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Abstract: The outbreaks of coronavirus have posed threats to the world several times in decades.
The immune responses are crucial during the coronavirus infection. Studying immune responses
will contribute to the development of target therapy and vaccines. This review provides a brief
introduction to the epidemiology of three coronaviruses, differences in infections, and the
corresponding immune responses.

1. Introduction

At the end of 2019, the outbreak of a coronavirus called COVID-19 was reported in Wuhan,
Hubei, China. Unfortunately, two coronavirus pandemics have threatened the world, Severe Acute
Respiratory Syndrome (SARS) in 2002-2003 and Middle East Respiratory Syndrome (MERS) in
2011 [1]. SARS-CoV, MERS-CoV and SARS-CoV-2 have similar, but various genome composition
[1]. Coronaviruses are distributed widely among mammals and birdsand cause mainly respiratory or
enteric diseases [2]. Coronaviruses are usually highly species-specific to their corresponding
receptors, while the adaption of several coronaviruses to human proved that they are also mutable [3].
Studies have been done to figure out the structure, infection mechanism and immune responses
induced by SARS-CoV, MERS-CoV and SARS-CoV-2. This review narrates and compares the
epidemiology and immune responses induced by the three coronaviruses.

2. Epidemiology of coronavirus
2.1 Coronavirus Structure

Coronaviruses have the largest genomes for RNA viruses [4], which are enveloped,
single-stranded, positive-sense RNA viruses [5], and belong to the family Coronaviridae, the
subfamily Corona-virinae and the order Nidovirales [6]. The spike (S) protein, membrane (M)
protein, envelope (E) protein and nucleocapsid (N) protein are structural proteins that are needed to
form a complete virus particle (figure 1) [3]. The more variable region of the spike molecule, S1, is
the part that binds to the receptor, which leads to the structural change of S2, mediating fusion
between the virus and cell membranes [3]. Interactions between the S protein and its receptor initiate
the attachment of the virus to the host cell [7]. SARS-CoV and SARS-CoV-2 use
angiotensin-converting enzyme 2 (ACEZ2) as a receptor, which is expressed on the epithelial cells of
alveoli, trachea, and bronchi, bronchial serous glands, and alveolar monocytes and macrophages [8],
while MERS-CoV uses dipeptidyl-peptidase 4 (DPP4) [9], which is a multifunctional cell-surface
protein widely expressed on epithelial cells in the kidney, small intestine, liver and prostate and on
activated leukocytes [8].

2.2 Differences in coronavirus infection
2.2.1 SARS

SARS virus mainly binds to the receptor ACE2, which is a surface molecule on arterial and
venous endothelial cells, arterial smooth muscle cells, epithelia of the small intestine, and the
respiratory tract [8]. In the respiratory tract, ACE2 is expressed on the epithelial cells of alveoli,
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trachea, and bronchi, bronchial serous glands, and alveolar monocytes and macrophages [8]. The
down degradation of ACE2 leads to the pathological changes in the lung [10,11].

2.2.2 MERS

The first step of infection for the MRES virus is binding to the receptor Dipeptidyl peptidase 4
[8,12]. It is a multifunctional cell-surface protein widely expressed on epithelial cells in the kidney,
small intestine, liver and prostate and on activated leukocytes, which is mainly in the alveoli in the
human respiratory tract [12]. It is also found that MERS-CoV can infect human immune cells,
including dendritic cells, macrophages, and T cells [13,14,15].

2.2.3 SARS-CoV-2

Based on the published article and clinical observations of COVID-19 patients, it is proposed that
the virus might pass through the mucous membranes, especially nasal and larynx mucosa, and then
enters the lungs through the respiratory tract [16]. The virus might enter the peripheral blood from
the lungs, which causes viremia. It would attack the targeting organs that express ACE2, such as the
lungs, heart, renal, gastrointestinal tract [17,18]. Unlike SARS-CoV, SARS-CoV-2 S proteins could
be triggered upon the receptor binding without exogenous protease priming or activation
[19]. Experiments indicated that SARS-CoV-2’s S pseudovirions enter 293/hACE2 cells mainly
through endocytosis [19]. Meanwhile, PIKfyve and TPC2 are important for entry [19].

3. Immune response induced by coronavirus
3.1 Cellular immunity

For all we knew, T cell plays an important role in antiviral immunity. Recently blood samples
were collected from 46 cases of SARS patients, compared with normal controls, the cell count of
naive CD4+T cell subset was remarkably decreased, and the percentage of CD8+CD38+T cell subset
was higher during the 1st week. While during the 3rd-5th week, the CD8+T cell count and the
percentage of CD8+CD38+T cell subset reached normal values [20]. However, during the 8th-12th
week, the cell counts of CD4+T cell and naive CD4+T cell subset was still less than those of normal
controls [20]. And the higher frequency of poly-functional CD4+T cells and CD8+T cells are
detected in the severe group [1]. Distinctively high frequencies of MERS coronavirus—reactive
CD8+ T cells were observed in patients with severe/moderate illness, while antibody and
CDA4+ T-cell responses were minimally detected at this stage [21]. And lymphopenia was observed
in both SARS-CoV and SARS- CoV-2 infections [22]. CD8+ T cells responded preferentially to the
viral S protein compared with E/M/N proteins, especially at the acute stage, slightly more CD4+ T
cells recognized E/M/N proteins compared with S protein at the convalescent phase [21]. The
difference in CD4:CD8 ratio, CD4+T cell frequency, CD8+T cell frequency and CD4+ T cell’s
mean fluorescence intensity (MFI) was not significant between COVID-19 patients and healthy
individuals, while the CD8+T cell’s MFI increased significantly in COVID-19 infected patients [23].

3.2 Humoral immunity

In humoral immunity, 1gG against N protein can be detected in the sera as early as 4 days after
SARS illness onset, with most patients seroconverting by day 14 [24]. Neutralizing 1gG is major in
the neutralization of the SARS-CoV [22]. And long-lasting specific IgG and neutralizing antibody
are reported as long as 2 years after infection [25]. For MERS-CoV infection, seroconversion is seen
in the second or third week of disease onset [1]. While IgM, IgA, and IgG antibodies against
SARS-CoV-2 appear day 1 after the symptom onset [26]. The IgM and IgA antibodies were both
detectable on day 5, and the median time of appearance of IgG was on day 14 [26]. The median
seroconversion time for total antibodies, IgM and then IgG were day-11, day-12 and day-14 [27].
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3.3 Cytokines

SARS-CoV infection of dendritic cells induces low-level expression of antiviral cytokines IFN-af3,
moderate up-regulation of pro-inflammatory cytokines TNF and IL-6, and a significant up-regulation
of inflammatory chemokines CCL3, CCL5, CCL2, and CXCL10 [28,29]. And the infection of
macrophages induces delayed but elevated levels of IFN and other pro-inflammatory cytokines [29].
The SARS-CoV-infected airway epithelial cells (AECs) also produce large amounts of CCL3, CCLS5,
CCL2, and CXCL10 [30]. While MERS-CoV infection of human airway epithelial cells also induces
significant but delayed IFN and pro-inflammatory cytokine (IL-1p, IL-6, and IL-8) responses [31].
MERS-CoV replicates both in naive and activated human monocyte-macrophages and DCs, but only
activated T cells support MERS-CoV replication [32,33,34], which is different from SARS-CoV.
MERS-CoV infection of THP-1 cells, a monocyte cell line, and human peripheral blood
monocyte-derived macrophages and dendritic cells induced delayed but elevated levels of
pro-inflammatory cytokines and chemokines such as CCL-2, CCL-3, CCL-5, IL-2, and 1L-8 [33,34].
T cell immunity-associated cytokines IL-12 and IFN-g levels were lower in a fatal case compared to
a patient who survived the MERS infection [35]. High levels of pro-inflammatory cytokines
including IL-2, IL-7, IL-10, G-CSF, IP-10, MCP-1, MIP-1A, and TNFa were observed in 41
COVID-19 severe cases [36]. This early high rise in the serum levels of pro-inflammatory cytokines
was also observed in SARS-CoV and MERS-CoV infection, which means there is a potential similar
cytokine storm-mediated disease severity [37,38].

4. Conclusion

Immune responses are important during coronavirus infections. The similarities and differences of
immune responses induced by SARS-CoV, MERS-CoV, and SARS-CoV-2 are presented in this
review. During SARS-CoV infection, the percentage of naive CD4+ subset decreases, and the
percentage of CD8+CD38+ subset increases. For MERS-CoV and SARS-CoV-2 infections, CD8+T
cell’s mean fluorescence intensity(MFI) is higher compared to healthy individuals [20]. And
antibodies including 1gG, IgM and IgA can be detected during infections [24, 25, 26]. Therefore,
exploring and comparing the human immune response caused by three different coronavirus
infections are helpful to immunological methods that prevent and treat coronavirus pandemics.
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