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Figure 2. Animal origins of human coronaviruses. Severe acute respiratory syndrome coronavirus
(SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV) and were transmitted to
humans from bats by civet cats and dromedary camels, respectively. The 2019 SARS-CoV-2 was likely
transmitted to humans through pangolins that are illegally sold in Chinese markets [16,17].

The SARS-related coronaviruses are covered by spike proteins that contain a variable
receptor-binding domain (RBD). This RBD binds to angiotensin-converting enzyme-2 (ACE-2) receptor
found in the heart, lungs, kidneys, and gastrointestinal tract [18] thus facilitating viral entry into target
cells. Based on genomic sequencing, the RBD of SARS-CoV-2 appears to be a mutated version of
its most closely related virus, RaTG13, sampled from bats (Rhinolophus a�nis) [19]. It is, therefore,
believed that the SARS-CoV-2 also originated from bats and, after mutating, was able to infect other
animals. The mutation increased the RBD a�nity to ACE-2 in humans, but also other animals such as
ferrets and Malayan pangolins (Manis javanica; a long-snouted, ant-eating mammal sold illegally for
use in traditional Chinese medicine), but also decreased the RBD a�nity to ACE-2 found in rodents
and civets. The pangolin is believed to be the intermediate host of SARS-CoV-2 [17].

There was some early speculation that SARS-CoV-2 emerged from a manmade manipulation of
an existing coronavirus, but there is no evidence to support such a theory. In fact, Anderson et al.
suggest that the particular mutation that was found in the RBD of SARS-CoV-2 is di↵erent to what
would have been predicted based on previously used genetic systems. The authors, however, stated
that “it is currently impossible to prove or disprove the other theories of [the SARS-CoV-2] origin [19]”.

3. Pathogenesis and Clinical Presentation

Since SARS-CoV and SARS-CoV-2 are so similar, the biochemical interactions and the pathogenesis
are likely similar. Binding of the SARS-CoV to the angiotensin-converting enzyme 2 (ACE-2) receptors
in the type II pneumocytes in the lungs triggers a cascade of inflammation in the lower respiratory
tract [20]. It has been demonstrated that when the SARS spike protein binds to the ACE-2 receptor
(Figure 3A), the complex is proteolytically processed by type 2 transmembrane protease TMPRSS2
leading to cleavage of ACE-2 and activation of the spike protein (Figure 3B) [21,22], similar to
the mechanism employed by influenza and human metapneumovirus, thus facilitating viral entry
into the target cell (Figure 3C). It has been suggested that cells in which ACE-2 and TMPRSS2 are
simultaneously present are most susceptible to entry by SARS-CoV [23]. Early indications are that
SARS-CoV-2 virus also requires ACE-2 and TMPRSS2 to enter cells [24].
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