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Abstract An immunoassay based on stick-type solid

support (immunostick assay) was developed. To demon-

strate the medical diagnosis of rheumatoid arthritis (RA),

cyclic-citrullinated peptide (CCP), one of specific antigens

against RA autoantibodies, was immobilized on the surface

of the immunostick, and a color index table was prepared

for the determination of CCP-positivity of the test sera. The

positivity of RA-positive (n = 31) and RA-negative (n =

20) sera was tested using the immunostick assay and a

conventional enzyme-linked immunosorbent assay (ELISA).

The statistical agreement of the test results from both

methods was analyzed using inter-rater coefficient kappa

and Bland-Altman test. The immunostick assay with a

color index table was determined to have a high statistical

correlation to the conventional ELISA method.

Keywords: immunoassay, immunostick, cyclic-citrullinat-

ed peptide, rheumatoid arthritis

1. Introduction

Immunoassays have been utilized to detect a target analyte

in a complex sample matrix by using the highly specific

interaction between antigens and antibodies [1]. Various

types of immunoassays have been developed; most of the

methods are especially dependent on the different solid

phase materials and their shapes, such as microplates,

microparticles, and micromembranes. Additionally, different

labels and end-points that are used include radioactive,

fluorescent, enzymatic, or colored particles [2]. Among the

various immunoassay methods, the enzyme-linked immuno-

sorbent assay (ELISA) capable of examining many samples

simultaneously in 96 or 386-well microplates is one of the

most commonly used immunoassay methods. Presently, an

immunoassay suitable for a small number of samples was

developed based on a previously-reported stick-type of

solid support designated as an immunostick assay [3,4].

This method can be easily used for the manual testing of a

small number of samples within 1 h. The test results are

displayed by a chromogenic reaction on the stick surface

the positivity of the test is determined using a color index

table. The immunostick can be used for qualitative and

quantitative immunoassays without the need for instru-

ments such as an optical photometer and an ELISA reader.

In this study, the medical diagnosis of rheumatoid

arthritis (RA) was demonstrated using the immunostick

assay. The sensitivity and the selectivity based on a color

index table were demonstrated to be comparable to ELISA.

RA is a chronic systemic inflammatory autoimmune

disorder that affects 1% of the population worldwide [5].

Usually, autoantibodies are found in the serum of RA

patients. The diagnosis of RA is made by established

criteria based on clinical history, physical examination, and

results of laboratory tests such as serological demonstration

of IgM rheumatoid factor (IgM-RF). However, increased

levels of RF can be detected in 50 ~ 80% of RA sera as

well as in the sera of patients with other connective tissue

diseases, patients with infectious diseases, and elderly

healthy individuals. Such incomplete sensitivity and speci-

ficity of RF tests for RA limits their diagnostic usefulness

[6]. Cyclic-citrullinated peptide (CCP) is useful in the

diagnosis of RA since it is a specific antigen against RA

autoantibodies [7-9]. With use of an ELISA, CCP reactive

antibodies were demonstrated in 76% (102/134) of RA

sera with a specificity of 96% with 3.7% (13/354) of false
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positives in one study. Antibodies in RA patients recogni-

zing citrulline-containing epitopes are predominately of the

IgG class and are of relatively high affinity [10]. In this

study, CCP was immobilized on the immunostick surface,

and the immunostick assay was carried out by using RA-

positive (n = 31) and RA-negative (n = 20) sera. The test

results were compared to the conventional ELISA based

immunoassay by estimating statistical parameters of inter-

rater kappa and Blunt-Altman test.

2. Materials and Methods

2.1. Materials

Anti-hIgG antibody labeled with horseradish peroxidase

(HRP) was purchased from Abcam (Cambridge, UK).

Immunostick was purchased from Nunc (Rochester, NY,

USA). o-Dianisidinedihydrochloride (ODA), 2,2',5,5'-tetra-

methyl benzidine (TMB), bovine serum albumin (BSA),

and other chemicals of analytical grade were purchased

from Sigma-Aldrich Korea (Seoul, Korea). CCP with the

aminoacid sequence HCHQESTXGRSRGCG (X: citrul-

linated arginine residue, underlined cysteine residues:

disulfide bond) was synthesized by the standard solid-

phase peptide synthesis method by Peptron (Yousung,

Korea), and purified to at least 90% purity by high-

performance liquid chromatography. The aminoacid

sequence for the peptide synthesis was selected from the

known cDNA sequences of human profilaggrin [9,11]. Test

sera that were RA positive (n = 31) and RA negative (n =

20), were obtained from the Rheumatism Research Center,

St. Mary Hospital, Seoul, Korea. The test sera were

classified according to the revised criteria of the American

College of Rheumatology [12] and were conserved at

−70°C.

2.2. Immunostick assay

The immunostick assay is similar to the sandwich ELISA,

as shown in Fig. 1. CCP was immobilized to the immuno-

stick by incubation with a CCP solution (10 µg/mL in

phosphate buffered saline, PBS) for 18 h at 4oC followed

by incubation for 1 h in BSA (1 mg/mL) to prevent the

non-specific binding of protein. Then, the CCP immobiliz-

ed immunostick was incubated in a 10-fold diluted serum

(500 µL) for 30 min at 37°C. After washing with 1%

Tween-20, the immunostick was treated with anti-human

IgG conjugated with HRP (1:5,000 in PBS) for 30 min at

37°C. After a second washing step using 1% Tween-20, the

immunostick was reacted with and ODA solution (1 mg/

mL in 0.1 M citrate buffer at pH 5.0) for 10 min. Then, the

immunostick was rinsed with distilled water, and the color

of the immunostick surface was compared with the color

index table depicting eight color intensity steps in the

optical density (OD) range between 0.2 and 1.1 at a wave-

length of 450 nm.

2.3. ELISA test for Anti-CCP autoantibodies

For the immobilization of CCP to surfaces of the wells of

a 96-well microplate, 100 µL of the CCP solution (10 µg/

mL in 0.1 M carbonate buffer, pH 9.6) was dispensed in

each well and incubated for 24 h at 4°C. Then, the CCP

coated plate was incubated with BSA (1 mg/mL in 10 mM

phosphate buffered saline PBS) for 1 h at room temper-

ature. The plate was washed five times with 1% Tween-20

in PBS. For the long-term storage of the CCP coated plate,

it was dried for 1 hr at room temperature and then packed

under vacuum. To detect anti-CCP antibodies, patient

serum was diluted 200-fold with PBS, and then 100 µL

aliquots were dispensed in each well of the microplate.

After 1 h at room temperature, the plate was washed five

times with 1% Tween-20 in PBS. Then, 100 µL of anti-

Fig. 1. Immunoassay procedure of the immunostick.
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human IgG conjugated with HRP (1:5,000 in PBS) was

reacted for 30 min at room temperature. After five washes

with 1% Tween-20 in PBS, 100 µL aof TMB solution was

added. After 5 min, the enzyme reaction was quenched

with 100 µL of 2 M sulfuric acid. The OD at 450 nm was

read with a reference wavelength of 650 nm using a

VESAmax ELISA reader (Molecular Devices, Sunnyvale,

CA, USA). All experiments were performed at least in

duplicate unless specified.

3. Results and Discussion

The chromogenic reaction was observed for RA-positive

and RA-negative sera after testing with the CCP-immobi-

lized immunostick (Fig. 2A). For the determination of the

CCP-positive or CCP-negative status from the chromogenic

reactions, a color index table was prepared to compare the

immunoassay results (Fig. 2B). The color index was pre-

pared according to the OD of ODA at 450 nm, where this

chromogen displays the maximum intensity. Also, the

color index table has comparable color intensities at OD

0.2 ~ 1.1 with an OD step difference of 0.1.

The cut-off value for the determination of CCP-positi-

vity was established as shown in Fig. 2C. For the medical

diagnosis of a specific disease, sensitivity and the specifi-

city are the two parameters indicating how closely a test

result is correlated to the positivity of a disease. Usually,

sensitivity of a diagnostic test means the possibility to

determine a disease-positive sample to be disease-positive

(in this work, RA-positive sample is really RA-positive).

Specificity indicates the possibility to determine a disease-

negative sample as disease-negative (in this work, RA-

negative sample really is RA-negative). Therefore, the deter-

mined cut-off value is designed to maximize the sensitivity

and to minimize the specificity at the same time. In this

work, the cut-off value was established to be the color

index of 4.0 (Fig. 2C).The cut-off was determined to

maximize the sensitivity and minimize the specificity as

described previously [9,13].

From this cut-off value, the sensitivity of the immuno-

stick assay was calculated to be 61.2% (19 CCP-positive

among 31 RA-positive samples) and the specificity was

calculated to be 85% (17 CCP-negative among 20 RA-

negative samples), as shown in Fig. 3A. For the com-

parison with the standard ELISA method, the samples

were applied to the conventional ELISA test for CCP. In

the case of ELISA, the cut-off value was evaluated at an

OD of 0.6, to permit comparison with the immunostick

assay. As shown in Fig. 3B, the sensitivity of the immuno-

assay with the CCP-immobilized immunostick was also

calculated to be 61.2% (19 CCP-positive among 31 RA-

positive samples) and the specificity was also estimated to

be 85% (17 CCP-negative among 20 RA-negative samples).

The anti-CCP ELISA for the prevalent RA (n = 134)

sera are reported to be highly specific (98%) with a

reasonable sensitivity (68%). Also, the anti-CCP ELISA is

known to be highly specific for RA (96%), with a sensiti-

vity of 48% for the group of patients of an early arthritis

clinic [9]. Considering that the patient sera used in this

study was collected from prevalent RA patients, the estimat-

Fig. 2. Immunoassay of autoantibodies in RA patient serum by
CCP-immobilized immunosticks. (A) Picture of immunosticks
after immunoassay with RA (+) and RA (−) serum. (B) Color
index table for the evaluation of immunoassay results. (C) Cut-off
value for positivity determination.
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ed sensitivity (61.2%) was reasonable. By considering the

relatively small number of negative samples, the specificity

(85%) was also determined to be in a practical range.

All of the CCP-positive samples from the conventional

ELISA method were determined to be CCP-positive from

the immunostick assay, and the same results were obtained

for the CCP-negative samples. These results imply that the

performance of the immunostick assay is significantly

agreeable with the conventional ELISA. To demonstrate

the agreement of test results from the immunostick assay

and the conventional ELISA method for RA diagnosis with

statistical parameters, the evaluation of inter-rater kappa (k)

and the Bland-Altman test were carried out by using

Medicalc™ statistical software (Mariakerke, Belgium) [14].

For both analyses, the ELISA results with a cut-off value

of OD 0.60 based on TMB colorimetry linearly converted

into the assay result of ODA-based immunostick assay

with a cut-off OD value of 0.5, which corresponds to the

color index unit of 4. Then, the calculated OD value was

converted to the color index value using the color index

table, as shown in Fig. 2B. By comparing the color index

value from the immunostick assay and the conventional

ELISA, the inter-rater kappa (k) was calculated to be 0.76

for RA and non-RA sera (n = 51), which represents a

“good agreement” strength (0.61 < k < 0.80). In the case of

RA sera (n = 31), the inter-rater kappa (k) was calculated

to be 0.84, which represents a “very good agreement”

strength (0.61 < k < 0.80). Considering the ranges of kappa

for “very good” and “good” agreement, the calculated inter-

rater kappa shows that the immunostick assay agrees well

with the conventional ELISA method.

The Bland-Altman test is a statistical method to compare

the agreement strength of two different measurement

techniques [15]. In this method, the differences (or, alter-

natively, the ratios) between the two techniques are plotted

against the averages of the two techniques, as shown in

Fig. 4. The horizontal lines are drawn at the mean differ-

ence. Presently, the mean difference between the immuno-

stick assay and ELISA method was estimated to be minus

0.16, which means that the immunostick assay usually had

a higher color index value of 0.16 compared to the ELISA.

The standard deviation of the difference between two

methods was calculated to be 0.75, and the limits of

agreement defined as the mean difference ± 1.96 times the

standard deviation of the differences were estimated to be

1.48 and −1.79, respectively. As shown in Fig. 4, the

Fig. 3. Comparison of immunostick results with conventional ELISA results.



1252 Biotechnology and Bioprocess Engineering 16: 1248-1253 (2011)

maximum differences were observed to be plotted within

the mean ± 1.96 standard deviation. These results indicate

that the immunostick assay and ELISA can be used inter-

changeably with 95% confidence interval.

These results demonstrate that the immunostick assay

with a color index table can be used with a high statistical

correlation to the conventional ELISA. As this immuno-

stick assay is suitable for the manual test for small number

of samples within 1 h without any additional test instru-

ment, the immunostick assay is expected to be highly use-

ful for small clinics to test RA as well as other immuno-

assay based medical diagnosis.

4. Conclusion

An immunoassay based on stick-type solid support (immuno-

stick assay) was developed. For the demonstration of the

medical diagnosis of RA, CCP was immobilized on the

immunostick surface and a color index table was prepared

to determine the CCP-positivity of the test sera. The

positivity of RA-positive (n = 31) and RA-negative (n =

20) sera was tested using the immunostick assay and

conventional ELISA. The sensitivity of the immunostick

assay was calculated to be 61.2% (19 CCP-positive among

31 RA-positive samples) and the specificity was calculated

to be 85% (17 CCP-negative among 20 RA-negative

samples). The same sensitivity and specificity were obtain-

ed from the ELISA. The statistical agreement of the test

results from both methods was analyzed using inter-rater

coefficient kappa and Bland-Altman test. The inter-rater

kappa (k) was calculated to be 0.76 for RA and non-RA

sera (n = 51), which represents a “good agreement” strength

(0.61 < k < 0.80). In the case of the RA sera (n = 31), the

inter-rater kappa (k) was calculated to be 0.84, which re-

presents a “very good agreement” strength (0.61 < k <

0.80). From the Bland and Altman test, the mean differ-

ence between immunostick assay and ELISA method was

estimated to be minus 0.16, and the standard deviation of

the difference between two methods was calculated to be

0.75. These statistical analyses indicate that the immuno-

stick assay with a color index table was determined to have

a high statistical correlation to the conventional ELISA

method.
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