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Human Coronaviruses (HCoVs) are responsible for respiratory tract infections ranging 
from common colds to severe acute respiratory syndrome. HCoV-NL63 and HCoV-229E 
are two of the four HCoVs that circulate worldwide and belong to the same group (the 
alpha coronaviruses). HCoV infections can lead to hospitalization of children, elderly 
and immunocompromised patients. Globally, approximately 5% of all upper and lower 
respiratory tract infections in hospitalized children are caused by HCoV-229E and HCoV-
NL63. The clinical manifestations of HCoV-229E in infected persons are headache, nasal 
discharge, chills, cough and sore throat, whereas the symptoms observed in HCoV-NL63 
infected patients are more severe, including fever, cough, sore throat, bronchiolitis and 
pneumonia. Moreover, HCoV-NL63 has recently been associated with the childhood 
disease croup. Reinfections with HCoV-229E and HCoV-NL63 occur throughout life. 
Knowledge on the underlying principles of HCoV pathogenesis remains elusive, and 
effective therapeutic treatment options are not available.
 In chapter 1, the current state of knowledge of the unique relationship between HCoV-
NL63 and HCoV-229E was reviewed. Highlighting the viral characteristic gaps that need 
to be investigated, to better understand the unique relationship of two HCoVs, and reveal 
their viral characteristic differences.
 In chapter 2, we investigated at which age children are confronted for the first time 
with an HCoV-NL63 infection and, thus, at which age they seroconvert for HCoV-NL63. 
We revealed that HCoV-NL63 and HCoV-229E seroconversion occurs on average before 
children reach the age of 3,5 years (chapter 2). So, all humans encounter their first HCoV-
NL63 and HCoV-229E infection during childhood. In a follow-up study we compared 
the infection frequency of HCoV-NL63 and HCoV-229E, together with HCoV-HKU1 
and HCoV-OC43, among healthy and hospitalized children (chapter 4). In became clear 
that HCoV-NL63 and HCoV-OC43 infections occur very frequently in early childhood, 
more often than HCoV-HKU1 or HCoV-229E infections (chapter 4). The most striking 
observation was that, despite this frequency difference, there were no indications that 
infection by a particular HCoV does lead to more hospitalizations.
 The pathogenicity of HCoVs can be determined in animal model systems. 
Unfortunately no suitable animal model system has been reported for most HCoVs among 
which HCoV-NL63. Because HCoV-NL63 is known to replicate in monkey kidney cells of 
rhesus macaques, it was investigated whether rhesus macaques can be naturally infected by 
HCoV-NL63 (chapter 3). We reported that rhesus macaques do acquire natural infections 
with HCoV-NL63 (chapter 3). Therefore rhesus macaques could be a potential suitable 
animal model system for analyzing the pathogenicity of HCoV-NL63. 
 HCoV-NL63 is associated with the childhood disease croup, whereas all evidence 
indicates that HCoV-229E is not. Differentiation between both viruses is relevant for 
epidemiology studies and clinical diagnostics. A double antibody sandwich enzyme-linked 
immunosorbent assay (DAS-ELISA) was developed, as a potential tool for identification 
and differentiation between HCoV-NL63 and HCoV-229E infections (chapter 5). The 
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convenience of the assay circumvents the need for special equipment that in some cases is 
not available, in particular in developing countries.
 Investigation of the HCoV-NL63 genome variability confirmed the circulation of two 
genetically distinct lineages that recombined, resulting in a mosaic genome composition 
in various HCoV-NL63 isolates (chapter 6). Analysis of the ORF4 gene region of HCoV-
229E among laboratory and clinical isolates revealed that frequent inactivating mutations 
in lab-adapted strains, yet in clinical isolates the ORF4 gene is highly conserved (chapter 
7). Furthermore, we show that the genomic gene order of HCoV-229E differs from what 
has been suggested in the past and ORF4 protein is probably essential during in vivo 
infection (chapter 7).
 Most human respiratory viruses replicate in the respiratory epithelium, but for 
some novel identified human respiratory viruses there are no in vitro cell culture system 
available. Employing the human airway epithelial cell culture system we were the 
first to show replication of a previous unculturable virus, human bocavirus, with full 
transcription profiling (chapter 8). Subsequently, it was demonstrated that HAE cultures 
can also be used as a universal HCoV cell culture system (chapter 9). The cell tropism of 
clinical representative HCoV-229E, HCoV-NL63, HCoV-HKU1 and HCoV-OC43 was 
determined, revealing that HCoV-229E employs a different cell tropism than HCoV-
NL63, HCoV-OC43 and HCoV-HKU1 in the human airway epithelium (chapter 9).
 Like SARS-CoV, HCoV-NL63 employs angiotensin converting enzyme 2 (ACE2) 
as receptor for cellular entry. SARS-CoV infection causes robust down regulation of 
cellular ACE2 expression levels and it has been suggested that this SARS-CoV effect on 
ACE2 relates to the severity of disease. We demonstrate that cellular ACE2 expression is 
also down regulation in a replication dependent manner during HCoV-NL63 infection 
(chapter 10). 


