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ABSTRACT. Objective. To validate in a general patient population (GPP) the clinical value of measuring rheumatoid

factor (RF) isotypes in relationship to IgG anti-cyclic citrullinated peptide (CCP) antibodies (CCP2 and
CCP3).

Methods. Serum samples were obtained as follows: 1021 GPP, for whom RF was ordered for diagno-
sis, 137 with rheumatoid arthritis (RA), 100 healthy blood donors (HBD), and 50 with systemic lupus
erythematosus. Turbidimetry and ELISA were utilized for RF screening, and individual RF isotypes and
IgG anti-CCP antibodies were measured by ELISA; RF IgG was measured after pepsin digestion.
Results. We validated the generally accepted 90%—98% positive predictive value (PPV) and about 68%
sensitivity of the anti-CCP2 test on our diagnosed cohorts as 96% (95% CI 89-99) and 65% (95% CI
56-73), respectively. The 282 RF IgM+ specimens identified in the GPP were subdivided into 3 sub-
sets: (1) 83 as RF IgM+ IgG+ IgA+ with 63% (95% CI 51-73) anti-CCP2+ (i.e., sensitivity similar to
the RA cohort); (2) 50 as RF IgM+ IgG— IgA+ with significantly fewer anti-CCP2+ (22%; 95% CI
12-36); and (3) about half as IgM+ IgG— IgA— with just 3% (95% CI 1-8) anti-CCP2+, i.e., not sig-
nificantly different from the 1% (95% CI 0-5) in HBD. Thus, the chance for a specimen in the GPP to
be anti-CCP2+ (i.e., to come from an RA patient) was increased by 7- and 21-fold, respectively, by iden-
tifying RF IgA and IgG in addition to IgM. About one-third of anti-CCP— RA patients in our cohort were
RF IgM+ IgG+ IgA+, reflected as 3.4% in the anti-CCP2— GPP. The agreement between anti-CCP2 and
anti-CCP3 was significantly higher for RF+ RA and GPP patients, 86% (95% CI 78-93) and 83% (95%
CI 73-91), respectively, than for the RF— RA (27%; 95% CI 6-61), RF— GPP (4%; 95% CI 0-19), and
non-RA controls. Anti-CCP2 but not anti-CCP3 significantly distinguished the HBD from the GPP
(95% CI).

Conclusion. Measurement of the 3 isotypes of RF may increase by 7- to 21-fold the chance of making
the serologic diagnosis of RA; a testing algorithm is proposed. The anti-CCP antibody response appears
significantly less peptide-specific in the presence of IgM RF than in its absence. (J Rheumatol First
Release June 1 2010; doi:10.3899/jrheum.091236)
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The classical rheumatoid factor (RF) was initially detected in
clinical laboratories as an IgM antibody that agglutinated
sheep erythrocytes coated with rabbit IgG or latex particles
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coated with human IgG. Subsequently, the latex agglutination
assay has been automated using turbidimetry, which has
become the most widely used RF assay method'. The sensi-
tivity for rheumatoid arthritis (RA) of RF IgM has been shown
to range from 55% to 90%, with a positive predictive value
(PPV) of about 30%, which is certainly not optimal!->34>

The introduction of solid-phase immunoassays has permit-
ted separate measurement of IgM, IgG, and IgA RF isotypes.
The availability of IgG and IgA RF assays has significantly
improved the diagnostic specificity of the test compared to
latex agglutination and turbidimetry>%7. Moreover, the occur-
rence of RF IgA together with RF IgM was reported to pre-
cede the development of RA by several years®”. RF IgG,
when measured as F(ab’)2 after pepsin digestion, has been
shown to have a high specificity for RA>-!0. As a result, in the
process of routine diagnosis the presence of all 3 isotyopes of
RF yielded a sensitivity, specificity, and PPV of 53%, 99%,
and 96%, respectively?.

Recently, the presence of antibodies to natural citrullinated
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proteins, such as filaggrin!!, vimentin'2, and fibrinogen'3,
etc., have been shown to have high specificity and PPV for
RA, far superior to that of RF IgM measured by turbidimetry.
The most widely used IgG anti-cyclic citrullinated peptide
assay is the second generation (CCP2) ELISA. A recent exten-
sive metaanalysis of reports on this test showed an overall
sensitivity for RA of 68% with a specificity > 95%'* and PPV
90%-98%"3. Unlike the classic RF IgM, anti-CCP2 is present
in < 5% of patients with non-RA collagen vascular disease
including systemic lupus erythematosus (SLE) and primary
Sjogren’s syndrome!® or viral hepatitis!”-'8. It has also been
well documented and widely reported that about one-third of
RF- RA patients are anti-CCP2+1. Recently, another synthet-
ic citrullinated peptide, CCP3, has been utilized as antigen in
a third-generation assay and has been shown to have similar
sensitivity and specificity to CCP2 for RA20-2122 However,
the relationships among anti-CCP2, anti-CCP3, and rheuma-
toid factors has not yet been investigated.

Early aggressive treatment of RA has been shown to have
significant advantages for overall outcome?3. Thus, the use of
a combination of serologic tests could play a significant role
in early diagnosis and treatment of RA patients, especially in
the presence of an ambiguous clinical presentation. The com-
bination of RF IgM and IgA plus IgG anti-CCP2 has been pro-
posed to have a PPV close to 100%2*. We tested the sensitiv-
ity and PPV of anti-CCP2 for RA and used these parameters
as “markers” for patient groups selected on the basis of the
presence of one or more of the RF isotypes.

MATERIALS AND METHODS

Patients. Consecutive serum samples from 1021 patients for whom routine
RF testing was requested from ARUP Laboratories, Salt Lake City, Utah,
were used, representing the general patient population (GPP). The RA study
population consisted of 137 clinically diagnosed patients that met the
American College of Rheumatology (ACR) criteria for RA?. The first con-
trol population included 100 healthy blood donors (HBD): 49 men (ages
16-70 yrs, mean 34) and 51 women (ages 16-54 yrs, mean 32). The second
included 50 patients with SLE, who met the ACR diagnostic criteria®®. The
SLE control group included patients at various stages of disease, i.e., without
consideration for treatment or disease activity, from a cohort of 114 patients,
as described?’. Of the 114 patients, 68% were black, 19% Hispanic, and 13%
white; 95% were women and 5% men. The mean duration of disease was 8.6
years (range 1 month to 45 years). The specimens used for this study were
picked randomly. The only condition was to have the definitive diagnosis of
SLE and to have had multiple autoantibodies at the time of collection, includ-
ing anti-dsDNA. All patient samples were deidentified according to the
University of Utah institutional review board approved protocol 7275 to meet
the Health Information Portability and Accountability Act (HIPAA) patient
confidentiality guidelines.

Assays for rheumatoid factor. Routine RF screening of the GPP was per-
formed using RF II Tina-quant® Turbidimetry reagents (Roche Diagnostics,
Indianapolis, IN, USA). The RF II assay measures RF in human serum using
heat-inactivated human IgG bound to latex particles (via Roche/Hitachi auto-
analyzer) and does not differentiate between RF isotypes. This assay is per-
formed routinely at ARUP Laboratories as stated in the product insert. The
specificity of this assay was 97% based on our HBD cohort.

For detection of RF isotypes IgM, IgG, and IgA, a commercial ELISA
(EL-RF scr™ and EL-RF/3™; TheraTest Labs, Lombard, IL, USA) utilizing
rabbit IgG as antigen was used in 2 steps as described®. The GPP was first

screened for I[gM RF. The RA and HBD cohorts were tested directly for the
presence of all 3 isotypes. Testing was performed according to the manufac-
turer’s instructions, including pepsin digestion of the specimens before meas-
uring IgG RF. The specificity of IgM, IgG, and IgA RF was 97%, 99%, and
98%, respectively, based on our HBD cohort. None of the HBD had more
than one isotype of RF. (The RF isotype test with pepsin digestion has been
performed routinely in clinical laboratories for 12 years and is approved by
the US Food and Drug Administration for in vitro diagnostic use.)

Enzyme immunoassays for anti-CCP, IgG. Second- and third-generation
assays for anti-cyclic citrullinated peptide (Quanta Lite™ CCP IgG ELISA
and Quanta Lite™ CCP3 IgG ELISA; Inova Diagnostics, San Diego, CA,
USA) were performed according to the manufacturer’s product insert. To
minimize bias, the tests for anti-CCP and the tests for RF isotypes for the GPP
were done at separate institutions, blinded from each other’s results.

Statistics. Statistical analysis was performed using Microsoft Excel data pro-
cessing software. Linear correlation was used to assess the relationship
between IgG anti-CCP2 and anti-CCP3, and p values < 0.05 were considered
significant.

RESULTS

Relationship between anti-CCP2 and rheumatoid factor iso-
types. Among the cohort of 137 RA patients, 80% (95% CI
72-86) were RF+ (Table 1, Figure 1). The distribution of RF
isotypes among the RF+ RA patients showed that the largest
subset was RF IgM+ IgG+ IgA+ (n = 60), followed by RF
IgM+ IgG- IgA+ (n = 30), and RF IgM+ IgG- IgA— (n = 17);
only 1 patient was RF IgM- IgG- IgA+ and 1 was RF
IgM-1gG+ IgA+.

Among the RA patients, 65% (95% CI 56-73) were
anti-CCP2+ (Table 1). There were more anti-CCP2+ speci-
mens among the RF+ subset of RA (76%; 95% CI 67-84), but
this did not achieve significance (Table 1); the proportion of
anti-CCP2+ among RF— RA patients was significantly lower
(18%; 95% CI 6-37). The HBD and SLE control groups had
1% (95% CI 0-5) and 6% (95% CI 1-17) anti-CCP2+, respec-
tively. The calculated PPV for RA of the anti-CCP2, based on
our cohorts of characterized patients and controls, was 96%
(95% CI 89-99).

Among the 1021 GPP specimens, 218 were RF+ by tur-
bidimetry, of which 33% (95% CI 27-40) were anti-CCP2+
(Table 1). By ELISA, there were 282 IgM+ RF specimens
(Table 1), of which 24% (95% CI 20-30) were anti-CCP2+
(Table 1). These IgM+ RF specimens, however, could be sub-

Table 1. Prevalence of 1gG anti-CCP2 and anti-CCP3 in different popula-
tions.

IgG anti-CCP2+ IgG anti-CCP3+

Patient Population N % (95% CI) % (95% CI)
Healthy blood donors 100 1 (0-5) 3(1-9)
Systemic lupus erythematosus 50 6 (1-17) 10 (3-22)
Rheumatoid arthritis 137 65 (56-73) 76 (68-83)
RF+in RA 109 76 (67-84) 85 (77-91)
RF-in RA 28 19 (7-39) 35 (17-56)
RF IgM+ in the GPP (ELISA) 282 24 (20-30) 25 (20-31)
RF+ in the GPP (turbidimetry) 218 33 (27-40) 34 (27-40)
All GPP specimens 1021 7.7 (6-10) 8.4 (7-10)

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2010. All rights reserved. |—

2

The Journal of Rheumatology 2010; 37:8; doi:10.3899/jrheum.091236

Downloaded on April 10, 2024 from www.jrheum.org


http://www.jrheum.org/

® [gMi+) IgGi+IgAd+), 44% (35-53)
B [gMi+) IpGi-ilgad+), 22% (14-30)
# Iphie G- lgAd=, 12% (7-19)
® M- gGl- ) eAd-); 20% (14-28)

W Other; 2 %i0-5)

%o (5% CI)

Figure 1. Rheumatoid factor isotypes in the RA population (N = 137).

divided into 3 major subsets (Figure 2) that showed a strong
relationship between RF isotypes and anti-CCP2: (1) 83 that
were RF IgM+ IgG+ IgA+, of which 63% (95% CI 51-73)
were anti-CCP2+; (2) 50 RF IgM+ IgG- IgA+, with signifi-
cantly fewer anti-CCP2+ (22%; 95% CI 12-36); (3) 139 RF
IgM+ IgG- IgA- (about 50% of all RF+ specimens), with
only 3% (95% CI 1-8) being anti-CCP2+. This last subset was
similar to our cohort of HBD with 1% anti-CCP2+ (95% CI
0-5). There was a small subset of 10 specimens that were RF
IgM+ IgG+ IgA—, of which only 1 was anti-CCP2+ (data not
shown). Thus, in the RF+ population, the probability for a
specimen in the GPP to be anti-CCP2+ was related to the pres-
ence of IgG and IgA RF in addition to IgM RF. Stated numer-
ically, from having IgM RF only, the chance for a specimen to
be anti-CCP2+ increased by 7-fold and 21-fold, respectively,
if IgA and IgA+ IgG RF were also present.

We also examined the presence of RF isotypes among the
anti-CCP2- patients with RA. Over half were RF+, and 38%

&

a3

—_—t

E 2 &8 2 B

% Igd ant-COPT

]

1
10 |
{

B L OFF B A A R

z
|__[_|. . i

Bl LA = PR

(95% CI 24-53) were RF IgM+ IgG+ IgA+ (Figure 3).
Similar proportions were found in anti-CCP3— RA patients
(Figure 3). This distribution may have some bearing on the
941 anti-CCP2—- GPP cohort: 32 (3.4%) were RF IgM+ IgG+
IgA+, 37 (3.9%) were IgM+ IgG- IgA+, 10 (1%) were IgM+
IgG+ IgA—, and 102 (11%) were IgM+ IgG— IgA—.

Relationship between anti-CCP2 and anti-CCP3 tests in dif-
ferent populations. There was no significant difference in the
prevalence of the 2 anti-CCP antibodies when the entire
cohort of 1021 GPP specimens was considered (Table 1),
although a slightly higher percentage of specimens were anti-
CCP3+. For this GPP, for whom the RF was ordered in the
process of diagnosis, 7.7% (95% CI 6-10) were anti-CCP2+,
significantly different from 1% (95% CI 0-5) in the HBD
cohort (Table 1). There was no significant difference for
anti-CCP3+ between the GPP and HBD cohorts [i.e., 84%
(95% CI 7-10) vs 3% (95% CI 1-9), respectively; Table 1],
suggesting a comparatively lower specificity for anti-CCP3.

l":.:.
|

B[-J0{- 1A -k, DR EP{HL RA

Figure 2. Presence of IgG anti-CCP2 as a function of RF isotypes in the general patient population (GGP).
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Figure 3. Rheumatoid factor isotypes among (A) IgG anti-CCP2- (N = 48) and (B) IgG
anti-CCP3- sera (N = 35) from 137 RA patients.

For all specimens identified as positive by both anti-CCP2 and
anti-CCP3, there was a good linear correlation between the
levels obtained by the 2 tests (R = 0.723, p < 0.001; data not
shown).

When the 2 anti-CCP tests were compared in RF+ and
RF- patients, there was a clear difference in the proportion of
positive specimens. Of the 137 RA patients, 106 were positive
by one or both anti-CCP antibody specificity tests. In RF+
RA, 86% (95% CI78-93) were anti-CCP2+ CCP3+, 2% were
anti-CCP2+ CCP3-, and 12% were anti-CCP3+ only (Figure
4). These findings were very similar to RF+ specimens in the
GPP (Figure 4). There was significantly lower agreement,
however, between the 2 anti-CCP tests for RF— RA and
RF- GPP specimens (Figure 4). Moreover, compared to RF+
RA [86% (95% CI78-93)] a significantly poor agreement was
detected in the control group (SLE and HBD): 9% (95% CI
0-41; data not shown). Thus, anti-CCP2 and anti-CCP3 tests
identified largely the same patients when they were RF+ and
largely different populations in the absence RF or in non-RA
patients.

DISCUSSION
In addition to IgM RF, we observed that there is a significant
relationship between the presence of IgG and IgA RF isotypes

and IgG anti-CCP antibodies in the likelihood of making a
diagnosis of RA. It ranged from indifferent for RF IgM+
IgG- IgA- to low probability for RF IgM+ IgG— IgA+, to
very likely for RF IgM+ IgG+ IgA+ patients. In addition, it
appears that the presence of RF is associated with a broad
anti-CCP antibody response.

For the purpose of our study, since the actual clinical diag-
nosis of patients in the GPP was not available, we used as a
surrogate the expected 68% sensitivity, > 95% specificity, and
90%-98% PPV for RA of IgG anti-CCP2!415-19 Indeed, these
well established features of anti-CCP2 were also seen in our
cohort of clinically characterized patients (i.e., 65% of all RA
patients and 76% of the RF+ RA subset were anti-CCP2+);
and only 1% and 6% of HBD and SLE patients, respectively,
were anti-CCP2+, with an overall PPV of 96%. Based on this
premise, 63% of RF IgM+ IgG+ IgA+ specimens in the GPP
were also anti-CCP2+, indicating that this subset of the GPP
was very similar to the RA cohort. This observation is in
strong agreement with the 99% specificity and 96% PPV for
RF IgM+ IgG+ IgA+ previously described in a clinically char-
acterized patient population when RA patients were compared
to patients with other rheumatic diseases>.

Turbidimetry, used routinely in clinical laboratories, does
not distinguish between RF isotypes. Here, only 33% (95% CI
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RA, and (D) RF- GPP.

27-40) of the RF+ GPP were anti-CCP2+ or anti-CCP3+, i.e.,
in the absence of clinical data the presence of RA had a low
probability. However, as shown here, the IgM+ RF cohort of
the GPP is composed of at least 3 distinct subsets with signifi-
cantly different ability to predict RA, as follows: (1) The fre-
quency of anti-CCP2+ specimens in the RF IgM+ IgG— IgA— sub-
set (plus a few RF IgM+ IgG+ IgA-) was indistinguishable
from the frequency in the RF- subset. This suggests that a
specimen having only IgM RF is associated with low proba-
bility of RA, as also shown previously on defined patient pop-
ulations'2343_(2) The frequency of anti-CCP2+ was higher
in the RF IgM+ IgG- IgA+ subset, i.e., the patients were more
likely to have RA. (3) The frequency of anti-CCP2+ in the RF
IgM+ IgG+ IgA+ subset was very similar to that in the RA
patients, i.e., the patients were very likely to have RA; this is
in agreement with the 96% PPV for patients who were RF
IgM+ IgG+ IgA+ in a hospital population with defined
diagnoses’.

Specific measurement of RF IgG, however, requires pepsin
digestion as done in our study. Without digestion, the speci-
ficity of IgG RF, and as a result of having all 3 isotypes cor-
rectly measured, is much lower!?282% This is likely due to
nonspecific interaction between IgG on the solid phase and
IgG in the patient’s serum>®10. Thus, the clinician places a
completely different emphasis on the RF test results for mak-
ing the diagnosis if the isotype composition is known, which
may be particularly valuable for early diagnosis or when the
presentation is ambiguous, an aspect that deserves further sup-

B anti- CCP2; 37%(19-58)
B anti- CCP3; 59%(39-78)
[ Boty, 4%(0-1%)

e (R0% L)

Figure 4. Relationship between IgG anti-CCP2 and anti-CCP3 in (A) RF+ RA, (B) RF+ general patient population (GGP), (C) RF—

port. It is particularly useful when the patient is anti-CCP-
(Figure 3).

At this time it is difficult to interpret the additional value
provided by anti-CCP3, except that it is most likely equivalent
to anti-CCP2 in terms of overall sensitivity and specificity for
RAZ20:2122 n our study, the difference in sensitivity and speci-
ficity between the 2 tests was not statistically significant,
although consistently more specimens were anti-CCP3+ than
anti-CCP2+ (Table 1) in both the RA and control groups.
However, the specificity was significantly lower for
anti-CCP3 when the entire GPP was compared to the HBD
(Table 1). Considering that the GPP was likely to contain a
significant number of patients with RA, anti-CCP2 (7.7%;
95% CI 6-10) was able to distinguish it from the HBD cohort
(1%; 95% CI 0-5), whereas anti-CCP3 (8.4%; 95% CI 7-10
vs 3%; 95% CI 1-9) could not.

The potential added value of the anti-CCP3 test may be
derived from a further examination of specimens from
RF- RA patients and non-RA cohorts. Anti-CCP2 has been
shown to be positive in 35%-40% of RF- RA patients!?, sim-
ilar to data in our cohort (18%; 95% CI 16-37). Unlike RF+
RA and RF+ GPP specimens, where the agreement between
anti-CCP2 and anti-CCP3 was very high (83%—-86%), there
was a significantly lower agreement for the RF— subset of RA
(18%) and the GPP (37%; Figure 4), and also in the non-RA
patients and HBD. We propose that the presence of RF is asso-
ciated with a relatively broad anti-CCP antibody response,
which results in a large overlap between the presence of
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anti-CCP2 and anti-CCP3 in the same specimen. In the
absence of RF, the response was relatively narrow, i.e., the
patients developed either anti-CCP2 or anti-CCP3 or only
anti-CCP3. Thus, our results suggest that careful examination
of more clinically diagnosed RF— RA patients is needed to
determine to what degree anti-CCP3 identifies RA in addition
to the 35%—40% identified by anti-CCP2'°. This observation
raises the possibility of having specific serological markers
for all RA patients if appropriate citrullinated peptides are
identified, but at the potential cost of reducing diagnostic
specificity.

RF+ RA is significantly more severe and has worse out-
come than RF- RA. Thus, appropriate identification of RF+
patients in the screening process is essential. It has been
shown that ELISA is significantly more sensitive than tur-
bidimetry in detecting RF IgM®. Indeed, at the same level of
specificity, 97%, we identified 282 RF+ specimens by ELISA
and 218 by turbidimetry (Table 1). Moreover, rabbit IgG (the
antigen utilized in this ELISA) is known to offer better speci-
ficity for RA than human IgG used in turbidimetry>°. Routine
screening with a high sensitivity RF IgM ELISA and anti-CCP
tests3!32, followed by isotype determination®3-3, may lead to
early diagnosis of RA even before the onset of clinical symp-
toms. For those very likely to have or develop RA, early diag-
nosis may change the outcome and may drastically reduce the
cost of treatment2334. Based on the data presented here and
previously’8-10.14.15.19.31.32.33 "4 algorithm is proposed for
the most efficient use of RF test by ELISA in the diagnosis of
RA (Figure 5).

The reason for variable presence of RF isotyes in addition
to IgM has not been clarified, but may have consequences for
response to therapy®>. There is probably an overlap between
natural and pathological IgM RF in the individual as well as
in the population. Since the prevalence of IgA and IgG RF in
the RA population is lower than that of IgM RF, the isotype
switch does not always occur, for unknown reasons. B cell
depletion therapy in RA is accompanied by a drop in RF as
well as in anti-CCP levels, and relapse is usually preceded by
a rise of RF levels. However, the repopulation occurs with
higher number of memory B cells, supporting the theory that
RF is produced by clonally selected B cells®. RF is present in
healthy people as part of the natural autoantibody repertoire,
and is mainly produced by CD5+ B-1 cells. The genes for
these autoantibodies can provide a template for the emergence
of high affinity, somatically mutated, class-switched IgG
and/or IgA autoantibodies’’. Indeed, research has also found
evidence of antigen-driven clonal selection and somatic
hypermutation resulting in the production of high-affinity RF
IgM38,
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