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Mixed infection (1)
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Mixed infection (2)

Expanded Quasi-species

e Mixed infection

— Presence of different
variants from the same
genotype at the same time

* Virus exists within patient
many (closely related)
different variants
(“quasispecies”)

e Distribution of pairwise
genetic distances in a mix
of viral variants provides the
answer

* Cut off needed for genetic
distance between variants
to distinguish mono- from
mixed infection

Initial founder virus

Initial founder virus




Genetic distance in mixed infection

ariant A ACTGACTGA
ariant B BcTGACTGA
ariant C AC.GICTGA

genetic distance

variant A variantB variant C
variant A 0
variant B 1
variant C 2

A>C
B>C
A>B

Pham et al, hepatology 2010
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HCV genetic variability across the genome
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Selection of genomic fragment for detection of mixed infection depends on the
characteristics of the epidemic




Relevance of detecting mixed

infections
EASL treatment guidelines 2015

Patients PeglFN-a, PeglFN-a, RBV  Sofosbuvir  Sofosbuvir Ritonavir-boosted  Ritonavir-boosted  Sofosbuvir and  Sofosbuvir and
RBV and and simeprevir and RBV  and ledipasvir  paritaprevir, ombit- paritaprevir, and simeprevir daclatasvir
sofosbuvir asvir and dasabuvir ombitasvir

Genotype 1a 12 wk, then 12 wk with RBV
PeglFN-a and
RBV 12 wk
12 wk (treatment-naive
Genotype 1b or relapsers) or
36 wk (partial or
null responders)

8-12 wk, 12 wk without 12 wk without
without RBV 412 wk without RBY RBV RBV

12 wk without
RBV

12 wk without
RBV

Genotype 2 No

Genotype 3 No

12 wk, then
PeglFN-a and
RBV 12 wk
(treatment-naive
or relapsers) or
36 wk (partial or
null responders)

12 wk without , 12 wk without 12 wk without
RBY 12 wk with RBV RBY RBV

12 wk without 12 weeks

No RBV without RBV

DAA Treatment without interferon is (still) genotype specific

Detection of mixed infections with different subtypes /
variants not relevant for treatment



Mixed infections:
dynamics of treatment failure
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Cunningham et al, Nature reviews in Gastroenterology and Hepatology, 2015



multiple infections over time
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How to detect mixed infections
wish list

Sensitive assay

“Unbiased” PCR

- Ability to pick up all
genotype

Adequate genotype
assignment

Easy to apply in clinical
settings

Cheap



Methods for detecting mixed infection

technique advantages | disadvantages

PCR + Sanger easy, cheap Not sensitive, interpretation of mixed bp
sequencing (core / difficult
NS5B)

PCR, cloning, sensitive More epxensive, time consuming
sequencing

Genotype specific sensitive Risk of cross-contamination, time
nested PCR consuming

PCR + NGS (very) No standardized pipeline available yet,
sensitive expensive




commercial assays for genotyping

assay

Abbott m2000
RealTime HCV
Genotype Il
assay

Versant HCV
genotype assay
(LiPA) 2.0

technique

genotype-
specific real-
time PCR
(specific primer
/ probes)

PCR,
hybridisation
(5" end, core)

genotyping

1-6,
Subtype 13, 1b

Detection of
gentoype 1 -6,
subtypes 1a, 1b
and some 6

disadvantages

Not always
resolved (10%)

Misclassifies
genotype 6 as
1, incomplete
assignment,

Performance
of detecting
mixed
infection

??, false
positive mixed
infection
reported

??, false
positive mixed
infections
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Abstract

Genotyping of hepatitis C virus (HCV) plays animportant role in the treatment of HCV. As
new genotype-specific treatment options become available, it has become increasingly im-
portant to have accurate HCV genotype and subtype information to ensure that the most ap-
propriate treatment regimen is selected. Most current genotyping methods are unable to
detect mixed genotypes from two or more HCV infections. Next generation sequencing
(NGS) allows for rapid and low cost mass sequencing of viral genomes and provides an op-
portunity to probe the viral population from a single host. In this paper, the possibility of
using short NGS reads for direct HCV genotyping without genome assembly was evaluated.
We surveyed the publicly-available genetic content of three HCV drug target regions (NS3,
NS5A, NS5B) in terms of whether these genes contained genotype-specific regions that
could predict genotype. Six genotypes and 38 subtypes were included in this study. An au-
tomated phylogenetic analysis based HCV genotyping method was implemented and used
to assess different HCV target gene regions. Candidate regions of 250-bp each were found
for all three genes that have enough genetic information to predict HCV genotypes/sub-
types. Validation using public datasets shows 100% genotyping accuracy. To test whether
these 250-bp regions were sufficient to identify mixed genotypes, we developed a random
primer-based method to sequence HCV plasma samples containing mixtures of two HCV
genotypes in different ratios. We were able to determine the genotypes without ambiguity
and to quantify the ratio of the abundances of the mixed genotypes in the samples. These
data provide a proof-of-concept that this random primed, NGS-based short-read genotyping
approach does not need prior information about the viral population and is capable of de-
tecting mixed viral infection.

PLOS ONE | DOI:10.1371/joumal.pone.0122082  April 1, 2015

P.Xio et al, Plos One 2015

No PCR, random priming for
cDNA synthesis

|dentification of (short)
genome fragments for
accurate genotyping
‘simple’ pipeline without
haplotype reconstruction
Proof of concept: mixed
infection (90%/10%
accurately identified
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Epidemiology of mixed infection
among PWID

* Observed prevalence depends on
— Characteristics of population (risk behavior)

— Persistence of mixed infection
— Method used



Epidemiology of mixed infections in pWID

Cunningham et al, Nature reviews in Gastroenterology and Hepatology, 2015



The Amsterdam Cohort study

U 1Besg
DU 18834 <

Hg. L {A) W HCV seroconverters with viral dearance and multiple HCV infections. (B) 13 HCVY seroconverters without viral dearance and multiple
HCY infections.

Multiple infections in 23/59 (39%) seroconverters
Van de Laar et al J of Hepatology 2009




HITS-P cohort
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Pham et al, Hepatology 2010



NextGen sequencing

 Amsterdam Cohort Studies among PWID, founded 1985

e 12 participants chronically infected followed from seroconversion
 Median follow up 12 years

* Total follow up: 143 years

* Number of samples: 156, median 13 per subject

* Gene: NS5B fragment (389 bp) according to Murphy et al*. (1 primer pair,
second set for genotype 6)

29-03-89|15-11-83| 6-06-20 | 5-06-91 |10-06-92) 2-06-93 |22-06-94| 53-07-95 21-08-26|20-05-37|31-08-98/26-07-99|14-03-00| 7-12-11

“wla% = 33% 4d % “1b % 2b%
Murphy et a, J Clinical Microbiolog




subjects without mixed infections with
multiple genotypes (n = 4)
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subjects with mixed Infections witn
multiple genotypes, low prevalence of
minor variants ( < 1%) (n = 4)

100.00

99.80

100.00 — 99.60
99.95 — 99.40
99.90 99.20

99.85 99.00
50194 | 3-01-95 28-04-99| 8-03-00 | 22-03-01| 20-02-02|28-01-03|23-02-04

99.80
11—03—9%04:»&9Jf&os—afzm—sgfma—sfma—s?‘ 9-06-98| 9-06-99 'zsos—nﬁleosmrwo&ﬁ 7-08-03|3-08-04 F—csos’u—moa’umm‘ 80210 1501 | 1502 1503 | 1504 | 1505 1506 | 1507 | 1508
301 | 302 | 303 | 304 | 305 | 306 | 307 | 308 | 309 | 310 | 311 | 312 | 313 | 314 | 315 | 316 | 317
Lla% - 2b%

Hla% “i1b%

7-06-30 24—05—9119-07—93‘19-07—93 10-03—5“‘ 1-06-95 | 1-07-96 | 7-07-97 19-05-5% 4-05-99 13-03—0‘)‘11—04—0!‘17-04-02

1301 1302 1304 | 1304 1305 1306 1307 1308 1309 1310 1311 1312 1313

Hla% W3a%

“4d% =1b% = 2b%




subjects with mixed infections with
prevalence of minor variants above

%(n = 4)
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What did we learn ?

1/3 of subjects no evidence of mixed infection
despite long follow up

1/3 of subjects evidence for mixed infection
with different genotype present < 1%

1/3 of subjects evidence for mixed infection
with minor variant > 1%

Mixed infections do not persist



Quantitave summary of NGS study ACS

N of Persons with multiple 8/12 (67%)
consecutive infections

Incidence of superinfections 11/100 PY

N of persons with (ever) a 8/12 (67%)
mixed infection

Percentage of samples with 7%
mixed infections




Reinfection following SVR in PWID

* Yes.... OCCUrS...

Geno-
typing
Yas Na

Study
Design

Sequence

Study Analysis

Backmund et al,
2004 (8]

Dalgard et al,
2002 117]

Cumie etal, 2008 US
[10]

Grebely et al,
201013]

Bate etal,
20101(9)

Grady etal, 2012
[12]

Grabely, 2012 [14] Australia

Country

Germany Pros

MNarway Pros Yas

Pros No

Canada Pros Yas

Australia Pros Yas

Metherlands  Pros Yas

Pros Yas Yes 88

Median Age
at Treatment
Start, v
32
30
46 (mean)

44 (mean)

A

36

%
Male
G1

DU
Pretreatrnent
<6 mo

MA

0

o

PY Ever PWID/
PWID Who
Continue

508238 2

No. of Re-
infections

Post Follow-up,
treatment  Median (1QR)

9 Mean 2.8 (SD
0.8-5.1)

5.4 (1.1-6.8) 125.0/40.0

36(3.2-60) 38035

20(0.4-500 625377
A

M 25(1.6-37)°

MA 1.2(0.1-20F° 108 5

Reinfection Rate
{95% CI) per 100 PY
Ever PWID/PWID
Who Continue
3.94 (0.48=14.22¢
8.4 1.02-30.36)
0.8 (0-5/2.5 (0-14)

2.63 (0.07-14.66)
28,57 10,72-159.19})

3.20 (0.39-11.656)
530 (0.64-19.16)

MNA

0.76 (0.04-3.73W
3.42(017-16.90

47(1.8-11.2)

Abbreviations: Cl, confidence interval, IDU, injection drug use; IQR, interquartile range; NA, specific information was not available; Pros, prospective; PWID, people who inject drugs; PY, person-years,

* During treatment.
® Fallow-up from end of treatment.

Grady et al, CID, 2013




But...

Secondary infection following spontaneous clearance
have:

* Higher clearance rates

* Lower peak viremia

e Shorter duration of viremia upon reclearance
(Osburn 2010, Sacks-Davis 2015)

Adaptive immune responses are generated following
spontaneous clearance of primary infection



Incidence of reinfection following SVR
in HIV+ MSM with acute HCV
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Adaptive responses genotype specific following
treatment induced clearance?

Thomas et al, AIDS 2015



Role of neutralizing antibodies

Functional study
 HIV+ MSM (MOSAIC)

e Treatment induced B Hovipp

[ non HCV1-pp

clearance of acute HCV-1a
infection

* Neutralizing responses in
sera were more potent
against genotype 1la viruses

* Protection against
subsequent HCV-1a CVip non HOV P
infections following SVR eenenee

Thomas et al, submitted



conclusions

Mixed infections occur frequently among PWID (7% mixed
infections in ACS, 10% in HITS-p..)

They tend not to persist

They are therefore not an obstacle for current treatment
regimens

Reinfection do occur among PWID following SVR with a
reported incidence 1 — 8 per 100 PY

(partial) protective immune responses are generated, even
in the HIV-infected population

Allow more time before treating a secondary infection?

More data are needed on outcome of DAA-treatment in
PWID, risk of reinfection, and the likelihood of spontaneous
clearance of reinfections
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