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Abstract

Objectives: The severe acute respiratory syndrome coronavirus 2 causes coronavirus disease 2019. A serological test is
conducted to determine prior infection by severe acute respiratory syndrome coronavirus 2. We investigated whether the
results of anti-severe acute respiratory syndrome coronavirus 2 antibody tests are modified in patients with rheumatoid
arthritis.

Methods: Patients in Japan with rheumatoid arthritis were recruited at Sagamihara Hospital from July 2014 to October 2015
(n=38; 2014 cohort) and at Tokyo Hospital from June to October 2020 (n=93; 2020 cohort). Anti-severe acute respiratory
syndrome coronavirus 2 antibodies were measured by electrochemiluminescence immunoassay or immunochromatographic assay.
Results: Anti-severe acute respiratory syndrome coronavirus 2 antibodies were not detected in any of the samples from
rheumatoid arthritis patients tested by electrochemiluminescence immunoassay. Anti-severe acute respiratory syndrome
coronavirus 2 antibodies were detected by immunochromatographic assay in the 3 (7.9%) serum samples in the 2014 cohort
and |5 (16.1%) serum samples in the 2020 cohort. The IgM rheumatoid factor levels were increased in rheumatoid arthritis
patients with IgM anti-severe acute respiratory syndrome coronavirus 2 antibodies detected by immunochromatographic
assay (mean * standard deviation (IU/ml), 1223.0 = 1308.7 versus 503.6 == 1947.2; P=0.0101). The levels of IgG rheumatoid
factor were also upregulated in rheumatoid arthritis patients with IgM anti-severe acute respiratory syndrome coronavirus
2 antibodies detected by immunochromatographic assay (4.0 = 0.7 versus 2.4 =0.9; P=0.0013).

Conclusion: The results of IgM anti-severe acute respiratory syndrome coronavirus 2 antibody testing by immuno-
chromatographic assay are modified by IgM or IgG rheumatoid factors in rheumatoid arthritis patients.
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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) causes coronavirus disease 2019 (COVID-19).
An outbreak of COVID-19 was first reported in December
2019 in Wuhan, China.! In the diagnosis of COVID-19,
quantitative reverse transcription polymerase chain reaction
(RT-PCR) testing for SARS-CoV-2 is performed from nasal
swab, saliva, or sputum samples. On the other hand, a sero-
logical test was conducted to discriminate prior infection of
SARS-CoV-2, and cross-reactivity of anti-SARS-CoV-2
antibodies with antibodies against SARS-CoV was reported.?
The cross-reactivity of autoantibodies in autoimmune dis-
ease patients with antibodies against SARS-CoV-2 was
reported in some previous studies;® false-positive results
were detected in enzyme-linked immunosorbent assay
(ELISA) or immunochromatographic assay (ICA) in sera
with middle to high levels of IgM rheumatoid factors.*
However, false-positive results were not detected in other
studies>S; antibodies against SARS-CoV-2 were not detected
in the sera collected before the outbreak of COVID-19 from
rheumatoid arthritis (RA), systemic lupus erythematosus, or
Sjogren’s syndrome.” It was suspected that rheumatoid fac-
tors were responsible for the false-positive results in these
immunological assays. Hence, we investigated whether the
results of serological tests of anti-SARS-CoV-2 antibodies
would be influenced in patients with RA.

Materials and methods

Patients and sera

Japanese patients with RA were recruited at Sagamihara
National Hospital from July 2014 to October 2015 (n=38;
2014 cohort) and at Tokyo National Hospital from June to
October 2020 (n=93; 2020 cohort) for this case-only study.
The RA patients fulfilled either American College of
Rheumatology criteria for RA® or Rheumatoid Arthritis
Classification Criteria.” All the patients had not been clini-
cally diagnosed with COVID-19 before the collection of
sera, including the RA patients with suspected symptoms of
COVID-19 (fever, dyspnea, cough, or fatigue) who tested
negative by real-time RT-PCR or the RA patients without
these symptoms.

Sera from the RA patients were collected and analyzed
for anti-SARS-CoV-2 antibodies. The study was reviewed
and approved by the Research Ethics Committee of Tokyo
National Hospital and Sagamihara National Hospital.
Written informed consent was obtained from all of the
patients. This study was conducted in accordance with the
principles expressed in the Declaration of Helsinki.

Anti-SARS-CoV-2 antibody analyses

IgM and IgG classes of anti-SARS-CoV-2 antibodies were
detected by the electrochemiluminescence immunoassay

(ECLIA) method (Elecsys Anti-SARS-CoV-2, Roche
Diagnostics, Mannheim, Germany) using a cobas 8000 ana-
lyzer with e801 module (Roche Diagnostics) according to
the manufacturer’s instructions. Anti-SARS-CoV-2 antibod-
ies were also detected using ICA (GenBody COVID-19 IgM/
IgG, GenBody, Cheonan, Korea) according to the manufac-
turer’s instructions with slight modifications. Briefly, 100 pl
of serum was added to the sample port. After the addition of
three drops (approximate volume: 100 pl) of buffer to the
same sample port, the results were interpreted after 1h. The
presence of only one band in the control line indicated a neg-
ative result, while the presence of two bands in the control
line and IgM or IgG test line indicated a positive result for
IgM or IgG, respectively.

Autoantibody analyses

Rheumatoid factor was detected by N-latex RF kit (Siemens
Healthcare Diagnostics, Miinchen, Germany) or N-Assay
LA RF-K Nittobo (Nittobo Medical, Koriyama, Japan), and
IgG rheumatoid factor was measured by Smitest [gG RF
ELISA (Medical & Biological Laboratories Co., Ltd.,
Nagoya, Japan). Anti-citrullinated peptide antibody was
measured by Mesacup-2 test CCP (Medical & Biological
Laboratories).

Statistical analysis

Differences of demographic features and experimental find-
ings of RA patients were analyzed by Fisher’s exact test
using 2 X 2 contingency tables or Mann—Whitney’s U test.
The 80% statistical power was estimated to be provided
when the difference of RF and IgG RF values between
IgM anti-SARS-CoV-2 antibody-positive RA and IgM or
IgG anti-SARS-CoV-2 antibody-negative RA was 2513.9
and 1.11 [IU/mL], respectively (https://biostat.app.vumc.
org/wiki/Main/PowerSampleSize).!* Statistical significance
was defined as P < 0.05.

Results

Characteristics of the RA patients in the 2014 and 2020
cohorts are shown in Table 1. RA patients in the 2020 cohort
were older than those in the 2014 cohort. Age at onset of RA
in patients in the 2020 cohort was also older. Anti-citrullinated
peptide antibody levels were lower in the 2020 cohort. The
percentage of patients treated with infliximab was lower in
the 2020 cohort. There were no differences in percentages of
males or rheumatoid factor levels between the two cohorts.
Anti-SARS-CoV-2 antibody profiles were also analyzed in
the 2014 and 2020 cohorts. Anti-SARS-CoV-2 antibodies
were not detected in any of the samples from RA patients in
both cohorts tested by ECLIA. However, the ICA predicted
that serum samples from 3 (7.9%) RA patients were positive
for IgM or IgG anti-SARS-CoV-2 antibodies in the 2014
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Table I. Characteristics of RA patients in 2020 and 2014 cohorts.
2020 cohort 2014 cohort P value

Number 93 38
Age, years (mean = SD) 734+10.7 66.1 = 11.0 0.0004
Male, n (%) 23 (24.7%) 7 (18.4%) 0.49912
Age at onset, years (mean = SD) 613173 54.1 = 13.1 0.0110
RF, IlU/ml (mean = SD) 225.6 4504 1165.8 +3260.8 0.1915
ACPA, IU/ml (mean = SD) 204.6 2204 6749+1031.3 0.0013
IgG RF, IlU/ml (mean = SD) 24*09 26=*09 0.2938
IFX treatment, n (%) I (1.1%) 6 (15.8%) 0.0024*
IgM anti-SARS-CoV-2 Ab positive, n (%) 5(5.4%) 0 (0.0%) 0.3207°
IgG anti-SARS-CoV-2 Ab positive, n (%) I (11.8%) 3 (7.9%) 0.7564*
IgM or IgG anti-SARS-CoV-2 Ab positive, n (%) 15 (16.1%) 3 (7.9%) 0.2720?
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ICA: immunochromatographic assay; RA: rheumatoid arthritis; RF: rheumatoid factor;
ACPA: anti-citrullinated peptide antibody; IFX: infliximab. IgM or IgG anti-SARS-CoV-2 antibodies were detected by ICA. Number or average values of
each group are shown. Difference was tested by Fisher’s exact test using 2 X 2 contingency tables or Mann—Whitney’s U test.
*Fisher’s exact test was employed.
Table 2. Characteristics of RA patients with or without anti-SARS-CoV-2 antibodies detected by ICA.

IgMor IgG (+)  Pvalue IgM (+) P value IgG (+) P value IgM or I1gG (-)
Number 18 5 14 113
Age, years (mean = SD) 748*10.2 0.1402 73.6 134 0.4072 758+9.2 0.1292 707113
Male, n (%) 3 (16.7%) 0.7630* 2 (40.0%) 0.59532 1 (7.1%) 03018 27 (23.9%)
Age at onset, years 59.9+18.0 0.8650 60.8+23.0 0.8703 61.5+17.7 0.6039 59.0+16.2
(mean £ SD)
RF, lU/ml (mean = SD) 464.8+812.8 0.0607 1223.0+1308.7  0.0101 18101779  0.3739 503.6 £1947.2
ACPA, IU/ml (mean = SD) 299.6 £277.5 0.5099 219.7£2335 0616l 306.8 £297.1 0.4857 340.3 = 659.1
IgG RF, IlU/ml (mean = SD) 28+ 1.0 0.1101 4.0+0.7 0.0013 25*08 0.7348 24*09
IFX treatment, n (%) 0 (0.0%) 0.5925* 0 (0.0%) 1.0000* 0 (0.0%) 1.0000* 7 (6.2%)

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ICA: immunochromatographic assay; RA: rheumatoid arthritis; RF: rheumatoid factor;
ACPA: anti-citrullinated peptide antibody; IFX: infliximab; I1gM or IgG (+): RA patients with IgM or IgG anti-SARS-CoV-2 antibodies; IgM (+): RA patients
with IgM anti-SARS-CoV-2 antibodies; IgG (+): RA patients with IgG anti-SARS-CoV-2 antibodies; IgM or IgG (-): RA patients without IgM or IgG anti-
SARS-CoV-2 antibodies. Number or average values of each group are shown. Difference was tested in the comparison with IgM or IgG (-) group by

Fisher’s exact test using 2 X 2 contingency tables or Mann—Whitney’s U test.

2Fisher’s exact test was employed.

cohort, and 15 (16.1%) in the 2020 cohort (Table 1). The
positive rates of IgM or IgG anti-SARS-CoV-2 antibodies
were not significantly different between these two cohorts
(P=0.2720). Although the sensitivity of ICA could not be
calculated in this study, the specificity was 0.86 in the RA
populations.

Characteristics of the RA patients with or without reactiv-
ity to the ICA are listed in Table 2. IgM or IgG anti-SARS-
CoV-2 antibodies were detected in 18 RA patients. IgM
anti-SARS-CoV-2 antibodies were detected in 5 and IgG in
14 of the cohorts, respectively. IgM and IgG anti-SARS-
CoV-2 antibodies were found in one patient. Rheumatoid
factor levels were increased in RA patients with IgM
anti-SARS-CoV-2 antibodies by ICA compared with RA
without any anti-SARS-CoV-2 antibodies (mean = standard
deviation (IU/ml) 1223.0 = 1308.7 versus 503.6 = 1947.2;
P=0.0101). The levels of IgG rheumatoid factor were also

increased in RA patients with IgM anti-SARS-CoV-2
antibodies detected by ICA (4.0*=0.7 versus 2.4*+0.9;
P=0.0013). Rheumatoid factor levels were comparable in
RA patients with IgG anti-SARS-CoV-2 antibodies detected
by ICA. The levels of IgG rheumatoid factor were not differ-
ent in RA patients with IgG anti-SARS-CoV-2 antibodies
detected by ICA. There were no differences of mean age,
percentage of males, or anti-citrullinated peptide antibodies.

Characteristics of the RA patients with or without rheu-
matoid factor are listed in Table 3. Anti-citrullinated peptide
antibody levels were increased in RA patients with rheuma-
toid factor (mean = standard deviation (IU/ml) 400.3 = 671.5
versus 82.7 +194.9; P=3.42 X 107%). IgG rheumatoid factor
levels were also increased in RA patients with rheumatoid
factor (mean = standard deviation (IU/ml) 2.7 = 0.8 versus
1.5+0.6; P=7.63X107"'%). There were no differences of
mean age, percentage of males, age at onset, or infliximab
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Table 3. Characteristics of RA patients with or without RF.

RF(+) RF(-) P value
Number 108 23
Age, years (mean = SD) 71.7+10.7 69.1 = 13.7 0.7278
Male, n (%) 24 (22.2%) 6 (26.1%) 0.7850?
Age at onset, years (mean % SD) 585+ 163 62.0+16.9 0.4101
IFX treatment, n (%) 6 (5.6%) 1 (4.3%) 1.0000°
ACPA, IU/ml (mean = SD) 400.3 = 671.5 82.7+ 1949 3.42x107°¢
IgG RF, IU/ml (mean = SD) 27+08 1.5+0.6 7.63x 10710
I1gM anti-SARS-CoV-2 Ab positive, n (%) 5 (4.6%) 0 (0.0%) 0.5858°
IgG anti-SARS-CoV-2 Ab positive, n (%) 13 (12.0%) | (4.3%) 0.4622*
I1gM or IgG anti-SARS-CoV-2 Ab positive, n (%) 91 (15.7%) | (4.3%) 0.1959*

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; ICA: immunochromatographic assay; RA: rheumatoid arthritis; RF: rheumatoid factor;
ACPA: anti-citrullinated peptide antibody; IFX: infliximab; RF(-): RA patients without RF; RF(+): RA patients with RF. IgM or IgG anti-SARS-CoV-2 anti-
bodies were detected by ICA. Number or average values of each group are shown. Difference was tested by Fisher’s exact test using 2 X 2 contingency

tables or Mann—Whitney’s U test.
?Fisher’s exact test was employed.

treatment. RA patients without rheumatoid factor were also
negative for IgM anti-SARS-CoV-2 antibodies. However,
one RA patient without rheumatoid factor was positive for
IgG anti-SARS-CoV-2 antibodies.

Discussion

Although anti-SARS-CoV-2 antibodies were not detected by
ECLIA in any of the RA samples, some samples were pre-
dicted to be positive by ICA in the two cohorts. The positive
rates of anti-SARS-CoV-2 antibodies by ICA were compara-
tive between these cohorts. Since samples from 2014 cohort
were collected before the outbreak of COVID-19, anti-
SARS-CoV-2 antibodies could not be detected in the cohort,
indicating false-positive reactions in the sera from these RA
patients. In this study, rheumatoid factors were detected by
latex fixation tests that mainly measured the IgM class of
rheumatoid factor.!" Because levels of rheumatoid factor
were higher in the RA patients with reactivity to the ICA, it
was suggested that IgM rheumatoid factor could react with
the anti-human IgM antibodies in the ICA kit to cause the
false-positive reaction. It was also suggested that IgG rheu-
matoid factor reacted with the anti-human IgM antibodies in
the ICA kit. However, the results of IgG anti-SARS-CoV-2
antibodies by the ICA were not influenced by IgM or IgG
rheumatoid factors.

It was reported that assay interference was caused in
ELISA by anti-rat immunoglobulin light chain antibodies
found in human sera.'? These results suggested that both IgM
and IgG rheumatoid factors might not react with anti-human
IgG antibodies in the ICA kit, and that other factors (such as
anti-rat immunoglobulin antibodies) would modify the
results of IgG anti-SARS-CoV-2 antibodies by the ICA in
RA patients. The interference of IgM rheumatoid factor with
immunological assays was reported in previous studies, 316
including those on anti-SARS-CoV-2 antibody assays,*

although the effects of IgG rheumatoid factor were poorly
investigated. It is still unknown which (IgM or IgG) rheuma-
toid factor predominantly modified the results of IgM anti-
SARS-CoV-2 antibodies by the ICA. Thus, the results of
IgM anti-SARS-CoV-2 antibodies detected by ICA would be
modified by IgM or IgG rheumatoid factors in RA patients,
but the results of IgG would be modified by other factors.

The interference of autoantibodies with immunological
assays was suggested in this study. Although use of ICA kit
is becoming less frequent, it is still used in some clinics due
to its processing speed. Thus, when the subject is suffering
from RA, the results on ICA should be confirmed by other
methods such as ECLIA.

Since the sample size of this study is modest, large-scale
independent studies should be performed to validate the
results from this study. Moreover, antibody profiles in
patients with other autoimmune diseases than RA were not
analyzed in this study; in other autoimmune disease patients,
anti-SARS-CoV-2 antibodies should be measured by ICA
and ECLIA in future studies. Although the results of IgM
anti-SARS-CoV-2 antibodies detected by ICA would be
modified by IgM or IgG rheumatoid factors in RA patients,
it should be clarified what modified the results of IgG anti-
SARS-CoV-2 antibody testing by ICA in RA patients.

Conclusion

To the best of our knowledge, this is the first analysis on the
effects of IgG rheumatoid factors on results obtained by ICA
for SARS-CoV-2 in RA patients. In RA patients, the results
of IgM anti-SARS-CoV-2 antibodies detected by ICA
seemed to be influenced by rheumatoid factors, unlike those
of IgG anti-SARS-CoV-2 antibodies influenced by other fac-
tors. Thus, when anti-SARS-CoV-2 antibodies are measured
in RA patients, results detected by ICA should be confirmed
by ECLIA or other methods.



Oka et al.

Author contributions

HF and ST conceived and designed the experiments, and analyzed
the data; SO, TH, and HF performed the experiments; HF, KS, AH,
TM, and ST contributed reagents/materials/analysis tools; and SO,
HF, and ST wrote the article.

Availability of data and materials

All data are presented in the article.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: HF was supported by research grants from Bristol-Myers
Squibb Co. and received honoraria from Ajinomoto Co., Inc.,
Daiichi Sankyo Co., Ltd., Dainippon Sumitomo Pharma Co., Ltd.,
Pfizer Japan Inc., and Takeda Pharmaceutical Company. ST was
supported by research grants from nine pharmaceutical companies
such as Abbott Japan Co., Ltd., Astellas Pharma Inc., Chugai
Pharmaceutical Co., Ltd., Eisai Co., Ltd., Mitsubishi Tanabe
Pharma Corporation, Merck Sharp and Dohme Inc., Pfizer
Japan Inc., Takeda Pharmaceutical Company Limited, and Teijin
Pharma Limited and received honoraria from Asahi Kasei
Pharma Corporation, Astellas Pharma Inc., AbbVie GK., Chugai
Pharmaceutical Co., Ltd.,, Ono Pharmaceutical Co., Ltd.,
Mitsubishi Tanabe Pharma Corporation, and Pfizer Japan Inc. The
other authors declare no financial or commercial conflicts of
interest.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: The
work was supported by Grants-in-Aid for Clinical Research from
the National Hospital Organization as well as by research grants
from the following pharmaceutical companies: Bristol-Myers
Squibb Co., Abbott Japan Co., Ltd., Astellas Pharma Inc., Chugai
Pharmaceutical Co., Ltd., Eisai Co., Ltd., Mitsubishi Tanabe
Pharma Corporation, Merck Sharp and Dohme Inc., Pfizer Japan
Inc., Takeda Pharmaceutical Company Limited, and Teijin
Pharma Limited. The funders had no role in the study design, data
collection and analysis, decision to publish, or preparation of the
article.

Ethics approval

The study was reviewed and approved by the Research Ethics
Committee of Tokyo National Hospital (210008) and Sagamihara
National Hospital (2009061621).

Informed consent

Written informed consent was obtained from all of the patients.
This study was conducted in accordance with the principles
expressed in the Declaration of Helsinki.

ORCID iD

Hiroshi Furukawa “ https://orcid.org/0000-0003-1353-8056

References

1.

10.

11.

12.

13.

14.

15.

16.

Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet
2020; 395(10223): 497-506.

Zhou P, Yang XL, Wang XG, et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin.
Nature 2020; 579(7798): 270-273.

Paiva KJ, Grisson RD, Chan PA, et al. Validation and perfor-
mance comparison of three SARS-CoV-2 antibody assays. J
Med Virol 2021; 93(2): 916-923.

Wang Q, Du Q, Guo B, et al. A method to prevent SARS-
CoV-2 IgM false positives in gold immunochromatography
and enzyme-linked immunosorbent assays. J Clin Microbiol
2020; 58(6): €00375-20.

Manalac J, Yee J, Calayag K, et al. Evaluation of Abbott anti-
SARS-CoV-2 CMIA IgG and Euroimmun ELISA IgG/IgA
assays in a clinical lab. Clin Chim Acta 2020; 510: 687—-690.
Lau CS, Hoo SP, Yew SF, et al. Evaluation of an electrochem-
iluminescent SARS-CoV-2 antibody assay. J Appl Lab Med
2020; 5(6): 1313-1323.

TengJ, DaiJ, Su'Y, et al. Detection of IgM and IgG antibodies
against SARS-CoV-2 in patients with autoimmune diseases.
Lancet Rheumatol 2020; 2(7): e384—¢385.

Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classi-
fication of rheumatoid arthritis. Arthritis Rheum 1988; 31(3):
315-324.

Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid
arthritis classification criteria: an American College of
Rheumatology/European League Against Rheumatism col-
laborative initiative. Arthritis Rheum 2010; 62(9): 2569-2581.
Dupont WD and Plummer WD Jr. Power and sample size
calculations. A review and computer program. Control Clin
Trials 1990; 11(2): 116-128.

Gioud-Paquet M, Auvinet M, Raffin T, et al. [gM rheumatoid
factor (RF), IgA RF, IgE RF, and IgG RF detected by ELISA
in theumatoid arthritis. Ann Rheum Dis 1987; 46(1): 65-71.
Degn SE, Andersen SH, Jensen L, et al. Assay interference
caused by antibodies reacting with rat kappa light-chain in
human sera. J Immunol Methods 2011; 372(1-2): 204-208.
Kazantseva L, Garcia Lazaro MDP, Herrera-Velit P, et al.
Anti-Fas2 IgM antibodies in Fasciola hepatica infected
patients with positive IgG serology. Trans R Soc Trop Med
Hyg 2017; 111(3): 102-106.

Kragstrup TW, Vorup-Jensen T, Deleuran B, et al. A simple
set of validation steps identifies and removes false results in
a sandwich enzyme-linked immunosorbent assay caused by
anti-animal IgG antibodies in plasma from arthritis patients.
Springerplus 2013; 2(1): 263.

Malyak M, Joslin FG, Verderber EL, et al. IL-1ra ELISA:
reduction and alkylation of synovial fluid eliminates interfer-
ence by IgM rheumatoid factors. J Immunol Methods 1991,
140(2): 281-288.

Briantais MJ, Grangeot-Keros L and Pillot J. Specificity and
sensitivity of the IgM capture immunoassay: studies of pos-
sible factors inducing false positive or false negative results. J
Virol Methods 1984; 9(1): 15-26.


https://orcid.org/0000-0003-1353-8056

