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INTRODUCTION

Rheumatoid Arthritis (RA) is an autoimmune disease with 
unclear etiology, and is characterized by joint inflammation 
and underlying bone loss [1]. RA preferentially affects women, 
and its global prevalence is 1% [1-3]. RA diagnosis is typically 
accomplished through a combination of clinical assessments 
that are complemented by determination of the presence of 
specific biomarkers [4]. RA biomarkers are also potentially 
important in the identification of at-risk individuals prior to the 
development of clinically apparent disease in order to institute 
prophylactic therapies, including new approaches targeting specific 
inflammatory mediators [5-7]. The principal RA biomarkers 
are Rheumatoid Factor (RF), which is comprised of antibodies 
against the Fc domain of IgG, and Anti-Citrullinated Peptide 

Antibodies (ACPAs) that recognize proteins containing arginine 
residues that have been deimidated, or citrullinated by members 
of the Peptidyl Arginine Deimidase (PAD) family [8-11]. This 
modification is thought to render the citrullinated proteins more 
immunogenic, resulting in more frequent autoimmune responses 
[12]. Although RF is detectable in the majority of RA patients, it is 
also seen in other connective tissue diseases such as Systemic Lupus 
Erythematosus (SLE) and Sjogren’s Syndrome (SS) [13]. Although 
there is recent evidence that the epitopes recognized by RF and 
ACPA antibodies may be shared in some cases, ACPAs appear to 
exhibit more specificity for RA than RF (i.e., up to 80% in serum of 
RA patients), although ACPAs, like RF, are also detectable in non-
RA conditions such as SLE and SS [14-16]. ACPA is the primary 
biomarker currently employed in RA diagnosis.

A number of studies have characterized a spectrum of citrullinated 
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Objective: Rheumatoid Arthritis (RA) is associated with increased levels of citrullinated proteins in synovial 
fluid and blood. Detection of Anticitrullinated Cyclic Peptide Antibodies (ACPA) is the current standard test for 
diagnosis of RA in conjunction with clinical symptoms. In addition to ACPA, antibodies to citrullinated human 
serum albumin (ACA) have been previously reported in individuals with RA. We developed a Point-Of-Care (POC) 
test for ACA and evaluated its sensitivity and specificity in healthy subjects and subjects with clinically diagnosed RA 
and other rheumatic conditions and autoimmune disease.

Methods: The ACA POC test is a lateral-flow immunoassay using antihuman IgA/G/M and anti-human serum 
albumin antibodies for detection of citrullinated serum albumin-ACA complexes. This test was used to determine 
serum or plasma ACA levels in a South Asian study population comprised of healthy controls (n=484) and subjects 
with clinically diagnosed RA (n=354) or other rheumatic (n=103) and autoimmune diseases (n=60) and compared 
to the levels of ACPA and Rheumatoid Factor (RF).

Results: The sensitivity of the ACA POC test for RA was 0.520 and the specificity was 0.994. ACA prevalence 
in other rheumatoid disease was similar to that of ACPA and less than that of RF. ACA was detected in 12% of 
RA samples that were negative for ACPA. The combined sensitivity of ACA+ACPA was 0.664 and the combined 
specificity was 0.845.

Conclusion: The ACA POC test exhibits robust sensitivity and specificity for RA diagnosis in serum or plasma and, 
in conjunction with ACPA, can enable the rapid and efficient differential diagnosis of RA with increased sensitivity 
and with comparable specificity.
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proteins (“citrullinome”) in synovial fluid [17-20] and serum [20] of 
RA patients. A subset of antibodies against these proteins is what is 
detected by the standard ACPA test. Citrullinated Human Serum 
Albumin [HSA] in particular was identified in RA synovial fluid 
and serum, and Hefton et al subsequently reported the presence of 
Anti-Citrullinated HSA Antibodies (ACA) in RA serum [18-21]. In 
that study of 79 RA patients, 38% had ACA levels >2 SD’s above 
healthy controls, and ACA positivity trended higher in females 
and in patients with joint erosions. In the present study, we extend 
these observations using a newly developed Point-Of-Care (POC) 
immunoassay for ACA in serum or plasma and compared its 
performance to standard ACPA or RF assays in a large East Asian 
study population. 

MATERIALS AND METHODS

During the development of a prototype lateral-flow immunoassay 
for SARS-CoV-2 antibodies that incorporated HSA detection in 
the  test  line, we  detected a  positive  reaction  with  RA samples. 
Subsequent investigation determined that the test line positivity 
reflected the presence of citrullinated HSA-ACA complexes in the 
RA samples, similar to the earlier finding of Hefton et al [21]. We 
subsequently designed a lateral-flow immunochromatographic test 
(described below) to directly assess the levels of ACA in serum or 
plasma.

Anti-citrullinated HSA antibody lateral-flow POC test

Serum or plasma samples were analyzed using an ACA POC test 
system (Diabetomics, Inc., Hillsboro, OR). The ACA test system 
consists of an immunochromatography test strip in a cassette and 
a portable reader for quantification. Test strips are configured with 
antibodies against human IgG, IgM, and IgA and human serum 
albumin. Colloidal gold was used as detection reagent. Streptavidin 
coupled to colloidal gold and biotin on the control line. 150 μL 
of 1:80 diluted serum or plasma is added to the test strip and 
inserted into a proprietary reader that utilizes image analyses for 
quantification and a QRcode recognition module for test and 
lot-specific information for calibration and quantification. The 
ACA concentration is displayed at the end of 15 minutes. Results 
are reported as arbitrary Units/mL, with a value >20 considered 
positive (>2 SDs above the range seen in healthy controls). The 
dynamic range of the ACA assay is 15-4,000 U/mL, and intra- and 
inter-assay coefficients of variation are 6.2 and 9.8%, respectively.

ACA in subjects with rheumatic and other autoimmune 
diseases

In a prospective study, serum or plasma samples were collected 
from 354 subjects with clinically diagnosed RA, 103 with other 
rheumatic disease (non-RA; 25 SLE, 22 spondyloarthritis, 11 gout, 
8 psoriatic arthritis, 7 osteoarthritis, 2 ankylosing spondylitis, 
1 polyarthritis, and 27 non-RA rheumatic disease samples of 
undefined category), and 60 with other autoimmune disease (20 
Graves’ disease, 10 myasthenia gravis, 20 GADA+ type-1 diabetes, 
and 10 chronic kidney disease). Samples were tested with the 
ACA POC device described above as well as with commercial 
assays for RF and ACPA (RF and anti-CCP IgG assays from 
Siemens Healthcare Diagnostics; positive values are >12 IU/mL 
and >5 U/mL, respectively). In a separate cross-sectional study, 
484 banked serum (334) or plasma (150) samples from Healthy 
controls (HC) were tested for ACA. Institutional IRB approval 
was obtained, the study was registered with regulatory authorities 

(CTRI/2020/10/028596), and informed consent was obtained 
from all study participants.

Statistical analyses

Pair-wise comparisons of ACA levels in the different sample groups 
employed the Wilcoxon rank sum test followed by Bonferroni 
adjustment. ACA levels in female vs male RA and non-RA samples 
were analyzed using the Wilcoxon rank sum test. Age differences in 
ACA levels were analyzed using one-way ANOVA.

RESULTS

Figure 1A shows ACA levels in HC, RA, and non-RA subjects. 
Intergroup differences were significant in each pairwise comparison 
(p<0.0001). At a positive value cut-off of >20 U/mL, 3 of 484 
HC subjects (0.6%), 184 of 354 (52%) of RA subjects, and 12 
of 103 (12%) non-RA subjects (1 gout, 1 ankylosing spondylitis, 
1 osteoarthritis, 1 spondyloarthritis, 6 SLE, and 2 non-RA 
uncategorized rheumatic disease samples) were positive for ACA. 
From these data, the calculated sensitivity of ACA for RA was 
0.520 and the specificity was 0.996. Figure 1B shows ACA levels 
in the 184 ACA+ (20 U/mL) RA and 12 ACA+ non-RA subjects. 
The median ACA levels in the control as shown in Figure 1A and 
ACA+ RA and ACA+ non-RA as shown in Figure 1B groups were 
0.0, 441, and 79 U/mL, respectively. The difference in ACA levels 
in the ACA+ RA and ACA+ non- RA groups was also significant 
(p=0.019). In a separate analysis, all 60 samples from patients with 
Graves’ disease, myasthenia gravis, type-1 diabetes, and chronic 
kidney disease were negative for ACA (data not shown).

We also determined the prevalence of ACPA and RF in the non-
RA group. Of the 103 non-RA samples, 8 (8%) were positive for 
ACPA (SLE, 2 gout, 1 polyarthritis, and 2 uncategorized rheumatic 
disease) and 24 (23%) were positive for RF (3 gout, 1 polyarthritis, 
11 SLE, 4 spondyloarthritis, and 7 uncategorized rheumatic 
disease). Three of these SLE samples and one of the gout samples 
were positive for all three biomarkers, but we can’t exclude the 
possibility that these four subjects also had RA. Thus, RF exhibited 
the most cross-reactivity with non-RA rheumatic disease samples in 
this sample set. The sensitivity and specificity of ACA, ACPA, and 
RF in the RA and non-RA sample sets are summarized in Table 
1. ACPA and RF values were not available for the HC and other 
autoimmune disease groups, so ACA specificity in the non-RA 
group is shown for comparison to the specificity determinations 
for ACPA and RF using the non-RA group data.

Since ACPA is the primary biomarker currently employed for RA 
diagnosis, we examined further the relationship between ACA 
and ACPA status in the RA sample set (n=354). As illustrated in 
Figure 2, 235 (66%) were positive for either ACPA or ACA. 141 
(40%) were positive for both, while 43 ((2%) were positive for ACA 
alone and another 51/354 (14%) were positive for or ACPA alone. 
Thus, the addition of ACA to ACPA increased the percentage of 
biomarker-positive samples from 54% to 66% (192 to 235).

We also determined if there was any sex or age difference in ACA 
levels in the RA and non-RA groups. Figure 3A shows the sex 
distribution of ACA levels in the RA and non-RA groups. ACA 
levels were significantly higher in females (Wilcoxon rank sum test 
p- value=0.0411) in the overall RA group, but not in the non-RA 
group (Wilcoxon rank sum test p- value=0.205). This is similar 
to the trend of higher ACA levels in female RA subjects in the 
US cohort reported previously [21]. Sensitivity of ACA in females 
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sex difference was apparent (p=0.66 in RA group and p=0.497 in 
non-RA group).

As shown in Figure 4, there were no significant differences in age 
between the various biomarker combinations (one-way ANOVA 
p-value=0.526). 

was 0.540 (CI, 0.483, 0.597) and specificity was 0.877 (CI, 0.772, 
0.945), similar to the ACA sensitivity and specificity in the total 
cohort (i.e., 0.520 and 0.883, respectively). ACA sensitivity in 
males was lower that seen in the overall group (0.372 vs 0.520), 
while specificity was similar (0.892 vs 0.887). However, as shown in 
Figure 3B, when the analysis was restricted to ACA+ samples, no 

Figure 1: ACA levels in healthy controls (HC) and in RA and non-RA samples. (A): ACA levels on all subjects in each group. Kruskal-Wallis test p-values 
were <0.0001 in all 3 pairwise comparisons (Wilcoxon rank sum test followed by Bonferroni adjustment); (B): ACA levels in ACA+ (>20 U/mL] RA and 
non-RA subjects. In this comparison, the Wilcoxon rank sum test p-value was 0.019.

Figure 2: ACA specificity and relationship to ACPA.

Table 1: Sensitivity and specificity of ACA, ACPA, and RF. Exact binomial confidence limits (95% CI) are shown.

Metric Estimate CI
ACA sensitivity in RA 0.52 (0.466, 0.573)
ACA specificity in HC 0.994 (0.982, 0.999)

ACA specificity in non-RA 0.883 (0.805, 0.938)
ACPA sensitivity in RA 0.542 (0.489, 0.595)

ACPA specificity in non-RA 0.922 (0.853, 0.966)
ACPA+ACA sensitivity in RA 0.664 (0.612, 0.713)

ACPA+ACA specificity in non-RA 0.845 (0.76, 0.909)
RF sensitivity in RA 0.689 (0.638, 0.737)

RF specificity in non-RA 0.777 (0.684, 0.853)
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DISCUSSION

RA is diagnosed and distinguished from other rheumatoid diseases 
through a combination of clinical assessments and the presence of 
elevated blood levels of biomarkers, principally ACPA. In the course 
of development of a rapid POC test for SARS-CoV-2 antibodies, 
we observed a positive reaction with RA serum samples that was 
determined to result from the presence of ACA, as previously 
reported by Hefton et al [21]. The presence of citrullinated HSA in 
the circulation and the subsequent generation of ACA may be the 
result of leakage of citrullinated HSA from synovial fluid or direct 
citrullination of circulating HSA by PAD activity.

PADs are a critical component of Neutrophil Extracellular Trap 
(NET) formation (NETosis), which is a significant component 
of RA pathology [22]. Indeed, it was previously shown that the 
PAD4 isoform implicated in HSA citrullination is released during 
NETosis from neutrophils in synovial fluid and presumably in the 
circulation as well, providing a plausible mechanism for generating 

citrullinated HSA in the circulation and subsequent generation of 
ACA [21,23].

These findings prompted us to develop a lateral-flow 
immunochromatographic POC test to detect ACA. The resulting 
ACA POC exhibited excellent sensitivity (0.520). And specificity 
(0.996) in a large East Asian sample set comprised of healthy 
controls, clinically diagnosed RA cases, and other rheumatoid 
and autoimmune diseases. ACA levels detected with this test were 
present in a small percentage (14%) of non-RA rheumatic disease 
samples, vs 8 and 23% for ACPA and RF, respectively. Importantly, 
a significant number of RA samples were positive for ACA but 
not for ACPA. In this sample set, the addition of ACA to ACPA 
increased the detection of RA from 54 to 66%, thereby increasing 
overall sensitivity. The addition of an ACPA test line to the current 
ACA POC would provide a convenient and comprehensive 
assessment of RA status that would be particularly useful in low-
resource environments. Wang et al. have recently described the use 
of the POC ACA test described here in both serum and plasma 

Figure 3: ACA levels in female and male subjects in the overall RA and non-RA groups (A): And ACA+RA and non-RA groups (B). Note: Sex: ( ) 
Female; ( ) Male

Figure 4: Age distribution in all biomarker combinations in the RA group.
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10. Vossenaar ER, Zendman AJ, van Venrooij WJ, Pruijn GJ. PAD, a 
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in disease. Bioessays. 2003;25(11):1106-1118.   

11. Tilvawala R, Thompson PR. Peptidyl arginine deiminases: Detection 
and functional analysis of protein citrullination. Curr Opin Struct Biol. 
2019;59:205-215.   

12. Nguyen H, James EA. Immune recognition of citrullinated epitopes. 
Immunology. 2016;149(2):131-138.   

13. Nell V, Machold KP, Stamm TA, Eberl G, Heinzl H, Uffmann M, et 
al. Autoantibody profiling as early diagnostic and prognostic tool for 
rheumatoid arthritis. Ann Rheum Dis. 2005;64(12):1731-1736.   

14. Trela M, Perera S, Sheeran T, Rylance P, Nelson PN, Attridge K,et al. 
Citrullination facilitates cross-reactivity of rheumatoid factor with non-
IgG1 Fc epitopes in rheumatoid arthritis. Sci Rep. 2019;9(1):12068.   

15. Trier NH, Holm BE, Hansen PR, Slot O, Locht H, Houen G, et al. 
Specificity of anti-citrullinated protein antibodies in rheumatoid arthritis. 
Antibodies (Basel). 2019;8(2):37.   

16. Payet J, Goulvestre C, Bialé L, Avouac J, Wipff J, Job-Deslandre C, 
et al. Anticyclic citrullinated peptide antibodies in rheumatoid and 
nonrheumatoid rheumatic disorders: Experience with 1162 patients. J 
Rheumatol. 2014;41(12):2395-2402.   

17. van Beers JJ, Schwarte CM, Stammen‐Vogelzangs J, Oosterink E, Božič 
B, Pruijn GJ, et al.The rheumatoid arthritis synovial fluid citrullinome 
reveals novel citrullinated epitopes in apolipoprotein E, myeloid nuclear 
differentiation antigen, and β‐actin. Arthritis Rheum. 2013;65(1):69-80.   

18. Bennike T, Lauridsen K, Olesen MK, Andersen V, Birkelund S, 
Stensballe A,et al. Optimizing the identification of citrullinated peptides 
by mass spectrometry: Utilizing the inability of trypsin to cleave after 
citrullinated amino acids. J Proteomics Bioinform. 2013;6:288-295.  

19. Tutturen AE, Fleckenstein B, de Souza GA. Assessing the citrullinome 
in rheumatoid arthritis synovial fluid with and without enrichment of 
citrullinated peptides. J Proteome Res. 2014;13(6):2867-2873.   

20. Tilvawala R, Nguyen SH, Maurais AJ, Nemmara VV, Nagar M, Salinger 
AJ, et al. The rheumatoid arthritis-associated citrullinome. Cell Chem 
Biol. 2018;25(6):691-704.   

21. Hefton A, Liang SY, Ni K, Carter V, Ukadike K, Lood C, et al. 
Autoantibodies against citrullinated serum albumin in patients with 
rheumatoid arthritis. J Transl Autoimmun. 2019;2:100023.   

22. Song W, Ye J, Pan N, Tan C, Herrmann M. Neutrophil extracellular 
traps tied to rheumatoid arthritis: Points to ponder. Front Immunol. 
2021;11:578129.   

23. Spengler J, Lugonja B, Jimmy Ytterberg A, Zubarev RA, Creese AJ, 
Pearson MJ, et al. Release of active peptidyl arginine deiminases by 
neutrophils can explain production of extracellular citrullinated 
autoantigens in rheumatoid arthritis synovial fluid. Arthritis Rheumatol. 
2015;67(12):3135-3145.   

24. Wang X, Laine A, Chung S, Mustelin T. Diagnostic and prognostic 
utility of anti- modified albumin autoantibodies in rheumatoid arthritis. 
Arch Rheum Arth Res.  2022;2(2):ARAR.MS.ID.000535.

samples from a US cohort, and also found that ACA was highly 
specific for RA [24].

Our study does have a limitation in that we did not have access 
to a detailed clinical characterization of disease severity or 
treatment status and could not, therefore, assess any associations 
of ACA positivity with these parameters in this patient population. 
However, Wang et al, using the POC test described herein in a US 
patient population, recently reported that ACPA+/ACA+ subjects 
in their study exhibited a trend toward a higher proportion of 
joint erosions and that ACPA-/ACA+ subjects did not include 
any TNF inhibitor non-responders vs those in the ACPA-/ACA-, 
ACPA+/ACA-, and ACPA+/ACA+ groups and were more likely 
to be treated with a Tumor Necrosis Factor (TNF) inhibitor or 
methotrexate alone.
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