Phylogenetic estimation of the temporal spread of hepatitis C genotype

la iIn North America
Jeffrey B. Joy! Rosemary M. McCloskey' © Thuy Nguyen' Richard H. Liang' Yury Khudyakov? 1081 Burrard Street

IAS, 2015 Andrea Olmstead®  Mel Krajden?”4 John Ward?  P. Richard HarriganI>5 Julio S. G. Montaner'>

Vancouver, BC
Art F Y. Poon'» CANADA V6Z 1Y6

'BC Centre for Excellence in HIV/AIDS, Vancouver, Canada “Division of Viral Hepatitis, Centers for Disease Control joy@cfenet.ubc.ca

and Prevention, Atlanta, GA, United States >BC Centre for Disease Control, Vancouver, Canada “Department of (604) 682-2344 x62466

Pathology and Laboratory Medicine, University of British Columbia, Vancouver, Canada °Department of Medicine,
University of British.Columbia, Vancouver, Canada

Vancouver, Canada

Background Changes in HCV effective population size align with blood

product screening and transition to disposable syringes
»4.6 million hepatitis C virus (HCV) infections in North America, predominantly

genotype 1a. » The effective number of infections in an epidemic Is:

» Majority (75%) of infected individuals were born between 1946 and 19641 - expected to be proportional to the prevalence during the exponential growth phase’, and

Explanation for this high prevalence < still contested: often attributed to bast » estimated using Bayesian skyline plots with a relaxed molecular clock, implemented in BEAST?.

sporadic behavioural risk (i.e.: experimentation with injection drug use, unsafe
tattooing, high risk sex, travel to high endemic areas).
» Previous studies have implicated infected blood products and injection drug use.
» Can we estimate the timing of the HCV 1a epidemic in North America
using HCV RNA sequences?

» All five genes Indicate a period of exponential growth in the 1940s-60s, stability
until the early 1990s, followed by a shorter decline.

» End of exponential growth period was co-incident with rollout of disposable
plastic syringes in medical practice.

» Decline Iin effective number of infections occurred following the introduction of
blood product screening® and widespread adoption of needle exchange
programs’ (green box).

Phylodynamic methods use virus phylogenies to estimate

ePidemiOIOgical Parameters _ Disposable Plastic Syringes
> RI\IA v.ir.use.s evolve rapidly and demonstrate significant within-host _&310000 _
diversification. N
» Transmission isolates a sub-population of virions in a new host, resulting in a S
branching point in the phylogeny. =
» By assuming a molecular clock, speciation events in a viral phylogeny can be g 1000 -
used to approximate dates of transmission events. O
» Epidemiological information about an epidemic can therefore be inferred from Dq')
the virus phylogeny. P
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Past Time Present Maximum likelihood phylogenies of five HCV genes confirm
Temporal distribution of nodes correctly filtered data set
(branChIng pOIHtS) » Few closely related groups of tips, indicating successful screening of sequences
from the same patient.
Data collection and processing - Lack of phylogenetic outliers (long terminal branches) indicates all included

sequences were correctly identified as HCV genotype la.
» All publicly available HCV sequences with annotated sampling dates were

downloaded from GenBank and aligned to HCV reference H/7. a) E1 b) E2
» Sequences from the same patient were removed by a phylogenetic distance T {Ee=

cutoff, followed by manual curation. I I@;r
» Sequence data sets were compliled for five regions of the HCV genome: El, E2, P

NS2, NS4B, and NS5B. | =
» Emphasized collection of early sequences, which have not been included In L —

previous phylogenetic studies of HCV. ———
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Conclusions: end of exponential HCV spread was co-incident
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» The end of the exponential growth period of the HCV genotype la epidemic In
North America was contemporary with the introduction of disposable syringes.

S SENES. . . . . L
» Subsequent improvements in medical practice led to declines in prevalence.
I [ . P 7 » The prevailing view that the North American HCV epidemic is predominantly
1980 1990 2000 2010 attributable to past sporadic behavioural risk is not supported by our data.

Sampling Times (Years)

» Early transmission dynamics are consistent with nosocomial and i1atrogenic
causes as drivers for early HCV 1a spread in North America.
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