directed to citrullinated filaggrin, although it is now known that multiple proteins
can contain citrullinated proteins and be targeted by autoantibodies. Since their discovery, the role and diagnostic utility of ACPA have
been thoroughly investigated, showing a sensitivity of 60-78 % and specificity of 86-99 % for RA.

To improve antigen composition and antibody recognition, a synthetic cyclic citrullinated peptide (CCP) was developed [6]. Since
then, several iterations of anti-CCP antibody assays recognizing a mixture of citrullinated peptide antigens have been developed and
can be classified into three different generations, all of which show some differences in sensitivity and specificity [7-11]. The
first-generation (CCP1) assays have low sensitivity and are no longer widely used [12]. The second generation (CCP2) and third
generation (CCP3) assays show improved diagnostic sensitivity and specificity over the CCP1 assay for established RA [13,14].

The CCP3 ELISA detects IgG anti-CCP antibody isotypes and was developed to increase the sensitivity for detection of patients with
RA compared to previous generations; however, there is conflicting evidence regarding the comparative diagnostic performance of
CCP2 and CCP3. Several published studies suggest that CCP3 does not offer any diagnostic improvement compared to CCP2 [8,15-18].
Yet others have found higher sensitivity of the CCP3 assays compared to CCP2 tests [19-21]. These differences may be attributed to
differences in antigens recognized across assays and differences in study populations. Some studies suggest that CCP3 may outperform
CCP2 specifically in early RF-negative RA [22,23].

Nevertheless, the third generation CCP assays still only have moderate sensitivity for early disease. Some studies have shown that
additional detection of IgA isotype anti-CCP using the same antigens may further improve sensitivity for early RA when used in
combination with IgG [19,24]. Thus, a newer assay was developed (CCP3.1) to detect both IgG and IgA anti-CCP antibodies simul-
taneously [25].

Comparisons of CCP2 and CCP3.1 assays have shown increased sensitivity, but decreased specificity of CCP3.1 compared to CCP2
[26,27], but little is known about the direct comparison between the third generation IgG assays (CCP3) and the IgG/IgA combination
assay (CCP3.1). Therefore, the objective of this work is to compare the performance of CCP3.1 and CCP3 assays in two different clinical
cohorts.

2. Materials & methods
2.1. Study samples

Cohort A included specimens from 331 patients that had samples submitted to our laboratory for anti-CCP3 testing as part of a
work-up to evaluate for any rheumatic and musculoskeletal diseases. Samples were collected at different time points from symptom
onset, ranging from 6 months to more than 2 years. We conducted a retrospective chart review to assess the clinical history and RA
diagnosis status of the patients. Among these individuals, 136 had received a diagnosis of RA from our clinicians. This diagnosis was
established based on several factors including the presence of pre-existing symptoms lasting more than 6 months, joint involvement,
serology results, and findings from inflammatory markers. The remaining 195 participants did not receive a RA diagnosis from our
clinicians. Instead, they presented with a spectrum of conditions such as psoriasis, interstitial lung disease, hypothyroidism, diabetes,
celiac disease, Raynaud’s disease, Sjogren’s syndrome, and various other non-specific inflammatory conditions. This subgroup formed
our disease control cohort. The demographics of each group are outlined in Table 1. The study was approved by the University of Utah
Institutional Review Board (IRB# 00148778).

To further investigate the diagnostic accuracy of CCP3 and CCP3.1 within a distinct clinical setting, we procured 81 samples from a
separate cohort (referred to as Cohort B) of individuals from the University of Colorado. All participants in this cohort strictly met the
2010 American College of Rheumatology/European Alliance of Associations for Rheumatology (ACR/EULAR) criteria and had
received a diagnosis of RA within 1 year from sample collection, with symptoms persisting for less than 2 years. The use of these
samples was approved by the Colorado Multiple Institutional Review Board (IRB# 01-675 and 15-2280).

Table 1
Demographics and concentrations of CCP3 and CCP3.1 and across all clinical groups.
Variable Cohort A - RA patients (n = 136) Cohort A - Disease Controls (n = 195) Cohort B (n = 81)
Age (years) 55.7 (24-85) 50.9 (13-84) 51.1 (20-77)
Mean (range)
Female sex, n (%) 106 (78 %) 127 (65 %) 55 (68 %)
CCP3, mean units (median; range) 118.5 (145.5; 1-267) 8.4 (4;1-174) 130.1 (157.0; 3-216)
CCP3.1, mean units (median; range) 110.0 (108.5; 5-237) 11.6 (7.9; 4-211) 137.6 (165.6; 6-230)
CCP3 positive n (%) 107 (79 %) 18 (9 %) 72 (89 %)
CCP3.1 positive n (%) 106 (78 %) 13 (7 %) 74 (91 %)
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2.2. Measurement of autoantibodies

All samples were tested for CCP3 (QUANTA Lite CCP3 IgG ELISA, Inova Diagnostics, San Diego, CA) and CCP3.1 (QUANTA Lite
CCP3.1 IgG/IgA ELISA, Inova Diagnostics, San Diego, CA) by enzyme-linked immunosorbent assay (ELISA) following the procedures
recommended by the manufacturer [25,28]. Both assays use the same synthetic cyclic citrullinated peptide (CCP) bound to the surface
of a microwell plate. Anti-CCP antibodies in the patient sera will bind to the immobilized CCP, which can then be detected with
enzyme-labelled anti-human IgG (CCP3) or an anti-human IgG/IgA conjugate (CCP3.1). Both assay kits are FDA-approved, and the
manufacturer suggested cutoff of <20 units was used to classify results in this study (<20 units = negative; >20 units = positive). The
manufacturer also provides more granular classification of positive results as follows: concentrations 20-39 units are weak positive,
40-59 units are moderate positive, and >60 units are strong positives.

2.3. Statistical analysis

To evaluate the diagnostic performance of the CCP3 and CCP3.1 assays for the diagnosis of RA, the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (+LR), negative likelihood ratio (-LR), and odds ratio
(OR) of each assay were calculated using the manufacturer’s cutoff value. The sensitivity and specificity of CCP3 and CCP3.1 were
compared using the Miettinen-Nurminen score confidence interval and a Score Z test [29]. The Cohen kappa coefficient was calculated
to measure qualitative agreement between the assays and Spearman’s correlation was calculated to compare the quantitative result of
each test [30]. Receiver operating characteristic (ROC) curve analysis was used to assess the discriminatory ability of the different tests
for RA. The Hanely method was used to compare areas under the receiver operating characteristic curves [31]. Analyses were per-
formed using GraphPad Prism 9 (GraphPad Software, San Diego, California, USA) and Microsoft Excel Analyse-it software (Microsoft
Corp, Redmond, Washington).

3. Results

In cohort A, spearman correlation showed significant positive linearity of results for CCP3 and CCP3.1 (r; = 0.867, n = 331, p <
0.0001). Passing-Bablok regression yielded a slope of 0.91 (95 % CI, 0.86-0.96) and intercept of 3.89 (95 % CI, 3.62-4.20) (Fig. 1A).

Based on the manufacturers cutoff value of 20 units, CCP3 was positive in 107 of 136 (79 %) patients with RA and 18 of 195 disease
controls (9 %). Similarly, CCP3.1 was positive in 106 of 136 (78 %) patients with RA and 13 of 195 disease controls (7 %) (Table 1).
Overall qualitative agreement was 97.0 % (Table 2). Cohen’s kappa index for categorized values was k = 0.94, indicating near perfect
agreement. Of the 10 discordant results, 8 were weak positives (<39 units), with results near the clinical cutoff (Table 3). Only two
patients with discordant results had a strong positive (>60 units) result, which would give an extra point towards diagnosis based on
the 2010 diagnostic guidelines. Within the discrepant results, 8 of 10 were positive for CCP3 while negative for CCP3.1; of which, two
patients had a clinical RA diagnosis. The other 2 discordances were positive for CCP3.1 while negative for CCP3 and included one
clinical RA diagnosis (Table 3).

Clinical sensitivity, specificity, PPV, NPV, and LRs were calculated for CCP3 and CCP3.1 at the manufacturers’ cutoffs using
clinically defined samples (n = 331) (Table 4). CCP3 and CCP3.1 test sensitivity and specificity was equal (sensitivity Z statistic =
—0.58, p = 0.56; specificity Z statistic = 1.89, p = 0.59). PPV and NPV were similar for both assays. A marginal increase in LR+ and OR
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Fig. 1. Comparison of the CCP3 and CCP3.1 assays (n = 331). (A) Correlation between CCP3 and CCP3.1. Results are displayed in arbitrary
units. Gray line corresponds to line of identity. Solid red line corresponds to Passing—Bablok regression and double dotted red line represents 95 %
confidence interval bands. Individual test values are displayed as black circles (B) Receiver operating characterisric (ROC) curves for CCP3 and
CCP3.1. ROC curves of both assays at manufacturer cut-off value of <20 units.
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Table 2
CCP3 and CCP3.1 status in cohort A. Discordant results are shaded gray.
CCP3.1
Negative (<20 units) Positive (>20 units)
CCP3 Negative (<20 units) 204 2
Positive (>20 units) 8 117
Table 3
Characteristics of samples discrepant for CCP3 and CCP3.1 in cohort A.
Sample Age (years) CCP3 (units) CCP3.1 (units) RA diagnosis
1 65 221 19 Yes
2 76 20 18 No
3 70 20 16 No
4 65 28 15 Yes
5 38 38 12 No
6 69 94 11 No
7 70 36 8 No
8 24 31 7 No
9 75 3 28 Yes
10 79 5 27 No

was observed for CCP3.1 compared to CCP3 (LR+ 11.7 vs 8.5; OR 49.5 vs 36.3; CCP3.1 vs CCP3, respectively). ROC analysis
demonstrated areas under the curves (AUC) for CCP3 of 0.88 (95 % CI 0.84-0.92) and CCP3.1 of 0.89 (95%CI 0.84-0.93) (Fig. 1B).
These AUCs were not statistically different (z = 0.23, p = 0.8), suggesting equivalent diagnostic performance.

Next, we evaluated the clinical utility of CCP3.1 in cohort B, which included patients with a diagnosis of RA (by 2010 ACR/EULAR
criteria) within 1 year of sample collection. In this cohort, 72 of 81 (89 %) samples were positive for CCP3 while 74 of 81 (91 %) were
positive for CCP3.1 (Table 1). Likewise, overall qualitative agreement was 97.5 % (x coefficient = 0.86), with the only 2 discordant
samples positive for CCP3.1, but negative for CCP3 (Table 5). One of the discordant patients had a strong positive CCP3.1 result (64
units), while the second patient was just weakly positive (25 units).

4. Discussion

In this study we evaluated and compared the diagnostic performance of two third generation anti-CCP assays for RA; one that
measures IgG anti-CCP antibodies only (CCP3) and one that non-discriminately detects both IgG and IgA anti-CCP antibodies (CCP3.1).
In our large clinical cohort (cohort A) of patients that had samples submitted for RA serology, we saw no significant difference in
diagnostic performance between the CCP3 and CCP3.1 assays. Overall qualitative agreement between CCP3 and CCP3.1 was high at
97 %. There were only ten discordant results, most of which were near the clinical cutoff and would be classified as weak positive by
one assay and negative on the other. Furthermore, 7 of the 10 discordances were observed in patients without RA. Indeed, others have
shown that using criteria for strong positive as defined by the manufacturer (>60 units), specificity is greatly increased with only a
slight reduction in sensitivity [27]. At this higher cutoff, two cases showed conflicting results in anti-CCP testing: one patient had a
strong positive result for anti-CCP IgG (CCP3) but tested negative for anti-CCP IgG/IgA (CCP3.1) and was diagnosed with rheumatoid
arthritis (RA), while the other patient did not have RA despite similar discordant findings. Variations in the conjugates used may have
obscured specific epitopes, resulting in different antibody reactivity between the two tests. Further evaluation of the second patient
with discrepant results could offer more clarity regarding the potential diagnosis of RA. The small number of cases—only 2 out of 331
samples—with significant discrepancies does not provide enough evidence to support the clinical superiority of one assay over the
other in our patient cohort. Therefore, based on this data, it is accurate to conclude that CCP3.1 does not provide additional clinical
value in our current practice.

The AUC of the ROC curve for the CCP3.1 test was not significantly different from the CCP3 test, suggesting that additional

Table 4
Test performance values for CCP3 and CCP3.1 in cohort A (n = 136 RA patients and 195 disease controls).
CCP3 CCP3.1

Sensitivity, % (95 % CI) 78.7 (71.1-84.7) 77.9 (70.3-84.1)
Specificity, % (95 % CI) 90.8 (85.9-94.1) 93.3 (88.9-96.1)
PPV, % (95 % CI) 86 (79-90) 89.1 (82.7-93.3)
NPV, % (95 % CI) 86 (82-89) 85.8 (81.5-89.3)
LR+ 8.5(5.5-13.4) 11.7 (7.0-19.9)
LR- 0.24 (0.17-0.32) 0.24 (0.17-0.32)
OR 36.3 (19.3-68.3) 49.5 (24.8-98.5)
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Table 5
CCP3 and CCP3.1 status in cohort B (n = 81 RA patients). Discordant results are shaded gray.
CCP3.1
Negative (<20 units) Positive (>20 units)
CCP3 Negative (<20 units) 7 2
Positive (>20 units) 0 72

detection of IgA does not improve the diagnostic performance of the third-generation assay. This is consistent with prior reports in
which positive IgA anti-CCP results were only observed in patients that were also positive for IgG anti-CCP [32,33]. Likewise, in one of
the prior reports demonstrating increased sensitivity of CCP3.1 compared to an CCP2, they showed that this improvement in assay
sensitivity was not due to the simultaneous measurement of IgA and IgG, but rather due to a lower clinical cut-off of the assay [27].

Some studies have shown that in addition to IgG, IgA anti-CCP predates the onset of RA by several years [34], leading to the
hypothesis that IgA CCP may be particularly useful for diagnosis of early RA. Thus, we also compared CCP3 and CCP3.1 in 81 in-
dividuals primarily diagnosed with RA within one year of sample collection and onset of symptoms (cohort B). In this cohort, there was
97.5 % qualitative agreement between both assays. The only two discordant cases were both positive by CCP3.1, but negative by CCP3.
One of the positive CCP3.1 results was just weakly positive, but the second was considered a strong positive. This finding lends itself to
the possibility that these two patients were only positive for IgA anti-CCP and not IgG, but an independent IgA assay would need to be
performed to confirm that.

Our study has several limitations. Cohort B was identified based on a clinical referral system in which RA is preferentially diagnosed
based on autoantibody testing and further were selected to meet 2010 ACR/EULAR RA classification criteria. Because anti-CCP is a
strong contributor to those criteria, this weights for patients positive for anti-CCP, which may limit our ability to see differences
between the CCP3 and CCP3.1 assays in early RA. Nevertheless, we failed to see any notable differences in our routine clinical practice
cohort (cohort A), which had a large number of RA patients and appropriate disease controls. Another limitation was both cohorts
lacked sufficient patients in early RA with symptom duration of less than 6 months. Lastly, we focused herein on comparison of CCP3
and CCP3.1 assays and did not do direct comparisons to CCP2 assays. Prior work has shown contrasting conclusions in comparing CCP2
and CCP3. In the future, the diagnostic accuracy of CCP2, CCP3 and CCP3.1, as well as other ACPA assays such as anti-mutated cit-
rullinated vimentin (anti-MCV) and different antibody combinations with RF assays (including isotypes IgG, M and A) may be
compared.

5. Conclusion

Our results have shown that the diagnostic performance of the CCP3.1 assay is equivalent to that of the CCP3 assay in routine
clinical practice. There is evidence suggesting that some early RA patients may test positive for IgA anti-CCP even when IgG anti-CCP is
negative [34]. However, further studies specifically focusing on IgA anti-CCP are necessary to confirm whether this positivity is indeed
attributable to IgA and whether its detection could enhance sensitivity in early RA patient cohorts.
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