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Coronavirus disease 2019 (COVID-19) emerged in Wuhan, China, in December 2019 and quickly spread 
worldwide becoming a global health problem unprecedented. The infection is caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) that is characterized as a RNA virus with an envelope 
derived from host cell with glycoprotein spikes, appearing like a crown-like external structure under electron 
microscope. Due to the aggressive spread profile of SARS-CoV-2, the scientific community is under pressure 
to generate knowledge about the morphology of the virus and the immune response against SARS-CoV-2, 
in order to generate useful information for the development of vaccines and methods of immunological 
diagnosis. Previous knowledge about other coronaviruses, such as SARS-CoV-1 and MERS-CoV, were the 
pillars for understanding the immune response of SARS-CoV-2. Until now, we know that the anti-SARS-
CoV-2 immune response in the host involves mechanisms related to innate immunity, activation of CD4+ 
and CD8+ T cells and production of antibodies (IgA, IgG and IgM) against the virus. In spite of being a new 
pathogen, the literature on SARS-CoV-2 has increased dramatically in the past few months, especially in the 
immunology field. Here, we review the literature on SARS-CoV-2 immunology, focusing on the innate and 
adaptative immune responses.
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Introduction

Coronavirus disease 2019 (COVID-19) 
emerged in Wuhan, China, in December 2019 
and quickly spread to other cities and countries, 
being currently classified as a pandemic by the 
World Health Organization (WHO) [1,2]. The 
infection is caused by severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), which 
became well-known for its high transmissibility 
and pathogenicity [3]. According to the WHO, 
SARS-CoV-2 has infected more than 48 million 
people worldwide, with more than 1 million 
confirmed deaths, being the United States, India 
and Brazil the countries most affected [4]. Despite 
all the efforts to control the virus spread, daily new 

cases and deaths related to SARS-CoV-2 are being 
reported worldwide.

SARS-CoV-2 is not the first coronavirus that 
cause human global outbreaks. In 2003 and 2012, 
SARS (retrospectively named SARS-CoV-1) and 
Middle Eastern respiratory syndrome (MERS) 
CoVs, respectively caused outbreaks in several 
countries [5,6]. Despite the genetic similarity 
between the three virus, SARS-CoV-1 and MERS-
CoV exhibited only limited person-to-person 
spread, resulting in dramatically lower numbers of 
confirmed cases when compared to SARS-CoV-2 
[7]. Due to the aggressive spread profile of SARS-
CoV-2, an unprecedented economic and health 
crisis was caused worldwide. In this context, an 
urgent need arose regarding knowledge about the 
immunology of SARS-CoV-2, in order to generate 
useful information for the development of vaccines 
and methods of immunological diagnosis.

In spite of being a new pathogen, the literature 
on SARS-CoV-2 has increased dramatically in the 
past few months, especially in the immunology 
field. Here, we review the literature on SARS-
CoV-2 immunology, focusing on the innate and 
adaptative immune responses.
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Structural Basis of SARS-CoV-2 

Coronaviruses belong to Coronaviridae family 
of order Nidovirales and are classified into four 
genera that include α-, β-, γ-, and δ coronaviruses. 
They have a viral envelope derived from host cell 
with glycoprotein spikes, appearing like a crown-
like external structure under electron microscope 
[8]. 

Coronaviruses have the largest RNA genomes 
(27 to 32 kb) among the RNA viruses. Their 
positive-sense single-stranded RNA genome is 
involved in a nucleocapsid of helical symmetry 
when relaxed and spherical when inside the virus. 
They use a nested set of mRNAs produced by 
the viral RNA polymerase for replication in the 
cytoplasm of the host cell [9, 10]. 

There are three types of coronaviruses that 
evolved to cause severe pulmonary diseases 
in humans since the beginning of this century 
which are the SARS-CoV-1, MERS-CoV and the 
new emerged SARS-CoV-2 [11]. The genome 
of SARS-CoV-2 shares about 82% sequence 
identity with SARS-CoV-1 and MERS-CoV and 
encodes four major structural proteins: spike (S) 
glycoprotein, small envelope (E) glycoprotein, 
membrane (M) glycoprotein and nucleocapsid (N) 
protein. In addition, there are several accessory 
and non-structural proteins (nsp1-16) produced 
during SARS-CoV-2 infection [12]. 

The transmembrane homotrimer S protein 
forms the spike structure in the viral surface that 
plays an essential role in viral attachment, fusion, 
entry and transmission in host cells. This protein 
is cleaved by host cell furin-like protease into 
two subunits (S1 and S2). The presence of this 
furin-like cleavage site in SARS-CoV-2 facilitates 
the S protein priming what might explain the 
transmission efficiency improvement of SARS-
CoV-2 when compared to other beta coronaviruses 
[13]. 

The S1 subunit is responsible for the receptor 
recognition process and can be divided into a 
N-terminal domain (NTD) and a C-terminal 
domain (CTD), that is also called receptor 

binding domain (RBD), and the S2 subunit, on 
the other hand, is correlated with virus membrane 
fusion process. The SARS-CoV-2 enters in host 
cell by the attachment of the S glycoprotein to 
the angiotensin-converting enzyme 2 (ACE2) 
receptor, expressed in lower respiratory tract cells 
and also in various organs such as heart, lungs, 
kidneys and gastrointestinal tract [10, 14] (Figure 
1). 

Other important SARS-CoV-2 structural 
component is the N protein that forms 
the nucleocapsid. This protein is highly 
phosphorylated, increasing its affinity to the viral 
RNA. The N protein is involved in processes 
related to the viral genome, the viral replication 
cycle and the cellular response of host cells to 
viral infections [15]. 

Moreover, the M protein, found in high amount 
at the virion structure as a transmembrane dimer, 
plays a role in the maintenance of membrane 
conformation and shape. On the other hand, the 
scarcely found E protein, also a transmembrane 
protein, may help in the virus assembly and 
release and has an ion channel activity that could 
be important to the viral pathogenesis [10].

Innate Immunity against SARS-CoV-2

The innate immunity is the first line of defense 
against invasive microorganisms. The response 
of innate immunity is not specific to a particular 
pathogen, but it can recognize conserved patterns 
among them and quickly respond to an invasion 
process. The innate immune response is also 
responsible to activate the adaptive immune 
system, which is a more specific response which 
can also keep memory and avoid a re-infection 
[16]. 

Regarding SARS-CoV-2 infection, it was 
described that the initial response in innate 
immunity is triggered by the engagement of pattern 
recognition receptors (PRRs) by viral genomic 
material by cytosolic RIG-I like receptors (RLRs) 
and extracellular and endosomal Toll-like receptors 
(TLRs), specially TLR-3, this activation starts the 
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Figure 1. Schematic representation of the SARS-CoV-2 structure and its mode of host entry. 

Credit/Source: Naqvi and colleagues [15a].

signaling cascade to produce type I/III interferons, 
tumor necrosis factor-alpha (TNF-α), interleukin-1 
(IL-1), IL-6 and IL-18 (Figure 2). Together, these 
cytokines induce antiviral programs in immune 
cells and potentiate the adaptive immune response 
[17]. Recent studies indicate that a critical role 
of innate immunity to SARS-CoV-2 includes the 
action of Type I Interferon (IFN-I) response [18].

Type I IFNs are polypeptides secreted by 
infected cells after activation of pattern-recognition 
receptors, and play an important role in signaling 
the body to infection in course. Their function 
includes: activation of intracellular antimicrobial 
responses, turning the cells refractory to the 
infection, limiting the virus spread, modulation 
of cellular innate immune response, promoting 
antigen presentation, activation of Natural Killer 
cells (NK), and modulation of pro-inflammatory 
pathways contributing to the activation of adaptive 
immune system [20]. Among IFN-I molecules, 
IFN-α and IFN-β have an important antiviral action 
in SARS-CoV-2 infection. They are produced by 

macrophages in the first few hours of the infection 
and peak at the first 8 to 10 days of symptom onset, 
inducing the transcription of IFN-stimulated genes 
and displaying a strong pro-inflammatory response 
[21].

Analysis of bronchoalveolar lavage fluid cells 
(BALF) have shown that SARS-CoV-2 viruses 
can efficiently suppress Type I IFN induction and 
antagonize its effects. It was observed that when 
exposed to SARS-CoV-2 infection, the cells failed 
to induce competent IFN-I responses, favoring 
the escape of the virus to the immune sensing 
and delaying the adaptive immune response 
[18]. Moreover, it was described for other types 
of SARS-CoV that the failure to elicit an early 
Type I IFN response correlates with the severity 
of disease, which has also been observed in 
COVID-19 [22].

The myeloid cells of innate immunity also play 
an important role in COVID-19. Activated HLA-
DRhiCD11chiCD14+ monocytes were found 
increased in patients with mild symptoms, while 
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Figure 2. Immune response against SARS-CoV-2. 

The initial response against SARS-CoV-2 is triggered by activation of viral pathogen-associated molecular patterns (PAMPs) and danger-
associated molecular patterns (DAMPs) which culminates with the release of proinflammatory molecules by endothelial cells, epithelial 
cells and tissue-resident macrophages, such as G-CSF, IFN- γ, IL-2, IL-6, IL-10, M1Pα and TNF. Macrophages and virus-infected dendritic 
cells activated by cytokines/chemokines increase the production of additional cytokine and chemokines, which is known as cytokine storm. 
The immune response also counts with recruitment of neutrophil, T-helper type 17 cells, CD8+ T cells and B cells. 
Credit/Source: Frederiksen and colleagues [19].

monocytes characterized by low expression of 
HLA-DR and anti-inflammatory markers genes 
(CD163 and PLAC8) appeared in patients with 
severe COVID-19 [23].

Moreover, it was described that cells infected 
by SARS-CoV-2 viruses overexpressed six 
chemokines that belong to the human ontology 
“Neutrophil Chemotaxis” including CXCL1, 
CXCL2, CXCL3, CXCL5, IL-8 (CXCL8), and 
CCL20 [24]. These chemokines attract neutrophils 
to the lungs. In COVID-19, neutrophil recruitment 
and activation, and the presence of neutrophil-
derived extracellular traps that cause damage to 
the tissue observed in hospitalized patients are 
markers previously reported in hyperinflammatory 
conditions [24, 25].

Innate lymphoid cells are also involved in the 
innate imune response, they work as effector cells 

divided into cytotoxic and non-cytotoxic groups. 
In the cytotoxic side the NKs are reported to act 
as early antiviral response. Interestingly, it was 
observed a reduction of resident NKs in the lung 
of moderate to severe COVID affected patients, 
while only in the severe cases new adaptive 
NKs have been attracted to the inflammation site 
and contributed to the hyper-inflammation that 
aggravate the symptoms. Therefore the recruitment 
of new adaptive NKs has been linked as a marker 
of a worse prognosis [26, 27].

An interesting link that can be useful to 
understand the role of innate immunity plays in 
COVID-19 regards the fact that children account 
for less than 5% of diagnosed cases, and from 
those approximately 90% are diagnosed as 
asymptomatic, mild or moderate for the disease 
[28]. As children have been less exposed to less 
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infections during the course of their lifetime and 
have not developed yet most of its adaptive immune 
responses, there is a strong suggestion that their 
more active innate immune response plays a crucial 
role in responding to SARS-CoV-2 infection [29, 
30]. It is hypothesized that children can respond 
better to the cytokine storm through modulation 
of the levels of myeloperoxidase, IL-6, IL-10 and 
p-selectin, avoiding the hyper-inflammation that 
leads to the severity of acute respiratory distress 
syndrome observed in the adults [31]. Moreover, 
aging impairs the fully function of the cells from 
the immune system, decreasing TLR functions 
in monocytes, macrophages and dendritic cells; 
increasing basal cytokine production by dendritic 
cells; reducing cell signaling, chemotaxis; and 
triggering inflammatory dysregulations and 
persistent inflammation, potentiating and age-
associated inflammatory environment leading to 
the complications in COVID-19 observed for the 
elderly patients [32].

Altogether, the studies suggest that the key 
to decrease disease fatality is to induce the 
stimulation of this first immune response that 
make the bridge between the innate and adaptive 
immunity, even though the balance and timeframe 
of this induction is very sensitive, since the 
presence of those components early in disease 
can be protective but if prolonged can hyper-
activate the inflammatory response and become 
pathogenic [33].

T-Cell Immunity to SARS-CoV-2

The transition between innate and adaptive 
immune responses is essential for the clinical 
progression or control of SARS-CoV-2 infection. 
The antiviral response in the host involves 
mechanisms related to innate immunity, activation 
of CD4+ and CD8+ T cells and production of 
neutralizing antibodies against the virus [34]. 
In this sense, CD4+ and CD8+ T cells play a 
role in balancing the fight against pathogens 
and the risk of developing autoimmunity or 
hyperinflammation [35]. During the immune 

response to viruses, CD4+ T cells are responsible 
for inducing B lymphocytes to produce specific 
antibodies against the virus, while CD8+ T cells 
have the ability to destroy infected cells [36].

Severe lymphopenia is associated with the 
poor prognosis of COVID-19 [37, 38]. Recently, 
a study demonstrated that patients with the severe 
form of COVID-19, showed T-cell lymphopenia, 
associated with a decrease of regulatory T cells 
and increase of ratio of naive CD4+ cells in 
relation to memory CD4+ cells [38]. In addition, 
about 80% of the total inflammatory cells found 
in the lung tissue of patients infected with SARS-
CoV-2 are CD8+ T cells type [39, 40]. In this 
context, a deficient immune response to prevent 
the replication of the virus and the elimination 
of infected cells, associated with the decrease in 
CD4+ T cells and its subset of regulatory T cells, 
contribute to reduction of neutralizing antibodies 
production and can activate a range of immune 
system cells, resulting in increase of production 
of pro-inflammatory cytokines, known as 
cytokine storm. This phenomenon can cause 
lymphocyte apoptosis and it is responsible for 
triggering severe acute respiratory syndrome as 
well as systemic disorders, such as disseminated 
instravascular coagulation observed in patients 
with the severe form of COVID-19 [40-42].

Although antibody production were 
undetectable, virus-specific memory T cells 
have been found in individuals 6 years after 
the recovering of SARS-CoV infection [43]. 
In 2016, Ng and colleagues [44] demonstrated 
that memory CD8+ T cells shown specific 
reactivity for regions of the membrane proteins 
and nucleocapsid of the SARS-CoV. In addition 
to this fact, recently it was observed that SARS-
CoV-2 has a protein structure genetically similar 
to SARS-CoV-1 [45]. This observation, can 
suggest that conserved regions of the epitopes 
can trigger an immune response against various 
coronaviruses, serving as an important strategy 
for the development of vaccines and prevent 
the possibility of re-infection caused by mutant 
strains of the virus [46].



www.jbth.com.br

170 JBTH 2020; (June)Immune Responses against COVID-19

Humoral Immunity against SARS-CoV-2

The humoral immune response, especially 
the production of antibodies, plays an important 
role in protecting and limiting infections at later 
phase, and prevent future re-infection. Although 
SARS-CoV-2 is a novel pathogen, a robust B cell 
response against the virus is well characterized 
with the detection of virus-specific IgA, IgG, IgM 
and neutralizing IgG antibodies during the course 
of infection and after virus clearance [17]. The 
SARS-CoV-2 internal N protein and the external 
S glycoprotein are the sites of antibodies biding. 
Interestingly, the receptor binding domain (RBD) 
of Spike protein appears as target of neutralization 
antibodies and also shows non crossreactivity to 
RBD from MERS-CoV or SARS-CoV-1, being a 
promise tool in the diagnostic and immunization 
fields [47]. 

In order to understand the dynamic of antibody 
response against SARS-CoV-2, the response 
triggered by SARS-CoV-2 are speculated to be 
similar with the immune response caused by 
SARS-CoV-1 once they share 82% of sequence 
identity [48]. The antibody profile against SARS-
CoV-1 virus has a typical pattern of IgM and IgG 
production [49]. Triggering a humoral S- and 
N-specific IgM response where IgM peak happens 
within 4 weeks and becomes undetectable 3 
months post symptoms onset (PSO); and the 
switch to IgG occurred around day 14, and can last 
for a time [50-52]. 

In the course of SARS-CoV-2 infection, an 
increase in virus-specific IgM and IgA during 
the acute phase of the disease followed by an 
increase in virus-specific IgG at later phases 
has been observed [53, 54]. However, given the 
short time since the beginning of the COVID-19 
pandemic, it is not well elucidated this sequence 
of seroconversion, as well as for how long the 
protecting levels of these blocking antibodies will 
remain active and protective [55]. 

The typical view on IgM responses preceding 
IgG responses were observed by some authors. 
Xiao and colleagues [56] investigated 34 SARS-

CoV-2 confirmed cases and showed positive 
results for IgM and IgG at week 3 post symptoms 
onset. The decrease in IgM levels was seen at week 
4; being two cases completely negative at week 
5 to 6. In accordance, Zhao and colleagues [57] 
investigated the antibody response to SARS-CoV-2 
among 173 hospitalized patients and observed a 
seroconversion of IgM and IgG around day-12 
and day-14, respectively. Pan and colleagues[58], 
showed that, after the first week of symptoms 
onset, only 11% of 86 cases had a detectable IgM 
response. The seropositive response increased 
between 8 and 14 days after PSO for IgM and IgG. 
The data report low positivity for IgG after PSO 
and high levels at later points (more than 15 days). 

However, some works demonstrated that this 
scenario of preceding and declining IgM, followed 
by a late seroconversion of IgG, seemed not to be 
generally applicable to SARS‐CoV‐2 infection 
[55]. The high discrepancy of the patterns of IgM 
and IgG seroconversions related to SARS‐CoV‐2 
was reported by Qu and colleagues (2020) [59]. 
The group observed that the mediam time of 
seroconversion for IgG was 11 days and 14 days 
for IgM. Therefore, IgG seroconversion was three 
days earlier than that for IgM after the SARS-
CoV-2 infection. Liu and colleagues (2020) [60] 
evaluated 23 confirmed cases of SARS-CoV-2 
infection and report seroconversion at day 7 or 
later after the infection, with appearance of IgM 
and IgG in parallel and only in a few cases with 
either isolated IgM or IgG. These results highlight 
the variability of serological response, as well 
as appearance of IgM and IgG for SARS-CoV-2 
disease. 

More considerably, detectable levels of total 
antibodies were found in the sera of patients with 
undetectable levels of RNA in their respiratory tract 
samples. This evidence highlighted the extreme 
importance to combine molecular and serological 
tests for the exact diagnosis of COVID-19 
patients at different stages of the disease [57]. 
The work report by Pan and colleagues [58], also 
demonstrated that 43.6% of PCR‐negative cases 
showing clinical symptoms for SARS‐CoV‐2 
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found to be positive for antibodies against SARS‐
CoV‐2. The inconsistency between the PCR and 
antibody results might indicate a wrong time point 
of taking samples for the PCR test being either too 
late, or that sampling or other critical steps had not 
been efficient.

Immune Response Assessment Methods

Since the emergence of the COVID-19 
pandemic, several research teams around the 
world have applied a huge effort to develop and 
improve different diagnostics methods to detect 
the immunological response against SARS-
CoV-2 infection [61]. The evaluation of humoral 
and cellular response is important to understand 
the disease epidemiology, including the 
asymptomatic infection rate and the protection 
level in a given population. This information is 
pivotal to the governs make decisions regarding 
social distance, lockdown and to improve the 
public hospital capacities. Moreover, the assays 
to measure immune response against SARS-
CoV-2 may help the governs to reopen borders 
and get employees back to work, limiting 
the economic damage [62]. The search of the 
presence of antibodies and T-cell response 
against SARS-CoV-2 are two diagnostic ways 
to measure the host response against the virus. 
The T-cell response against S-glycoprotein has 
been characterized and correlates to IgG and IgA 
antibodies and the production of interferons are 
known to control viral infection [63]. Interferons 
are widely used to treat viral infections such as 
hepatitis B and C, and IFN-α decreases virus titer 
in the lungs of SARS-CoV-infected macaques 
[64], suggesting it may be a pharmacological 
treatment for COVID-19. However, measure 
interferon production by T-lymphocytes is a 
strategy to determine previous infections, host 
response capability to fight against the virus 
and also associate the host cellular response to 
the clinical outcome. Actually, this diagnostic is 
applied to Mycobacterium tuberculosis infection, 
known as QuantiFERON® [65]. In this case, the 

blood of the patient is incubated in contact to a 
mix of peptide antigens from M. tubesculosis. In 
the end, the level of IFN-γ produced is determined 
by ELISA (enzyme-linked immunosorbent 
assay). For COVID-19, there is no approach 
regarding the measurement of IFN-γ as a readout 
of immune response status against SARS-CoV-2.

Nowadays, the most common diagnostic 
methods to evaluate the immunological response 
against SARS-CoV-2 are based on the detection 
of antibodies. Tests based on the antibody 
detection are important to determine if people 
have been infected by a such pathogen. The 
infection stimulates the recognition of antigens 
by the immune system, triggering the production 
of specific antibodies which will be secreted by 
plasm cells. It is noteworthy the SARS-CoV-2 
serology may be complementary to the RT-qPCR 
and for epidemiological studies. The serology 
may be used to confirm or exclude COVID-19 
in such situations: 1) consecutive negative RT-
qPCR results associated to the presence of 
clinical symptoms; 2) for infectious control 
in hospitalized patient presenting more than 
twenty days of suggestive clinical symptoms; 
3) COVID-19 atypical manifestations (Guillain-
Barré syndrome, meningo-encephalitis, 
cutaneous vasculitis, Kawasaki disease and 
diarrhea); 4) pre transplant or chemotherapy 
treatment [66].

Serological tests include neutralization 
assays, chemiluminescent immunoassay (CLIA), 
ELISA (Figure 3) and lateral-flow tests (Figure 
4) [67, 68]. To detect the presence of neutralizing 
antibodies in human plasm it is possible to apply 
technics such as replicative component virus or 
pseudotyped viral particle-based entry assays. 
However, the first one is timing consuming and 
must be used in a biosafety level 3 laboratory 
structure, while the second option is not trivial 
to be produced. CLIA, ELISA and lateral-flow 
tests, apply an enzyme, fluorophore or colloidal 
gold-tagged secondary antibody to detect the 
presence of antibodies in the patient serum. For 
these assays an important tool is the SARS-
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Figure 3. Overview of rapid diagnostic serological test. 

Rapid diagnostic tests (RDTs) are typically based on colorimetric lateral flow immunoassay, in which host antibodies migrate across an 
adhesive pad (e.g., nitrocellulose) and interact with bound virus-specific antigens and secondary antibodies (antihuman IgM/G antibodies). 
Conjugated SARS-CoV-2-specific antigen(s) (labeled with gold here) will bind with the corresponding host antibodies. As antibody–antigen 
complexes travel up the membrane, bound anti-SARS-CoV-2 IgM antibodies interact with fixed anti-IgM secondary antibodies on the M line, 
and anti-SARS-CoV-2 IgG antibodies interact with anti-IgG antibodies on the G line. If the blood sample does not contain SARS-CoV-2-
specific antibodies, the M or G lines do not appear in the final test results; only the control (C) line will be revealed. 
Source/Credit: Ghaffari [67].

CoV-2 antigens produced in laboratory. The S 
and N protein are usually used in these diagnostics. 
While the N-protein is the most abundant and 
immunogenic protein (then easier to detect) [69], 
(S) glycoprotein may elicit neutralizing antibody 
targeting the RBD [70]. N-protein is relatively 
small and highly conserved among coronavirus 
infecting human, allowing false positive results 
because of cross-reactions to other coronaviruses. 
On the other hand, S-glycoprotein is less 
conserved and may stimulate the production 
of more specific antibodies, as a consequence 
of glycosylated sites and its complex trimeric 
conformation. A heterogeneity in antibody 

development against these antigens have been 
observed. The anti-N antibodies were showed to 
appear earlier than anti-S during the infection, 
and the detection of both antibodies may be 
complementary during the serological screenings 
to improve the assay sensibility [71]. 

One of the first studies which evaluated 
these commercial serological assays tested 
the performance of 10 ELISAS, 4 CLIA and 
3 lateral-flow tests, to measure the presence 
of IgM, IgG and IgA in 582 sera (178 and 
404 positive and negative, respectively). As 
expected, the antibodies titer increased overtime 
post-symptoms and was detected by most of the 
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brands tested. Regardless the serological method 
applied, IgG antibodies increased after 15 days 
post-symptoms and generate a sensibility of 90%. 
Cross reaction was not observed in this study 
using samples from another human seasonal 
coronavirus and others virus infection. These 
same authors showed that lateral flow testes 
could detect 90% of IgM from infected patients 
and in all IgM positive assays, IgG was also 
present [66]. It suggests that the detection of IgM 
alone may be useless for the recent diagnostic 
of COVID-19, as determined by a longitudinal 
profile of IgG, IgM and IgA antibodies [72,73].

A meta-analysis performed by Bastos and 
colleagues [74], found that the methodology 
applied to conduct the accuracy of serological 
tests for COVID-19 are associated to high risk of 
patient selection bias as well as the risk regarding 
to the interpretation of the results. The sensitivity 
was higher after three weeks of symptoms onset 
for CLIA, ELISA and lateral flow method, in 
accordance to the study abovementioned. In all 

analysis, the sensitivity of lateral-flow based tests 
was the lowest detected [74]. The lateral-flow 
methodology is easier to perform and faster than 
CLIA and ELISA, then it has been commonly 
used around the world and is a potential point-
of-care method. However, the performance of 
this method must be evaluated in depth. Another 
metanalysis searched for the accuracy of rapid 
tests registered in Brazil during the pandemic. 
This study showed this kind of test may be 
associated to false negative results [75]. 

In summary, the evidence for high 
performance of serological tests are weak, 
mainly if the methods are applied as point of care 
diagnosis. Then, caution is necessary when use 
serological tests available for clinical decision 
and epidemiological surveillance. Moreover, the 
researchers must consider the antigen used for 
the development of these tests, since evidences 
suggest the response against the N-protein or 
S-glycoprotein influences the prognosis of the 
disease [76].

Figure 4. Schematic representation of an ELISA or CLIA assay. 

Both serological tests are performed in antigen coated plates where patient serum is added. The human antibodies directed against SARS-
CoV-2 antigen is detected by a seconday labeled antibodies, which could be conjugated to a horesedharsh peroxidase (ELISA) or a fluoroforo 
(CLIA). The signal intensity will be proportional to the antibody titer in the sample. 
Credit/Source: Serology testing for COVID-19. Center for Health Security. Johns Hopkins University 2020 [68].
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Concluding Remarks

In view of the rapid spread of SARS-CoV-2 
and the unknown nature of the virus, both basic 
science and clinical science had to intensify 
scientific production regarding SARS-CoV-2 
in a few months in order to generate useful 
information for the viral infection control. 
Previous knowledge about other coronaviruses, 
such as SARS-CoV-1 and MERS-CoV, were the 
pillars for understanding the immune response 
of SARS-CoV-2. Until now, we know that the 
anti-SARS-CoV-2 immune response in the 
host involves mechanisms related to innate 
immunity, activation of CD4+ and CD8+ T cells 
and production of antibodies (IgA, IgG and 
IgM) against the virus. Despite the similarities 
with other coronoviruses, the immune response 
against SARS-CoV-2 has been showing some 
distinct characteristics that need to be better 
clarified, such as, for example, the kinetics of 
antibody production. In this fashion, we can 
conclude that additional studies need to be done 
to a better description of the immune response 
against SARS-CoV-2.
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