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Virus control in Hepatitis C

Traditional viewpoint is that host genetics mostly controls
infection outcome in HCV.
Alizon et al. (2010) used a method to detect virus genetic
effect without knowing direct contact structure for HIV.
Hepatitis C shows two main infection outcomes:

Virus infection can either clear naturally within a few months
Or it can be chronic if untreated (persist for many years)

It is known that several SNPs in humans correlate with
infection outcome.
What is the effect of HCV virus genome on the infection?
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Estimating trait correlation

We use a maximum-likelihood method to estimate rate of
trait-changing.

Hartfield, M. et al. Genetic component of Hep. C outcome



Estimating trait correlation

We use a maximum-likelihood method to estimate rate of
trait-changing.

Hartfield, M. et al. Genetic component of Hep. C outcome



Simulating virus control on trait

We simulate virus control of infection outcomes along a
posterior distribution of trees (produced with BEAST).
Use switching rates from real data to estimate virus control
based on simulations.
Confidence intervals based on 1000 randomised tipsets.
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Datasets used

Tested with data from Hepatitis C Incidence and
Transmission in Prisons Study (HITS)
Ability to detect clearing infections quickly.
Data resolved into one of two clades; analysed each
separately to prevent confounding signal with genotype.
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Datasets used
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Genotype 1 Results
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Genotype 3 Results
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IL28B SNPs and their effects

Variation in IL28B
locus in humans
known to correlate
with virus clearance.

compared with the chronically infected study cohort, raising the
possibility that the C allele may favour spontaneous clearance of HCV.

To address directly the role of the rs12979860 SNP in HCV clear-
ance, we genotyped 1,008 individuals from 6 independent HCV
cohorts composed of individuals who cleared virus (n5 388) and
individuals with persistent infection (n5 620). Genotypes were in
Hardy–Weinberg equilibrium in both individuals of African and
European ancestry (P5 0.47 and 0.77, respectively). The frequency
of the C allele was significantly greater among individuals of
European ancestry than those of African ancestry in both the clear-
ance (P5 3310210) and persistence groups (P5 1310221)
(Table 1). In both ethnic groups, however, there were significant
differences in allele frequencies (C versus T) between the clearance
and persistence groups, where the C allele showed greater frequencies
in the clearance group than in the persistence group (80.3% versus
66.7% respectively in individuals of European ancestry,
P5 73 1028; 56.2% versus 37% respectively in individuals of
African ancestry, P5 13 1025).

More striking differences were observed in an analysis of genotype
frequencies where patients with the C/C genotype were three times
more likely to clear HCV relative to patients with the C/T and T/T
genotypes combined (odds ratio (OR)5 0.33,P, 10212 for combined
ethnic groups; Table 2 and Fig. 1). Stratification of this analysis by
ethnicity indicated that the strength of the protective C/C effect was
similar in individuals of African and European ancestry (OR5 0.32,
P5 13 1024 and OR5 0.38, P5 13 1027, respectively). However, a
comparison of the C/C to the T/T group alone suggested stronger
protection conferred by C/C in individuals of African ancestry
(OR5 0.21, P5 33 1025) relative to that in individuals of European
ancestry (OR5 0.50, P5 0.04), although our power to detect a true
difference is limited owing to small sample sizes in some groups.

Table 2 | Effect of IL28B rs12979860 genotype on clearance of HCV

Genotype Frequency of clearance (%) Frequency of persistence (%) Comparison OR (95% CI) P-value

All subjects*
T/T 23.4 (37) 76.6 (121) C/C versus T/T 0.29 (0.18–0.47) 43 1027

C/T 29.5 (124) 70.5 (297) C/C versus C/T 0.35 (0.25–0.48) 43 10211

C/T1T/T 28 (161) 72 (418) C/C versus C/T1T/T 0.33 (0.25–0.45) 33 10213

C/C 53 (227) 47 (202) – – –
Subjects of European
ancestry{
T/T 31.4 (16) 68.6 (35) C/C versus T/T 0.50 (0.25–0.98) 0.04
C/T 27.8 (71) 72.2 (184) C/C versus C/T 0.36 (0.24–0.52) 13 1027

C/T1T/T 28.4 (87) 71.6 (219) C/C versus C/T1T/T 0.38 (0.26–0.54) 13 1027

C/C 51.8 (174) 48.2 (162) – – –
Subjects of African
ancestry{
T/T 20.8 (20) 79.2 (76) C/C versus T/T 0.21 (0.10–0.44) 33 1025

C/T 33 (45) 67 (91) C/C versus C/T 0.40 (0.21–0.75) 0.005
C/T1T/T 28 (65) 72 (167) C/C versus C/T1T/T 0.32 (0.17–0.57) 13 1024

C/C 55.2 (32) 44.8 (26) – – –

OR, odds ratio; CI, confidence interval. Numbers (n) are indicated in parentheses for columns two and three.
*OR and P-values for all subjects were adjusted by cohort and ethnicity.
{OR and P-values for subjects of European and African ancestry were adjusted by cohort.

Table 3 | rs12979860 C allele frequency in worldwide populations

No. Population Region n C allele frequency (%)

1 Biaka Pygmies Africa 66 23.5
2 Mbuti Pygmies Africa* 39 23.1
3 Chagga Africa* 44 37.5
4 Ethiopian Jews Africa* 21 54.8
5 Masai Africa* 20 40.0
6 Sandawe Africa* 37 44.6
7 Zaramo Africa 39 37.2
8 Hausa Africa* 38 31.6
9 Ibo Africa* 47 38.3
10 Yoruba Africa* 77 31.2
11 Danish Europe* 51 76.5
12 Finns Europe* 33 65.2
13 Hungarians Europe* 142 65.1
14 Irish Europe* 113 73.9
15 Russians, Vologda Europe* 48 61.4
16 Russians Europe* 32 64.1
17 Adygei Europe* 53 52.8
18 Chuvash Europe* 40 73.7
19 Khanty Europe 49 85.7
20 Komi Europe* 47 70.2
21 Roman Jews Europe* 27 79.6
22 Sardinians Europe 34 52.9
23 European-American Europe 92 67.4
24 Druze Southwest Asia 96 77.6
25 Kuwaitis Southwest Asia 16 75.0
26 Yemenite Jews Southwest Asia 41 69.5
27 Indians South Asia* 29 65.5
28 Kachari South Asia* 17 94.1
29 Thoti South Asia* 14 89.3
30 Cambodians Southeast Asia* 24 97.9
31 Laotians Southeast Asia* 118 93.6
32 Chinese, Taiwan East Asia* 47 93.6
33 Chinese, San Francisco East Asia* 59 97.5
34 Hakka East Asia* 40 95.0
35 Ami East Asia 40 98.8
36 Atayal East Asia 40 100.0
37 Japanese East Asia* 50 91.0
38 Koreans East Asia* 54 93.5
39 Yakut East Asia* 50 90.0
40 Micronesians Oceania* 36 98.6
41 Nasioi Oceania* 23 100.0
42 Samoans Oceania* 8 100.0
43 Papua New Guineans Oceania 22 70.4
44 Pima, Mexico North America 99 55.5
45 Mayans North America 52 37.5
46 Muscogees North America 10 65.0
47 Ticuna South America 62 20.2
48 Karitiana South America 54 82.4
49 Surui South America 47 77.7
50 Guihiba speakers South America 12 62.5
51 Quechua South America 22 63.6

* Samples used in FST estimation.
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Figure 1 | Percentage of HCV clearance by rs12979860 genotype. Data are
shown for all patients, as well as individuals of European ancestry and
African ancestry separately.
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IL28B SNPs clustering

Repeated the above analysis for SNP location in hosts known
to increase clearance rate of HCV (labelled IL28B-917).
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Second Analysis

There is evidence of a non-random clustering of hosts on
the phylogeny, particularly for IL28B-917 in Genotype 1.
This host clustering effect is likely to have affected our
previous analysis on infection outcome status.
We therefore decided to re-estimate rates of infection
outcome evolution whilst accounting for IL28B status.
We used the BayesTraits package (available from
www.evolution.rdg.ac.uk) to achieve this.
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Genotype 1 with IL28B covar
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True tipset median is around
30% higher than random median
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Genotype 3 with IL28B covar
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Lack of significance possibly due to larger effective population size.
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Conclusions (Messages à emporter à votre maison)

We have found significant virus control over infection
outcome in the genotype 1a and 1b clade, after correcting
for host’s IL28B status.
Estimates of virus control lie at around 30% after
accounting for non-zero value of randomised tips.
We found no significant control in genotype 3a clade.
This discrepancy is probably due to larger rates of
evolution so genomes are more homogenised.
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