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Question

Explain the histological basic of upper respiratory system (conducting portion of the respiratory system) attacked by corona virus.
Severe acute respiratory syndrome coronavirus (SARS-CoV) emerged in 2002 as an important cause of severe lower respiratory tract infection in humans, and in vitro models of the lung are needed to elucidate cellular targets and the consequences of viral infection. The SARS-CoV receptor, human angiotensin 1-converting enzyme 2 (hACE2), was detected in ciliated airway epithelial cells of human airway tissues derived from nasal or tracheobronchial regions, suggesting that SARS-CoV may infect the proximal airways. To assess infectivity in an in vitro model of human ciliated airway epithelia (HAE) derived from nasal and tracheobronchial airway regions, we generated recombinant SARS-CoV by deletion of open reading frame 7a/7b (ORF7a/7b) and insertion of the green fluorescent protein (GFP), resulting in SARS-CoV GFP. SARS-CoV GFP replicated to titers similar to those of wild-type viruses in cell lines. SARS-CoV specifically infected HAE via the apical surface and replicated to titers of 107 PFU/ml by 48 h postinfection. Polyclonal antisera directed against hACE2 blocked virus infection and replication, suggesting that hACE2 is the primary receptor for SARS-CoV infection of HAE. SARS-CoV structural proteins and virions localized to ciliated epithelial cells. Infection was highly cytolytic, as infected ciliated cells were necrotic and shed over time onto the luminal surface of the epithelium. SARS-CoV GFP also replicated to a lesser extent in ciliated cell cultures derived from hamster or rhesus monkey airways. Efficient SARS-CoV infection of ciliated cells in HAE provides a useful in vitro model of human lung origin to study characteristics of SARS-CoV replication and pathogenesis.

Infection of human respiratory airways by classic human coronaviruses (HCoV) (e.g., HCoV-229E and HCoV-OC43) typically produces mild common cold symptoms, although more serious disease has been reported to occur in infants and individuals with underlying comorbidities (42). However, infection by a recently emerged HCoV can lead to a fatal pneumonia characterized as severe acute respiratory syndrome (SARS), and the newly identified HCoV is designated SARS coronavirus (SARS-CoV) (11, 25). SARS-CoV has caused about 8,000 cases and ∼800 deaths worldwide, with an ∼10% overall mortality rate prior to successful containment of the epidemic. SARS-CoV has been isolated from humans, civet cats, raccoon dogs, bats, and swine, suggesting that several animal species may function as natural reservoirs for future outbreaks (17, 28). In some cases, humans may display mild disease, raising the possibility for asymptomatic carriage and maintenance of virus in human populations (22, 52). The SARS-CoV discovery also led to the identification of two new HCoV, HCoV-NL63 and HCoV-HKU1, both of which are associated with more-serious lower respiratory tract infections in humans (62, 67). Given the growing importance of HCoV as pathogens that produce severe human respiratory diseases, relevant model systems are needed to elucidate the underlying molecular mechanisms governing coronavirus pathogenesis and virulence in the human lung. SARS-CoV infection is an attractive model for HCoV infection, as it produces severe disease in the human lung, it replicates efficiently in vitro, a molecular clone is available to identify the genetic determinants governing pathogenesis and virulence, and a variety of animal models are under development (16, 34, 41, 44, 45, 70).

The SARS-CoV virion contains a single-stranded, positive-polarity, 29,700-nucleotide RNA genome bound by the nucleocapsid protein (N). The capsid is packaged by a lipid bilayer containing at least three structural proteins, including a 180-kDa spike glycoprotein (S) that interacts with human angiotensin 1-converting enzyme 2 (hACE2) to mediate viral entry into cells (30). In addition to the 23-kDa membrane glycoprotein (M), the envelope (E) protein is likely essential for efficient virion maturation and release. More recently, open reading frame 3a (ORF3a) was shown to encode a fourth virion protein, although its functions in maturation and release are unknown (72). The SARS-CoV genome contains nine ORFs, the first of which encodes the viral replicase proteins required for subgenomic- and genome-length RNA synthesis and virus replication (see Fig. ​Fig.2A)2A) (32, 46, 48). Based on studies with other coronaviruses, it is likely that SARS-CoV uses a transcription attenuation model to synthesize both full-length and subgenomic-length negative-strand RNAs containing antileader RNAs, which then function as templates for the synthesis of like-sized mRNAs (2, 49, 50). ORF2 to ORF8 are located on eight subgenomic mRNAs synthesized as a nested set of 3′ coterminal RNA species in which the leader RNA sequences on the 5′ end of the genome are joined to body sequences at distinct transcription regulatory sequences containing a highly conserved consensus sequence (53, 59, 70). The SARS-CoV consensus sequence is ACGAAC (32, 46, 53, 59, 70). The virion structural gene products S, the ORF3a protein, M, E, and N are encoded in mRNA transcripts 2, 3, 4, 5, and 9a, respectively, while the group-specific ORFs are located on mRNAs 3, 6, 7, 8 and 9. Interspaced among the SARS-CoV structural genes are the group-specific genes (ORF3b, ORF6, ORF7a/7b, ORF8a/8b, and ORF9b), which are not conserved in other coronaviruses and whose functions in replication and pathogenesis are generally unknown (32, 46, 53). Group-specific ORFs from other coronaviruses, such as mouse hepatitis virus, feline infectious peritonitis virus, and transmissible gastroenteritis virus, usually encode luxury functions for replication in vitro (9, 10, 66). In the case of these viruses, group-specific genes can be deleted, oftentimes attenuating pathogenesis in vivo (9, 10, 18). The development of a molecular clone for SARS-CoV provides a useful tool to study replication and pathogenesis by allowing direct manipulation of the viral genome (70).
