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Chapter 8 

Virus culture versus VIDSCA-454, old versus new or new versus old? 

Viruses that are harvested from virus cultures form an easy target for VIDISCA-454. For example, 

via VIDISCA-454 it was relatively easy to identify a canine adenovirus that was cultured in a 

canine bile duct epithelial cell line (chapter 4). An impressive 84% of the reads were of viral 

origin, covering nearly the whole viral genome. The detection of this known canine virus illustrates 

one of the strengths of VIDISCA-454: it is an unbiased discovery tool. The assay can detect any 

RNA or DNA virus, no choice for a virus family has to be made, thus allowing the detection of an 

unsuspected canine adenovirus. The virus was unsuspected since it had been isolated from a dog 

that was believed to be fully vaccinated for canine adenovirus. Only after careful inspection of 

the vaccination scheme it became clear that vaccination had occurred only partially. The above 

mentioned study also shows that virus culture in combination with VIDISCA-454 is a powerfull 

combination, with coverage of almost the full viral genome as a result. Therefore future efforts 

should not only be focused on even more advanced molecular biology identification techniques, 

but culturing of a virus is equally important. Not only the comfort of whole genome sequencing, 

but also all necessary follow up experiments on a novel virus to determine the relevance of the 

viral infection, infection routes, Koch’s postulates, cell tropism, antiviral drug sensitivity, etc, can 

only be performed when a culture system is available. 

 In the future one might consider combining human airway epithelial culture - a 

sophisticated air/liquid culturing technique of pseudostratified primary human epithelial cells - 

with VIDISCA-454 to discover novel human respiratory viruses. These culture systems allow 

replication of newly identified viruses that thus far remained unculturable (Dijkman, Koekkoek et 

al. 2009; Pyrc, Sims et al. 2010). 

 

VIDISCA-454 and what about the other virus discoverers? 

In the last decades a large number of human viruses have been discovered including Parvoviridae 

(Allander, Tammi et al. 2005), Coronaviridae (Drosten, Günther et al. 2003; Van der Hoek, Pyrc 

et al. 2004; Woo, Lau et al. 2005) and Picornaviridae (Jones, Lukashov et al. 2007; Lee, Kiesner 

et al. 2007) and many more. More recently the discovery of new viruses in bats has accelerated 

as they are thought to be the animal reservoir for a large number of human viruses (Calisher, 

Childs et al. 2006). Several groups have already shown that SARS coronavirus-like virus is 

present in bats as well as other coronaviruses. Furthermore a number of parvoviruses (Canuti, Eis-

Huebinger et al. 2011) in bats have been described recently. Some viruses were discovered by 
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screening samples for a specific family or species but with these techniques one only identifies the 

viruses that are closely related to a known virus.  

Other groups have used different sequence independent techniques which allow 

identification of any virus family. Human rhinovirus C (Lee, Kiesner et al. 2007), human bocavirus 

(Allander, Tammi et al. 2005) and many others were discovered by these techniques. Other 

groups have combined virus discovery with next generation sequencing, techniques that differ 

from VIDISCA-454. They identified human (Greninger, Runckel et al. 2009) and bat viruses 

(Canuti, Eis-Huebinger et al. 2011; Ge, Li et al. 2011; Ge, Li et al. 2012). High throughput 

sequencing resulted in increased sensitivity (Victoria, Kapoor et al. 2009).  

 

Recognize the unrecognizable 

At the AMC we have now 3 years of VIDISCA-454 experience. With millions of sequences 

generated the problem of data analysis is major. One obvious difficulty is the recognition of 

sequences as being of unknown-virus origin. To analyze sequence data one must compare the 

retrieved data to a database such as GenBank via the NCBI blast tool that compares the query 

sequences with all GenBank submitted sequences. Known viruses and closely related viruses are 

easily recognized since a reference strain is available. However, if a virus has no close relatives 

(such as a new virus family) no reference strain is available to compare with. Therefore all DNA 

reads that show no identity with any known organism in the GenBank database can potentially 

represent a new virus. On the other hand, these sequences could also be of a different origin: for 

instance bacterial. It would be ideal if of all known bacteria the full length genome would be 

available in GenBank, supplying the references to dismiss a sequence as bacterial. However, this 

is unfortunately not the case, sometimes only the rRNA sequences of a bacterial species are 

known. On average a VIDISCA-454 run can generate 1% to 80% unassigned sequences. This 

high number of unknowns makes it nearly impossible to continue the analysis for each unknown 

sequence and therefore choices have to be made. One can imagine that reads of unknown origin 

that are present multiple times are marked as more interesting as single sequences. Luckily, 

VIDISCA amplification products are dictated by the location of restriction enzyme recognition sites 

(which is not the case with random priming techniques), therefore amplification of the same viral 

genome will provide exactly the same VIDISCA-454 sequences. Furthermore, competing genomes 

(like bacterial or human genomes) are big in comparison with viral genomes, therefore the chance 

of amplifying exactly the same human or bacterial genome fragment is low. Also PCR-artifacts 
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are probably random, and appear as single sequences among the unassigned sequences. A 

second point on the checklist can be specificity: has the sequence been found in a single patient, 

or in several patients who share the same disease, or is the sequence detected in several runs, 

lacking specificity for a certain disease? Obviously, those sequences that can be detected in 

multiple patients with the same disease, but not in runs obtained from other diseases, are of 

serious interest. A third selection criteria could be coding capacity. An unassigned sequence from 

a virus has a higher chance to be a coding region than sequences from human or bacterial origin. 

In case the selection criteria are met (multiple times found, specific for a disease, and preferably 

coding for a protein) diagnostic primers for the fragments can be designed, the association with 

disease can be determined, and full length genome sequencing can start.  

 

Human parechoviruses: old wine in new bottles 

The easiest way to recognize a novel virus is when the sequence has some homology to the 

sequence of a known virus. We identified human parechovirus 6 (HPeV-6) via a viral fragment 

with clear homology to known HPeV strains. Subsequent sequencing of the viral protein 1 (VP1), 

which is used for typing parechoviruses, showed less than 75% similarity, which allowed us to 

present a novel human parechvirus genotype. Of this unknown type of HPeV we determined the 

full length sequence to exclude that HPeV-6 might have been a recombinant virus carrying a 

large part of a known genome. Fortunately HPeV-6 was not a recombinant, yet unfortunately 

already published at the time we finished full length sequencing.  We demonstrated that type 6 is 

present in the Netherlands (chapter 5), that HPeV-1 is divided into two clades as well as the 

genetic relationship of the different types (chapter 7) and that the HPeVs evolved from a common 

ancestor many centuries ago (chapter 6). 

 The HPeV classification is currently performed in the clinic by using the VP1 homology, still 

it is doubtful if this method will remain valid. For instance, type 1 was proposed to be divided into 

1A and 1B (chapter 6 and 7) since these isolates form a different clade within the tree. Although 

both 1A and 1B are recognized by the same antibodies used for diagnostics it could be that cross 

reactivity occurs as has been described for other viruses. Notably, not all identified strains 

designated to a certain type share >75% identity in the VP1 region (Oberste, Maher et al. 

2000). The enteroviruses have been reclassified several times, and with the newly discovered 

HPeV strains it might be necessary to do this as well for HPeV. Similar to enterovirus taxonomy it 

might be useful to discriminate different HPeV-subgenera. 
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What is the next station? 

It will not easily become possible to identify a viral pathogen in each virus-containing samples. For 

some samples the viral RNA/DNA will be degraded, or samples may have a low viral load, or 

the background RNA/DNA can be too high. Still, if we look at the capacity of VIDISCA-454 to 

identify a virus in various kinds of clinical materials (chapter 3) we see that known viruses are 

present at concentrations that are VIDISCA-454-detectable. Therefore several samples of the 

same disease, carrying the same virus, should be included in a VIDISCA-454 run to identify the 

virus. Targets for future virus discovery remain: Kawasaki disease, ALS (Amyotrophic lateral 

sclerosis), schizophrenia, undiagnosed respiratory infections, diarrhoea, and meningitis.  

  

119 



Chapter 8 

References 

1. Allander, T., S. U. Emerson, et al. (2001). "A virus discovery method incorporating DNase treatment 
and its application to the identification of two bovine parvovirus species." Proceedings of the National 
Academy of Sciences 98(20): 11609-11614. 

2. Allander, T., M. T. Tammi, et al. (2005). "Cloning of a human parvovirus by molecular screening of 
respiratory tract samples." Proceedings of the National Academy of Sciences of the United States of 
America 102(36): 12891-12896. 

3. Benschop, K. S. M., J. Schinkel, et al. (2006). "Human parechovirus infections in Dutch children and the 
association between serotype and disease severity." Clinical Infectious Diseases 42(2): 204-210. 

4. Calisher, C. H., J. E. Childs, et al. (2006). "Bats: important reservoir hosts of emerging viruses." Clinical 
Microbiology Reviews 19(3): 531-545. 

5. Canuti, M., A. M. Eis-Huebinger, et al. (2011). "Two novel parvoviruses in frugivorous new and old 
world bats." PLoS ONE 6(12): e29140. 

6. de Vries, M., K. Pyrc, et al. (2008). "Human parechovirus type 1, 3, 4, 5, and 6 detection in 
picornavirus cultures." Journal of Clinical Microbiology 46(2): 759-762. 

7. Dijkman, R., S. M. Koekkoek, et al. (2009). "Human bocavirus can be cultured in differentiated human 
airway epithelial cells." Journal of Virology 83(15): 7739-7748. 

8. Drosten, C., S. Günther, et al. (2003). "Identification of a novel coronavirus in patients with severe 
acute respiratory syndrome." New England Journal of Medicine 348(20): 1967-1976. 

9. Ge, X., J. Li, et al. (2011). "Genetic diversity of novel circular ssDNA viruses in bats in China." Journal 
of General Virology 92(11): 2646-2653. 

10. Ge, X., Y. Li, et al. (2012). "Metagenomic analysis of viruses from the bat fecal samples reveals many 
novel viruses in insectivorous bats in China." Journal of Virology. 

11. Greninger, A., C. Runckel, et al. (2009). "The complete genome of klassevirus - a novel picornavirus in 
pediatric stool." Virology Journal 6(1): 82. 

12. Jones, M. S., V. V. Lukashov, et al. (2007). "Discovery of a novel human picornavirus in a stool sample 
from a pediatric patient presenting with fever of unknown origin." Journal of Clinical Microbiology 
45(7): 2144-2150. 

13. Knowles, N. J., Hovi, T, Hyypiä, T., King, A.M.Q., Lindberg, M., Pallansch, M.A.,  Palmenberg, A.C., 
Simmonds, P., Skern, T., Stanway, G., Yamashita, T. and Zell, R. (2011). "Picornaviridae." Virus 
taxonomy: classification and nomenclature of viruses: ninth report of the international committee on 
taxonomy of viruses. Ed: King, A.M.Q., Adams, M.J., Carstens, E.B. and Lefkowitz, E.J. San Diego: 
Elsevier: 855-880. 

14. Ksiazek, T. G., D. Erdman, et al. (2003). "A novel coronavirus associated with severe acute respiratory 
syndrome." New England Journal of Medicine 348(20): 1953-1966. 

15. Lau, S. K. P., P. C. Y. Woo, et al. (2005). "Severe acute respiratory syndrome coronavirus-like virus in 
Chinese horseshoe bats." Proceedings of the National Academy of Sciences of the United States of 
America 102(39): 14040-14045. 

16. Lee, W.-M., C. Kiesner, et al. (2007). "A diverse group of previously unrecognized human rhinoviruses 
are common causes of respiratory illnesses in infants." PLoS ONE 2(10): e966. 

120 



Discussion 

121 

17. Li, W., Z. Shi, et al. (2005). "Bats are natural reservoirs of SARS-Like coronaviruses." Science 
310(5748): 676-679. 

18. Oberste, M. S., K. Maher, et al. (2000). "Comparison of classic and molecular approaches for the 
identification of untypeable enteroviruses." Journal of Clinical Microbiology 38(3): 1170-1174. 

19. Oberste, M. S., S. M. Michele, et al. (2004). "Molecular identification and characterization of two 
proposed new enterovirus serotypes, EV74 and EV75." Journal of General Virology 85(11): 3205-
3212. 

20. Pajkrt, D., K. S. M. Benschop, et al. (2009). "Clinical characteristics of human parechoviruses 4-6 
infections in young children." The Pediatric Infectious Disease Journal 28(11): 1008-1010 
10.1097/INF.0b013e3181a7ab5f. 

21. Pyrc, K., R. Dijkman, et al. (2006). "Mosaic structure of human coronavirus NL63, one thousand years 
of evolution." Journal of Molecular Biology 364(5): 964-973. 

22. Pyrc, K., A. C. Sims, et al. (2010). "Culturing the unculturable: human coronavirus HKU1 infects, 
replicates, and produces progeny virions in human ciliated airway epithelial cell cultures." Journal of 
Virology 84(21): 11255-11263. 

23. Reyes, G. R. and J. P. Kim (1991). "Sequence-independent, single-primer amplification (SISPA) of 
complex DNA populations." Molecular and Cellular Probes 5(6): 473-481. 

24. Rota, P. A., M. S. Oberste, et al. (2003). "Characterization of a novel coronavirus associated with 
severe acute respiratory syndrome." Science 300(5624): 1394-1399. 

25. Van der Hoek, L., K. Pyrc, et al. (2004). "Identification of a new human coronavirus." Nat Med 10(4): 
368-373. 

26. Victoria, J. G., A. Kapoor, et al. (2009). "Metagenomic analyses of viruses in stool samples from 
children with acute flaccid paralysis." Journal of Virology 83(9): 4642-4651. 

27. Wang, Y. and P.-Y. Qian (2009). "Conservative fragments in bacterial 16S rRNA genes and primer 
design for 16S ribosomal DNA amplicons in metagenomic studies." PLoS ONE 4(10): e7401. 

28. WHO. (2004). "Summary of probable SARS cases with onset of illness from 1 November 2002 to 31 
July 2003." from http://www.who.int/csr/sars/country/table2004_04_21/en/index.html. 

29. Wolthers, K. C., K. S. M. Benschop, et al. (2008). "Human parechoviruses as an Important viral cause 
of sepsislike illness and meningitis in young children." Clinical Infectious Diseases 47(3): 358-363. 

30. Woo, P. C. Y., S. K. P. Lau, et al. (2005). "Characterization and complete genome sequence of a 
novel coronavirus, coronavirus HKU1, from patients with pneumonia." Journal of Virology 79(2): 884-
895. 

 
  


