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Unlike viruses all cells have
some homologous genes from
common descent.

Therefore no common
sequences like ribosomes for
detection and identification
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The discovery curve for human virus species

Woolhouse M E et al. Proc. R. Soc. B 2008;275:2111-2115
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Some “new” human viruses since 2005

— BKV/IC

KIPYW  -WUPyV
"HPYV6 -HPyV7
"HMWPyV-HPyV9
-HPyV10 -HPyV11

Parvoviruses: e Polyomaviruses:
— B19 erythrovirus (3 genotypes)
— PARV4 (3 genotypes) — MCPyV
— Bocavirus-1/2 (2 species) — TSPyV
— Bufavirus-1/2 (2 species)
— Tusavirus (1 species)
— Cutavirus (1 species)
Picornaviruses:
— Enterovirus (7 species >260 serotypes )
— Hepatovirus (1 species)
— Parechovirus (1 species)
— Kobuvirus (1 species)
— Cosaviruses (5 species >33 genotypes)
— Salivirus (1 species)
— Cardioviruses (1 species >8 genotypes)
Astroviruses:
— Human mamastrovirus 1 (8 genotypes)

— Human astroviruses MLB-1/2/3 (3 genotypes)
— Human astroviruses HMO-1/2/3 VA4 (4 genotypes)
— Human mamastrovirus 20 (1 genotype)



Sources of viral contaminations in Biologics

History of contamination starting with live
attenuated Yellow Fever Virus vaccine
contaminated with HBV from “stabilizer” human
serum.

Frequent use of animal serum in cell cultures.
Other animal product: porcine trypsin.
Use of contaminated cell lines.



QC of Biologics for viruses

Avoidance of laboratory contamination requires
stringent QC similar to ancient DNA labs (segregation
of amplified nucleic acids like PCR amplicons, libraries,
and plasmids, unidirectional samples flow).

NGS data management to detect possible source of
contamination (virus present in recent library).

Awareness of bleed-over between samples sequenced
on same lllumina chip.

Problem bigger for ID diagnostics handling more (and
more diverse) samples.



Hybrid DNA virus in Chinese patients with seronegative
hepatitis discovered by deep sequencing
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Experimental animals
asymptomatically infected
Mice
Rat
Rhesus macaques

African green monkey
Zebrafish



Viral metagenomics
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Oral poliovirus 1,2,3

Other viruses:
B/U None
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Metagenomics is useful tool to detect adventitious viraus contaminations

Rotarix

B/U Rotavirus

S —— Sequences
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6,344 Porcine Circovirus-1

E
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Rotarix (GlaxoSmithKline) Contamination with Porcine Circovirus
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Method is non-specific
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Library prep options

Enrich VLP or extract total NA?
Total NA versus RNA or DNA?

Random amplification, primers targeting many
viruses, combination?

Rnadom RT-PCR or Rolling Circle
Amplification?

Libraries finished by ligation or transposon?



Sensitivity approaching real time PCR
using 25 viruses pool (NIBSC)
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Target capture

uses synthetic RNA baits on magnetic beads to pull down targeted viral
sequences increasing sensitivity.
Restricted to already known viruses or close relatives.
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Data analysis options

Use curated viral genome/proteome databases.
Update frequently.

Limit to known
human/mammalian/vertebrate/eukaryotic
viruses?

Include virus of unknown tropism (eg many
CRESS-DNA viruses, many members of
Picornavirales order)?

Nucleotide similarity for fast analyses and close
similarities only.

Protein similarity for more divergent viruses.



Distribution of eukaryotic viruses in feces from 80 healthy children

Human DNA viruses

Human RNA viruses

DNA viruses
unknown tropism

RNA viruses
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Viruses of unknown origin

ONA viruses

RNA viruses
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Highly divergent viruses are not recognized by similarity search.
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Novel viral genomes helps identify highly
divergent human virus.




Identifying a new parvovirus genus
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Protein BLASTx of novel NS

Color key for alignment scores

NS1 [Sesavirus CSL10538]

replicase [Porcine parvovirus 5]

nonstructural protein 1 [Porcine parvovirus 5]

replicase [Porcine parvovirus 5]

replicase [Porcine parvovirus 5]

replicase [Porcine parvovirus 5]

replicase [Porcine parvovirus 5]

B <40 W 40-50 1 50-80 B 80-200 B >=200
! _ Query _ _

1 100 200 300 400 500

Max Total Query E Per.
Score Score Cover value Ident

1162 1162 100% 0.0 100.00%
241 241 T72% 3e-68 33.02%
239 239 T72% 2e-67 32.79%
239 239 T72% 2e-67 32.95%
237 237 T72% 2e-67 32.56%
239 239 T72% 2e-67 32.79%
236 236 71% 3e-67 33.18%

Accession

YP_009116876.1

AFU93187.1

ANM72084.1

YP_008888533.1

QBA84740.1

QBA84795.1

QBA84791.1



DNA BLASTn of novel genome '

Color key for alignment scores
W <40 W40-50 W 50-80 W 80-200 W >=200
I | | e I |
1 1000 2000 3000 4000 5000
Max Total Query E Per. Accession
Score Score Cover value Ident
Sesavirus CSL10538 NS1 and VP1 genes, complete cds 9106 9106 100% 0.0 100.00% KM035804.1
Goat protoparvovirus strain C4 nonstructural protein 1 gene, partial cds § 707 707 3% 1e-06 68.72% MH835426.1
o
Bosavirus sp. strain 738 putative structural protein gene, partial cds ,_g 698 698 3% 1e-06 68.53% MH248790.1
S
Goat protoparvovirus strain C3 nonstructural protein 1 gene, partial cds E 66.2 66.2 3% 1e-05 68.18% MH835425 1
(v
Chicken parvovirus strain GX-CH-PV-12, complete genome g 599 599 2% 0.002 72.38% KX133419.1
Q
Galliform aveparvovirus 1 isolate IPV, complete genome '§ 59.9 59.9 2% 0.002 72.38% KU569162.1
o
Chicken parvovirus isolate ADL120686, complete genome a 599 599 2% 0002 72.38% KJ486491.1




A divergent calicivirus with borderline E score 3x10*
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MINING EXISTING DATABASE:
Re-tBLASTx with “new” viral genomes

|Mouse over to see the defline, click to show alignments |

Color key for alignment scores
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Herpesviridae
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Asfaviridae
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Large fraction of reads are unidentifiable
by BLAST

® This “dark matter’ may contain “new” viral
families not yet found in GenBank’s Virus RefSeq

® Weak protein similarity searches using sequence
profiles (HHPRED)

® Most new viral families are phages.



Known viral families
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“I'm searching for my keys.”



A wide diversity of virion and genome size
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Viruses can vary in genome size >1000 fold and in volume >10000 fold



VIRUSES CAN HAVE DIFFERENT TYPES GENOME
(Baltimore classification)

Class

VI VI

ssRNA-RT

dsDNA-RT

DNA/RNA

MRNA



Classic NGS QC standard
For viral particle purification, nucleic
acid amplification, and sequencing.

Include small and large virions +/- lipid envelope.
Include ds and ss DNA and RNA viruses.

Quantify each virus by digital PCR.

Pool should have approx. same genome equivalent of
different viruses.

Compare efficiency different NGS methods using reads
per million (RPM) and % genome coverage.

Set minimum standard LOD expected for each of the
different spiked virus.

Low concentration unlikely to reduce yield of possible
contaminating virus



Synthetic NGS QC standard
For nucleic acid amplification, and
sequencing.

Synthetize kb long nucleic acids of all known viral genome
type: DNA and RNA, single and double stranded.

Add to extracted nucleic acid to measure efficiency of library
construction and sequencing of different type molecules.

Spike biological sample to measure stability or incorporate
into lipid particles of different size to mimic virions.

Use any sequences. Keep typical viral GC/TA ratio.

For the same nucleic acid structures (eg ds RNA) use different
sequences at different concentrations to measure limit of
sensitivity.

Safer/cheaper/reproducible.



“conventional PCR” “metagenomics”

Gabor Reuter
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