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Summary

Background: Structural and pharmacological interventions (for example,
needle syringe programs and opioid substitution therapy) are partially
effective for preventing hepatitis C virus (HCV) in people who inject drugs
(PWID) but additional strategies are required. Individual behavioural
interventions (counselling and education) are common, but little is known
about their effectiveness. Prophylactic vaccines are the gold standard for
infectious disease prevention, but there is no HCV vaccine. Research on
correlates of successful naturally acquired immune responses to HCV can
help to inform HCV vaccine development. Interventions that take the
injecting social network structure into account are an area of ongoing
research.

Aims: The broad aim of this research was to inform HCV prevention efforts
in PWID, including vaccine development and other prevention strategies.
Specific aims included synthesis of evidence on individual behavioural
interventions to prevent HCV transmission; assessing whether the injecting-
social network is important for HCV transmission in order to understand
whether it should be a target of HCV prevention programs; and
understanding the epidemiology and biological markers of HCV reinfection
and spontaneous clearance of reinfection in order to inform vaccine
development.

Methods: Research involved a systematic review (Chapter Two), analysis of
data from the Networks 2 study (a cohort study of HCV in PWID in
Melbourne, Chapters Three, Four, and Six), data from the InC? study
(pooled data from nine cohort studies of incidence HCV and HIV
internationally, Chapter Five), and simulated data (Chapter Six). Analysis of
data from the Networks 2 study combined social network epidemiology,
phylogenetics, time-to-event regression, and Bayesian post-estimation.
Analysis of simulated data was undertaken using Bayesian post-estimation.
Analysis of data from the InC? study involved mainly time-to-event
regression.

Key findings: Few controlled trials have evaluated the effects of individual
behavioural interventions on HCV incidence, and those that have done so
vary in study design, outcome measures and magnitude, direction and
statistical significance of findings between studies. Nonetheless, it seems
unlikely that behavioural interventions can have a substantial effect on HCV
transmission, at least in isolation. HCV phylogeny was associated with the
social-injecting network in the Networks 2 study in Melbourne, highlighting
the importance of the injecting network in HCV transmission. Collectively
the studies presented in Chapters Four—Six suggest that reinfection occurs
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at least as frequently as primary HCV infection, but in reinfection there is a
greater propensity toward spontaneous clearance due to naturally acquired
immunity. Spontaneous clearance of reinfection was predicted by female
gender and INFL3 rs860-CC genotype, indicating that these factors are
associated with ongoing natural immune protection from persistent HCV
infection.

Conclusion: Prevention of HCV in PWID requires a multifaceted approach. It
is unlikely that individual behavioural interventions can substantially reduce
HCV transmission. The injecting social network appears to be important for
HCV transmission; ongoing research is required to assess its role in HCV
prevention. HCV reinfection spontaneously clears more commonly than
primary infection, suggesting naturally acquired immunity. Females with
INFL3 rs860-CC genotype appear to have ongoing protection from
persistent HCV infection. Elucidation of the mechanism behind this may
inform vaccine development.

Publications

Sacks-Davis R, Horyniak D, Grebely J, Hellard M. Behavioural interventions
for preventing hepatitis C infection in people who inject drugs: A global
systematic review. International Journal of Drug Policy 2012; 23:176-184
DOI: 10.1016/j.drugpo.2011.08.002. IF(2010): 2.763

Rolls, D. A., G. Daraganova, R. Sacks-Davis, M. Hellard, R. Jenkinson, E.
McBryde, P. Pattison, G. Robins. Modelling hepatitis C transmission over a
social network of injecting drug users. Journal of Theoretical Biology 2012.
297(3): 73-87.

Hellard, M., R. Jenkinson, P. Higgs, M. Stoove, R. Sacks-Davis, J. Gold, M.
Hickman, P. Vickerman, N. Martin. "Modelling the utility of antiviral
treatment for primary prevention of hepatitis C infection among people
who inject drugs in Victoria, Australia." Medical Journal of Australia 2012.
196(10): 638-641. IF: 2.684

Sacks-Davis R, Van Gemert C, Bergeri |, Stoove M, Hellard M (2012)
Identifying newly acquired cases of hepatitis C using surveillance: a
literature review. Epidemiology and Infection 140:1925-34.
doi:10.1017/50950268812001033. IF(2010): 2.318

Sacks-Davis R, Daraganova G, Aitken C, Higgs P, Tracy L, et al. (2012)
Hepatitis C Virus Phylogenetic Clustering Is Associated with the Social-
Injecting Network in a Cohort of People Who Inject Drugs. PLoS ONE 7(10):
e47335. doi:10.1371/journal.pone.0047335 IF(2010): 4.610

Vickerman, P., Grebely, J., Dore, G. J., Sacks-Davis, R., Page, K., Thomas, D.,
et al. (2012). The more you look the more you find - Effects of hepatitis C
virus testing interval on re-infection incidence and clearance: Implications
for future vaccine study design. The Journal of Infectious Diseases, 205(9),
1342-1350.

Doyle J, Sacks-Davis R, Hellard M. (2012) Acute Hepatitis C Infection: New
Approaches to Surveillance, Treatment and Prevention. Current Hepatitis
Reports 11:221-230. DOI 10.1007/s11901-012-0143-5

CREIDU — PhD Completion Report




Rolls DA, Wang P, Jenkinson R, Pattison PE, Robins GL, Sacks-Davis R,
Daraganova G, Hellard M, McBryde E. (2013). Modelling a disease-relevant
contact network of people who inject drugs. Social Networks. 35(4): 699—
710. Available online: http://dx.doi.org/10.1016/j.socnet.2013.06.003

Rolls D, Sacks-Davis R, Jenkinson R, McBryde E, Pattison P, Robins R, Hellard
M, Hepatitis C transmission and treatment in contact networks of people
who inject drugs, PLOS ONE 2013. 8(11): p. e78286.

Sacks-Davis R, Aitken CK, Higgs P, Spelman T, Pedrana AE, Bowden S,
Bharadwaj M, Nivarthi UK, Suppiah V, George J, Grebely J, Drummer HE,
Hellard M. High Rates of Hepatitis C Virus Reinfection and Spontaneous
Clearance of Reinfection in People who Inject Drugs: a Prospective Cohort
Study. PLOS ONE 2013. 7;8(11):e80216

Grebely J, Page K, Sacks-Davis R, Schim van der Loeff M, Rice TM, Bruneau
J, Morris MD, Hajarizadeh B, Amin J, Cox AL, Kim AY, McGovern BH, Schinkel
J, George J, Shoukry NH, Lauer GM, Maher L, Lloyd AR, Hellard M, Dore GJ,
and Prins M on behalf of the InC3 Study Group. The effects of female sex,
viral genotype and IL28B genotype on spontaneous clearance of acute
hepatitis C virus infection. Hepatology 2014. 59(1):109-20

Hellard M, Doyle J, Sacks-Davis R, McBryde E, Thompson A. (2013)
Eradication of hepatitis C infection: the importance of targeting people who
inject drugs. Hepatology 2014. 59(2):366-9

Aspinall E, Weir A, Sacks-Davis R, Spelman T, Grebely J, Higgs P, Hutchinson
SJ, Hellard M. Does informing people who inject drugs of their hepatitis C
status influence their injecting behavior? Analysis of the Networks Il study.
International Journal of Drug Policy 2014. 25(1):179-82

Flynn JK, Sacks-Davis R, Higgs P, Aitken C, Moneer S, Suppiah V, Tracy L,
Ffrench R, Bowden S, Drummer H, George J, Bharadwaj M, Hellard M.
Detection of HCV-Specific IFN-y Responses in HCV Antibody and HCV RNA
Negative Injecting Drug Users. Hepat Mon 2014. 8;14(1):e14678

Hajarizadeh B, Grady B, Page K, Kim AY, McGovern BH, Cox AL, Rice TM,
Sacks-Davis R, Bruneau J, Morris M, Amin J, Schinkel J, Applegate T, Maher
L, Hellard M, Lloyd AR, Prins M, Geskus RB, Dore GlJ, Grebely J; InC(3)Study
Group. Interferon lambda 3 genotype predicts hepatitis C virus RNA levels
in early acute infection among people who inject drugs: The InC(3) Study. J
Clin Virol. 2014 Nov;61(3):430-4. doi: 10.1016/j.jcv.2014.08.027. Epub 2014
Sep 8.

Hellard M, Rolls DA, Sacks-Davis R, Robins G, Pattison P, Higgs P, Aitken C,
McBryde E. The impact of injecting networks on hepatitis C transmission
and treatment in people who inject drugs. Hepatology. 2014
Dec;60(6):1861-70. doi: 10.1002/hep.27403. Epub 2014 Oct 24.

Lim MS, Vella A, Sacks-Davis R, Hellard ME. Young people's comfort
receiving sexual health information via social media and other sources. Int J
STD AIDS. 2014 Dec;25(14):1003-8. doi: 10.1177/0956462414527264. Epub

CREIDU — PhD Completion Report




2014 Mar 10.

Sacks-Davis R, McBryde E, Grebely J, Hellard M, Vickerman P. Many
hepatitis C reinfections that clear spontaneously may go undetected:
Markov-chain Monte Carlo analysis of observational study data. Journal of
the Royal Society Interface 2015. 12(104):20141197. doi:
10.1098/rsif.2014.1197

Hajarizadeh B, Grady B, Page K, Kim AY, McGovern BH, Cox AL, Rice TM,
Sacks-Davis R, Bruneau J, Morris M, Amin J, Schinkel J, Applegate T, Maher
L, Hellard M, Lloyd AR, Prins M, Geskus RB, Dore GJ, Grebely J; InC(3)Study
Group. Factors associated with hepatitis C virus RNA levels in early chronic
infection: The InC3 Study. Journal of Viral Hepatitis 2015. Published online
ahead of print, January 2015. doi: 10.1111/jvh.12384

Veale HJ, Sacks-Davis R, Weaver ER, Pedrana AE, Stoové MA, Hellard ME.
The use of social networking platforms for sexual health promotion:
identifying key strategies for successful user engagement. BMC Public
Health 2015. 15(1):1396. doi: 10.1186/s12889-015-1396-z.

Higgs P, Aitken C, Sacks-Davis R, Hellard M, How 'hidden' are unobserved
networks in people who inject drugs? Letter to the Editor, American Journal
of Public Health. 2015;

105(6):e3. PubMed [journal] PMID: 25879147

Hajarizadeh B, Grady B, Page K, Kim AY, McGovern BH, Cox AL, Rice TM,
Sacks-Davis R, Bruneau J, Morris M, Amin J, Schinkel J, Applegate T, Maher
L, Hellard M, Lloyd AR, Prins M, Dore GJ, Grebely J; InC(3)Study Group.
Patterns of hepatitis C virus RNA levels during acute infection: The InC3
study. PLOS ONE. PLoS One. 2015 Apr 2;10(4):e0122232. doi:
10.1371/journal.pone.0122232.

Sacks-Davis R, Grebely J, Osburn W, Dore GJ, Cox AL, Rice TM, Spelman T,
Bruneau J, Prins M, Kim AY, McGovern BH, Maher L, Shoukry N, Schinkel N,
Allen T, Morris M, Hajarizadeh B, Lloyd AR, Page K, Hellard M. HCV
reinfection and spontaneous clearance after clearance of primary HCV
infection. Journal of Infectious Diseases. J Infect Dis. 2015 Apr 15. pii:
jiv220. [Epub ahead of print]

J Doyle, K Deterding, J Grebely, H Wedemeyer, R Sacks-Davis, T Spelman, G
Matthews, T Rice, M Morris; B McGovern, A Kim, J Bruneau, A Lloyd, K
Page, M Manns, M Hellard, G Dore, Response to treatment following
recently acquired hepatitis C virus infection in a multi-centre collaborative
cohort. Journal of Viral Hepatitis J Viral Hepat. 2015 Jun 22. doi:
10.1111/jvh.12429. [Epub ahead of print]

Completion Date

4/12/2014 (date of award of degree)

CREIDU — PhD Completion Report




