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In the XXI century, we have already witnessed the global spread of three previously

unknown coronaviruses. In 2002, the first known case of severe acute respiratory

syndrome (SARS) occurred in China and SARS coronavirus (SARS-CoV) was

identified in 2003.1 Before SARS pandemic was declared to be over in summer of

2003, about 8500 cases were reported, including almost 900 deaths in 32 countries.

Ten years later, in 2012, a novel coronavirus, Middle East respiratory syndrome

coronavirus (MERS-CoV), was isolated and was proven to be associated with

several clusters of cases, first in the Arabian Peninsula and then in other countries.

As a result, almost 2500 cases including more than 850 deaths in 27 countries have

been reported.2 In 2019, a novel β-coronavirus caused severe and even fatal

pneumonia in Wuhan China, and rapidly spread to other provinces of China and

other countries in 2020. The World Health Organization (WHO) on March 11,

2020, declared coronavirus disease 2019 (COVID-19) caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2) a pandemic. By mid-May

2020, more than 300,000 people have died and over 4,000,000 have been infected

by the coronavirus in almost 200 countries and territories worldwide.

Coronaviruses were first discovered in the 1930s when an acute respiratory

infection of domesticated chickens was investigated, and human coronaviruses

were first identified in the 1960s.3,4 These early identified human coronaviruses

are circulated in the global human population and contribute to ~30% of common

cold infections and mild respiratory symptoms and include the coronaviruses NL63,

229E, OC43 and HKU1.5 There are only seven coronaviruses known to cause

disease in humans and the remaining three, MERS-CoV, SARS-CoV and SARS-

CoV-2 (or 2019-nCoV), are more severe than the four relatively benign earlier

counterparts. Although SARS-CoV-2 and SARS-CoV share the same host receptor –

the human angiotensin-converting enzyme 2 (ACE2),6 and in spite of ~80% genetic

identity between SARS-CoV 1 and 2, these coronaviruses are different in several

epidemiologic and biologic characteristics including transmissibility, virulence,

survival, virus–host interactions and, it appears, induction of immune response

and immune escape pathways.

Like SARS and MERS, SARS-CoV-2 infection manifests most frequently with

lower respiratory symptoms. A minority of patients progress to acute respiratory

distress syndrome with diffuse alveolar damage. Though COVID-19 symptoms, in

general, have presented chiefly within the respiratory system, the infection rapidly

spreads to affect the kidneys, nervous and cardio-vascular systems, clotting
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pathways, skin and the immune system in some patients.

Interestingly, both lymphopenia and hyperactivation of the

immune responses are reported in COVID-19 patients.

Therefore, from the immunological point of view, the

important question is: What do we need to know about

COVID-19 immunity, and thus what should we measure in

these patients?

Noticeably, the immune responses induced by SARS-

CoV-2 infection seem to be in two-stages. As most of the

infected individuals develop only mild or no clinical

symptoms, it is conceivable that during the incubation

and non-severe stages, a specific adaptive immune

response is required to eliminate the virus and to preclude

disease progression to severe stages. Such a robust

immune response, as noted by virus-specific immunoglo-

bulin production in these individuals, is associated with

clinical recovery of most SARS-CoV-2-infected patients

without severe respiratory symptoms.7,8 However, when

a protective immune response is impaired, virus propa-

gates and massive destruction of the affected tissues

occurs, particularly in organs with high ACE2

expression.9 At this stage, hyperactivation of a few subsets

of immune cells and the cytokine release syndrome (CRS,

“cytokine storm”) induces lung, intestine and kidney

damage. In addition, liver injury has also been reported

to occur during the course of the disease in severe cases as

is seen in SARS-CoV and MERS-CoV.10 A total of 14

cytokines, from 48 analyzed, were significantly elevated in

plasma in patients with COVID-19.11 Importantly, these

cytokines exhibited dissimilar expression profiles in

patients with different disease severity: for instance, levels

of IP-10, MCP-3, HGF, MIG and MIP-1α were signifi-

cantly higher in critically ill patients when compared with

the expression in patients with severe or moderate disease.

Also, IP-10 and MCP-3 were revealed to be outstanding

predictors for the progression of COVID-19 disease.

Interestingly, ACE2 was shown to function as an inter-

feron-stimulated gene in human barrier tissue epithelial

cells12 suggesting that SARS-CoV-2 may exploit IFN-

induced increase in ACE2 expression, a crucial cell-

protective factor in lung injury, to augment infection.

Furthermore, serum IL-6, IL-10 and TNF-α concentra-

tions negatively correlated with reduced total T cells,

CD4+ and CD8+ T cells, and survival of COVID-19

patients.13 T cells from these patients expressed high levels

of PD-1, which was particularly seen as patients pro-

gressed from prodromal to overtly symptomatic stages.

Thus, it is possible that the cytokine release may drive

the depletion and exhaustion of T cells. Together with the

fact that low T cell number and exhausted T cells can leave

patients more susceptible to secondary infection, these

results suggest that it is important now to focus on sub-

populations of T cells in order to discover their vulner-

ability and their role in disease progression and recovery.

Recent data demonstrated reduced COVID-19 severity in

patients with respiratory allergies potentially due to the

reduction in ACE2 expression in allergic individuals,14

suggesting the need to expansively assess the role of

type 2 immune regulation in the pathogenesis of SARS-

CoV-2 infection. At the same time, an excessive immune

response contributes to SARS-CoV-2 pathogenesis and

COVID-19 lethality. The rapid viral replication of SARS-

CoV-2 may cause fatal inflammatory responses and acute

respiratory distress syndrome (ARDS) in patients. For

instance, during virus replication, the released coronavirus

nucleocapsid dimers may interact with mannose-binding

lectin-associated serine proteases. This interaction induces

over-activation of the complement system and promotes

cell lysis leading to further elevation of pro-inflammatory

cytokines, characterized as cytokine storm.15

Tissue damage, particularly if associated with dispro-

portionate inflammation and CRS, may dysregulate the

peripheral tolerance machinery and allow initiation or

hastening of autoimmune pathways. It is also possible

that despite the lymphocytopenia often seen in severe

COVID-19 patients, hyperactivation of virus-specific

CD8+ and CD4+ T cells during SARS-CoV-2 infection

and massive destruction of infected cells may result in the

development of autoimmune pathology after patient recov-

ery. Although effective immune response against viral

infections depends on the activation of cytotoxic T cells

that can clear the infection by killing virus-infected cells,

very little is known about viral protein-specific T cells in

CoVID-19 patients. Furthermore, it is not yet clear

whether these cells play a role in the elimination of SARS-

CoV-2-infected cells and/or massive destruction of

infected cells in different tissues. Again,

a comprehensive analysis of T cell subsets in COVID-19

patients, especially after recovery, is justified to predict

and minimize outcomes of immune dysregulation during

infection.

In spite of a growing body of immunological data asso-

ciated with SARS-CoV-2 infection, it is still not completely

understood how the infection is cleared.16 If SARS-CoV-2,

similar to other coronaviruses, induces an acute infection

which is then completely cleared by the immune system,
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then the majority of recovered individuals should acquire at

least a temporary immunity and be protected from

a repeated infection for some time. Another scenario is

viral latency, when the virus may lie dormant within a cell

as the viral genome has not been fully eradicated. The virus

is still able to reactivate via external activators, as seen in

herpes simplex virus, which commonly infects an indivi-

dual for life. Another scenario is a chronic infection, such as

in the case of viral hepatitis and HIV, when a virus persists

for a continued period and causes long-term inflammation

and damage. This limited understanding of SARS-CoV-2

behavior suggests the necessity to develop verified immu-

noassays to assess the circulation of both anti-viral antibo-

dies and viral proteins (antigens) as in the case of HBVand

HIV infections. As many unknowns remain about antibody

tests, determination of several subclasses of immunoglobu-

lins – IgG, IgM and IgA, recognizing at least SARS-CoV-2

specific spike and nucleocapsid proteins – is urgently

needed to unravel the development and stability of immune

response to SARS-CoV-2 infection. These clinical data

should support the development of alternative fast, reliable

and non-expensive testing of the neutralizing potential of

tested anti-viral antibodies. This information also is needed

for a better understanding of the applicability of

a phenomenon known as antibody-dependent enhancement,

when pathogen-specific antibodies can promote

pathology,17 to SARS-CoV-2 infection and COVID-19

severity. The results of wide antibody testing should pro-

vide information on disease prevalence and the frequency

of asymptomatic infections. Finally, the determination of

spike, nucleocapsid and envelop proteins of SARS-CoV-2

in serum/plasma samples is also urgently needed to support

expanded screening of different populations of people for

epidemiologic, predictive, and risk evaluating studies.

Further elucidation of these complex clinical data will

identify novel diagnostic and therapeutic strategies to

more effectively control this pandemic and prevent its

potential recurrence.
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