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Chapter 1 

The importance of virus discovery   

During the last century several viral pandemics occurred with some causing a high mortality such 

as the Spanish flu circulating in the beginning of the 20th century. More recently an outbreak of 

severe acute respiratory syndrome coronavirus (SARS-CoV) (Drosten, Günther et al. 2003; 

Ksiazek, Erdman et al. 2003; Rota, Oberste et al. 2003) led to a fatality of 774 patients from 

8096 infections (WHO 2004, (20)). Only by quick detection and human intervention SARS-CoV 

did not infect more people. Both viruses were introduced through zoonosis (Lau, Woo et al. 2005; 

Li, Shi et al. 2005) and with the modern 24 hour economy and migration of humans in animal 

habitat, additional zoonosis of new viruses can be expected. When a virus infects a new host 

species there will be no immunity within that host. Due to this lack of immunity the virus can infect a 

complete population and with modern transport it will spread easily. To avoid possible worldwide 

pandemics, identification of the infecting agent, developing diagnostics and subsequent 

quarantining of infected persons is of utmost importance. The first step: identification of the 

unknown infecting agent requires special tools. An emerging infection might be of viral, bacterial 

or fungal origin, and discovery techniques have to be applied to identify the pathogen. 

Identification of a bacterial source is relatively easy by microscopy, culturing of the bacteria, 

and/or 16S rRNA sequencing (Wang and Qian 2009) whereas fungi are mostly identified via 

culturing and sequencing of internal transcribed spacer region (ITS). Discovery of viruses is a more 

daunting task since 1) there is a lack of appropriate virus culture systems and 2) there are no 

universal viral genomic sequences to amplify all viral genomes, so sequence independent 

techniques have to be applied. 

 Virus discovery is not only useful in identification of the agent during pandemic threats. 

There are several diseases for which a viral infection is suspected however the agent has not yet 

been identified. For instance human coronavirus NL63 (HCoV-NL63), a virus discovered in 2004 

(van der Hoek, Pyrc et al. 2004), has been in humans for a long time (Pyrc, Dijkman et al. 2006) 

and is not an emerging pathogen. Examples of suspected unknown-virus infection diseases are 

Kawasaki disease (KD), Amyotrophic Lateral Sclerosis (ALS), respiratory infection in children, and 

non A-E hepatitis.  

Virus discovery research will yield large datasets of viral genomes which are submitted to 

public databases. This will permit studies on viral evolution, which can identify candidate ancestor 

viruses, suggest the actual time of introduction in the human population, and hopefully allow the 

prediction of future zoonosis risk. 
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Virus discovery techniques: sequence dependent versus sequence independent 

In the last decades several techniques have been developed to identify viruses of which the 

genome sequence is unknown. Virus discovery techniques include sequence independent methods 

(Sequence-Independent Single-Primer Amplification (SISPA), Virus Discovery cDNA-AFLP 

(VIDISCA), Representational Difference Analysis (RDA), and Random-primed PCR) (Reyes and Kim 

1991; Allander, Emerson et al. 2001; Drosten, Günther et al. 2003; Van der Hoek, Pyrc et al. 

2004; De Vries, Pyrc et al. 2008) or sequence dependent methods (universal primer PCR) 

(Oberste, Michele et al. 2004), using conserved genome regions of viral families to design 

primers that will anneal and PCR-amplify all family members, potentially also the unknown family 

members. The main advantage of the latter method is that a simple PCR amplification is sufficient 

to detect the unknown viral pathogen. However, an indication of the virus family to which the 

unknown virus belongs should be available. A second disadvantage is that an unknown virus can 

be so diverse that the primers do not amplify the unknown virus, which can lead to failure of 

detecting unknown viruses (chapter 5). A third disadvantage is that the PCR in the conserved 

region will provide a viral sequence of a conserved region from the genome, a region containing 

little informative nucleotide positions to determine the type of the virus.  

 Sequence independent methods can randomly identify viral sequences. The two most used 

methods are Random-primed PCR and VIDISCA. Random-primed PCR uses random hexamers with 

a tailsequence for reverse transcription followed by second strand synthesis using hexamers with 

the same or a different tail. The tail sequences are subsequently used as primer binding site 

during PCR, and the amplification product can be sequenced.  

 The basis of the VIDISCA technique is restriction enzyme digestion. All nucleic acids in a 

sample are transcribed into double stranded DNA which is digested by one or two frequent 

cutting enzymes. By ligation of adaptors a tail is added which facilitates amplification by PCR, 

and the products are subsequently sequenced. Of major importance is the digestion via restriction 

enzymes, without this amplification cannot occur. Therefore restriction enzymes that recognize only 

4 nucleotides (nt) are used, for instance HinpI1 and MSE1- recognizing GCGC and AATT 

respectively (van der Hoek, Pyrc et al. 2004). These 4 nt target sequences are present in all viral 

genomes.  

Random-primed PCR and VIDISCA have both been successfully used to identify unknown 

viruses, yet they both suffer in case non-viral background RNA/DNA is present in a sample. This 

background RNA/DNA acts as competitor during PCR making the methods less sensitive. 

Especially ribosomal RNA (rRNA) is considered as the main competitor. The first generation 
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Chapter 1 

VIDISCA and Random-primed PCR were only able to detect an unknown virus in case the virus 

was cultured and identification of the virus was performed in virus culture supernatant (Van der 

Hoek, Pyrc et al. 2004). Unfortunately, some viruses are difficult to culture in conventional cell 

lines (Dijkman, Koekkoek et al. 2009; Pyrc, Sims et al. 2010), therefore virus discovery should 

ideally be performed directly on clinical samples, e.g. respiratory swabs, stool samples, blood-

plasma/serum or urine. These materials can contain high amounts of background RNA/DNA. The 

only possibility to identify the viral genome is by extensive sequencing. Among the majority of 

background RNA/DNA sequences some viral sequences can be found. However, performing this 

research by cloning of PCR products and transformation of E.coli followed by sequencing of 

individual plasmids is time-consuming and expensive.  

 

The world upside down: high throughput sequencing 

High throughput sequencing is a relative new method that allows sequencing of millions of 

nucleotides. One of these devises is the Roche 454 FLX system that can produce a maximum of 1 

million reads around 500 nucleotides in length. In essence, the method uses an emulsion PCR to 

clonally amplify a single DNA molecule on a bead. The clonally amplified product can 

subsequently be sequenced by pyrosequencing. Pyrosequencing can be performed on a bead in 

a well on a plate (in contrast with Sanger sequencing which needs size fractionation on a gel). The 

plate contains millions of wells (each well containing a bead), and thus one run will provide 

hundred thousands of reads at one time. This is exactly the expansion which is needed to be able 

to detect unknown viruses in a high-background clinical sample.  

 

An example of virus discovery: the human parechoviruses 

One of the virus families in which new viruses are rapidly being identified are the Picornaviridae, 

which cause a variety of symptoms varying from encephalitis to mild symptoms like diarrhoea and 

common cold. The Picornaviridae consists of 12 genera of which 4 were identified recently 

(Knowles 2011). Furthermore, this family was reclassified several times in the last decade due to 

the identification of new genotypes which led to more accurate phylogenetic clustering within this 

family. One of the genera being reclassified is the human parechovirus (HPeV) genus. HPeVs were 

first isolated in 1956 and characterized as enterovirus (echovirus 22 and 23). Infection by HPeVs 

can result in viral sepsis, meningitis, respiratory symptoms, gastrointestinal symptoms and fever 

(Benschop, Schinkel et al. 2006; Wolthers, Benschop et al. 2008; Pajkrt, Benschop et al. 2009).  
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An HPeV virion contains a single stranded genomic RNA of positive polarity which encodes for a 

single polyprotein. The polyprotein is cleaved by a viral protease into 3 structural proteins (VP1, 

VP0 and VP2) and 7 non-structural proteins (2a-c and 3a-d). Historically HPeVs were typed via 

serology after virus culture, nowadays typing is performed via genotyping using the VP1 

encoding genome region. Since 2003 14 new genotypes have been discovered. Some of these 

new genotypes were discovered in clinical samples illustrating the power of virus discovery 

performed directly on clinical specimens. 

 

Scope of this thesis 

The discovery of new viruses has always been a difficult task since it requires amplification and 

recognition of unknown viral genomes. Therefore VIDISCA was developed in 2003 and used for 

the discovery of HCoV-NL63.  

 The optimization of VIDISCA, to allow viral detection in patient material is described in 

chapter 2. By using hexamer primers that hardly bind to rRNA, combined with primers that block 

rRNA transcription during reverse transcription, the background amplification was decreased. 

Combined with high throughput sequencing it is possible to detect viral fragments in respiratory 

material. In chapter 3 we tested the performance of VIDISCA in feces and serum. The VIDISCA-

454 method was optimized for respiratory samples thus we were interested if it was also suitable 

for other material like feces and serum which may contain different background DNA/RNA. In 

chapter 4 the identification of an unsuspected virus in a dog with hepatitis is described. The 

detection of several unusual HPeV types in patients with enteroviral infection symptoms is 

presented in chapter 5. Using the sequences of HPeV type 7, 8 and 14 the mutation rate in the 

capsid gene of HPeV could be determined and the evolution predictions are described in chapter 

6. In chapter 7 full genome sequences of 18 HPeV strains were investigated, which resulted in a 

proposal for  reclassification of HPeV-1. In chapter 8 the results of this thesis are summarized and 

discussed. 
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