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Abstract:

Background: Rheumatoid arthritis (RA)is a Chronic systemic autoimmune disease characterized by
inflammatory arthritis especially involving the small joints with irreversible joint damage and extra-articular
involvement. Rheumatoid factor (RF) and anti-cyclic citrullinated peptide antibodies (Anti CCP antibodies) are
currently used as biomarkers for diagnostics.in this study, we aimed to investigate the value of combined anti-
CCP antibody and RF assays in the clinical diagnosis of patients with RA.

Materials & Methods: A total of 111 new consecutive patients above the age of 16 years who are clinically
diagnosed to have Rheumatoid arthritis were tested for the presence of Rheumatoid factor & Anti CCP antibodies.
Result: The sensitivity of RF by Latex agglutination test is 42%, Specificity 88% & Positive Predictive Value
(PPV) 90%. The sensitivity of Anti CCP antibody detection by ELISA is 70%, Specificity 93% and PPV 96%.
There is a significant increase in the sensitivity of the combined assay when compared to the assays done
separately. The specificity & PPV of the combined assay also shows improvement.

Conclusion: The combination assay outperformed any single assay in terms of sensitivity, specificity & PPV.
Keywords: Rheumatoid arthritis, Rheumatoid factor, Anti CCP antibodies.
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Introduction

Rheumatoid arthritis (RA) is a Chronic systemic
autoimmune disease characterized by inflammatory
arthritis with irreversible joint damage and extra-
articular involvement. It is a common autoimmune
disease, affecting approximately 1% of all people
worldwide. The incidence of RA is higher in women
than in men and increases in elderly people [1] .

function [2]. Next to the joints, also other organs can
be affected, like blood vessels, kidneys, heart, lungs
and liver.

The presence of autoantibodies is a hallmark for the
disease. Among these, rheumatoid factor (RF) and
anti-citrullinated protein antibodies (ACPA) are
currently used as biomarkers for diagnostics.

It typically starts in small peripheral joints, is usually
symmetric, and if left untreated progresses to
involve proximal joints . Joint inflammation over
time leads to the destruction of the joint with loss of
cartilage and bone erosions leading to deformities.
Although all joints can be affected, preferably the
joints of hands, feet and knees are affected by the
disease. Main symptoms of RA are pain, joint
swelling and stiffness and possibly cartilage and
bone degradation which can result in loss of joint
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Rheumatoid factor is not specific for RA and may be
present in patients with other diseases and in healthy
older persons. Anti-citrullinated peptide antibody is
more specific for RA and may play a role in disease
pathogenesis. RA patients with anti-CCP have more
severe bone damage than those negative for anti-
CCP antibody. Approximately 50 to 80 percent of
persons with RA have rheumatoid factor, anti-
citrullinated protein antibody, or both RF and
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ACPA are present for months to years before the
onset of clinical arthritis[3].

Rheumatoid arthritis has no cure and is a progressive
disease associated with morbidity and increased
mortality. Earlier diagnosis of rheumatoid arthritis
allows for earlier treatment with disease-modifying
antirheumatoid agents. Due to the varied clinical
presentation and lack of universal pathognomonic
testing for RA, diagnosing the disease can be
challenging early in the course of the disease.
Multiple clinical assessment tools have been
developed to assist clinicians in determining the
disease activity of patients with RA. A
comprehensive clinical and laboratory approach is
required to make the diagnosis and prevent
debilitating joint damage & other systemic
complications.

The American College for Rheumatology/
European League Against Rheumatism
classification criteria for rheumatoid arthritis (2010
ACR/EULAR criteria)[4] includes scores for joints
involvement, acute phase reactants (inflammatory
markers like erythrocyte sedimentation rate and C-
reactive protein), symptom duration and serology
(autoantibodies RF and ACPA).

These criteria separated inflammatory from non-
inflammatory arthritis but were not very specific for
RA. It was also not sensitive to early-stage RA,
which was a significant drawback. In patients with
Rheumatoid Arthritis, one of the earliest
autoantibody detected was Rheumatoid factor (RF).
RF is not very precise to RA since there are multiple
causes for false positive RF. AntiCCP is the second
most accepted laboratory test which is done when
diagnosis of rheumatoid arthritis is contemplated.
Patients with RA with RF, Anti CCPantibody, or
both are designated as having seropositive RA.
About 10% of RA patients are seronegative,
meaning they do not have RF or Anti CCP antibody.

However, although various serological tests to
detect RF & Anti- CCP are available, the specificity,
the sensitivity of these indicators are not ideal. Each
single test has advantages and shortcomings in RA
diagnosis, so no single test appears to be ideal.
Recent studies have started to explore the use of
combined assays in RA diagnosis. The utility of RF
and Anti CCP in constituting the diagnosis of
rheumatoid arthritis varies across different clinical
trials done worldwide. Therefore, in this study, we
aimed to investigate the value of combined anti-
CCP antibody and RF assays in the clinical
diagnosis of patients with RA.

Materials and Methods

A total of 154 new consecutive patients above the
age of 16 years who presented with Arthritis to the
Rheumatology OPD, Govt Rajaji Hospital in May
2021 were included in the study.
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Inclusion Criteria: The patients who are diagnosed
to have Rheumatoid arthritis according to “The
American College for Rheumatology/ European
League Against Rheumatism classification criteria
for rheumatoid arthritis (2010 ACR/EULAR
criteria)” which includes point scores for number
and size of joints involved, acute phase reactants
(presence or absence of inflammatory markers like
erythrocyte sedimentation rate and C-reactive
protein), symptom duration (more than or less than
6 weeks) and serology (presence or absence of
autoantibodies RF and ACPA). A score of more than
six is needed to make a diagnosis of definite RA. A
total of 111 patients fulfilled the inclusion criteria.

Control Group: 43 patients with other causes of
arthritis like Psoriatic arthritis, Takayasu’s arthritis,
SLE served as a control group of patients.

Sampling Method: Consequent & convenient
sampling was done. Basic sociodemographic details
of the patients were filled up in a proforma . Details
regarding the arthritis like type & number of joints
involved, duration of the illness and other relevant
history was entered in the proforma. Manifestations
of EAM like Rheumatoid nodule, dry eyes were also
looked for and recorded.

Sample: 3 ml of Venous blood was collected from
the patients under strict aseptic precautions and
transported immediately to the Microbiology
Laboratory of Madurai Medical College. Samples
were centrifuged & the separated serum was stored
in Refrigerator at 4-8° C until further testing. All the
serum samples were tested for the presence of
Rheumatoid factor by Latex Agglutination test &
for Anti CCP antibody by Semiquantitative ELISA.

RF Latex test: This is a direct Latex agglutination
test by RECKON Diagnostics Pvt. Ltd. Test was
done according to the kit manufacturers guidelines.
25ul of sample & 25ul of Latex reagent were placed
on a slide & mixed well. It was observed for
agglutination up to 2 minutes. A positive Latex
agglutination indicated that the RF (Rheumatoid
factor) level is higher than 8 IU/ml.

Anti CCP ELISA Test: Semi Quantitative ELISA
was done along with 4 standards to detect the
presence of Anti CCP antibodies using
EUROIMMUN Anti CCP ELISA kit. All reagents
& samples were brought to room temperature
approximately 30 minutes before starting the test.
Patient samples were diluted to 1:101 with sample
buffer. Samples along with Calibrator & Negative
control was added to the Microtitreplate wells
coated with antigens. The protocol given by the kit
manufacturer was followed strictly throughout the
procedure. The Optical Density value of the wells
are made using Thermo Fisher Scientific ELISA
Reader at a wavelength of 450 nm within 30 minutes
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of adding the stop solution. The ratio was calculated
according to the following formula:

OD value of the control or patient sample / OD value
of calibrator = Ratio

Interpretation : Ratio <1.0: negative & Ratio >1.0:
positive

Positive Criteria: Patients who are positive for
either or both serological assay i.e.. RF latex
agglutination & Anti CCP ELISA are considered to
have Rheumatoid arthritis.

The results of RF Latex test & Anti CCP ELISA is
documented and stored for further analysis.

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Statistical Analysis: Statistical analysis was
performed using the SPSS version 13.0 software
program (SPSS Inc., Chicago, IL, USA).
Enumeration data were described as positive rate,
and the McNemar’s test was used to estimate the
difference between the rates, with p<0.05 considered
statistically significant. Sensitivity, specificity &
positive predictive value(PPV) were calculated.

Results

A total of 154 patients who presented with arthralgia
participated in the study.

Table 1: Age Sex distribution of patients in the study

Age Group (years) Male (n=20) Female (n=134)
No % No %
16-25 1 5 15 11
26-35 2 10 29 22
36-45 5 25 40 30
46-55 7 35 37 27
>56 5 25 13 10

Majority of them were female (87%). Most of the
patients were in the age group between 36-55 years.
Out of the 154 patients ,11 of them had EAM like

Rheumatoid nodule, dry eyes, pulmonary nodule &
pulmonary fibrosis.

Table 2 : RF positive rate by Latex agglutination test in suspected RA patients:

Suspected RA patients Control group
N=111 N=43

Positive 47 5

Negative 64 38

Among the 111 patients with suspected Rheumatoid
arthritis,42% (47)of patients were positive for
Rheumatoid factor by Latex agglutination test. Out
of 43 patients in the control group 5 (12%) patients
were positive for Rheumatoid factor. Sensitivity of

the RF Latex agglutination test in  detecting
Rheumatoid arthritis among clinically suspected
patients is 42%. Specificity of the test is 88% & It
has a Positive Predictive Value (PPV) of 90%

Table 3: Anti CCP antibody positive rate by ELISA in suspected RA patients:

Suspected RA patients Control group
N=111 N=43

Positive 78 3

Negative 33 40

Among the 111 patients with suspected Rheumatoid
arthritis, 70%(78) of patients were positive for
AntiCCP Antibodies by Semiquantitative ELISA.
Out of 43 patients in the control group 3 (7%)
patients were positive for AntiCCP Antibodies.

Sensitivity of the AntiCCP Antibodies by ELISA
test in  detecting Rheumatoid arthritis among
clinically suspected patients is 70% .Specificity of
the test is 93% and it has PPV of 96%

Table 4: Positive rate of combined assay in suspected RA patients:

Test No of Positives (n=111) %
RF positives 47 42
Anti CCP Antibodies positives 78 70
Either RF/ Anti CCP positives 83 75

Anuradha et al.
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As per our definition either or both positive is
considered to be the Total positive cases. Hence the
total positive
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cases are 83 out of 111patients.

Table 5 : Comparison of positivity for RF & Anti CCP in suspected RA patients:

Anti CCP antibody
Positive Negative
RF Positive 42 5
4 Negative 36 28

Out of 78 cases 42 were positive by both the tests.
36 cases who were RF negative found to be positive

for Anti CCP antibodies. 5 patients were found to be
only RF positive & Anti CCP negative.

Table 6: Comparison of Sensitivity, Specificity & PPV of RF test, Anti CCP ELISA and Combined assay.

Sensitivity Specificity PPV
RF test 42 88 90
Anti ccp ELISA 70 93 96
Combined assay 75 100 100
There is a significant increase in the sensitivity of sociocultural influences, and lifestyle factors.

the combined assay when compared to the assays
done separately. The specificity & PPV of the
combined assay also shows improvement.

Discussion

Rheumatoid arthritis is a chronic inflammatory
disease of the synovial tissues of joints, cartilage,
and bones. The global prevalence of RA varies, with
an estimated 0.5 to 1% of adults affected. Recent
reviews indicate that the prevalence of RA in India
ranges from 0.28 to 0.7% [5]. Uncontrolled RA can
lead to joint degradation, severe disability, reduced
quality of life, comorbidities, and premature death,
posing a significant societal burden [6].

Rheumatoid factor was first mentioned in 1958 in
the Association of American Rheumatism (ARA)
evaluation criteria. Anti-CCP and RF were added to
the ACR/EULAR classification criteria in 2010. In
our study, we evaluated the utility of combined use
of the serologic assays recommended by ACR ie
Rheumatoid factor & Anti CCP antibody. A total of
111 patients with strong clinical suspicion of
Rheumatoid arthritis were tested for the presence of
the above serologic markers of Rheumatoid arthritis.

As per the Table no.1, Females were most common
than males in presenting with pain in small joints
suggesting RA. The arthritis is nearly 6-7 times
higher than males. It has been established that
females are at a higher risk of arthritis, the difference
has been variable in different studies [7,8]. A data
from the National Health survey in USA also states
that Women (21.5%) were more likely than men
(16.1%) to have arthritis [9]. In a study conducted
in India, a significantly higher prevalence of arthritis
was found among females (11%) as compared to
males (7%)[10].

This gender difference may be due to multiple
factors such as physiological differences,
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Indian women may face higher burden of household
chores, fewer opportunities for physical activity, and
potentially poor nutrition  resulting in higher
prevalence of arthritis [11].

There is strong evidence that autoimmunity is under
genetic control, and genes in sexual chromosomes
can play a role in supporting the female prevalence
of auto immune diseases like Rheumatoid arthritis .
It is also widely accepted that sex hormones,
estrogens in particular. may favor the survival of
forbidden autoreactive immune clones and leading
to the prevalence of autoimmune diseases in
women. This is again proved by remission of RA in
pregnant women [12].

Table 1 also shows that Females in middle age group
between 36-45 years were the most common group
(30%) to present with symptoms suggestive of RA.
This is followed by females of 46-55 years. These
results are similar to a study conducted by Nilsson
et.al., in which the highest proportion of RA was in
the age group 40-54 years, (women 73%)[13]. RA
patient population consisted predominantly of
females with disease onset between 3rdand
5th decades [14]. But According to CDC, RA risk
increases as people get older. It’s highest among
adults between 50 to 59 years.

As people age, their immune system tends to
become less regulated, increasing the risk of
autoimmune diseases like RA.The cumulative
effect of other risk factors like smoking, obesity, and
exposure to certain toxins may play a role in middle-
aged individuals. While most commonly diagnosed
in middle age, RA can occur at any age, including in
children (juvenile idiopathic arthritis).

As per Table 2, 42% (47) of patients were positive
for Rheumatoid factor by Latex agglutination test.
In the control group 12% of patients were positive
for Rheumatoid factor. Contrary to the name,
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rheumatoid factors (RF)are found not only in
rheumatoid arthritis (RA) but also in a wide range of
pathologies including other autoimmune, non-
autoimmune diseases & infections. They have been
found in up to 4% of young, healthy individuals and
the elderly as well. Hence positive results can also
be due to other causes and negative results do not
rule out RA. In combination with signs and
symptoms, it can play a role in both diagnosis and
disease prognosis. In various studies ,the sensitivity
of RF for established rheumatoid arthritis is only 60
to 70 percent with a specificity of 78 percent[15].
The reported sensitivity of RF in RA ranges from
26 to 90 percent. A meta-analysis reported the
overall sensitivity to be 69 percent (95% CI 65-73)
[16].

In our study, sensitivity of RA test was 42% .This
may be due to the less number of sample size. It has
88% of specificity & 90% of PPV. This is
comparable to the study conducted by Tiwari et.al.
[17]. When sensitivity can be improved by
increasing the sample size, the specificity depends
on the choice of the control group.

Rheumatoid factor (usually IgM) is present in
approximately 70% of patients with RA. However,
the presence of rheumatoid factor in a person does
not mean that the patient has rheumatoid arthritis. It
is also the other way, there are patients who have
seronegative RA. But still the presence, absence and
titres  of rheumatoid factors have important
implications for the diagnosis and prognosis of
rheumatoid arthritis. The seropositive patients (RF-
positive) with RA may experience more aggressive
and erosive joint disease with extra-articular
manifestations and generally have poorer prognosis
than those who are seronegative (RF-negative )[18].

The clinical utility of RF in estimating the prognosis
and treatment response of RA is limited. Currently,
monitoring the RF level exclusively to monitor RA
disease activity is not recommended. It can be used
to predict the treatment response to some therapeutic
agents like TNF a inhibitor, Rituximab. The
diagnostic accuracy of RF depends on patient
population chosen.It has a higher PPV if it is done
on patients with high clinical suspicion. RF can be
used along with Anti CCP to diagnose RA [17].

Anti-cyclic citrullinated peptide is one of the latest
biomarkers that have been used for the diagnosis of
RA. Anti CCPs have proved to be powerful
biomarkers that allow the diagnosis of rheumatoid
arthritis (RA) to be made at a very early stage. The
sensitivity of the assay is similar to RF but it has
better specificity.

As per Table 3, sensitivity of Anti CCP antibody
detection in clinically suspected patients is 70%
,Specificity of the test is 93% & PPV of 96%. A
systematic review by Avouac J et.al says that the
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sensitivity of Anti CCP detection ranges from 39-
94% and the specificity ranges from 81-100%.
which is comparable to our results[19]. A study done
by Serdaroglu, M. reveals that the prevalence
(sensitivity) of the Anti CCP antibodies ranges from
33 to 87.2% [20].

Anti CCP antibodies appear early in the disease and
they are more specific to RA. So, Anti-CCP
antibodies represent a superior marker for the
diagnosis and prognosis of RA, in contrast to RF,
which has a relatively lower disease
specificity. Another important diagnostic value of
Anti CCP is that about 35-40% of the RF-negative
RA patients are positive for anti-CCP. The high
specificity of Anti-CCP can be valuable in
distinguishing RA from other diseases which are
clinically very similar to RA. It is also a good
biomarker as it not only indicates the development
of the disease but also predicts erosive or non-
erosive progression of RA [20]. The studies by van
Jaarsveld et al. [21], Kroot et al. [22] and Meyer et
al. [23], support that RA patients, positive for CCP,
develop significantly more radiological damage than
Anti CCP-negative patients.

Anti CCP antibodies are also seen in 1% of healthy
controls [9]. Anti-CCP antibody negativity does not
exclude the diagnosis of RA. These findings
correlates well with our findings[24].

In our study, the sensitivity & specificity of Anti
CCP detection is significantly more than RF .This is
proved by many other studies conducted in various
part of the world. [25,26]. The sensitivity of the
combined assay is significantly more when
compared to the assays done separately. The
specificity & PPV of the combined assay is also
increased compared to RF & Anti CCP detection
test. This is similar to the study where the presence
of either Anti-CCP or RF increased the sensitivity to
85%, and when they both were present, the
specificity increased to 98%][25].

In summary, the combination of Anti-CCP and RF
assays greatly increases RA diagnosis sensitivity
and helps in early diagnosis and treatment. Anti
CCP antibody test and RF can be used
concomitantly to diagnose Rheumatoid arthritis and
can be used in so that appropriate management can
be initiated to decrease future morbidity.
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