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Abstract

From 7 to 8 days after the onset of symptoms in COVID-19 infection, the sensitivity of serological tests was found to be
higher than that of nucleic acid tests. The aims of this study were to investigate antibody levels in patients with SARS-CoV-2
infection, to examine the relationship between antibody levels and virus load, and to evaluate the performance of 2 differ-
ent commercial kits. A total of 103 patients with confirmed SARS-CoV-2 infection were included in the study. Antibodies
against SARS-CoV-2 in serum samples taken from patients were investigated simultaneously with anti-SARS-CoV-2 IgG
and IgA ELISAs (Euroimmun) and COVID-19 (SARS-CoV-2) IgG/IgM (Deep Blue) kits. No positivity was detected with
any of the test kits in 18 (17.4%) of the 103 samples. In symptomatic patients, 100% of IgM and IgA tests were found to be
positive in the group sampled after 10 days, while 100% of IgG tests were found positive after 20 days. The sensitivity of
the Deep Blue COVID-19 IgG antibody kit was calculated as 81.48% and the specificity was 97.96%. While there was no
statistically significant difference between the PCR CT and ELISA OD values, a positive correlation was found between the
ELISA OD values and the days since the date of symptom initiation. The sensitivity and specificity of the rapid antibody
test used in this study were found to be quite high. In conditions where ELISA tests cannot be applied, it is thought that it
can give an idea in terms of the presence of antibodies as a simple and fast test. Although ELISA tests are valuable in the
diagnosis of COVID-19 during the acute period, they are tests that can be used safely in the diagnosis of previous infections
and seroepidemiological studies.

Introduction coronavirus-2019). Rapid identification of the virus and shar-

ing of its genetic sequence enabled the rapid availability of

A new coronavirus emerged in China in December 2019,
causing the acute respiratory infection now known as coro-
navirus disease 2019 (COVID-19). The virus has been iden-
tified as a betacoronavirus associated with SARS coronavi-
rus (SARS-CoV) and was therefore named SARS-CoV-2
(https://www.who.int/emergencies/diseases/novel-

P< Yasemin Cosgun
yasemincosgun2006 @yahoo.com.tr

General Directorate of Public Health, Department
of Microbiology Reference and Biological Products
Laboratories, Ministry of Health, Ankara, Turkey

Department of Infectious Disease and Clinical Microbiology,
Yildirim Beyazit University, Ankara City Hospital, Ankara,
Turkey

Department of Infectious Diseases and Clinical
Microbiology, Ankara Training and Research Hospital,
Ankara, Turkey

real-time polymerase chain reaction (PCR) diagnostic tests
that support case detection and monitoring. These tests have
helped to identify patients and aided in efforts to limit the
spread of the virus. Although serological tests are fast, easy
to apply, and inexpensive, they may not detect the presence of
infection in the acute phase of the disease, as a certain period
of time must pass for antibody formation after the virus is
encountered. Since false negative results may be seen in this
period, it may be more appropriate to use PCR tests (To et al.
2020). However, the success of PCR tests in nasopharyngeal
swab samples has been reported to be around 54-74%. It has
been reported that this can be caused by a variety of reasons,
such as the uptake technique, time of sampling, material used,
sample transfer, and low viral load due to suppression by host
immunity (Yang et al. 2020). From 7 to 8 days after the onset
of symptoms, the sensitivity of serological tests was found
to be greater than that of nucleic acid tests (Zhao et al. 2020;
Guo et al. 2020). Moreover, 100% seropositivity was reported
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in patients 10 days after the onset of symptoms (Lassauniere
et al. 2020). This increases the value of serological tests in
acute diagnosis, especially in patients with mild progress and
late admission to the hospital. Serological tests are also very
important for contact tracing, determination of virus carri-
ers, and epidemiological studies. During an epidemic, one of
the main challenges is identifying asymptomatic infection.
These individuals may be the main source of infection, as
they do not show any distinguishable symptoms (Long et al.
2020). Serological tests can detect mildly infected individu-
als and are important for determining the extent of disease
spread (Okba et al. 2020). With epidemiological studies, it
is possible to determine the disease burden, reveal the rate of
asymptomatic infection, acquire information about the course
of the disease, and determine the spread rate of the virus in
places such as families, society, nursing homes, nurseries, and
military units, thus making a significant contribution to taking
control measures. Serological tests are also needed in terms
of evaluating the results of vaccine trials and determining
therapeutic plasma donors (Amanat et al. 2020). In addition,
studies in this area are needed to determine which antibody
target area and which commercial kits give more accurate and
reliable results (Okba et al. 2020). In addition, point-of-care
tests (POCT) and enzyme-linked immunoassay (ELISA) tests
have come to the forefront in the investigation of antibody
response (Elslande et al. 2020; Lippi et al. 2020). These tests
also have advantages and disadvantages. Differences such as
cross reactivity and the need for evaluation by an experienced
healthcare professional can place limitations on the tests. In
addition, there may be large differences between the infected
individuals, due to the genetic characteristics of the individ-
ual, viral load, or other reasons that are not yet known (Zhao
et al. 2020; Long et al. 2020). The aims of this study were
to investigate antibody levels in patients with SARS-CoV-2
infection, evaluate the relationship between antibodies and
viral load, and compare the performance of the 2 commercial
kits.

Material and methods
Sample selection

A total of 103 patients who had SARS-CoV-2 infection and
whose diagnosis was confirmed by nucleic acid tests were
included in the study. Of the 103 patients, 92 were symp-
tomatic and 11 were asymptomatic. All of the symptomatic
patients were hospitalized but did not need intensive care,
and the asymptomatic group consisted of the contact rela-
tives of these patients. Serum samples were heat-inactivated
at 56 °C for 60 min, aliquoted, stored at 4 °C, and used
within 5 days. Prior to the study, all of the samples were
brought to room temperature and centrifuged for a short
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time. The presence of immunoglobulin A (IgA), IgM, and
IgG antibodies against SARS-CoV-2 was investigated simul-
taneously in serum samples taken from the patients. At the
time of blood sampling, information about symptom onset,
date of PCR positivity, age, gender, and presence of symp-
toms were recorded.

Serological tests
Rapid antibody test

COVID-19 (SARS-CoV-2) IgG/IgM antibody tests (Colloi-
dal Gold-Deep Blue/China-Germany, No.IFU-COVIDIgG/
IgM-01.Ver.1.3) were performed according to the manufac-
turer’s instructions. The test method used was the immuno-
chromatographic lateral flow assay. Added to the specimen
well on the individual test cassettes was 10 uL serum, fol-
lowed by the addition of the supplied buffer. The result was
read visually after 10 min. Signals were considered positive.

Enzyme-linked immunosorbent assay

The anti-SARS-CoV-2 IgG and IgA ELISAs (Euroimmun
Medizinische Labordiagnostika, Liibeck, Germany; Cat # EI
2606-9601 G and EI 2606-9601 A) were performed accord-
ing to the manufacturer’s instructions. In 2 separate semi-
quantitative ELISAs, either IgA or IgG antibodies against
SARS-CoV-2 spike protein subunit 1 (S1) are detected in
human serum. According to the manufacturer’s recommen-
dations, < 0.8 was considered negative, >0.8 and < 1.1 were
considered borderline, and > 1.1 was considered positive.
However, for sensitivity and specificity, 1.1 was used as a
more stringent cut-off value for positive results and all val-
ues < 1.1 were considered negative. Sensitivity and speci-
ficity of the rapid antibody kit were calculated according to
the ELISA Kkit.

Statistical analysis

IBM SPSS Statistics for Windows 20.0 (IBM Corp.,
Armonk, NY, USA) was used to evaluate the data obtained
from the study. The chi-square test was used to compare
categorical variables, and coherence (% agreement) was
determined by calculating the Cohen kappa value. The Pear-
son correlation coefficient was used to examine the relation-
ships between the variables and the relationships were also
shown as a scatter plot. Statistical significance was accepted
as p <0.05 in all of the statistical analyses.
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Results

The cases included in this study consisted of 49 female
(47.5%) and 54 male (52.5%) patients.

When evaluated according to the date of complaint in
the symptomatic patients, 100% of the IgM and IgA tests
were found to be positive in the group sampled after day
10, while 100% of the IgG tests were found to be positive in
the group sampled after day 20. While approximately half
of the IgM and IgA tests were found positive in the patient
blood samples taken in the first 5 days, only 10% of the IgG
tests were found to be positive. Between days 5 and 10, it
was found that 80% of the IgM and IgA tests were positive,
as were 57% of the IgG tests; between days 11 and 15, it
was found that 100% of the IgM and IgA tests were posi-
tive, as were 83% of the IgG tests; between days 16 and 20,
it was found that 93% of the IgG test were positive; and on
day 21, it was found that 100% of the IgG tests were posi-
tive. No positivity was detected with any of the test kits in
18 (17.4%) of the 103 samples. The rate of not detecting
antibodies on any test was 12% (11/92%) in the sympto-
matic patients, but they were all samples taken on day 10 or
before. In other words, a positive result was obtained with
any of the tests in all of the symptomatic patients sampled

6-10 days

a@=Rapid Test IgGM
@=ELISA IgA
@=ELISA IgG
Rapid Test IgG

11-15 days 16-20 days 21-25 days
Days Post Symptom Onset at Collection

26-30 days

after day 10. Antibodies were detected in only 4 (36.3%) of
11 asymptomatic patients, and all 4 of these patients were
sampled after day 10. Of the 7 patients without antibodies,
4 were sampled 10 days before the onset of symptoms and
3 were sampled 10 days after (Fig. 1). The specificity and
sensitivity of the Deep Blue COVID-19 IgG antibody kit
when compared with the Euroimmun anti-SARS CoV-2 IgG
kit were calculated. The sensitivity was 81.48%, while the
specificity was 97.96% (Table 1). Borderline results were
considered negative (Table 1).

Consistency between serological tests

To evaluate the agreement between the ELISA and POCT,
the same result detection rates and kappa values were cal-
culated with both kits. Agreement between the Deep Blue
COVID-19 IgG and Euroimmun IgG ELISA was calculated
as 89.3% (kappa value=0.73). Agreement between the Deep
Blue COVID-19 IgM and Euroimmun IgA ELISA was cal-
culated as 80.5% (kappa value=0.51). A weak negative
correlation was found between the PCR test Ct values and
ELISA IgA and IgG OD index values of the patients, but it
was not statistically significant (Figs. 2 and 3).

Table 1 Specificity and sensitivity of the Deep Blue COVID-19 IgG antibody kit when compared with the Euroimmun anti-SARS-CoV-2 IgG

kit

Positive/total Sensitivity (95% CI) Negative/total Specificity (95% CI) PPV (95% CI)

NPV (95% CI) Accuracy (95% CI)

44/54 81.48%(68.57—

90.75)

48/49 97.96% (89.15—

99.95)

97,78% (86.3—
99.68%)

82.76% (73.26—
89.37)

89.32% (81.69-94.55)

PPV positive predictive value, NPV negative predictive value, CI confidence of interval
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A positive and statistically significant correlation was
found between the symptom onset dates and the IgA/IgG
levels (Figs. 4 and 5).

A positive and statistically significant correlation was
found between the number of days since PCR positivity and
the IgA/IgG levels (Fig. 6 and 7).

In these calculations, no statistically significant difference
was found between taking the symptom onset dates or the
PCR positivity dates as the beginning.

Discussion

There may be various reasons for the absence of antibody
positivity with any of the kits tested in 18 (17.4%) of the
103 patients who had the infection in the current study. It
was thought that the main reason might have been due to

Fig.3 Correlation between PCR 16
Ct values and anti-SARS-CoV-2
IgG OD index. The value of R is
—0.249, p=0.069
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insufficient time after infection for antibody formation.
Antibodies were not detected in 11 (12%) of 92 of the
symptomatic patients, all of whom were sampled in the first
10 days. In this study, antibodies were detected in all of the
symptomatic patients who were sampled after day 10.
According to these rates, the rate of antibody development
against SARS-CoV-2 seemed to be quite high in the symp-
tomatic patients. Elslande et al. (2020) detected 89.5% IgG
positivity using ELISA in their patient group with samples
taken between days 14 and 25. Zhao et al. (2020) found the
seroconversion rate to be 93.1% in their study with 173
patients. While the presence of antibodies was <40%
among patients in the first 7 days of the disease, it rapidly
increased to 100% after day 15. Wolfel et al. (2020) detected
seroconversion in 50% of patients on day 7 of the disease
and found it in all of the patients on day 14. These rates are
closely related to the severity of the disease and the time of
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sample collection, as well as the antibody response gener-
ated by the patients. In the current study, the rate of anti-
body detection by any of the tests in the asymptomatic
patients was 36.3% (4/11) and all of the samples were taken
after day 10. Of the 7 patients with no antibodies, 4 had
samples taken before day 10 and 3 had samples taken after
day 10. It was observed that there were problems with
detectable antibody formation in patients who had the dis-
ease asymptomatically. However, these patients were the
ones who encountered the virus and had positive PCR tests.
When they encountered the virus again, an immune mem-
ory may have formed in their bodies that created a strong
and detectable antibody response and prevented them from
re-infection. Long et al. (2020) identified 6.1% asympto-
matic patients with a serological response in their serologi-
cal study in a group of 164 patients. Chen et al. (2020)
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found that PCR and tests were negative in 105 healthcare
workers who were exposed to 4 laboratory-confirmed
patients, while they found seropositivity in 17.14% (18/105)
of them with enzyme immunoassay and microneutralization
tests. They reported that the serological tests were useful in
identifying asymptomatic or subclinical infection of SARS-
CoV-2 in individuals who were in close contact with
COVID-19 patients. Yongchen et al. (2020), in a study they
conducted on 21 diseases, detected antibodies in only 1 of
5 asymptomatic patients, while antibodies were detected in
all of the symptomatic patients with severe and mild prog-
nosis. In the current study, when the positive patients were
classified according to the time that had elapsed between
the onset of complaints and the date of blood collection,
about half of the IgM and IgA tests were found to be posi-
tive in patient blood samples taken in the first 5 days, while
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Fig.6 Correlation between time
(days) after PCR positive date
and anti-SARS-CoV-2 IgA OD
index. The value of R is 0.3935,
p=0.0005
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only 10% of the IgG tests were found to be positive. Fierz
and Walz (2020) reported that it may be more appropriate
to use PCR tests, as negative results can be seen with sero-
logical tests, especially in the first 10 days of infection.
However, according to the results of the current study, anti-
bodies were detected in 50% of the patients with serological
tests, even in the first 5 days, and in 80% of the patients in
the between days 5 and 10. Thus, it seemed possible to
detect patients using serological tests who were not able to
be detected using the PCR test and diagnose acute infection.
In the symptomatic patients, between days 5 and 10, it was
found that 80% of the IgM and IgA tests were positive, as
were 57% of the IgG tests; between days 11 and 15, it was

Fig.7 Correlation between time
(days) after PCR positive date
and anti-SARS-CoV-2 IgG OD
index. The value of R is 0.3381,
p=0.0132
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found that 100% of the IgM and IgA tests were positive, as
were 83% of the IgG tests; between days 16 and 20, it was
found that 93% of the IgG test were positive; and after day
201, it was found that 100% of the IgG tests were positive.
Zhang et al. (2020) found 50% and 81% IgM and IgG posi-
tivity on day O (first sampling day), which increased to 81%
and 100%, respectively, on day 5. Therefore, COVID-19
cannot be excluded at an early stage when the viral serologi-
cal test is negative. Antibody responses may be different
among infected individuals (Long et al. 2020). Okba et al.
(2020) reported that IgG and IgA kinetics vary between
patients with different disease severity. In the current study,
while 100% of the IgM and IgA tests were found to be
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positive in the group sampled after day 10, it was found that
100% of the IgG tests were positive in the group sampled
after day 20 (Fig. 1). Lassauniére et al. (2020) reported
100% seropositivity in patients 10 days after the onset of
symptoms, but all of the patients were adults with severe
clinical conditions. In this study, a similar result was
obtained in the symptomatic group. Guo et al. (2020)
detected 85.4% anti-SARS-CoV-2 IgM and 92.7% IgA anti-
bodies in plasma samples collected within 0—7 days. They
determined the median day for detection of IgM and IgA
antibodies in these acute phase samples as day 5. Addition-
ally, 77.9% anti-SARS-CoV-2 IgG antibody positivity was
found in samples collected between days 10 and 18. Herein,
83.3% ELISA IGG positivity was detected in samples col-
lected between days 11 and 15. Deeks et al. (2020) exam-
ined 57 published articles and calculated the sensitivity of
antibody tests as 30.1% between days 1 and 7, 72.2%
between days 8 and 14, and 91.4% between days 15 and 21.
They reported that these sensitivity rates were too low to
have a primary role in the diagnosis of COVID-19 in the
first week of the disease, but could have a complementary
role in those who applied later when the PCR tests were
negative. When the consistency of the results between the
kits was examined in the current study, agreement between
the Deep Blue COVID-19 IgG and Euroimmun IgG ELISA
was calculated as 89.3% (kappa value: 0.78). Inconsistency
was determined in the result of only 11 samples, 10 of
which were ELISA IgG-positive, rapid test-negative, and in
6, the ELISA IgG OD index was found to be below 2. It was
thought that the antibody level in the samples with a low
OD index might not have formed a visible band with the
rapid test. For the remaining 4 samples and also 1 sample
detected as positive using the rapid test and negative using
ELISA, it was thought that the target regions of the tests
were composed of different antigenic structures or it could
have been caused by other reasons that are not yet known.
Nicol et al. (2020) reported that the agreement between
lateral flow immunoassay was 97% (k=0.936) when com-
pared with automated serological systems. In the current
study, when the specificity and sensitivity of the Deep Blue
COVID-19 IgG rapid antibody kit when compared with the
Euroimmun anti-SARS-CoV-2 IgG kit were calculated, the
sensitivity was calculated as 81.48% and specificity as
97.96%. It was thought to perform quite well for a bedside
rapid antibody test. Elslande et al. (2020) evaluated the
diagnostic performance of 7 different rapid IgG/IgM anti-
body tests in samples collected between days 14 and 25 and
reported that the sensitivity of the tests for IgG was found
to be between 0.192.1 and 100%, and the specificity was
>90.3%. Herein, agreement between the Deep Blue
COVID-19 IgGM and Euroimmun IgA ELISA was calcu-
lated as 80.5% (kappa value: 0.51). Although the results of
different kits and methods were found, compatibility

between the IgA and IgM was found to be very low, sug-
gesting that the measurement of these antibodies would not
be interchangeable. While the IgA positivity was found to
be 70.8% (73 patients), IgM positivity was found to be
74.7% (77 patients). There was no statistically significant
difference between the 2 tests. However, when the 2 anti-
bodies were used together, a sensitivity of 82.5% (85/103)
was reached in the entire patient group. Therefore, it was
believed that IgA levels can be very useful, especially in the
diagnosis of the acute period, since the infection is one that
starts in respiratory epithelial cells. Lippi et al. (2020)
found that the sensitivity of IgA was higher than that of
IgM. However, there may be differences between the sensi-
tivity of the tests depending on many factors, such as the
test methods used, target regions, and patient population.
The advantage of rapid antibody tests is that they can be
performed at the bedside. ELISA tests, on the other hand,
are done in laboratories and require experienced staff and
expert evaluation. In this respect, the ability to perform
rapid antibody tests, especially with a kit that has a sensitiv-
ity of over 80%, and the ability to test 1 drop of blood taken
from a finger at home or at the patient’s bedside can provide
a great advantage. In the current study, a weak negative
correlation was found between the PCR test Ct values and
IgA and IgG OD index values of the patients, but it was not
statistically significant (Figs. 2 and 3). Jin et al. (2020)
showed that in patients they followed up from the onset of
symptoms until the day 55, the antibody levels increased as
the viral load decreased in the first 20 days, and then, the
increase in antibody did not continue. As in many viral
infections, it is seen that in COVID-19 infection, as the viral
load decreases, the antibody response increases or, more
accurately, the viral load in the body decreases as the anti-
body level increases depending on the immune response. In
the current study, a positive and statistically significant cor-
relation was found between the symptom onset dates or the
number of days since PCR positivity and the IgA/IgG levels
(Figs. 4, 5, 6, and 7). This meant that the antibody levels
increased as time passed over the illness and the viral load
decreased. Although this result was an expected result,
clearer information can be obtained with studies about how
the antibody levels will be affected over longer periods. In
a study by Zhao et al. (2020), although antibody levels were
detected below 40% in the first 7 days, they reached 100%
after day 15. However, since our study included a group of
patients who were sampled for a maximum of 26 days, the
relationship between the time elapsed from the onset of the
disease and antibody levels in the future could not be evalu-
ated. Studies have found a good level of correlation between
SARS-CoV-2 ELISA antibody titers and neutralizing anti-
body titers (Okba et al. 2020; Kohmer et al. 2020). In
another study, good correlation was found between the
Euroimmun ELISA IgG and plaque reduction neutralization
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(PRNT) results and it was reported that this could be an
indicator of protective immunity. Perera et al. (2020)
reported a correlation with the ELISA test developed
against the receptor-binding domain of the spike protein of
the virus, and with the microneutralization and PRNT tests,
and it was shown that there was no cross reactivity. ELISA
tests can also be used as a good serological test for labora-
tories where neutralizing antibody tests are not
performed.

Conclusion

Although many different specificity and sensitivity values
have been reported for rapid antibody tests, the sensitivity
and specificity of the rapid antibody test used in the cur-
rent study were found to be quite high. In conditions where
ELISA tests cannot be applied, it is thought that it can give
an idea in terms of the presence of antibodies as a simple and
fast test. Although ELISA tests are valuable in the diagnosis
of COVID-19 during the acute period, they are tests that can
be used safely in the diagnosis of previous infections and
seroepidemiological studies. It is an important result of the
current study that much more reliable results can be obtained
in blood samples taken after day 10 in the detection of IgM
and IgA antibodies, and after day 20 in the detection of IgG.
The results of serological studies also increase prevention in
terms of creating basic results for plasma therapy, monoclo-
nal antibody therapies, or vaccine studies.
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