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We don’t know why you’re sick. It must be a virus… 

 
Metagenomics may provide the answer 
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http://www.oxforddictionaries.com/definition/english/apocryphal 

http://www.oxforddictionaries.com/definition/english/apocryphal
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“…estimate that there are a minimum of 320,000 

mammalian viruses awaiting discovery…” 
Anthony et al. (2013) mBio 4(5): e00598-13. 

 http://ictvonline.org/taxonomyReleases.asp 
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Viruses : Detection 

 

• Clinical acumen 

• Pathology 

• Epidemiology 

• Viral culture 

• Electron microscopy 

• qPCR 

 

CDC/ Minnesota Department of Health, R.N. Barr Library; Librarians Melissa Rethlefsen and Marie Jones 

http://phil.cdc.gov/phil 
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Metagenomic pipeline for virus discovery 

Roche GS Junior Illumina MiSeq Oxford Nanopore (MinION) 

171 >5 
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“The FDA learned about the contamination after an academic 

research team using a novel technique to look for viruses in a 

range of vaccines found the material in GlaxoSmithKline's 

product and told the company” - CNN 



© ESR 2014 

Examples of viral metagenomics 

 

• Detection of viruses in the air 

 

• Application to unsolved outbreaks of gastroenteritis 

 

• Trial on wastewater samples 
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Metagenomic detection of viruses in aerosol 

samples from workers in animal 

slaughterhouses 

Richard Hall1,  Mily Leblanc-Maridor2, Jing Wang1, Una Ren1, Nicole Moore1 

Colin Brooks2, Matthew Peacey1, Jeroen Douwes2 and David McLean2. 

1. Institute of Environmental Science & Research, National Centre for Biosecurity 

& Infectious Disease, Wallaceville, Upper Hutt, New Zealand. 

2. Centre for Public Health Research, Massey University, Wellington Campus, 

Wellington, New Zealand. 
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Mortality and cancer incidence in NZ Meat Workers 

(n = 6,647)  

McLean et al. Occup Environ Med 2004;61:541-7  
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Metagenome of an 

aerosol sample 

• PTFE aerosol filters 

 

• Pooled samples (n = 9) 

 

• Extracted DNA 

- Illumina HiSeq2000 

- 85bp reads (QC) 

 

• Cattle area 

- 332 million reads 

- 145  million reads (collapsed) 

• Sheep area 

- 250 million reads 

- 217 million reads (collapsed) 
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Hall et al. (2013) PLOS ONE 8(8): e72226  

Identified two viruses: 

 

• WU polyomavirus 
Suspected paedatric respiratory pathogen 

 

• Human papillomavirus 120 
Recently discovered virus found at various 

sites on human skin. Role is any disease is 

unclear. 
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Bulk sampling 
• Portable 

- 9 hour battery life 

- “Ruggedized” 
 

• Increased sample size 
- Up to 310 litres per minute 

- 8 hour shift = 144,000 L 

- 150-fold greater than personal (960L) 
 

• Sampled seven work areas 
- Sticking, Gutting, Boning room… 

- 24 x 8 hour shifts 

- n = 16 MiSeq, 250bp length, 170 million reads 
 

• Metagenomic detection of veterinary pathogens 
- Adenoviruses 

- Bovine rotavirus 

- Bovine coronavirus 
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Metagenomic analysis of unsolved 

outbreaks of gastroenteritis in New Zealand 

 

Nicole Moore1, Jing Wang1, Joanne Hewitt2, Dawn Croucher2, 

Deborah Williamson1, Shevaun Paine1, Seiha Yen1, Gail Greening2, Richard Hall1. 

 
 

 

1. ESR, at National Centre for Biosecurity & Infectious Disease (NCBID), Upper Hutt, NZ. 

2. Norovirus Reference Laboratory, ESR, Porirua, NZ. 
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https://surv.esr.cri.nz/PDF_surveillance/AnnualRpt/AnnualOutbreak/2012/2012OutbreakRpt.pdf 

“No specific pathogen or 

condition was identified in the 

remaining 25.1% (180/716) of 

outbreaks, all of which were 

recorded as gastroenteritis 

outbreaks.” 

 
Annual Summary of outbreaks in New Zealand 2012, ESR, Page 16 

https://surv.esr.cri.nz/PDF_surveillance/AnnualRpt/AnnualOutbreak/2012/2012OutbreakRpt.pdf
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https://surv.esr.cri.nz/PDF_surveillance/AnnualRpt/AnnualOutbreak/2012/2012OutbreakRpt.pdf 

https://surv.esr.cri.nz/PDF_surveillance/AnnualRpt/AnnualOutbreak/2012/2012OutbreakRpt.pdf
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• 31 anonymous faecal samples from unsolved outbreaks 

 

• Taken from 26 outbreaks occurring in 2011 / 2012 
- 5 outbreaks were subsequently resolved by public health investigations 

 

• Illumina MiSeq 
- Pre-processing (spin, filter, nuclease) 

- NZGL / Massey Genome Service 

- Total of 193 million reads 

- Average of 3.1 million reads per sample 

 

• BLASTN / BLASTX comparison to Genbank 

 

• Eight viruses and one parasite identified 

Metagenomic analysis of unsolved gastroenteritis outbreaks 

in New Zealand 
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Adapted from FIGURE 1 in Finkbeiner et al. 

(2008) PLOS Pathogens 4(2):e1000011. 

Hall et al. 2010. unpublished data 
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Candidate pathogen
Number of 

samples

% of total 

number of 

samples

Method Result

Adenovirus 1 3% qPCR Confirmed Gastroenteritis, respiratory illness

Human enterovirus B 2 7% qPCR
Confirmed1

Paralysis; gastrointestinal symptoms2; HFMD3

Human parechovirus type 3 1 3% RT-PCR Confirmed Neonatal sepsis, encephalitis, paralysis

Human picobirnavirus 10 33% - - Gastroenteritis

Influenza A virus 1 3% RT-PCR Not confirmed Respiratory illness, gastrointestinal symptoms¹

Pepper mild mottle virus 3 10% - - Plant virus; link to abdominal pain in humans4

Rotavirus 1 3% Immunoassay, qPCR Confirmed Gastroenteritis

Sapovirus 1 3% qPCR Confirmed Gastroenteritis

Dientamoeba fragilis 4 13% qPCR Confirmed Possible link to gastroenteritis

No candidates 11 37% - - -

1 Confirmed in one sample only.

2 Gastrointestinal symptoms are classif ied as vomiting and diarrhea

3 HFMD: Hand, foot and mouth disease

4 Colson et al . (2010) PLOS ONE 5(4):e10041

Independent testMetagenomic data

Diseases already known to be associated with the 

candidate pathogen

Candidate pathogenic organisms detected in metagenomic data from unsolved outbreaks of 

gastroenteritis, and results of independent confirmatory testing.
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Conclusions 

 

• No evidence for novel viruses 

 

• Human parechovirus 3 

- Unknown role in outbreak 

- Significant pathogen causing neonatal sepsis, 

encephalitis, paralysis 

- First reported detection in Australasia 

 

• Use for metagenomics as a diagnostic audit tool 
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Viruses in wastewater 

 

Richard Hall1, Jing Wang1, Nicole Moore1, Gail 

Greening2, Dawn Croucher2, Joanne Hewitt2. 

 
 

 

1. ESR, at National Centre for Biosecurity & Infectious Disease (NCBID), 

Upper Hutt, NZ. 

2. Norovirus Reference Laboratory, ESR, Porirua, NZ. 
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Metagenomic analysis of New Zealand wastewater 

• One site (anonymous) 

• Sampled 1 litre of wastewater (influent) 

• 6,688,368 sequence reads x 250 bp PE 

• BLASTX comparison to Genbank 
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Metagenomic composition of  wastewater sample 

Archaea 
10 

0.00015% 

Bacteria 
272,841 

4% 

Eukaryota  
6,383 

0.095% 

Virus 
230,881 
3.45% 

Other reads 
5 

0.0001% 

Unassigned reads  
230,896 

4% 

No hits 
5,932,150 

89% 

Hall et al. (2014) Unpublished 



© ESR 2014 

Subset of viruses present within metagenome 

Dicistroviridae 
15,768 
6.8% 

Bacteriophage 
12,087 
5.2% 

Sobemovirus 
60,028 
26.0% 

Tombusviridae 
69,909 
30.3% 

Virgaviridae 
44,578 
19.3% 

Other viruses 
15,361 
6.7% 

Astrovirus, 6,352

Calicivirus, 306

Cosavirus, 17

Enterovirus, 1,534

Kobuvirus, 1,495

Picobirnavirus,
2,631

Parechovirus, 4

Rotavirus, 52

Salivirus /
Klassevirus, 160

Hall et al. (2014) Unpublished 
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