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1 | INTRODUCTION
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Abstract

To investigate endogenous interference factors of the detection results of novel
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) IgM/IgG. Enzyme-
linked immunosorbent assay (ELISA) was used to detect SARS-CoV-2 IgM/IgG in
sera of 200 patients without COVID-19 infection, including rheumatoid factor (RF)
positive group, antinuclear antibody (ANA) positive group, pregnant women group,
and normal senior group, with 50 in each group and 100 normal controls. The level
of SARS-CoV-2 IgG in pregnant women was significantly higher than that in the
normal control group (p =0.000), but there was no significant difference between
other groups. The levels of SARS-CoV-2 IgM in the pregnant women group, normal
senior group, ANA positive group, and RF positive group were significantly higher
than that in the normal control group (p < 0.05), with significant higher false-positive
rates in these groups (p=0.036, p=0.004, p=0.000, vs. normal control group).
Serum RF caused SARS-CoV-2 IgM false-positive in a concentration-dependent
manner, especially when its concentration was higher than 110.25 IU/L, and the urea
dissociation test can turn the false positive to negative. ANA, normal seniors,
pregnant women, and RF can lead to false-positive reactivity of SARS-CoV-2 IgM
and/or IgG detected using ELISA. These factors should be considered when
SARS-CoV-2 IgM or IgG detection is positive, false positive samples caused by RF
positive can be used for urea dissociation test.
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combined with RT-PCR for the diagnosis of SARS-CoV-2 infection.®”

With the emergence of various virus variants (Alpha, Beta, Gamma,

SARS-CoV-2 is a serious threat to human health worldwide. Due to
its high infectivity and virulence, it has become a global epidemic.’
The disease caused by SARS-CoV-2 infection in humans has been
named coronavirus disease 2019 (COVID-19), which can cause
multiple organ dysfunction.”” The detection of IgM/IgG antibodies

against SARS-CoV-2 has high sensitivity and specificity, which can be

Delta, and Lambda variants), the false-negative rate of SARS-CoV-2
RNA detection results also increased. In addition, as the number of
COVID-19 vaccination increases, rapid and accurate monitoring of
serum levels of SARS-CoV-2 specific 1gG and IgM can be used to
timely understand the variation of the immune status of the vacci-
nated patients. The detection of SARS-CoV-2 specific IgG and IgM
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antibodies by enzyme-linked immunosorbent assay (ELISA) is a quick
and simple screening method.” Nowadays, the challenge of antibody
analysis is to ensure its sensitivity and specificity. Although many
newly developed tests are available, in many cases, ELISA serological
tests could produce false-positive results due to a variety of factors.®
It was shown in multiple works that rheumatoid factor (RF) can in-
terfere with the detection of antigens or antibodies in serum by
ELISA, resulting in a false-positive result.” Another study reported
that there are certain false-positive rates when pregnant women
used ELISA to detect serum cytomegalovirus (CMV) IgG levels.'®
Some patients with autoimmune diseases can also cause false-
positive detection of serum SARS-CoV antibodies by ELISA.*
However, few systematic reports on the factors affecting the de-
tection of SARS-CoV-2 IgG and IgM antibodies. In this study, to
further understand the interference factors of ELISA in the detection
of SARS-CoV-2 IgG and IgM antibodies in serum, four potential
subjects which possibly show false positive detection results, in-
cluding senior, pregnant women, patients with autoimmune diseases,
and rheumatoid arthritis, were investigated to explore the en-
dogenous influencing factors of ELISA in the detection of SARS-CoV-
2 1gG and IgM antibodies, so as to provide a more reliable theoretical
basis for clinical diagnosis, postvaccination monitoring, and epide-

miological investigation.

2 | MATERIALS AND METHODS

2.1 | Patients

The study population consisted of 300 patients without COVID-19
infection who were hospitalized in the First People's Hospital of
Zigong City from February 1 to October 30, 2020. 50 normal seniors
(25 males and 25 females) and 50 normal pregnant women were
excluded from endocrine system, cardiovascular and cerebrovascular
diseases, tumors, infections, autoimmune diseases, liver diseases,
kidney diseases, and other system diseases; 50 antinuclear antibody
(ANA) positive patients and 50 RF positive patients, all of them ex-
cluded endocrine system, cardiovascular and cerebrovascular dis-
eases, tumors, infections, liver diseases, kidney diseases, and other
system diseases. All patients (participants or individuals) were ad-
mitted to the hospital and tested for nucleic acid and all were ne-
gative, which ruled out COVID-19 infection.

2.2 | Mixed serum samples

Among the physical examination population, 15 normal people, aged
18-30, were selected to exclude systemic diseases such as endocrine
system, cardiovascular and cerebrovascular diseases, tumors, infec-
tions, autoimmune diseases, liver diseases, and kidney diseases. The
sera of 15 selected individuals were collected and divided into three
groups on average. The sera of each group were mixed to form three

mixed samples, which were shaken and mixed evenly for substitution.
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2.3 | Assay

SARS-CoV-2 nucleic acid was detected using real-time PCR (RT-PCR)
(kit provided by Sichuan Maccura Biotechnology Co.; detection in-
strument provided by Shanghai Hongshi Biotechnology Co.). ELISA
was used for SARS-CoV-2 IgM detection (kit provided by Zhuhai
Lizhu Reagent Co.: lot no. 2020021408). The optical density in ELISA
plates was measured using a microplate reader (Thermo Fisher

Scientific).

2.4 | Data collection
Epidemiological, clinical, laboratory, management, and outcome data
were collected through a review of medical records. Real-time RT-PCR

confirmed that all patients were negative for SARS-CoV-2.

2.5 | ELISA

Serum (5 ul) was added to a 500 pl sample diluent and mixed. Then
100 ul volume of the diluted sample, negative control, and positive
control were added to the wells of the plate coated with SARS-CoV-2
recombinant antigen (Mouse anti-human IgM monoclonal antibody [
chain]), and the plates were incubated at 37°C for 30 min. The plates
were washed five times, and 100 pl anti-human IgM/IgG horseradish
peroxidase (HRP)-labeled antibodies were added to the reaction
system to form indirect immune complexes, which were incubated at
37°C for 30 min. After washing five times to remove the unbound
substance, 100 ul substrate was added and incubated at 37°C for
30 min. After 50 pl of termination solution was added, the blank OD
values were read at the wavelength of 450 nm. The results were
interpreted according to the ratios of the sample optical density value
and the cutoff optical density value (S/CO) as follows: positive,
S/CO =2 1; negative, S/CO < 1.00 (The cutoff value of SARS-CoV-2
I1gG = 0.093+0D average value of negative control; the cutoff value
of SARS-CoV-2 IgM =0.100+0D average value of negative control).
ELISA method was used to detect SARS-CoV-2 IgG and IgM anti-
bodies. Each serum sample was tested three times, and the results

were expressed as the average value of S/CO.

2.6 | Urea dissociation test of ELISA

Serum (5 pl) was added to a 500 ul sample diluent and mixed. Then
100 pl volume of the diluted sample, negative control, and positive
control were added to the wells of the plate coated with SARS-CoV-2
recombinant antigen (Mouse anti-human IgM monoclonal antibody [
chain]), and the plates were incubated at 37°C for 30 min. The plates
were washed five times, and 100 pul of PBS solution (containing 0, 1,
2, 4, 6, and 8 mol/L urea in different wells) was added and incubated
at 37°C for 10 min. After three more washes, 100 ul anti-human
IgM/1gG (HRP)-labeled antibodies were added to the reaction system
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to form indirect immune complexes, which were incubated at 37°C
for 30 min. After washing five times to remove the unbound sub-
stance, 100 ul substrate was added and incubated at 37°C for 30 min.
After 50 ul of termination solution was added, the blank OD values
were read at the wavelength of 450 nm. The results were interpreted
according to the ratios of the sample optical density value and the
cutoff optical density value (S/CO) as follows: positive, S/CO = 1;
negative, S/CO < 1.00. The results of affinity index (Al) analyses were
expressed as the ratios of the S/CO values measured at different
dissociated urea concentrations to that of PBS with O mol/L urea. The
Al threshold value was set as the middle value between the highest
Al value determined for the false-positive sample results with the
outliers removed and the lowest Al value determined for all of the
SARS-CoV-2 infection samples. The results were interpreted as fol-
lows: positive, Al value of sera greater than or equal to the Al

threshold; negative, Al value of sera less than the Al threshold.

2.7 | Statistical methods

Analysis of normality and homogeneity of variance is carried out on
the measurement data. If the data conforms to the normal distribu-
tion, it is displayed by s, and t-test was used for difference analysis;
if the data does not conform to the normal distribution, it is ex-
pressed as the median (quartile)M(P25, P75), Mann-Whitney U-test
was used for variance analysis. Qualitative data were analyzed by the
X? test. SPSS 21.0 statistical software was used for statistical analysis
of the data, and Statistical significance was defined as p < 0.05. Other
data were displayed as tables and line charts.

3 | RESULTS

3.1 | Precision of ELISA for detection of serum
SARS-CoV-2 IgG and IgM

Three mixed sera were prepared and measured for SARS-CoV-2 I1gG
and IgM, respectively. Each mixed serum was measured 20 times in
the same batch to obtain the intra-batch precision (Table 1), and for
20 consecutive days to obtain the inter-batch precision (Table 2). The
coefficient variations (CVs) of intra-batch and inter-batch precision
for all samples were <15%. It is concluded that this method has a
certain accuracy in detecting serum SARS-CoV-2 IgG and IgM.

3.2 | SARS-CoV-2IgG and IgM levels in each group
The test results of negative controls were less than the cutoff value in
the reagent specification, and the levels of all positive controls were
far greater than the specified cutoff value. We also detected eight
SARS-CoV-2 positive samples (confirmed by RT-PCR), which were
positive for SARS-CoV-2 IgG and IgM (Table 3). These indicated that
the test was working properly.

LIU ET AL
TABLE 1 Detection of intra-batch precision of serum
SARS-CoV-2 IgG and IgM
Sample n Mean (S/CO) SD CV (%)
SARS-CoV-21gG 1 20 15.745 0.961 6.1
2 20 8.581 0.776 9.0
3 20 0.801 0.081 10.1
SARS-CoV-2IgM 1 20 15.534 1.569 0.812
2 20 8.984 1.119 0.111
S 20 0.812 0.125 0.137
TABLE 2 Detection of inter-batch precision of serum
SARS-CoV-2 IgG and IgM
Sample n Mean (S/CO) SD CV (%)
SARS-CoV-21gG 1 20 15.080 1.204 8.0
2 20 8.905 1.012 11.4
3 20 0.763 0.101 133
SARS-CoV-2IgM 1 20 15.047 1.870 12.4
2 20 8.667 1.182 13.6
3 20 0.782 0.110 14.1

In 100 normal controls, the medium levels of serum SARS-CoV-2
IgG and IgM were 0.078 (0.063, 0.158) and 0.284 (0.213, 0.345), re-
spectively, and all were negative. The medium levels of SARS-CoV-2
IgG in sera of pregnant women group, senior group, ANA positive
group and RF positive group were 0.218 (0.070, 0.395), 0.085
(0.060,0.223), 0.075 (0.060, 0.163) and 0.113 (0.048, 0.345) respec-
tively. The level of SARS-CoV-2 IgG in normal pregnant women was
significantly higher than that in the normal control group (p = 0.000),
but no significant differences were detected between the other three
groups and the normal control group (Figure 1A). Moreover, there were
false positives in the normal pregnant women group and ANA positive
group, and the false-positive rates were 3/50 and 4/50, respectively,
which was statistically significant compared with the normal control
group (p =0.036, p = 0.011; Figure 1B). For the serum SARS-CoV-2 IgM
level, the detection results of normal pregnant women group, seniors
group, ANA positive group and RF positive group were 0.395 (0.330,
0.498), 0.385 (0.308, 0.465), 0.368 (0.278, 0.508), and 0.856 (0.536,
1.547), respectively. The level of SARS-CoV-2 IgM in the normal
pregnant women group, seniors group, ANA positive group, and RF
positive group was significantly higher than that in the normal control
group (p < 0.05; Figure 1C). In addition, there were false positives in the
seniors' group, ANA positive group, and RF positive group, and the
false-positive rates were 3/50, 5/50, and 20/50, respectively. Com-
pared with the normal control, it was statistically significant (p = 0.036,
p =0.004, p=0.000; Figure 1D). Moreover, the concentration of RF
leading to a high false-positive rate in SARS-COV-2 IgM detection can
cause false-positive results, which need to be further studied.
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TABLE 3 The levels of serum
SARS-COV-2 IgG and IgM in eight
SARS -COV-2 positive samples

Sex

Negative controls

Positive controls
Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
Case 7
Case 8

Female
Female
Female
Male

Male

Female
Female

Female

Age (y)

52
67
48
40
34
49
42
39

MEDICAL VIROLOGY
SARS-CoV-2
Day no.” 1M S/CO (zs)
0.071+0.006
6.149 +0.856
18th 1.059 £0.003
16th 3.000+0.012
9th 5.175+0.007
22th 5.701£0.024
24th 1.272+0.008
20th 1.430+0.002
20th 1.835+0.009
15th 2.876 +0.070

_WILEY—*7

SARS-CoV-2
1gG S/CO (ts)

0.068 +0.005
5.905+0.239
12.276 £0.126
7.082 £0.015
1.649 £0.055
6.757 £0.027
1.892 £0.060
2.677 £0.007
2.926 £0.010
7.323+£0.140

3Serum SARS-CoV-2 IgG and IgM were detected on a day after illness onset.
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FIGURE 1 Detection results of SARS-CoV-2 IgG and IgM in serum of each group. (A) Detection results of SARS-CoV-2 IgG in serum of each
group. (B) Detection results of SARS-CoV-2 IgM in serum of each group. (C) Comparison of false-positive rate of SARS-CoV-2 IgG in serum of
each group. (D) Comparison of the false-positive rate of SARS-CoV-2 IgM in serum of each group
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3.3 | Comparison of SARS-CoV-2 IgM results and
detection results before and after urea dissociation

test of ELISA

The urea dissociation test of ELISA was carried out with PBS con-
taining 0, 1, 2, 4, 6, and 8 mol/L urea in 20 RF-IgM-positive serum
samples (SARS-CoV-2 IgM false-positive serum specimens) and ser-
um of 9 COVID-19 patients with SARS-CoV-2 IgM positive detected
by ELISA before urea dissociation. When urea dissociation con-
centration was 4 mol/L and Al calculation method was 0.432, 16
RF-IGM positive serum samples were negative for SARS-CoV-2 IgM
analysis, while 9 serum samples from COVID-19 patients were still
positive for SARS-CoV-2 IgM analysis (Figure 2). Through the urea
dissociation test, the specificity of ELISA after dissociation was

significantly higher than before dissociation.

v RF-IgM
127 ve e SARS-CoV-2 IgM
y oV
[ )
vy
< os M oo Y
§ v vy v .“ ° )
£ v ve
EN M SRR
S 0.44 vy \ 4 Voo
E 2.4 vt's v
v, Yyw'vy
vv 'Vz'v
vy Yy v 'V
0.0 T T T T T
1 2 4 6 8
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FIGURE 2 Al of SARS-CoV-2 IgM detected using different urea
dissociation concentrations of ELISA. When the dissociation
concentration of urea was 4 mol/L and the Al calculation method
value was set to 0.432, the results determined for SARS-CoV-2 IgM
in 16 sera with RF-IgM positivity turned negative, whereas the results
determined for SARS-CoV-2 IgM in the 9 sera from COVID-19
patients remained positive. ELISA, enzyme-linked immunosorbent
assay; RF, rheumatoid factor

3.4 | Effect of RF on serum SARS-CoV-2 IgG and
IgM detection

To validate the effect of endogenous RF in serum on SARS-CoV-2 1gG
and 1gM, we collected 50 RF-positive (2201U/L) and non-COVID-19
infected patient serum samples and detected SARS-CoV-2 IgG and
IgM by ELISA. The results showed that RF did not significantly inter-
fere with the detection of SARS-CoV-2 IgG, but for SARS-CoV-2
I1gM, 20 out of 50 samples showed false-positive results, and the false-
positive rate was 40% (Figure 3A). And when the serum endogenous
RF concentration was higher than 145IU/L, it produced significant
positive interference to IgM detection, leading to false-positive results.
The interference ability was gradually enhanced with the increase of
serum RF concentration (Figure 3A).

To further confirm the effect of RF on the detection of SARS-
CoV-2 IgG and IgM by ELISA, we spiked RF standard solution with
five different concentrations into three mixed serum samples to
afford RF concentrations of measured 29.25, 56.25, 110.25, 225.75,
and 372.75 IU/L, respectively. The results showed that there were no
false-positive results in the detection of SARS-CoV-2 IgG in the
mixed serum samples of different RF concentrations, indicating that
RF does not interfere with the qualitative detection of SARS-CoV-2
IgG in serum. However, for SARS-CoV-2 IgM detection, when the RF
concentration exceeded 110.25IU/L, it caused significant positive
interference, resulting in false positives, and with the increase of
serum RF concentration, the interference ability gradually increased.

The results are shown in Figure 3B,C.

4 | DISCUSSION

SARS-CoV-2 continues to wreak havoc around the world and
endanger human health.*? Early detections, early diagnosis, and early
isolation are effective measures to prevent the spread of COVID-19.
The diagnosis of COVID-19 infection mainly relies on the detection
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FIGURE 3 Effect of serum RF on detection of SARS-CoV-2 IgM and IgG. (A) S/CO values of SARS-CoV-2 IgG and IgM in serum of
50 non-COVID-19 infected patients (RF 2 20 1U/L). (B) S/CO values of SARS-CoV-2 IgG in three mixed serum samples with different RF
concentrations. (C) S/CO values of SARS-CoV-2 IgM in three mixed serum samples with different RF concentrations. RF, rheumatoid factor
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of its RNA by RT-PCR.*®> However, the detection process of SARS-
CoV-2 RNA (including before, during, and after detection) is affected
by various factors. In particular, the sample type, disease course,
collection method, detection system, and other factors affect the
positive detection rate of SARS-CoV-2 RNA, and significantly affect
the early diagnosis of SARS-CoV-2 infection.' Several cases re-
ported that SARS-CoV-2 RNA showed false-negative results in
multiple tests, especially with the emergence of various virus var-
iants, the false-negative rate increased as well. The serological ana-
lysis is based on the identification of specific antibodies to infectious
sources in serum or other body fluids. It is used in epidemiological
studies to determine the prevalence and transmission rate of a dis-
ease in the population. The method can also determine whether a
particular person is infected, so as to assess their risk of illness and
further transmission of infection.® Several reports confirmed that
specific SARS-CoV-2 IgM and IgG were produced 3-5 days and
10-15 days after SARS-CoV-2 infection.***¢

Serum SARS-COV-2 IgM and IgG tests are not affected by
specimen collection. Together with SARS-COV-2 RNA test results,
they can be used for the diagnosis of COVID-19 infection and have
been included in the Chinese Novel Coronavirus Guidelines (8th
edition). The detection of SARS-CoV-2 IgG by ELISA has relatively
high sensitivity and specificity.’>*” To understand the accuracy of
this method in detecting SARS-CoV-2 IgG and IgM in serum, we
obtained that the ELISA method had a high precision in detecting
SARS-CoV-2 IgG and IgM by detecting the intra-batch precision and
day-time precision. However, due to the limitations of this method, it
is also affected by a variety of factors, for example, RF can interfere
with the colloidal gold method and ELISA method for the determi-
nation of SARS-CoV-2 IgM.18 In addition, interference with auto-
antibodies, heterotropic antibodies, and alloantibodies (antibodies
from allogeneic tissue) can lead to false positives in pregnant women,
patients with autoimmune diseases, transplantation, and blood
transfusions.® Specific antibodies in pregnant women have been re-
ported to interfere with CMV IgG, Zika virus (ZIKV) IgG, and IgM
detection.’®!” However, the factors influencing the detection of
SARS-COV-2 IgG and IgM antibodies are rarely comprehensively
reported.

To further understand the endogenous interference factors of
ELISA on the detection of serum SARS-CoV-2 IgM and IgG, we de-
tected the serum SARS-CoV-2 IgM and IgG in the seniors, pregnant
women, autoimmune diseases, rheumatoid arthritis, and other special
groups. It was found that the IgG level was significantly higher than
that in the normal control group, but there was no significant dif-
ference among other groups. In addition, there were false positives in
the pregnant women group and ANA positive group, and the false-
positive rates were 3/50 and 4/50 respectively, which was statisti-
cally significant compared with the normal control group. The serum
SARS-CoV-2 IgM levels in the pregnant women group, seniors group,
ANA positive group, and RF positive group were significantly higher
than that in the normal control group (p < 0.05). In addition, there
were false positives in the seniors' group, ANA positive group, and

RF positive group, and the false-positive rates were 3/50, 5/50, and

MEDICAL VIROLOGY

20/50, respectively. Compared with the normal control group, it was
statistically significant. When the serum endogenous RF concentra-
tion was higher than 145 IU/L, there was significant positive inter-
ference to IgM detection, resulting in false-positive results. With the
increase of serum RF concentration, the interference ability increased
gradually. When the dissociation concentration of urea in ELISA was
4 mol/L and the dissociation time was 10 min, 16 of the 20 RF-IgM
positive sera produced false-positive results for SARS-CoV-2 and IgM
turned negative, while the 9 sera of COVID-19 patients were
unaffected. Therefore, the improved ELISA results not only ensure
the detection sensitivity but also improve the corresponding speci-
ficity and reliability.

To further illustrate the effect of RF on SARS-CoV-2 IgM/IgG,
we also found that there was no false-positive result in the detection
of SARS-CoV-2 IgG in the mixed serum samples with different RF
concentrations, indicating that RF did not interfere with the qualita-
tive detection of SARS-CoV-2 IgG in serum. However, for SARS-CoV-
2 IgM detection, when the RF concentration exceeded 110.25 |U/L, it
caused significant positive interference to IgM detection, resulting in
false positives, and the interference ability gradually increased with
the increase of serum RF concentration. This is consistent with the
results of endogenous RF interference. It indicates that when the
SARS-CoV-2 IgM test is positive, we should measure the RF value of
this serum. If the RF concentration exceeds 110.25 IU/L, the result
may be falsely positive, and other tests should be combined to de-
termine whether the patient has recently been infected with SARS-
CoV-2 or has been vaccinated. This study indicates that when SARS-
CoV-2 IgM is detected by ELISA, serum RF IgM level should be
evaluated and urea decomposition test should be carried out to avoid
false positive, which is consistent with previous research results.*®
However, the urea dissociation test could not completely eliminate
the interference of RF IgM, The methods to avoid these endogenous
interference factors affecting the test results should be further
studied.

In conclusion, although the ELISA method has high sensitivity
and precision in detecting SARS-CoV-2 IgM/IgG in serum, it can be
combined with RT-PCR for the diagnosis of -CoV-2 infection in SARS
and can also continuously monitor SARS-CoV-2 IgM/IgG level in the
human body inoculated with COVID-19, so as to understand
the variations of immune function in time and accurately, but in the
analysis of endogenous factors affecting the detection of serum
SARS-CoV-2 IgG and IgM antibodies by ELISA, it was found that the
normal seniors and pregnant women could be false positive for SARS-
CoV-2 IgG or IgM, and autoimmune diseases could also appear false
positive for SARS-CoV-2 IgG or IgM. When the serum endogenous
RF concentration exceeded 110.25 IU/L, there was a significant po-
sitive interference to the detection of SARS-CoV-2 IgM, leading to
the occurrence of false positives, and the interference ability gra-
dually increased with the increasing of the concentration. Therefore,
when the SARS-CoV-2 IgM or IgG detection is positive, these en-
dogenous factors should be considered, especially if RF concentra-
tions are higher than 110.25 IU/L. Urea dissociation test can turn the
false-positive result of Sars-Cov-2 IgM into negative, so as to
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significantly improve the specificity of ELISA. At present, the me-
chanism of false-positive results of serum SARS-CoV-2 IgM/IgG
detected by ELISA in pregnant women, seniors, and ANA-positive
patients is still not clear, which may be related to the cross-reaction
of some antibodies in vivo. Further studies need to be carried out to
find effective ways to reduce the false-positive rate. In addition,
studies with larger numbers of clinical samples are warranted and

could strengthen the exciting preliminary results of this study.
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