
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Respiratory viruses and novel methods for virus discovery

Jazaeri Farsani, S.M.

Publication date
2014
Document Version
Final published version

Link to publication

Citation for published version (APA):
Jazaeri Farsani, S. M. (2014). Respiratory viruses and novel methods for virus discovery.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/respiratory-viruses-and-novel-methods-for-virus-discovery(7c44e729-9d67-47b9-8df3-73a7ea2ac5d6).html


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

       

 

 

          

Concluding remarks 

 



Chapter 8 

 

[118] 

 

Sequencing of additional variants of known coronaviruses leads to a better understanding of their 

evolution and also allows the investigating of coronavirus genetic diversity. Although HCoV-229E was 

first identified as early as the 1960s, no full genome of clinical isolates were available thus far. 

Availability of full-length genome sequences of HCoV-229E clinical isolates is important to determine 

genetic variation possibly due to immune escape and changes in genome organization over time. The 

only available complete genome sequence of HCoV-229E was the lab-adapted strain VR-740 

originating from 1962. In chapter two the full-length genome sequence of two clinical isolates of 

coronavirus 229E (0349 and J0304) were obtained and compared with the lab-adapted VR-740 strain. 

The most notable difference was in the genome organization. The two clinical isolates have 7 

putative protein-coding genes compared with 8 in the lab-adapted strain. A 2 nt deletion in the 

genome of the lab-adapted strain resulted in truncation of the ORF4. ORF4, one of the accessory 

genes, is conserved among clinical isolates, similar to what was published recently [1], suggesting a 

possible vital role for ORF4 in in vivo infection of HCoV-229E. The genetic distance between the 

clinical isolates and the lab-adapted isolate was apparent in the spike gene, nucleocapsid gene, NSP3 

gene and 3’UTR. In fact, it is striking that so limited genetic divergence was present in other parts of 

the genome after 40 years of HCoV-229E evolution in vivo.  

The S proteins are used by coronaviruses for receptor binding and viral entry. At the same time, 

these S proteins have the most variable sequences among the coronavirus proteins. The S gene 

encodes two spike protein domains, S1 and S2. The S1 domain encodes the receptor binding site, but 

deletions and around 88% of all amino acid substitutions in the S gene occur within S1. Amino acid 

changes in the S1 domain may allow the virus to escape from neutralizing antibodies. The 

preferential changes in the spike suggest that it is shaped by evolution and that there is positive 

selection pressure on particularly the S1 domain [2]. Recombination has been reported for HCoV-

HKU1 and several animal coronaviruses [3,4], yet no indication for recombination was obtained for 

229E. However, before a more definitive conclusion can be drawn about the possibility of genetic 

recombination among HCoV-229E isolates, more full-length sequences of clinical isolates are needed. 

Recently, three additional full-length genomes have been sequenced and submitted to Genbank. A 

recombination analysis with these sequences that originate from the USA (2013) did again not yield 

any strong indication for recombination (unpublished finding, S.M. Jazaeri Farsani , M.Canuti and L. 

van der Hoek). 

Discovery of new viral pathogens has been hindered by the fact that many viruses are not able to 

grow in cell culture, and a number of viruses, even if able to grown in culture, do not yield an easy-
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to-detect cytopathic effect. To this end, cell culture independent virus discovery methods are needed 

for the efficient discovery of new viruses. One of these methods is VIDISCA-454, a next generation 

sequencing or metagenomic virus discovery tool.    

Metagenomic based tools can be used to rapidly identify agents in case of emerging epidemics or 

virus outbreaks, and should help us to prepare for new zoonotic diseases in humans. These methods 

are powerful not only for the investigation of diseases of unknown etiology but also to study viral 

evolution and the molecular description of novel viruses. High-throughput sequencing technologies 

such as Roche-454 and Illumina improved virus discovery techniques substantially by providing a fast, 

sensitive, and cost effective sequencing tool. These techniques combined with bioinformatics 

resulted in a significant increase in the number of novel viruses that were recently published in 

literature [5,6].   

Using VIDISCA-454 a new TTMV was discovered in blood (chapter 3). The virus was detected in two 

HIV-1 positive individuals. The virus seemed to cause a chronic infection in these patients, and both 

patients suffered from a pneumococcal pneumonia during follow up with an extremely low B-cell 

count when compared to the average for this patient group. In theory, it is possible that the low B-

cell count is caused by TTMV infection. One study detected TTV DNA in the lymph nodes of patients 

with B-cell lymphomas and Hodgkin’s disease and the role of TTV in lymphoma pathogenesis has 

been suggested [7]. It could even be that TTMV replicated in the B-cells of the patients, but attempts 

failed to culture the virus in primary B-cells from a healthy donor or the Ramos B cell line. 

Research on different aspects of TTMV infection, including cell tropism, antiviral drug sensitivity and 

replication rate are hampered by the lack of an efficient cell culture system. Cell culture is critical to 

assess infectivity and pathogenesis of viral agents. Via a culture system that allows the replication of 

newly identified viruses one can make a start with the testing of Koch’s postulates by providing virus 

stocks for further investigation, including the inoculation in an animal model. For respiratory viruses 

there is probably a good candidate system: the human airway epithelial cell culture (HAE) system. 

This pseudostratified primary cell culture allows replication of many respiratory viruses, even the 

otherwise unculturable human bocavirus and HCoV-HKU1 [8,9]. In this respect HAE in combination 

with VIDISCA-454 provides a powerful combination, not only will a discovery be accompanied by 

generation of a high titer virus stock and coverage of the nearly full-length viral genome sequence by 

VIDISCA-454, but also the cell tropism can be established at the moment of discovery (chapter 7). 

Furthermore, infection of human cells provides a very strong indication that the virus can indeed 

infect human cells in vivo. In virus discovery projects it is extremely important to establish whether a 
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virus is truly infecting human cells or just present in the infected organ. Especially the gastrointestinal 

tract is notorious for harbouring numerous bystander viruses that are not related to disease. Such 

bystander viruses are either ingested with food or they represent bacteriophages that infect gut 

bacteria. Interestingly, nut not only the gut harbours bacteriophages as they can also be found in the 

respiratory tract (unpublished finding, S.M. Jazaeri Farsani and B.B. Oude Munnink).  

Besides HAE combined with VIDISCA-454, another new virus discovery method that combines 

methods is presented in this thesis. Antibody capture VIDISCA-454 (chapter 4 and chapter 5) can 

provide an important first step in the identification of a disease-related virus. Convalescent serum of 

the patient can be used to concentrate viruses that have elicited an immune response. The technique 

facilitates the detection of immunogenic viruses by decreasing the detection of non-immunogenic 

bystander viruses (bacteriophages and e.g. plant viruses in food) and host cellular background. A 

plant virus is not captured by autologous sera and also the amount of bacteriophage sequence reads 

is reduced 100 times in antibody captured samples. Thus, this method facilitates virus identification 

by enrichment of virus-derived material, which was confirmed by detection of a novel virus, the 54th 

type of rhinovirus C (chapter 6). 
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