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o NEXT GENERATION SEQUENCING TECHNIQUES
(NGS)

In this talk:

-The use of NGS in viral infections: Molecular biology methods with
considerable potential in the study of viral populations

-Brief outline of how these systems work (the most widely used)

-Some relevant characteristics of viral populations:nature of
guasispecies and importance of some mutations

-Examples of the use of these technigues in viral hepatitis including
a potential future application: Phylogenesis of haplotype populations
In the study of transmission

-Overview of HEV infection and the preliminary application of NGS -
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BACKGROUND

Viral hepatitis: More than 500 million people affected worldwide. Five different viruses (A-E).
B,C,D,E transmitted through blood and blood products.

Viral infection: heterogeneous population of viral particles (quasispecies), a fact with clinical
conseguences, such as the response to antiviral treatment. For example, the different HCV
genotypes (G1-G7) and subtypes (Ex Gla/G1b) are associated with differing response rates
to standard and to new therapies. However, current lab techniques (reverse hybridization,
real-time PCR) cannot correctly differentiate between these subtypes (15% of G1 cannot be
subtyped into G1a/G1b).

Furthermore, mutations in certain viral therapeutic target regions are associated with
treatment failure (HBV, HCV), as you will see later.

Therefore, one approach to attack these infections would be to know the viral genotype and
resistant variants. Classic sequencing approach (direct sequencing, molecular cloning), are
laborious, time consuming, and can only characterize limited portions of the viral population.

This is where NGS come in, which enable relatively fast, correct phylogenetic classification of
many components of the viral population and quantification of variants that may be resistant
to treatment. However, each platform has advantages and limitations, so we have to choose
the best one for our purposes.
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NEXT-GENERATION SEQUENCING (NGS)

» Next-generation, ultra-deep, massive-parallel, etc. refers to new high-throughput
technologies that can analyse large numbers of different DNA sequences in a single
reaction: thousand of sequences from a specific sample and a specific genome region can

be analysed in a short time.

lllumina HiSeq lllumina MiSeq 454 PacBio lon Torrent (PGM)
\_—/ /\_/ d PCR / Single Molecule Bridge PCR Bridge PCR Emulsicn PCR Single molecule Emulsion PCR
Read length 50/100 bp 50/150 bp Mode 500 bp IMean 2500 bp, 95 100200 bp
NORWEGIAN SEQUENCING CENTRE _ . porcentle & ol 5500 bp
. = = Single read (SR) / Paired end (PE) || SR and PE SR and PE SR and PE Circular SR
http.”WWW.SEﬂUE"Cl“ﬂ.UlO. no/ Muiltiplexing in one run 8 lanes and 1 lane with 2,4 or 8 lanes, up to |Probably possible, not |32 samples with
Hlumina HiSeqg lNumina MiSeq 454 PacBio lan Torrent (PGM

PCR / Single Molecube Bridge PCR Brdge PCR Emulsion PCR Single malecuks Ermulsion PCR
Read length 500100 b S0/150 bo No platform is perfect for all 100 bp

tasks. Each has advantages
‘Mote that the tec hnolegy is in co nstant development, these speci and disadvantages relative  : March 2012

Problems caused by GC content E::;;m;g; o the Othersl For some ?
Homopolymer indel problems minor prob purposes’ espeCIa"y for problem
Typical applications ;{:r}f,?nq:: phylogenetic classification, | E::ﬁzr;zlirg:nome
expression _the read length is very omghoon
Status at NSC In produci |mp0rtant In testing (4 test
runs performed)

Note that the technology is in constant development, these specifications are those that were available in March 2012



HOW THEY WORK
%{ﬁgﬁ" 1-DNA template preparation: amplicon “library” generation

DNA molecules are labelled with specific sequences in both ends, mainly by the addition of such
sequences in the PCR primers. Same complexity for both platforms. Manual processing, but we have
developed an automatic processing for 454 platform on an standard robotic station, useful for studying
all viral genomes by adapting only the first PCR step to make it genome specific

2-Clonally amplified templates
-Emulsion PCR (emPCR) Fow o gl NTP e srss PP wls s>

Roche 454 (Two manual steps: Clonal amplification and Sequencing) = "l.-::;:_'_.- T . e

Flowgram

ot e g A e TCAGGTTTTTTAACAAT CAACTTTTTGGATTAAAATGTAGATAACTG
- H CATAAATTAATAACATCACATTAGTCTGATCAGTGAATTTAT

Clo

E{ /’” T T 1
—pY &Y - Ly-Leg-fop-l - gl
Ztr:ﬂmpm; ;:dﬂ?;::mww = ﬂﬁﬂ} s

-Solid surface (bridge PCR) lllumina/Solexa (One automatic step: clonal amplification/sequencing)

a llumina/Sclexa — Reversible terminators

Clon

Sample preparation
DNA (5 g

Both based on PCR for
clonal sequencing: but the
different approaches
condition their advantages
and limitations

Template
dNTPs

and
polymerase

Bridge amplification
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Complex library preparation
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Not as high throughput

Long read length (800 nt). High
capacity for multiplexing

) ) fromthe lllumina website:
Viral Detection and Research http#res. illumina com/documentsi/productsiresearch_reviewsivi

A review of publications featuring Illumina® Technology ral_detection_research_review pdf

Han Y., Zhang Y., Mei Y., Wang Y., Liu T., et al. (2013) Analysis of hepatitis B virus genotyping and drug resistance gene
mutations based on massively parallel sequencing. J Virol Methods 193: 341-347

'Al'tiiou"gﬂh" t‘hemri'ié]ar' limitations of l-‘i’isheq seqhuéncmiﬁ‘g is that it pi"o- |

vides short sequences, which more difficult to accurately align if
the exploring domain is heavily mutated, and it is impossible to

link mutations> 200 bp apart,

Short read length (150-300 bp), may be too
short for phylogenesis study in complex
genomic populations such as viruses

©)

High sensitivity and reproducibility for High sensitivity and reproducibility for
detecting minority variants (<0.5%) Own detecting minority variants (<0.1%)

experience
HBV minor variants 0.03 % (Hepatology 2014)
HBV haplotypes 0.25 % (Ramirez 2013)
HCV haplotypes 0.5 % (Gregori 2014)

&

Insertion/deleti Because the main applications in virology
homopolymeric| are: phylogenesis for viral genotyping, and
minor variants detection , the 454 is more
suitable as it allows analysis of longer
fragments (500-800 nt) and has similar
sensitivity for detecting minority variants.

ing/fluorescence.
licated: (Kircher BMC,




VIRAL QUASISPECIES

Viral populations are comprised of a complex mixture of different, but
closely related, genomes, known as a quasispecies.

RNA viruses (eg, HCV and influenza virus) and reverse transcriptase-
dependent viruses (eg, HBV and HIV), show high variability within
each host because of high replication rates and low fidelity of the
replication enzyme.

This characteristic enables the viral quasispecies to quickly adapt to
dynamic environments through mutations, and gives rise to viral
resistance to vaccines and antiviral drugs.



.::"" QUASISPECIES STRUCTURE

Institutioe Recerca Holland JJ et al. Science 1982; 215(4540):1577-1585

VHIR Domingo E & Holland JJ. Evolutionary biology of viruses. 1994 Q U A S I S P E C I E S
- - |

Martell et al. J.Virol. 1992; 66(5):3225-3229
Vignuzzi Nature 2006; 439:344-348

Vignuzzi M, et al. Nature 2005.
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_Show only the (':o.nsensus sequence, which : - = B
is the one containing an average of all the — i i
nucleotides present. MUTANT - |

SPECTRA .. : #

-The consensus sequence itself may not be

present in the sample or be present in low - i j
numbers. — - -
-Only variants comprising at least 20% of =
the total can be detected and it is not b — 4
possible to know if these variants are _® -
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located in the same sequence - 3 - o m
= C— —
Q‘ x ‘1 -_
| -- | -
= --
——0O - - COr
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GACCGAGTC TGATCACGGTAA CONSENSUS Ok..but
GACCGAG GATCACGGTARL | |
GACCGAG GATCACGGTAA [what's the correct? | CONSENSUS (CS) —=
GACCGA GATCACGGTAA —




LM HOW CAN WE STUDY THESE COMPLEX POPULATIONS?
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By the classic techniques (Sanger or indirect methods)

.viral particles seem identical: consensus sequence W€ need a kind of
magnifying glass to get

detailed knowledge of this
population.

Here is a peculiar “quasispecies”...from a distance men in
uniform look alike jji
o, *E'ﬁﬁ.'“.i 3
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! A closer look reveals considerable dn‘ferences

| Up to now molecular cloning has been used to better characterise viral populations.
However, it is highly time consuming and expensive, and it is extremely dificult to obtain
more than 100 clones...when a viral population contains billions of particles

NGS can help to solve this problem... let's see what it can do in hepatitis virus
9



APPLICATIONS OF NGS IN VIROLOGY

Some examples from our lab (454 technology)
NGS allows high-resolution study of viral infection, useful for:

-Prediction of therapy effectiveness by genotyping
and sequencing to detect mutants

-Determining relevance of minor variants

-Determining origin of transmission

Additional applications ...not covered in this talk jij

Complete viral genome resequencing and new virus discovery

10



l::-l\ﬁ.]-ﬁebm THERAPY EFFECTIVENESS: GENOTYPING

Global HCV genotype distribution
. | | i 0.5 2
B g, n52
n 33 687X
HCV genotype (G1-G7) and subtype (>60) important 8 o 1oz
viral factors for predicting treatment response: E - i:g :
ga 1.31%
I s 1.2%
Eg: In major HCV genotype G1, new treatments have Rt
better response in  G1b than Gla. Even the most expensive one wRLD — % O
(Sofosbuvir , 1,000 $/tablet), which has the same activity for G1=SVR 38-41% MW . b
G1la/G1lb, is low active in G3. G2 = SVR 93% other  4:1 1
G3=5VR 79% g tota)l 100.0 %

G4 = Difficult-to-treat, like G1.
G5 = Easy-to-treat, like G3
G6 = Intermediate G1 fG2.

HBV genotype associated with differences in the natural history of chronic HBV infection and
response to antiviral therapy. (Pourkarin 2014, Kranvis 2014). Emerging data have shown that HBV
genotype recombination (30% shy 2012) and mixtures are common (22% Jardi 2008) and may
be clinically relevant,

HCV and HBV genotyping can be done with classic techniques, but they are limited for
detecting genotype mixtures: (the predominant one masks the others)
Detection of recombinant genotypes is not possible with classical methods.

NGS (454) is more reliable and has provided the following preliminary data.
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Detection of genotype/subtype mixes (infection by more than one subtype at the
same time): such this case, in which simple alignment clearly suggests the presence of
two different populations

- 10 an a0 40 =0 (=10 Yo
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First the major or master sequence (60.53%)
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First the major or master sequence (60.53%)

UPGMA tree (TN93; gamma=0.44): 37.NS5B.Px10.66rd
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Then the second more heterogeneous group of haplotypes (39.47%):
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UPGMA tree (TN93; gamma=0.44): 37.NS5B.Px1.1506rd
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HIGH-RESOLUTION HCV SUBTYPING 454/GS-Junior

Then the second most heterogeneous group of haplotypes (39.47%)
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Therefore, this patient has a mixture of HCV subtypes (coinfection):
60.53% G1a, and 39.47% G4d: which have different SVR rates in some treatments
Eg: Abbie cocktail : G1a possible good response, but G4d probably not so effective
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HBV GENOTYPING, RESISTANT VARIANTS, POLYMERASE REGION
Lamivudine failure: Pretreatment HBV genotype pattern D 99,75% /A 0,25% changes after treatment
failure D 96.02%/A 3.98% in a percentage undetectable by LIPA.

Genotype “A” Haplotypes do not show any known resistant variantij

Haplotypes above the blue line are pretreatment ; iResistant Variants |

. ||100 11a 120 130 140 150 1a0 170 130 150 200 21
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HBV GENOTYPING: MIXTURES AND RECOMBINATION?
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HCV THERAPY EFFECTIVENESS: MUTANT DETECTION:
%'Hebwn Resistant variant have been described in all HCV therapeutic targets regions (NS3, NS5A,

Institut de Recerca

NS5B) and for all treatments.

FAILURE TRIPLE HCV THERAPY: HCV G1b Liver transplant recipient treated with triple
antiviral therapy: telaprevir+peglF+RBV with persistence of HCV viremia and severe anemia
after one month of treatment. Attending physicians asked us if they should stop treatment.
We studied the treatment targeted NS3 region searching for resistant variants

NGS analysis detected two resistant variants to telaprevir: V36A (37%), T54A (63%)
Haplotype study showed:

- Wt V36-T54 (7%) Molecule @

VE5A (QB0R/  R155K/  A1565  A156T/ D168A/  V170AS
K TiQ v EIGH T

- A36/A54 (7%) TV
- V36/A54 (56%) :‘apfe“" —
oceprevirt
- A36/T54 (30%) Narlaprevir*
= T T e e T | v |G E—— ——
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About the possibility of an alternative treatment with sofosbuvir which targets NS5B, analysis
of this region showed no resistant variants, so we recommended discontinuation of telaprevir
treatment and a switch to sofosbuvir, which achieved a sustained virologic response
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HCV THERAPY EFFECTIVENESS: MUTANT DETECTION:
Resistant variant have been described in all HCV therapeutic targets regions (NS3, NS5A,

NS5B) and for all treatments.

Telaprevir treatment in 2012, stop at 8w due to skin adverse effects. 2014 can therapy be
5 restarted? Basal presence of minor variants resistant to TVR/BOC or SMV
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These variants can remain in the
guasispecies “memory” years
after treatment discontinuation,
guestioning the adequacy of
starting treatments with similar

resistant profiles,:
"Eg:Vermehren 2012: 20-52% even four
years after treatment failures”

However, to date there is little
evidence that a minor variant
present in the basal
guasispecies can cause

treatment failure

Eg, 3/10 telaprevir non-responders had
resistant variant associated with prior
treatment at baseline

De Meyer J Hepatol 2012.




DETERMINING RELEVANCE OF MINOR VARIANTS: HBV
'::-hm HBYV polymerase region dynamics: natural and under antiviral treatment:

Minor haplotype selection. Resistant variants in very low proportions (0,1%) in
pretreatment samples may be selected by the pressure of antiviral treatment and be

responsible for treatment failure ( Rodriguez-Frias F PLoS 2012;19(12):867-71)

44 PRE-TREATMENT AB PRE-TREATMENT
@B aseline Combination (BC j= il &H-173-
180L-181LA-184T-191W-2025 -204M- 207

B 1=t B0M-202G - 204V 207 r181T

O 2=rtl1B81T

O 3=rt169T-1 73 -180M-204

B 4=rt181T-191I

B 5= rt1 69T -1 73 -180M - 202G - 204/-207
B G=rt1 B0M-20u

O F=rt180M

rt181T
0,09%

e . 8 B=rt180M-202G-204V  me—
ol @G rt1BOM-204V-207)
No [ []aov [ v . ETV +TDF O 10=rtl B1T-204-207
frestment @ 11=rtl 73L-1500M- 200/
m12=rt1al1
-Minor basal variant
(0)

rt 18 1T (0 ’ 09 /0, bl ue 4C LAMIVUDINE VIRAL BREAK THROUGH 40 ADEFOVIR FAILURE 4E ENTECAVIR VIRAL BREAK THROUGH

arrows) was selected by
lamivudine treatment and
minor variant rt180M-
202G-204V-2071 (0.1%,
red arrows) was selected
by lamivudine and
ultimately was responsible
for entecavir failure

rt180M-202G204V-207

rt180M-202G-204V-207

NOTE: rt181T confers resistance to lamivudine and adefovir, and the variant combination rt180M-202M-204V confegg
resistance to entecavir



|::-"' DETERMINING ORIGIN OF TRANSMISSION
== LICV acute nosocomial infections: NGS as a potential tool?urema tree v
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THE EMERGING PROBLEM OF HEV
'::-m"“ebm" 3 M symptomatic cases per year.70,000 deaths per year
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Rein et al. Hepatology 2011.

s - = N
-Four genotypes: two (G3/G4) also affect 3
animals (zoonotic transmission) - [
-Not a third world disease: G3 prevalent in A 1@ e

industrialized countries (seroprevalence >20%)
therefore native infection , with pigs as main
reservoirs.

Fecal oral and by pork meat to human
transmission (G3), but also parenteral
transmission: Potential for transfusion transmission

ey ! v
. S '
Human HEV Swine HEV /}

Genotype 1 Genotype 3 B Genotype 3
Genotype 2 Genotype 4 Genotype 4

Dual behavior:

-Acute infections: usually asymptomatic and self-limited in healthy subjects, but fulminant in
specific high-risk groups (e.g. pregnant women >20% deaths, up to now only G1/G2).
-Sometimes progresses to chronic: Potential morbidity/mortality in immunosuppressed
subjects: transplant recipients, HIV coinfected, hematological patients on chemotherapy, all

G3. Fast progression of liver fibrosis in transplantation with chronic HEV.

NGS potential utility: genotyping and determining the origin of transmission
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HEV-RNA PREVALENCE IN BLOOD DONORS Dr. S. Sauleda

Overall transmission 42% (Hewitt et al.
Lancet 2014)

1/7986

1/14,500 SWEDEN
SCOTLAND
1/8000

HOKKAIDO

1/2848

UNITED
KINGDOM 1/4525;
1/1240

1/3333 GERMANY

CATALONIA
Sauleda Transfusion 2014
in press

1/1760 1/14,000
TOKYO

1 /9000
NETHERLANDS

USA

High prevalence of RNA-positive in population. High risk of transmission:
“The risk of transmission for HEV at present is far higher than for

viruses such as HIV.”
JM Pawlotsky Lancet July 27 2014 (Commenting on Hewitt, Lancet 2014)

Ong ISBT 2014; Satake ISBT 2014; Sakata ISBT 2014, Cleland Vox Sang 2013; Slot Eur Sur 2013; Ren Transfusion 2014 Ushiro-Lumb
IPFA 2014; Linnen IPFA 2014; Baylis Vox Sang 2012, Hewitt Lancet 2014, Hagema Transfusion 2014,, Voliner J Clin Microbiol 2012,
25

Sauleda Transfusion 2014



THE EMERGING PROBLEM OF HEV
qm BLOOD TRANSFUSION HEV HEPATITIS:documented in a number of countries

VHIR

AUTHOR COUNTRY BLOOD COMPONENT RECEPTOR CLINICS _Disease mainly in

Colson et al 2004 France conc. erythrocytes immunosupressed acute hepatitis immunosuppressed

Matsubayashi 2004 Japan plasma heart surgery acute hepatitis

Boxall et al 2006 UK conc. erythrocytes immunosupressed acute hepatitis . . .

| platelets PBC no infections in
Seroconversion . ;
|mmunocompromlsed

Tamura et al 2007 Japon conc. erythrocy’[es ‘? acute hepatms SOlid Organ transplantation
Therefore, as in other potentialy transmissible infections such recipients may lead to
as HBV, HCV or HIV optimal phylogenesis is needed to confirm chronic infection.
the origin of infection, and this can be done with NGS strategies -HEV non-enveloped
like the one we used to investigate HCV transmission. virus, behaviour similar to

5 receptos no seroconverssion other non_enve|oped

viruses (HAV, B19),
resistent to plasma
inactivation strategies.
Hauser et al. Blood

-HEV in blood products: 0.7% plasma minipools in England with HEV RNA , (ljaz S 2014,Andonov et al. Vox Sang
Vox Sanguinis 2012, Cleland A Vox Sanguinis 2013). 2014)

-Since the first HEV blood transmission in the UK in 2006 (Boxall E Transfus Med
2006) just 8 cases (2in 2013, 51in 2012, and 1 in 2011)..

-Feray (Lancet 2014;383:218) France: 5/367 liver transplant recipients infected by
blood transfusion developed liver graft damage
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THE EMERGING PROBLEM OF HEV

'::-ﬁ"'“e"”“ BLOOD TRANSFUSION HEV HEPATITIS

www .thelancet.com Published online July 28,2014 http://dx.doi.org/10.1016/S0140-6736(14)61034-5 Phylogenesis IS
needed to confirm the

Institut de Recerca

VHIR

Hepatitis E virus in blood components: a prevalence and W ® source of infection.

transmission study in southeast England o L
NGS can help in this

Patricia E Hewitt, Samreen ljoz SuR Brmlsl!ord Rachel Brett, Steven Didks, Becky Hoywood, lain T R Kennedy, Alan Kitchen, Poorvi Patel, John Foh, m p

Katherine Russell, Kate | Tettmar, Joanne Tossell, Ines Ushiro-Lumb, Richard § Tedder taS k .

225,000 individual donations screened and 79 donations contained HEV RNA. Prevalence
1:2848 donations: about 80,000-100,000 acute HEV infections may have occurred in England
during the year of the study.

129 components derived from the 79 HEV RNA-positive donations and 62 (48%) components
given as transfusions to 60 recipients. 43 patients were followed and 18 (42%) had evidence
of infection. Transmission confirmed by phylogenesis.
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THE EMERGING PROBLEM OF HEV

E:h“ HEV INFECTION AND NGS: A SINGLE ARTICLE, EXPERIMENTAL
HUMAN TO SWINE TRANSMISSION

High-throughput sequencing. [llumina GAII sequencing was sub-
J\\ contracted to GATC (Constance, Germany). High-molecular-weight
s DNAC(5 g), resulting from genomic RNAs as described above, was frag-
Ident| mented into 200- to 350-nt fragments, to which adapters were ligated. jijsm
of He Adapters included a nucleotide tag allowing for multiplexing of the three

samples in one channel. Phylogenesis was not performed

Jerome Bougquet,®®< Justine Cheval ® Sophie Rogéde,*P~ Nicole Pavio,*™° and Marc Elojtbode

UKE 1181 Viralogy, AMSES, Laboratoire de Santé Animale, Maisons-Aor, France®; UMR 1161 Vitoloay, INRA, Maisons-Alfart, France™; UME 1161 Vialogy, Ecole Nationale
VétEnnaire d'Aort, Maisons-Alfort, France®; Pathoquest, Paris, France™; and Department of Virckagy, Institut Pasteur, Paris, France®

High-throughput sequencing of bile and feces from two pigs experimentally infected with human hepatitis E virus (HEV)
of genotype 3f revealed the same full-length consensus sequence as in the human sample. Twenty-nine percent of polymor-
phic sites found in HEV from the human sample were conserved throughout the infection of the heterologous host. The
interspecies transmission of HEV quasispecies is the result of a genomic negative-selection pressure on random mutations
which can be deleterious to the viral population. HEV intrahost nucleotide diversity was found to be in the lower range of
other human RNA viruses but correlated with values found for zoonotic viruses. HEV transmission between humans and
pigs does not seem to be modulated by host-specific mutations, suggesting that adaptation is mainly regulated by ecologi-
cal drivers.
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HEV INFECTION AND NGS
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Journal of Hepatology
wolurme B0, Izsue 1, Supplemeant, Page S287, April 2014

= Previous Article Mext Article =

FPos57 IN VIVO MUTAGENIC EFFECT OF RIBAVIRIN ON
SUBTYPE sF HEV QUASISPECIES ISOLATED FROM A
PATIENT INFECTED FROM POREK MEAT

B. Casillas, F. Rodriguez-Friags, B. Minguez, M -—u-’er:u L Gregor, D Garcia-Cehic, D. Tabemerno, M. Homs, M. Blasi, &
Caballerg, L Miefo, & Hundesa, B Girones, M. Buyti, J Qger

[T Ty e o] Lo Rkt L L0 = = g [ = 002 = o B == =

PATIENTS and METHODS

An Immune compromised patient with Acute Hepatitis E was treated with RBV for 14 days. The spidemiological
survey revealed that one month Defore agmission the patent ate undercooked pork meat from a Kocal family rarm.
Thus, a possiDlity of Zoonotic tranamission emearged.

We phylogenstically studied an RT-PCR fragment of the ORF2 core gene (Figure 1) lsolated from patient's serum

sampies and from a frozen pork meat. Serum HEV population at day 0 (t0), 3 (t3). 9 {t3). 15 (t15) and 79 (t73) of Rbv
therapy, wers studied by ultra-desp pyrosequencing (UDPS, 454/GS-Junior, Rochs).

RESULTS

Sequence obfalned from the patlent was Idsntical to pork meat ksolates [consensus sequence and slx clonas,
Figure 2} suggssting possibls focdbomns zeonofle fransmisslon. Phylogenstlc free conflrme this connection,
since the seguences ars In the same cluster, and show that the patlent was Infected with ganotyps 31 (Figure 3).

& total of 26235 ssquences wers cbtained by UDPS from patlent samples. HEV RMA declined from 4,87<10° at 0,
fo1,21=210% at t3 and 1112102 genome-copleaimi &t £5. It was negative at t15 and t73. HEV varlabliity increassd from
to :FI |Huc|eul1da nl'rn{alt]']— 0.0000, 1 rlaplni]rpep fo t3 :PI—[I- ooDEl, 15 napmt]'pan] (5% of substifutlons

THE EMERGING PROBLEM OF HEV

Pork meat to human transmission and mutagenic effect of ribavirin treatment
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Thess results suggest that HEV was transmittad by Ingsstlon of pork meat. The Ribavirin was mutagsnic In vive causing a femporal Increase In warlablity at day
3. Att3, the mutagenie sffect of Ribavirin was not defscted, probably dus fo viral lead decay observed Just bafors resolutlon of Infaction.
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THE EMERGING PROBLEM OF HEV

HEV INFECTION AND NGS: Mutagenic effect of RBV?

After on

ly 3 days of RBV therapy, complexity of HEV quasispecies increased, then

- %ecreasgd after 9 days, showing a new master sequence
D eo -I-| B, & 4 fast

=10 GEED EEESD G700 E710 E720 E730 E740 E750 ET6D ETT0 ETED E750 GO GE10 ERZD EB 30 eaacd*

HEl_JEE EA _0.0001|8253 B2 BE ECTCICICTEACTECAECTERETATE AT AR TACTIATEECTCET AR TARCCCTATETATETTICAGRATACTETCACATITETIARTETEECEACAEECECCCAEECCETTECCCERTCICTIEATTEETCTAREETCACTITEEACEECCEECCACTIACTACCATCC
HE1l_JEZ EA -l.0001] 44] 0.44
HEP1l JEF EBA Jl.opooz] 44) 0.44
HP1_JEE_EA -1.o0003] 38| 0.328
HEP1l JEF EBA .l.opo04]  3z| 0.3z
HEP1l JEF EBA ~l.poos]  3l) 0.31
HEP1_JEF EBA -l.0006] 31] 0.31
HEP1l JEF EBA ~l.p007]  31] 0.31
HP1l JEZ EA -1.0008] Z7| 0.27
HEP1l JEF EBA Ll.pooE]  Z7] 0.27
HEP1l JEF EBA Jl.opole) 27) 0.27
HEP1l JEF EBA ~Jl.op01l] 27) 0.27
HEP1l JEF EBA Jl.opolz] 27) 0.27
HP1_JEZ EA -l.op013] Z7) 0.27
HP1 _.JEE B 1 0034] Z7] 0 27
HP1l JEZ BEVidays.0.0001]|7558|75.53
HP1l JEZ BEVadays=.1.0001] 137| 1.37
HP1l_JEF BEVadays=.l.0002| 12%| 1.28
HE1l_JEZ REV3d l.0003| 124| 1.24
HE1_JEZI REV l.0004] 117] 1.17
HE1_JEZ_BEV l.0005] 113 1.13
HE1_JEZI REV 1.000&| 108| 1.08
HE1_JEZI REV 1.0007| 108| 1.08
HEP1l_JEZ_BEV 1.0008| 1000 1
HE1_JEZI REV l.000%| B3| 0.83
HE1_JEZ_REW 1.0010] 75| 0.75
HE1_JEZI REV 10011 e&2] D.&2
HE1_JEZI REV l.0012| SE| 0.58
HE1_JEZI REV l.0013| 55| 0.55
HE1_JEZI REV l.0014| 500 0.5
HP1_JEZ_REV 1.0015| 46| 0.4
HE1_JEZI REV L 0018 42| 0.42
HE1_JEZI REV 1.0017| 38| 0.3B
HE1_JEZI REV 1.0018| 2B| 0.2%
HE1_JEZI REV -1.0018] 28| 0.28
HE1_JEZ_REV 1 0020 28| 0.2
HE1_JEZI REV 1L 0021 28| 0.2%
HE1_JEZ_BEV 1 0022 2B| 0.2%
HE1_JEZI REV l.00z23| 2B| 0.2%
HE1_JEZI REV 1.00z24| 2E| D.ZE
HE1_JE3_RE 1.0025| 25| 0.Z5
HE1l JET BE -l.p0zE] 25| 0.25

10027 25| 025

1 OfFR] Z5] 0 F5

0. 0001 |B1E3|B1.63

_JEF BEVEday=.1.0001| E3E| €.36

HP1l JEZ BEVEdays=.l.0002] 107| 1.07
HP1l JEZ BEVCdays=.1.0003| &3] 0.€3
HP1l JEZ BEVEdays=.l.0004| 50| 0.5
HP1l JEZ BEVEdays.1.0005]| 50| 0.5
HP1l JEZ BEVEdays=.l. 000E| 45| 0.45
HP1l JEZ BEVEdays.1.0007| 37| 0.37
HP1l_JEZ BEVCdays.l.0008| 33| 0.33
HP1l_JEF BEVEdays=.1.000%| 32| 0.32
HP1l JEZ BEVEdays=.1.0010] 30| 0.3
HP1l JEZ BEVEday=.1.0011] 30| 0.3
HP1l JEF BEVEdays=.1.0012] Z7| 0.27




CONCLUSIONS

NGS techniques are useful to deeply study the viral
guasispecies

When equipping your laboratory, choose the one best
suited to your needs

Knowledge gained with the use of these techniques will
help us to better understand and better treat viral infections

31



s Thanks for your attention

Institut de Recerca

And thanks to my team, here in one of our routine Normal General Smiling experiments

[ ] bl I | 1 [ ] [ ] hl 1" r 11 o~ r

“The difference between a politician and a statesman | ——
IS that a politician thinks about next elections, while
| e the statesman thinks about the Next Generations.”
” Tam a Winston Churchill...

: =1 And they are the “Next Generations”

i

“Choose a job you love at

Dr. Josep Gregori Dr. Josep Quer
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