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Abstract

Objective: To investigate possible differences between laboratory profiles of symptomatic and asymptomatic pa-
tients. There are different of them available for COVID-19 diagnoses and surveillance, so this research was to eval-
uate the positive agreement the diagnostic methods. Methods: For symptomatic patients swab samples from nasal
and oral mucosal were collected between first and second week after symptoms onset, to perform RT-PCR, blood
samples were collected 7 days after to perform antibody detection test. For asymptomatic patients, only antibody
detection was performed to confirm the infection. We investigated specific humoral immune response for symptom-
atic and asymptomatic patients and also analyzed the positivity index and kappa agreement between immunochro-
matographic and ELISA assays. Results: Most symptomatic patients presented negative RT-PCR with IgM and IgA
detection. Symptomatic and asymptomatic patients have presented elevated IgM and IgA immunoglobulins, being
this detection higher in symptomatic patients. The positivity index for immunochromatographic was higher than
ELISA and there was no kappa agreement between IgM and IgA detection between these two methods. Conclusion:
Symptomatic patients presented higher amounts of IgM and IgA than asymptomatic, suggesting a relation between
antibody quantity and severity of disease. We verified no agreement between IgM and IgA detection, and observed
higher positivity index for IMMUNO when compared to ELISA. The different kinetics may cause a variation in their
detection. Also, many different virus proteins can be used as antigens in these methods, being able of altering their
sensibility and specificity.
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Introduction

At the end of 2019, coronavirus SARS-CoV-2
was identified and rapidly spread through all
countries generating a world pandemic. The
disease known as COVID-19 can cause mild
symptoms such as fever and dry cough. In some
cases, however, patients can present more severe
symptoms such as pneumonia causing serious
respiratory complications and organ damage (1).
Taking into consideration the high virulence of
SARS-CoV-2 and its escalation potential, early
diagnosis high sensitivity methods are required
to improve prognosis and limit virus spread (2).
There are many different serological assays
available on the market. They are important di-
agnostic methods for SARS-CoV-2 to elucidate
the patient’s immunological response and se-
roconversion as well as to estimate the disease
course for epidemiological studies (3). Serologi-
cal assays are also important for diagnosis in lat-
er stages of the disease, considering the drop in
viral load and consequent decrease in sensitivity
of RT-PCR and also for diagnostic of asymptom-
atic patients (4).

Most diagnostic methods focus on IgM detection
which proves an acute infection and can be de-
tected between 1 and 2 weeks after first symp-
toms appear (4). In later stages, it is possible
to detect immunoglobulin IgG which provides
immune memory. Antibody assays use serolog-
ical IgA, an acute immunoglobulin, and its se-
rum concentration. Some studies showed that
those concentrations rose earlier within 2 days
of symptoms. Consequently, the detection of this
immunoglobulin could promote an earlier diag-
nosis for COVID-19 disease (5, 6). In human and
animal models IgA response against influenza
has already been shown to be more effective than
induced systemic immunity. Considering this, it
is possible that patients with early IgA response
for SARS-CoV-2, acquire immunization without
disease development (asymptomatic) either with
mild or worse symptoms (symptomatic) (7).

The amount of these serological immunoglob-
ulins seems to have a relation with COVID-19
severity. In one study, patients with mild symp-
toms presented lower IgM detection when
compared to severe patients (8), therefore, this
dynamics could alter the detection of immuno-
globulins in patients with mild or asymptomatic
courses of infection (9). Asymptomatic patients,
for example, could have lower or undetectable
IgA and IgM antibodies in the initial phases of
the disease, and only present positive IgG results
in later stages. This might impair the early di-
agnosis and facilitate virus transmission, despite
the knowledge that asymptomatic patients have
lower chances of transmitting due to the absence
of cough and sneezing. However, mild symp-
tomatic patients can also present IgA and IgM
antibodies that are too low for detection and this
may represent a risk because they are more like-
ly to transmit the virus (10).

Considering that early diagnostic and con-
tinuous surveillance are important to control
SARS-CoV-2 spread, the aim of this study was
to investigate an antibody qualitative profile for
symptomatic and asymptomatic patients and an-
alyze the positivity index and setting agreement
between immunochromatographic (IMMUNO)
for IgM and IgG detection, and ELISA assay for
IgA and IgG detection, in a preliminary study.

Material and methods

Blood and oropharyngeal swab samples

This is a translational study using samples from
125 patients suspected of having COVID-19.
They were divided into two main groups: symp-
tomatic, who were experiencing symptoms relat-
ed to COVD-19, and the asymptomatic group,
patients who did not have symptoms of infec-
tion, but had contact with diagnosed patients.
Of these 125 patients, only 58 patients tested
positive for COVID-19, positive diagnostic was
considered RT-PCR or/ and antibody detection
(IgM/1gG or IgA/IgG). All positives 1gG were
also positive for IgM or IgA immunoglobulins.
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Of the 58 positive patients, 10 of them were
symptomatic and 48 asymptomatic. The labora-
tory inclusion criteria for symptomatic patients
were positive RT-PCR or antibody detection,
patients with symptoms and negative diagnostic
were excluded. For asymptomatic patients, the
inclusion criteria were antibody detection, since
health services did not request RT-PCR for pa-
tients without symptoms. Patients with no symp-
toms with negative [gM/IgG or IgA/IgG were
excluded. Forty-six patients performed both IM-
MUNO and ELISA tests, according to medical
request in health services.

Symptomatic patients were considered the ones
with symptoms related to COVID-19 infection
(fever, cough, diarrhea or anosmia/ hyposmia).
Nasopharyngeal swabs were collected between
first and second week after the onset of symp-
toms, in accordance with CDC guidelines from
symptomatic patients to perform RT-PCR and
blood samples were collected 7 days after for an-
tibody detection test. For asymptomatic patients,
only antibody detection was performed to con-
firm COVID-19 infection. For patients who test-
ed positive, we analyzed specific humoral im-
mune response profiles and agreement between
IMMUNO and ELISA diagnostic methods.

All patients are from Sao Paulo and metropolitan
regions and were attended in municipal hospitals
and clinics. Their samples were processed in
the Laboratdrio de Andlises Clinicas do Centro
Universitario ABC — Faculdade de Medicina do
ABC (FMABC). The present study has been ap-
proved by the Ethics and Research Committee of
Centro Universitario ABC — Faculdade de Me-
dicina do ABC (FMABC) (protocol 4.067.190).

Molecular test

RNA extraction from samples was performed
using QIAamp Viral RNA Mini Kit (Qiagen, cat
n0.61904 - Hilden, Germany) according to the
manufacturer’s instructions.

For RT-PCR tests, fragments of three conserved
RNA viral regions (N, RdRP, E) were used for
SARS-CoV-2 diagnostic, using SuperScript II1

Platinum One-Step qRT-PCR Kit (Invitrogen,
cat no. 11732020 — EUA) kit, following man-
ufacturer’s protocol. Twenty microliters of re-
action mix consisting of 2x RT-PCR bulffer, en-
zyme mix, primers-probes, and 5 ul of extracted
nucleic acid. RT-PCR was performed on an ABI
7500 real-time PCR system (Applied Biosyste-
ms) with the following cycle parameters: 15 min
at 50°C for reverse transcription, and 2 min of
inactivation at 95°C followed by 40 cycles of
15s at 95°C, and 30s at 60°C.

Immunoassay (Rapid Test)

For IgM and IgG detection, blood samples
obtained by venipuncture were used and In-
stant-view COVID-19 IgG/IgM AlfaTest (Po-
way, CA 92064 - USA) kit was used, following
the manufacturer’s instructions. Using IMMU-
NO method, the test identifies the binding of
antibodies from IgM and IgG classes present in
the blood sample with a specific SARS-CoV-2
antigen fixed in a nitrocellulose tape, and the
addition of an enzymatic substrate generates a
coloring when antigen-antibody binding occurs.
The test provides qualitative results, indicating
presence or absence of antibodies. Patients’ re-
sults that presented color line on IgM and/or IgG
demarcation were consider positive. The manu-
facturer’s manual informs sensitivity of 99% and
specificity of 94%, however, no information of
viral proteins used as antigen were elucidate. The
samples were stored under refrigeration (5-8°C).

ELISA

Blood samples to perform the test were obtained
by venipuncture and plasma was used for anti-
body detection. The samples were stored under
refrigeration (5-8°C). For IgA detection the Eu-
roimmun Anti-SARS-CoV-2 ELISA IgA (Lu-
beck — German) kit was used following the man-
ufacturer’s instructions. For IgG detection Euro-
immun Anti-SARS-CoV-2 ELISA IgG (Lubeck
— German) kit was used following the manufac-
turer’s instructions. Using ELISA method, the
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test identifies the binding of antibodies from IgA
or IgG classes present in blood samples using as
antigen fragments of domain S1 of the SARS-
CoV-2 spike protein. The colorimetric reaction
provides semiquantitative results by a ratio cal-
culated by the device, patients with ELISA ratio
> 1.1 were considered positive. The manufactur-
er’s manual informs sensitivity of 90% and spec-
ificity of 98%.

Statistical Analysis

The data were expressed in absolute and relative
values. Kappa test measures the degree of agree-
ment between ratios derived from sample de-
pendents. For this, positive and negative results
from IMMUNO were compared with positive
and negative results from ELISA by GraphPad
Prism 6, with a 95% confidence level. Deter-
mination of agreement were analyzed by kappa
index, provided by the software after analysis:
kappa < 0: no agreement; kappa between 0.00
and 0.20: slight agreement; kappa between 0.21
and 0.40: fair agreement; kappa between 0.41
and 0.60: moderate agreement; kappa between
0.61 and 0.80: substantial agreement; kappa be-
tween 0.81 and 1.00: almost perfect agreement.
Laboratory profile in symptomatic patients,
acute immunoglobulin profile in asymptomatic
and symptomatic patients, and positivity index
between IMMUNO and ELISA were estimated
by percentage, as described in the results section.

Results

In this study, samples from 125 patients were
tested for COVID-19. Of the 58 positive pa-
tients, 8% were coursing symptomatic infection
and 38% were asymptomatic. Sample character-
istics are described in table 1.

Samples from symptomatic patients were ana-
lyzed by RT-PCR as well as by antibody detec-
tion by IMMUNO (IgM and IgG) and ELISA
(IgA and IgG) methods. Ten patients who test-
ed positive were considered 100%, 9 of them
presented positive IgM and negative RT-PCR,
6 presented positive IgA and negative RT-PCR,

and 2 patients had positive IgA with positive RT-
PCR (table 2).

Samples from asymptomatic patients were ana-
lyzed only by IMMUNO and ELISA assays. For
acute immunoglobulin profile in asymptomatic
ones, 48 patients who tested positive were consid-
ered as 100%, 39 patients tested positive for IgM,
and 27 tested positive for IgA. For symptomatic
ones, 10 patients who tested positive were con-
sidered as 100%, 9 patients tested positive for
IgM, and 8 tested positive for IgA (Table 3).

To determine the agreement between IMMUNO
and ELISA, we performed kappa index between
I[gM (IMMUNO) and IgA (ELISA), and between
IgG IMMUNO) and IgG (ELISA) (table 4).

Table 1. Sample caracterization.

Characteristics N %
Total patients 125 -
RT-PCR 13 10
IMMUNO IeM/IeG 79 63
ELISA IgA/1eG 92 73
Positives 58 46
Negatives 67 53
Positive symptomatics 10 8
Positive asymptomatics 48 38
Sex

Female 87 70
Male 38 30
Age

Median Minimum  Maximum

39 19 78

Table 2. Laboratory profile for symptomatic
patients with positive diagnostic.

Positive symptomatic N (%)
IgM + and RT-PCR — 9 (90)
IgA + and RT-PCR — 6 (60)
IgA + and RT-PCR + 2 (20)

Note: + and - symbols means positive and negative, respec-
tively.

Table 3. Acute immunoglobulin profile for
asymptomatic and symptomatic patients with
positive diagnostic.

Positive Positive
asymptomatic symptomatic
N (%) N (%)
IMMUNO IgM 39 (81) 9 (90)
ELISA IgA 27 (56) 8 (80)
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Table 4. agreement between IgM (IMMUNO) and IgA (ELISA) and
agreement between IgG (IMMUNO) and IgG (ELISA) (kappa index)
IMMUNO (IgM)
Positive Negative Total
ELISA (IgA) Positive 23 6 29 Kappa=-0.131
Negative 22 2 24 Kappa < 0: No agreement
Total 45 8 53
IMMUNO (IgG)
Positive Negative Total
ELISA (IgG) Positive 11 2 13 Kappa=0.559
Negative 8 32 40 Kappa between 0.41 and
Total 19 34 53 0.60: moderate agreement

To verify the total positivity index between IM-
MUNO and ELISA tests we analyzed the per-
centage of positive diagnoses between these two
methods. For IMMUNO, 58 positive patients
were considered as 100%, 45 patients with pos-
itive IgM detection, and 19 patients with posi-
tive IgG. For ELISA, 58 positive patients were
considered as 100%, 29 patients with positive
IgA detection, and 13 patients with positive IgG
(table 5).

Table 5. Positivity index between IMMUNO and

ELISA methods.
N %

IMMUNO

IgM 45 77
IgG 19 33
ELISA

IgA 29 50
1gG 13 22
Discussion

In this study, we aimed to investigate a qualita-
tive laboratory profile for COVID-19 symptom-
atic and asymptomatic patients, and, also to eval-
uate the agreement and positivity index between
IMMUNO and ELISA diagnostic tests. In the
studied population, most symptomatic patients
(90%) presented IgM antibodies and negative
RT-PCR, 60% presented positive IgA and neg-
ative RT-PCR, and only 20% presented positive

IgA and positive RT-PCR. These results could
be due to a late sample collecting time when the
viral load was already in decline, decreasing vi-
ral load concentration (11). Most of the positive
patients in this study presented immunoglobulin
detection of IgM and IgA, which are considered
acute phase antibodies (12), with IgM detection
being most prevalent (13).

For asymptomatic patients considered positive
by serological assays, positivity rate of RT-PCR
is low - around 30%; considering this, in our
study, asymptomatic patients did not perform
RT-PCR. This low detection seems to occur be-
cause viral load is linked to symptom intensity
(14). This leads to a discussion about asymp-
tomatic patients’ transmissibility, because of the
absence of cough and sneezing (10). It was al-
ready shown that norovirus transmissibility co-
efficients for asymptomatic patients were low,
so they had minimal chances of spreading the
virus (15). Concerning COVID-19, studies have
shown that viral nucleic acids can be detected in
infected people one to two days before the on-
set of symptoms, so even patients who present
asymptomatic infection could be transmitters
during the course of infection, but as the viral
load is low, they are less likely to transmit (16).
Confirming this, a study evaluated the transmis-
sion in symptomatic and asymptomatic infec-
tions and observed that symptomatic patients
are able to transmit the virus for up to 3 peo-
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ple while asymptomatic patients transmit to less
than one. This means that in asymptomatic cases
the chances of transmission to only one person
is lower. (17).

Regarding the acute immunoglobulin profiles
for asymptomatic and symptomatic patients,
we observed that asymptomatic ones present-
ed IgM and IgA detection, with IgM detection
being more prevalent than IgA (81% vs. 56%).
Symptomatic patients also presented higher IgM
and IgA detection (90% vs. 80%) in comparison
with asymptomatic patients. These observations
corroborate with studies correlating immuno-
globulin amount with COVID-19 severity (8,
9). About positivity agreement, the kappa index
showed no agreement between IgM detection by
IMMUNO and IgA detection by ELISA (kappa
-0.131). The different kinetics between these
two acute immunoglobulins and different viral
proteins used as antigens by these assays might
have an influence in their sensitivity altering
their correlation. A study observed that sensitiv-
ity for [gA detection was higher in the first week
of symptoms and IgM sensitivity increased after
one week of the onset of symptoms, so depend-
ing on the time of collection it is possible that
only IgA or IgM is detectable (18). For IgG de-
tection between both methods, the kappa index
showed moderate agreement, minor differences
were observed that might be also related to dif-
ferent viral proteins used by both assays (19).

In our study, we observed that the positivity in-
dex was higher for IMMUNO than ELISA assay
(89% for IgM and 32 for IgG vs. 63 for IgA and
27% for IgG, respectively). Many COVID-19
diagnostic assays of different brands are avail-
able and most of them do not inform which viral
proteins are used in their manufacture and this
information could be important to better un-
derstand their specificity. SARS-CoV-2 S and
SARS-CoV S protein, for example, are very
similar, sharing 75% of amino acid sequence
(20). A study showed that SARS-CoV S protein

promotes polyclonal antibody responses which
neutralized SARS-CoV-2 S protein-mediated
entry into cells. Therefore, it might be difficult
to identify specific immunoglobulins in serolog-
ical studies and cross reactions may occur (20).
Using all subunits of S protein as antigens also
decreases the specificity, thus, possibly generat-
ing cross-reactivity (21), therefore, S1 domain
appears to be more specific for SARS-CoV-2.
These sensitivity differences between test com-
positions might impair asymptomatic diagnosis
because there is no clinical-laboratory correla-
tion. The diagnosis is only based on test results,
so considering the variability of sensitivity; the
question is whether some of these results could
be false positive (22).

Other coronaviruses also share the RBD in S
protein with SAR-CoV-2, but despite their simi-
lar structural homology, many residues differ be-
tween these two RBDs (23). A study demonstrat-
ed that antibodies for SARS-CoV RBD did not
bind to SAR-CoV-2 RBD (24), so using this re-
gion as antigen, might also provide more specif-
ic diagnostic methods (22). The most abundant
protein in SAR-CoV-2 is the nucleocapside (N)
protein and plenty of antigens are also produced
against it, but this protein is common in other vi-
ruses, so a cross reaction can also occur (2, 11).

Taking into consideration the differences in
specificity of all the discussed proteins for SAR-
CoV-2, diagnostic methods that use S1 or RBD
proteins as antigens might be more specific and
sensitive in the diagnosis of COVID-19. The
combination of more than one specific protein
might increase sensitivity of detection of assays
(21). Thus, different diagnostic methods can
present variable detection sensitivities and de-
pending on which proteins one uses as an anti-
gen target, false positive results may occur.

Consclusion

In this study, symptomatic patients presented
higher detection of IgM and IgA than asymp-
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tomatic patients, corroborating with studies
showing that antibody amounts are related to the
severity of the disease. We verified no agreement
between IgM measured by IMMUNO and IgA
measured by ELISA, and observed higher pos-
itivity index for IMMUNO when compared to
ELISA. Despite the fact that both immunoglob-
ulins are considered typical for the acute phase,
the differences in their kinetics may cause a
variation in their detection. Also, many different
virus proteins can be used as antigens in these
methods, being able of altering their sensibility
and specificity. The use of less specific proteins
could lead to false positive results as well.
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