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1. INTRODUCTION 

229E and HCoV-OC43 cause upper respiratory tract infections and rarely cause lower 
respiratory tract disease in immunocompromised patients. In 2002–2003, a novel 
coronavirus, SARS-CoV, caused a pandemic of severe acute respiratory distress 
syndrome. Since the SARS epidemic, two additional HCoVs have been identified, 
HCoV-NL-63 and HCoV-HKU1.  HCoV-NL-63 has been isolated from pediatric cases of 
respiratory disease  and HCoV-HKU1 has been isolated from two adult patients with 
pneumonia.3 Coronaviruses also cause respiratory diseases in other species, including 
porcine respiratory coronavirus (PRCoV),4 respiratory bovine coronavirus (BCoV-
Resp),5 and canine respiratory coronavirus (CRCoV).6 Two strains of rat coronavirus 
(RCoV) cause respiratory disease in rats. Sialodacryoadenitis virus (RCoV-SDAV) and 
Parker’s rat coronavirus (RCoV-P) have both been isolated from infected rat lungs. We 
are studying the pathogenesis of RCoVs as a model for coronavirus respiratory disease in 
the natural host. 

RCoV-SDAV was initially isolated from the salivary glands of rats with 
sialodacryoadenitis.7 In addition to pathogenesis in the salivary and lacrimal glands, 
RCoV-SDAV can cause chronic eye disease, reproductive disorders, and mild acute 
disease in the respiratory tract.7-10 RCoV-SDAV–infected adult rats have lesions and 
inflammation in the upper respiratory tract. However, lesions in the lung are very mild.  
Infection of suckling rats by RCoV-SDAV results in more severe respiratory disease. 
RCoV-P was initially isolated from lungs of asymptomatic rats.11 In contrast with RCoV-
SDAV, RCoV-P is strictly pneumotropic. Inoculation of adult rats with RCoV-P causes 
asymptomatic infection of the upper and lower respiratory tract with focal interstitial 
pneumonia, while infection of neonates results in lethal interstitial pneumonia.  The 
cellular receptor(s) used by RCoV-SDAV and RCoV-P have not been identified. RCoV-P 
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expresses an enzymatically active hemagglutinin esterase (HE) protein on the viral 
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There are five human coronaviruses (HCoV) that cause respiratory disease. HCoV-
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Figure 1. Primary rat alveolar epithelial cells can be cultured to maintain a type II cell phenotype or trans-
differentiate into a type I cell phenotype. 

 
envelope, whereas our laboratory isolate of RCoV-SDAV does not express HE.13 The 
role of the HE protein in RCoV infection and pathogenesis has not been studied. 

Here we report infection of primary cultures of differentiated rat alveolar 
epithelial cells by RCoV-P and RCoV-SDAV. Rat type II alveolar epithelial cells can be 
isolated and grown under culture conditions that either maintain a type II phenotype or 
trans-differentiate into a type I cell phenotype (Figure 1).  Type II alveolar cells are 
dividing, cuboidal cells that produce surfactant and regenerate the lung epithelium after 
injury. Type I alveolar cells are nondividing cells with a flattened morphology that 
mediate gas exchange and fluid homeostasis in the lung. Specific markers for 
differentiating type I and type II alveolar cells include surfactant proteins for type II cells 
and T1α, aquaporin V, and caveolin for type I cells. 

Respiratory coronaviruses have been studied in bronchial epithelial cells but not in 
alveolar epithelial cells. Cultures of differentiated rat pneumocytes can be used to 
evaluate the cellular tropism of viral infection, viral cytopathic effects on alveolar cells, 
and viral modulation of cytokines and chemokines that control the immune response and 
tissue damage in the host. Inoculation with RCoV-SDAV results in more rapid and 
extensive cell fusion of type I cells than RCoV-P. We are evaluating determinants of 
differential cell fusion by RCoV strains. In conclusion, the ability of coronavirus to infect 
both alveolar type I and type II cells has implications in the pathogenesis of severe lung 
disease, such as that caused by SARS-CoV. 
 
 
2. METHODS AND RESULTS 
 
2.1. RCoV Infection of Primary Rat Alveolar Type II and Type I Cells 
 

We used freshly isolated type II cells to evaluate infection of highly differentiated 
pneumocytes by RCoV-SDAV and RCoV-P. Rat alveolar type II cells were isolated and 
inoculated in suspension with RCoV-SDAV or RCoV-P. Cells were fixed at 72 hpi and 
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Figure 2. Primary rat alveolar epithelial cells are susceptible to infection by RCoV-P and RCoV-SDAV. 
 
 
viral antigen was detected by immunofluorescence. To evaluate infection of type I 
phenotype cells, alveolar epithelial cells were cultured for 6 days under conditions that 
result in trans-differentiation into a type I cell phenotype (Figure 1) prior to virus 
inoculation. Viral antigen was detected in type II and type I cells that had been inoculated 
with RCoV-SDAV or RCoV-P but not in mock-inoculated cells (Figure 2). Infectious 
virus was detected in media from infected cultures (data not shown). Thus both RCoV-
SDAV and RCoV-P can infect primary cultures of rat alveolar type II and type I cells in 
vitro. 

We studied a time course of RCoV infection of primary cultures of rat alveolar type I 
cells. Cells were incubated for 6 days to fully differentiate into a type I cell phenotype, then 
inoculated with RCoV-SDAV or RCoV-P. Cells and medium were collected at various 
times postinoculation. The titer of infectious virus in culture supernatant was determined by 
plaque assay on L2P41.a cells. Viral antigen was present in RCoV-SDAV and RCoV-P 
infected cells by 10 hours postinoculation (hpi). Infection by RCoV-SDAV resulted in the 
formation of syncytia by 12 hpi, which were very large by 27 hpi (Figure 3) and were 
peeling off the coverslip by 51 hpi. In contrast, the RCoV-P infected cells did not form 
syncytia until 27 hpi, and syncytia were much smaller than those in the RCoV-SDAV-
infected cells. Both RCoV-SDAV and RCoV-P grew to similar titers (1.5x104-3x104 
pfu/mL) in primary type I cell cultures. 
 
2.2. Sequence of the RCoV Spike Glycoprotein 
 

The spike (S) glycoprotein of coronaviruses mediates cell to cell fusion. We therefore 
sequenced the spike glycoprotein of RCoV-P. We found 70 nucleotide differences in the 
sequence of the S gene of RCoV-P as compared with the published sequence of the RCoV-
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SDAV S (NCBI #AF207551). These mutations resulted in 22 amino acid changes in the S1 
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Figure 3. Infection of primary alveolar type I cells by RCoV-SDAV results in larger syncytia than infection by 
RCoV-P at 12h and 27h post-inoculation. 
 
 
region that might affect receptor binding and 9 amino acid changes in the S2 region that 
might affect cell fusion. 

The functions of the S glycoprotein of murine coronavirus MHV have been studied 
extensively.16 The S proteins of MHV strains are 79–90% identical in amino acid 
sequence with RCoV-P and RCoV-SDAV. Four of the amino acids that were changed in 
RCoV-P as compared with RCoV-SDAV are shared with the non-fusogenic MHV-2 
(NCBI #AF201929). These 4 amino acids may be important for the non-fusogenic 
phenotype of MHV-2 and the delayed fusogenic phenotype of RCoV-P. In particular, 
amino acid 750, which is located near the S1/S2 cleavage signal sequence, may be 
important in S1/S2 cleavage and the subsequent ability of spike to mediate cell-cell 
fusion. Hingley et al. previously showed that substitution of the MHV-A59 cleavage 
signal with the corresponding amino acids of MHV-2 resulted in less efficient cleavage 
of S1/S2 and a delayed fusion phenotype.17 The spike glycoprotein of RCoV-SDAV 
grown in L2P41.a cells is completely cleaved into 90-kDa S1 and S2 proteins, while 
RCoV-P spike is only partially cleaved.13 Like MHV-2, RCoV-P has a threonine at 
amino acid 750, while RCoV-SDAV has an isoleucine. We hypothesize that changing the 
isoleucine 750 to threonine in the RCoV-SDAV spike would result in decreased 
efficiency of spike cleavage and cell fusion. Alternatively, other amino acid changes in 
the spike of RCoV-P may contribute to the delayed fusion phenotype seen in RCoV-P-
infected cells. The specific amino acids in spike that are important in the delayed cell to 
cell fusion phenotype of RCoV-P will be studied further. 
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3. DISCUSSION 
 

The discovery of 3 human respiratory coronaviruses since 2003 increases the need to 
study the pathogenesis of coronaviruses in the lung. We are studying rat coronavirus 
infection of primary rat alveolar epithelial cells as a model for coronavirus pathogenesis 
in the lung of a natural host. 

We have found that rat coronaviruses infect both type I and type II alveolar epithelial 
cell phenotypes. ACE-2, the principal receptor for SARS-CoV, is expressed in both type I 
and type II pneumocytes.18 CD209L, which has been identified as an alternative receptor 
for SARS-CoV,19 is also expressed in type I and type II pneumocytes. SARS-CoV RNA 
and antigen have been detected in alveolar epithelial cells of fatal SARS cases 20, 21 and in 
type I pneumocytes in infected macaques.22 Type I pneumocytes make up the majority of 
the epithelial surface area of the lung. Damage to type I cells interferes with gas exchange 
and fluid homeostasis. Injury to type I cells causes type II cells to dedifferentiate, 
proliferate, migrate, and trans-differentiate into type I cells to repair the damaged lung. A 
virus that can infect both type I and type II cells, like RCoV, could cause severe lung 
disease by preventing repair of the damaged epithelium. Type II cells are essential for the 
secretion of surfactant, which stabilizes the alveoli and prevents acute respiratory distress 
syndrome, and surfactant proteins that are important mediators of innate immunity. 
Alveolar epithelial cells elicit innate and acquired immune responses in the lung by 
secretion of specific cytokines and chemokines. The effects of virus infection on the 
immune response will be addressed in future studies. 
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