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Abstract

New advances in the treatment of hepatitis C provide high levels of sustained viral response
but their expense limits availability in publicly funded health systems. The aim of this review
is to estimate the proportion of patients who will spontaneously clear HCV and to identify
factors that are associated with clearance, to support better targeting of directly acting
antivirals. We searched Ovid Embase, Ovid Medline and Pubmed from 1st January 1994 to
30th June 2015 for studies reporting hepatitis C spontaneous clearance and/or demographic,
clinical, and behavioural factors associated with clearance. We undertook meta-analyses to
estimate the odds of clearance for each predictor. 43 studies met the inclusion criteria,
representing 20,110 individuals and six of these studies included sufficient data to estimate
spontaneous clearance. The proportion achieving clearance within 3, 6, 12 and 24 months
following infection were respectively 19.8% (95%Cl: 2.6-47.5%), 27.9% (95%Cl: 17.2-
41.8%), 36.1% (95%CI: 23.5-50.9%), and 37.1% (95%CI: 23.7-52.8%). Individuals who had
not spontaneously cleared by 12 months were unlikely to do so. The likelihood of
spontaneous clearance was lower in males and individuals with: HIV co-infection, absence of
HBV co-infection, asymptomatic infection, black or non-indigenous race, non-genotype 1
infection, older age, and alcohol or drug problems. This study suggests that patients continue

to spontaneously clear HCV for at least 12 months following initial infection. However,
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injecting drug users are comparatively less likely to achieve clearance thus they should be
considered a priority for early treatment given the continuing risks that these individuals pose

for onwards transmission.

Keywords: HCV, predictors, demographic factor, clinical, behaviour

Introduction

During the acute phase of infection, Hepatitis C Virus (HCV) may completely resolve
without treatment (spontaneous clearance) which is confirmed by the disappearance of HCV
RNA in the serum. The proportion of HCV spontaneous clearance varies between studies, but
it is believed to range from 20% to 30%. Factors nominated as predictors of clearance include
female sex (1-4), ethnicity, variation of immune responses (5, 6), and host genetics (7, 8).
Polymorphisms in the interleukin-28 (IL28B) gene region are recognised as the strongest

genetic factor associated with clearance.(7-9)

New direct-acting antiviral agents (DAA) represent a major advancement in hepatitis C
treatment with cure rates above 90% for all HCV genotypes, shorter duration of therapy, less
toxicity and fewer side effects.(10) There is major potential to substantially reduce the future
burden of HCV cases if treatment can be targeted effectively to high-risk individuals such as
people who inject drugs (PWID) to prevent onward transmission and the progression of
disease within these individuals. However, DAA’s are expensive, ranging from $25,000 in
Spain to $54,000 in the UK and $51,000-$84,000 in the USA for a 12 week course of
treatment.(11) In England, for example, treatment with DAA is restricted to approximately

10,000 patients in 2016-2017 due to the large numbers of potential patients and the very high
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aggregate cost of the treatments involved.(12) However, the major burden of HCV is in
PWID who are often not in contact with treatment services and under this policy only patients
who attend clinic are eligible for treatment. Knowledge of variation between population sub-
groups in terms of the natural history of infection and the prevalence of spontaneous

clearance could inform policy decisions on the use of DAA’s.

A systematic review published in 2006 estimated that 26% of HCV infected patients achieve
spontaneous viral clearance.(1) However, the study population was very heterogeneous, and
it is likely that a wide range of further studies have been published since this study was
conducted. The aim of this review was to ascertain precise estimates of spontaneous viral
clearance, and establish factors which are associated with spontaneous clearance to inform

policy regarding the use of anti-viral agents for HCV.

Methods

Search Strategy and Selection Criteria

We considered any studies that reported the proportion of spontaneous clearance in hepatitis
C infected patients AND/OR investigated factors associated with clearance as eligible for
inclusion in the analysis. We conducted a systematic search using Ovid Embase, Ovid
Medline and Pubmed, by using the terms “hepatitis C” or “HCV” AND “natural history” or
“clearance” or “vir* negativ*”. We included studies that were published in English after
January 1994 (5 years since hepatitis C virus was discovered and when more sensitive testing
was already available) up to June 2015. A protocol for this review can be accessed at
http://www.crd.york.ac.uk/PROSPERO/ with registration number: CRD42015023499. We

defined HCV clearance as the absence of HCV RNA in blood. In studies that included both
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treated and untreated individuals, we only included untreated individuals. We excluded case
reports, reviews, and studies in very specific groups (e.g. patients with lichen planus). We

only included adult patients.

Estimation of Spontaneous Viral Clearance for HCV

To estimate the proportion of patients who achieved HCV spontaneous viral clearance, we
identified longitudinal cohort studies with a minimum of one year follow-up which reported
the time of infection (estimated as the midpoint between the last negative HCV antibody test
result and the first evidence of HCV infection) and measured HCV RNA at baseline. Patients
achieved spontaneous clearance if they had at least 2 consecutive serum samples with
undetectable HCV RNA after the estimated date of infection. To determine the minimum
follow-up time required to estimate the proportion of patients achieving spontaneous
clearance, we fitted a weighted regression line plotting the proportion of patients achieving

spontaneous clearance over time.

Identification of Factors that Associated with HCV Spontaneous Clearance

For the analysis of factors associated with HCV clearance, we included all studies
irrespective of whether the time of infection was known. Studies including cross-sectional
and case control designs were eligible for inclusion. We included studies in this analysis
provided HCV RNA was measured at least once during follow-up and that the study included
data from at least 40 patients and reported the association between spontaneous clearance and

at least one demographic, clinical, behavioural or host genetic risk factor.

Two independent reviewers conducted an initial screening of publication titles and abstracts
to identify publications for full text review. We included the most recent publication if results

were reported in more than one article. If we identified articles where the same participants
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may have contributed data to multiple studies we contacted the study author where possible
to clarify the study population. For the full text review two independent researchers reviewed
relevant articles against the pre-defined inclusion and exclusion criteria. We preserved the
records of included and excluded publications for audit purposes, indicating reasons for any
exclusion. We performed and reported this systematic review using the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline.

We used a standardised data extraction form to record the relevant data fields for each study,
including: (1) study characteristics: setting, study design, method of data-analysis, duration
of follow up, country, method of recruitment; (2) participants: study population, number of
participants, research participants characteristics such as age and gender, mode of HCV
acquisition; and (3) outcomes: proportion of HCV clearance, factors associated with
clearance. Given the scale of this review, we present results in full for the association
between demographic, clinical and behavioural factors and spontaneous clearance and
summarise the key findings for the association between host genetic factors and spontaneous
clearance. Full details of the host genetic factors review are available in a separate

publication.

Statistical Analysis

For the subset of studies in which the time of infection was known precisely we estimated the
proportion of patients achieving HCV clearance at 3, 6, 12, and 24 months following the
initial infection. To examine the relationship between demographic, clinical, and behavioural
factors and HCV spontaneous clearance, we calculated odds ratios comparing the risk of
clearance in patients with each risk factor to the risk of clearance in patients who lacked each
risk factor. We included demographic factors (gender, age, and ethnicity); clinical factors

(viral co-infection, HCV genotype, and symptomatic infection); and behavioural factors
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(alcohol consumption and PWID). We used meta-analysis to summarise the relationship
between each risk factor and outcome. Odd Ratios were calculated and forest plots generated
using Comprehensive Meta Analysis (CMA) version 3.0. For host genetic determinants, after
we found predictors which have strongest association with HCV clearance, we performed
meta-analysis to summarise the allele’s frequency of those predictors among HCV patients
with spontaneous clearance, HCV patients with persistent infection, healthy population and
patients with HCV infection to see if the alleles are common. And finally, we tabulate the
odds ratio and alleles‘s frequency to identify which genetic determinants were both common
and has highest impact on clearance. We investigated heterogeneity using 1? and assessed
publication bias using a funnel plot of proportions of clearance against the study size. If there

was evidence of heterogeneity (12 >50%), we used random effect models.

Results

After excluding duplicates, we retrieved 9,357 publications from three databases. 483
publications met the criteria for full text review. We identified six studies where the precise
time of infection was recorded for the assessment of spontaneous clearance. Forty three
studies met the inclusion criteria for assessing demographic, clinical and behavioural risk
factors, and 86 assessed host genetic factors for clearance, representing a total of 53,185

individuals (see Figure 1).

Of the 117 studies we included in the review, there were 45 prospective and 6 retrospective
cohort studies, 58 case control and 8 cross-sectional studies. Study participants were recruited
from hospitals or related health centres (80 studies) and included patients who were
transfusion dependent (4 studies), IDU (11 studies), general population (5 studies), HIV
positive patients (8 studies), and blood donors (9 studies). A total of 65 studies were

published between 2010 and 2015. The majority of studies were conducted in European
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countries (42), followed by North America (30), Asia (21), Middle East (9), South America
(5), Africa (4 studies), Australia (1), and 5 multi-national studies. Characteristics of included

publications were described in Appendix 1.

HCV Spontaneous Clearance

We restricted our estimate of the proportion of patients achieving spontaneous clearance to 6
studies (3, 13-17) which provided precise information on clearance at specific time intervals
following the acute infection, representing a total of 998 subjects. Meta-analysis revealed the
proportion of spontaneous viral clearance to be 19.8% (95% CI: 2.6-47.5%), 27.9% (95% CI:
17.2-41.8%), 36.1% (95% CI: 23.5-50.9%), and 37.1% (95% Cl: 23.7-52.8%) within 3, 6, 12,
and 24 months after infection respectively (Figure 2). The detailed meta-analysis output can

be seen in Appendix 2.

Demographic, Clinical and Behavioural Factors Associated with Clearance

Forty three studies (2-4, 13-52) were included in the analysis of demographic, clinical and
behavioural factors associated with HCV clearance, representing a total of 20,110
individuals. The following groups were significantly less likely than others to spontaneously
clear hepatitis C virus: males (OR=0.68, 95% CI: 0.59-0.81), those with asymptomatic
infection (OR=0.38, 95% CI: 0.27-0.55), black race (OR=0.38, 95% CI: 0.20-0.75), older
adults (age >45 years, OR=0.52, 95% CI: 0.64-0.97), those with HIV co-infection (OR=0.50,
95% CI: 0.37-0.67), those without hepatitis B co-infection (OR=0.24, 95% CI: 0.19-0.32),
patients with non-genotype 1 infection (OR=0.63, 95% CI: 0.45-0.89), non-aboriginal groups
(OR=0.47, 95% CI: 0.36-0.62), and those with excess alcohol use (OR=0.67, 95% CI: 0.47-
0.95) and those with a history of injecting drug use (OR=0.59, 95% CI: 0.37-0.93). We show

forest plots for these associations in Figures 3-5. When we restricted the analysis of risk
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factors to patients with a minimum of 12 months follow-up we found similar associations

between risk factors and HCV (see Appendix 3).

Host Genetic Factors Associated with Clearance

We included a total of 86 studies to assess host genetic factors associated with HCV
spontaneous clearance, representing data from 38,341 participants. There were a total of 146
genetic factors identified from the systematic search. From meta-analysis results, we
identified 24 host genetic predictors associated with spontaneous clearance. The genetic
factors most strongly associated with spontaneous clearance included IL28B rs12979860
(OR=3-27, 95% CI: 2-68-3-98), IL28B rs8099917 (OR=2-83, 95% CI: 2-36-3-39), IL28B
rs8103142 (OR=4-06, 95% CI: 2-64-6-25). Forest plots for each host genetic predictors are
shown in Appendix 4. We found similar results when the analysis of risk factors was
restricted to studies with a minimum of 12 months follow-up (data not shown). We tabulated
the odds ratio for spontaneous clearance among 24 strongest genetic predictors against allele
frequency in those who spontaneously cleared. This highlights the importance of IL28B

rs8103142, 1L28B rs12979860, and IL28B rs8099917 (Figure 6).

Discussion

In this systematic review and meta-analysis of hepatitis C spontaneous clearance, we
included data from 43 studies, representing 20,110 individuals. We found that patients with
HCV continue to spontaneously clear HCV for at least 12 months following initial infection
but those who have not cleared by this point are unlikely to do so. Notably PWID, who
represent the majority of HCV cases and pose a risk for ongoing HCV transmission were less

likely to achieve spontaneous clearance compared to individuals with no history of injection
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drug use. Other factors that reduce the risk of spontaneous clearance included: HIV co-
infection, non-genotype 1 infection, asymptomatic, black or indigenous race, and those with

excess alcohol.

To the best of our knowledge, this is the first meta-analysis examining how the proportion of
spontaneous clearance varies over time combined with an assessment of demographic,
clinical, and behavioural determinants of HCV clearance. We also undertook a separate
analysis of host-genetics factors associated with spontaneous clearance which confirmed the
strong association between polymorphisms in IL28B and spontaneous clearance (manuscript
submitted). The strengths of our study are that we used a robust and systematic approach
based on the PRISMA guidelines to perform an extensive literature search. In addition, we
used sensitivity analyses to investigate whether the relationship between risk factors and

outcome varied according to duration of follow up.

We used strict inclusion criteria to select studies which had minimum 2 sequential negative
RNA samples as well as reported the initial time of infection for estimating spontaneous
clearance because most studies did not report the precise timing of infection. Failure to take
account of this would introduce bias because patients with a longer duration of follow-up are
more likely to clear infection. A further problem is the tendency to underestimate
spontaneous clearance because patients who successfully clear infection, and especially those
with asymptomatic infection, are less likely to present to hospital and be included in research
studies. Furthermore, most studies could not distinguish between continued infection and re-
infection, potentially underestimating spontaneous clearance in populations who are
frequently re-exposed to HCV such as PWID. Although some authors performed multivariate
analyses to minimize the impact of potential confounding effects, some studies only reported
univariate analyses. We could not undertake meta-regression to adjust for potential

confounders due to lack of individual level data.
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Our results suggest that the HCV spontaneous clearance at 12 months is 36.1%, higher than
previous estimates from a study conducted by Micallef et.al (1) which did not consider time
since infection and only included studies with at least had one follow-up assessment within
24 months of initial HCV infection. We only included studies which reported the precise
timing of infection and verified spontaneous clearance through at least 2 consecutive serum
samples with undetectable HCV RNA. We found a wide range of factors that affected viral
clearance including HIV co-infection and injection drug use. Previous studies have suggested
that HIV associated immunodeficiency may weaken immune control, allowing substantial
hepatitis C virus replication following initial infection.(53, 54) which is supported by the
observation that HCV-specific circulating CD4 and CD8 T cells are usually present in higher
concentrations in individuals that go on to clear HCV.(55) There are considerable
methodological challenges associated with assessing clearance rates among PWID in cohort
studies. PWID have higher rates of loss to follow-up compared to individuals who do not
inject drugs, potentially biasing estimates of spontaneous clearance within these individuals.
Alternative explanations for the reduced clearance HCV in PWID might reflect that these
patients do clear the virus but are re-infected due to ongoing injecting before being re-tested.
Reinfection rates in PWID have been found to vary between 1.8 to 46.8 per 100 person-years

in PWID (56) which may increase the risk of new drug resistance (57-59).

We found that decreased clearance was associated with male sex, non-HBV co-infection,
asymptomatic infection, non-genotype 1, and older age. There is a range of evidence
suggesting sex hormones influence immunity (60, 61). However, the mechanism and the data
of sex-based difference in HCV clearance are still very limited. A study conducted by Tang
et.al has discovered the association of estrogen receptor alpha, ESR2 rs4986938 AA

genotype, was strongly associated with HCV clearance among the Chinese Han
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population.(62) Further studies are needed to examine the association between sex and HCV

clearance as well as the underlying mechanisms.

The reasons why co-infection with hepatitis B co-infection increases the spontaneous HCV
clearance also remain unclear. It is believed that there is a biological interaction between
HBYV and the HCV specific T-cell response leading to production of interferons which may

trigger a suppressive effect on HCV infection.(63)

People with asymptomatic infection seemed to have lower clearance compared to those that
were symptomatic. It is speculated that persons with strong basal immune response are likely
to produce jaundice or clinical manifestation hence have better likelihood to eradicate the
HCV and control the infection.(64, 65) In addition, our results suggest individuals infected
with HCV non-genotype 1 were less likely to clear compare to genotype 1. Only a few
studies have reported the association between HCV genotype and clearance due to the
difficulties involved in recruitment and follow up of acutely HCV infected individuals. Many
studies have reported that HCV interferon treatment is less effective for patients with
genotype 1 infection.(66-68) However, patients with DAA treatment showed higher
effectiveness for genotype 1 compared to genotype 3.(69, 70) Further studies are needed to
explore the relationship between host viral mechanisms of genotype 1 infection and HCV

clearance.

Many studies have investigated the association between age at time of infection and HCV
clearance with conflicting findings. Based on our sub-group analysis, older age appeared to
be associated with lower clearance. This might be due to younger people having a more
vigorous immune response to viral infection.(71) However, since most of HCV patients were
asymptomatic, some studies could not clarify the true initial time of infection which might

produce bias at estimating the age at time of infection.
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Our analysis found that alcohol drinkers or people who had history of drinking excess alcohol
appeared to have a lower clearance. It has been recognized that alcohol consumption is
associated with liver disease progression among chronic HCV patients, increases progression
of HCV to cirrhosis and HCC.(72, 73) Furthermore, high alcohol consumption has been
demonstrated to have several immunosuppressive effects for example studies in mice have
shown that alcohol ingestion was related with impaired immune response to HCV
protein.(74, 75) Our study strongly suggests that people with HCV infection and ongoing
treatment should avoid alcohol consumption although more research is needed to define what

level of alcohol consumption affects the risk of clearance or treatment outcomes.

The specific association between race and HCV clearance is not well understood and may be
confounded by other factors such as prevalence of injecting drug user. Some studies have
proposed differences in natural killer (NK) cell populations (76) and frequencies of HLA
Class Il alleles (77) may explain the dissimilarity of hepatitis C natural history, spontaneous
clearance rate, and response to antiviral treatment among racial groups. It is also indicated
that ethnicity associated with IL28B polymorphism which is believed as the strongest host
genetic predictor of HCV clearance. (9, 78, 79) Again, more studies are needed to better

explain the racial differences in HCV immunity.

Furthermore, in common with previous studies, we found several host genetic predictors of
HCV spontaneous clearance. Polymorphism in the interleukin 28 (IL28B) gene regions,
specifically from IL28B rs12979860, IL28B rs8099917 and IL28B rs8103142 were the
strongest candidates. Patients with favourable IL28B rs12979860 genotype CC were found
have better response to HCV treatment.(80, 81) Further studies are required to investigate

mechanisms of these SNPs and IL28B involvement in HCV spontaneous clearance.
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Overall, this study confirms a proportion of spontaneous clearance following acute HCV
infection of over 35% at 1 year post infection. Risk factors analysis demonstrated
significantly reduced rates in individuals with: HIV co-infection, active injection drug-use
and excessive alcohol intake. These data provide support for a strategy of early treatment for
high risk groups who are less likely to achieve spontaneous clearance, may pose a higher risk
of onward transmission and who may be more likely to be lost to follow up. These groups
also represent the major burden of HCV. The European Association for the Study of the Liver
(EASL) have recently made similar recommendations.(82) Considering the challenges to
outreach these higher risk groups, active engagement with drug and alcohol liaison services is
required to address addiction problems and reinforce harm minimisation approaches such as
safe injecting practices and use of condoms that will reduce the risk of transmission and
reinfection. It also important to support adherence as irregular treatment may increase the risk

of drug resistance.
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Figure Legend

Figure 1. Articles Screening following PRISMA Diagram

Figure 2. Rate of spontaneous Clearance within 3, 6, 12, and 24 months after infection

Figure 3. Forest Plot Assessing Demographic Factors Associated with HCV Clearance

Figure 4. Forest Plot Assessing Clinical Factors Associated with HCV Clearance

Figure 5. Forest Plot Assessing Behaviour Factors Associated with HCV Clearance

Figure 6. Odd Ratio of HCV Spontaneous Clearance in relation to Allele Frequency
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Appendix 1

Table 1. Characteristic of studies included in HCV Spontaneous Viral Clearance Rate (SVC) Analysis

First Author Country

Study Population

2 HCV (+)

2 Clearance

Proportion

95% CI

Noha Sharaf Eldin Egypt 2008 HCV infected patients 69/48 117 51 43.59 34.55-53.06
Marianne Jauncey Australia 2004 IDU 27/30 57 24 42.11 29.4-55.88
Ximenez Brazil 2010 HCV infected patients 25/40 45.7+12.4 (Range 20-77) 65 29 44.62 33.1-56.8
Jason Grebely Australia, 2014 HCV infected patients 404/228 632 173 27.4 24.0-31.0

Canada,

Netherland,

USA
Chia C. Wang USA 2007 HCV infected patients 35/32 Median 31 (Range 17-82) 67 15 22.39 13.47-33.90
J. Tilman Gerlach Germany 2003 HCV infected patients 25/35 60 24 44.4 31.90-57.80

*Mean of age, otherwise stated in the table
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Table 2. Characteristic of Studies Included Assessing Demographic, Clinical and Behavioural Factors Associated with HCV Spontaneous Clearance

First Author

Country

Study Population

2 of HCV (+)

2 of
Clearance

Y of Chronic
HCV

Proportion

E.C. Seaberg USA 2013 IDU 528/0 Median 33.5 (Range 17- 528 118 410 22.35
70)
Isabelle Morard Switzerland 2014 HCV infected patients 886/564 1450 160 1290 11.03
Chia C. Wang USA 2007 HCV infected patients 35/32 Median 31 (Range 17-82) 67 15 52 22.39
Nathan J. Shores USA, Spain, 2008 HIV (+) 572/197 Median 41 (Range 37-45) 769 102 667 13.26
Italy
Vincent Soriano Europe, Israel 2008 HIV (+) 1348/592 Median 37.2 1940 444 1496 22.89
& Argentina
Leslie H. Tobler USA 2010 Blood donors 302 100 202 33.11
Louise Nygaard Denmark 2011 HIV (+) 215/112 Median 36 (Range 30-41) 327 76 251 23.24
Clausen
K.J. Rolfe UK 2011 HCV infected patients 202/119 321 102 219 31.78
Charlotte H.B.S. van Netherland 2011 IDU 62/44 Median 28.5 106 35 71 33.02
der Berg
Jason Grebely Australia, 2014 HCV infected patients 404/228 632 173 459 27.37
Canada, USA,
Netherland
Edward L. Murphy USA 2010 Blood donors 415/279 695 179 516 25.76
Kimberly Page USA 2009 IDU 61/34 95 20 75 21.05
Jason Grebely Canada 2007 HCV infected patients 762 179 583 23.49
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Marianne Jauncey Australia 2004 IDU 27/30 57 24 33 42.11
Nasheed Moqueet Canada 2015 HIV (+) 367/174 541 79 462 14.60
Dimpy P. Shah USA 2012 IDU 337/83 420 62 358 14.76
Arthur Y. Kim USA 2011 HCV infected patients 131/215 346 66 280 19.08
Monika Sarkar USA 2013 HCV infected patients 0/897 39.56.5 897 168 729 18.73
David L. Thomas USA 2000 IDU Median 34 (Range 29.8- 919 90 829 9.79
38.4)
G.H. Ibrahim Egypt 2013 HCV infected patients 115 22 93 19.13
Yuan Dong China 2015 HIV (+) Median 34 432 97 335 22.45
Michael P. Busch USA 2006 Blood donors 1261/794 2055 402 1653 19.56
Lia L. Lewis-Ximenez Brazil 2010 HCV infected patients 25/40 45.7+12.4 (Range 20-77) 65 29 36 44.62
Syczewska Poland 2004 HCV infected patients 41/36 77 23 54 29.87
Patrick G. Quinn USA 1999 HCV infected patients 155/103 258 44 214 17.05
Mingdong Zhang USA 2006 Transfusion Dependent 671/41 712 192 520 26.97
patients

Kohei Oda Japan 2014 HCV infected patients 167/335 73 (Range 37-97) 502 149 353 29.68
T. Santantonio Italy 2006 HCV infected patients 134/69 37.5 (Range 17-83) 203 73 130 35.96
S Keating Ireland 2005 IDU 342/154 28.75 16.35 496 191 305 38.51
| Bakr Egypt 2006 Sero incident cases 511/399 910 350 560 38.46
Hui-Ying Rao China 2012 Blood donors 156/192 53.7+7.4 348 74 274 21.26
L. Alric France 2000 HCV infected patients 171/174 345 63 282 18.26
Hossein Poustchi Iran 2011 Sero incident cases 162/85 247 95 152 38.46
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Madiha Mohamed El- Egypt 2010 HCV infected patients 115/85 46.5+13.6 (Range 12-75) 200 35 165 17.50
Attar

Sanaa M. Kamal Egypt 2014 HCV infected patients 69/67 136 48 88 35.29
Gamal Esmat Egypt 2011 HCV infected patients 53/43 5.9+2.4 96 31 65 32.29
J. Tilman Gerlach Germany 2003 HCV infected patients 25/35 Range 17-63 60 24 36 40.00
Rebecca J Garten China 2008 IDU 334/13 27.4%5.6 347 30 317 8.65
Enea Spada Italy 2013 HCV infected patients 39/17 Median 31 (Range 19-78) 56 18 38 32.14
Noha Sharaf Eldin Egypt 2008 HCV infected patients 69/48 117 51 66 43.59
H-Y Rao China 2012 Blood donors 163/213 53.2+8 376 80 296 21.28
Barbara A. Piasecki USA 2004 HCV infected patients 496/0 496 203 293 40.93
Ming-Lung Yu Taiwan 2014 Transfusion Dependent 115/172 62+11.6 287 73 214 25.44

patients

*Mean of age, otherwise stated in the table
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Table 3. Characteristic of Studies Included Assessing Immunological Factors Associated with HCV Spontaneous Clearance

First Author Country Study Population EI::rance EI:\fIChronic E::trol
C.Goulding  Ireland 2005  Transfusion Dependent patients  0/283 283 87 196 120

Elizabeth J. Minton UK 2005 HCV infected patients 404/202 606 190 416

Ming-Lung Yu Taiwan 2014 Transfusion Dependent patients 115/172 62+11.6 287 73 214

Matthew E. Cramp UK 1998 HCV infected patients 61/43 SVC 15.5, Range (3-42) 104 49 55 134

CHC 14.2, Range (2-40)

Qian Cui China 2010 HCV infected patients 249/113 SVC 32.43+6.15; 362 189 173 225

CHC 32.6316.18

B.S. de Almeida Brazil 2010 HCV infected patients 42/93 SVC 53+12;CHC51+11 135 45 90
Julia di lulio Switzerland 2011 HIV (+) 460 227 233
Priya Duggal International 2013 HCV infected patients 1492/909 2401 919 1482
study
Franziska S. Hoffmann  Germany 2015 HCV infected patients 355/439 794 285 509 520
Peng Huang China 2014 Blood donors 159/566 SVC57.32+7.93; 725 193 532 482

CHC57.7348.05

Peng Huang China 2015 HCV infected patients 312/152 SVC39.10 £12.17; 464 246 218 773

CHC40.47 +12.33

G.H. Ibrahim Egypt 2013 HCV infected patients 59/34 Range 23-65 93 22 71 70

Leila Ksiaa Tunisia 2007 HCV infected patients 48/51 Overall 56.7+12.4 99 24 75
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 of > of Y of Chronic ¥ of

First Auth (o t Study P lati

58 BUEIOE QUASHY SeyFopation HCV (+) Clearance HCV Control
Cheikrouhou ' SVC 55.5; CHC 58

Marco Antonio Spain 2005 HCV infected patients 109/87 196 65 131

Montes-Cano

Nasheed Moqueet Canada 2015 HIV (+) 367/174 44+8.2 541 79 462

Isabelle Morard Switzerland 2014 HCV infected patients 886/564 Median SVC 38; 1450 160 1290

Median CHC 20

Jacob Natterman Germany 2011 HCV infected patients 0/396 24.7+4 396 119 277 105

Khadija Rebbani Morocco 2014 HCV infected patients 85/88 SVC60.2 £12.3; 173 54 119

CHC63.5+10.5

Heidar Sharafi Iran 2014 HCV infected patients 333/17 SVC 39.2+11.1; 350 91 259

CHC 39.8+10.1

Haibo Sun China 2015 General population 363/259 SVC 48.2+8.7; CHC 5249.2 622 544 78 215
Shaidi Tang China 2014 Blood donors 433/876 SVC 55.4+8.8; CHC 56.2+8.0 1309 429 880 1174
Chloe L. Thio USA 2002 HCV infected patients 581/94 SVC 25.1; CHC 27.3 675 231 444

David L. Thomas USA 2009 HCV infected patients 802/206 SVC 33.9; CHC 32.0 1008 388 620

Hans L. Tillman Germany 2010 HCV infected patients 0/190 24.6+4 190 67 123

Xing-xin Xue China 2015 HCV infected patients 456/720 1176 444 732 1107
Ming Yue China 2013 General population 372/180 SVC 41.68+12.24; 552 293 259 784

CHC 42.96+2.39

Valli De Re Italy 2014 HCV infected patients 2931 397 2534 1366
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First Author

Country

Study Population

2 of

HCV (+)

> of
Clearance

¥ of Chronic
HCcv

S. Ezzikouri Morocco 2013 . HCV infected patients 78/135 SVC 59.81+12.81; 213 63 150 109
CHC 63.09+12.06

Ming Yue China 2014 HCV infected patients 382/353 SVC 44.99 £ 13.84; 735 317 418 989
CHC 45.91 + 13.76

Yu Liu China 2013 Blood donors 42/58 SVC 30.0+10.7; 100 24 76 111
CHC 31.8+10.3

Sayeh Ezzikouri UK 2013 HCV infected patients 132/168 SVC 57.77+15.64; 300 68 232 138
CHC 63.66+12.26

Juliene Antonio Ramos  Brazil 2012 HCV infected patients 88/91 SVC 44.4, range (21-73); 179 18 161
CHC 52.4, range (24-74)

M. Bes Spain 2012 Blood donors 43/26 SVC 46, range (27-61); 69 21 48 30
CHC 43, range (23-63)

Xiaodong Shi China 2012 General population 441/284 SVC 51.7+9.4; CHC 50.649.1 725 196 529 171

Fatma M. Shebl USA 2011 IDU 825/384 1209 326 883

Qian Cui China 2011 HCV infected patients 372/180 SVC 39.10+12.26; 552 293 259 421
CHC 39.23+12.6

Fuad Kurbanov Egypt 2011 HCV infected patients 126/153 Median 38 279 130 149

L. N. Clausen Denmark 2011 HIV (+) 128/78 SVC 33, range (29-40); 206 47 159
CHC 36, range (31-42)

Jane H Wang USA 2009 HCV infected patients 62/43 SVC 26.0, range (19-33); 105 49 56
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First Author

Country

Study Population

2 of

HCV (+)

> of
Clearance

¥ of Chronic
HCcv

3 of
Control

CHC 25.6 range (19-32)

Ping An USA 2008 HCV infected patients 536/95 658 241 417
Rebecca A. Harris USA 2008 HCV infected patients 87/6 Median SVC 46; 93 23 70
Median CHC 52
Viviana Romero USA 2008 IDU 119/41 SVC 37.8; CHC 39.9 160 39 121
J. P. Pandey Spain 2007 HCV infected patients 72/45 117 50 67
Branwen J. Hennig UK 2007 HCV infected patients 345/282 631 112 519
Kazunori Kusumoto Japan 2006 HCV infected patients 162/298 SVC67.9+11.3; 460 114 346
CHC63.4+9.6
D A Price UK 2006 HCV infected patients 420 108 312
TK Oleksyk USA 2005 HCV infected patients 274 91 183
Liam J. Fanning Ireland 2004 HCV infected patients 39/186 225 86 139
Janardan P. Pandey USA 2004 HCV infected patients Median SVC 36 (22-62); Median 298 100 198
CHC 36 (23-54)
S. Barret Ireland 2003 HCV infected patients 0/158 SVC 45.3+7.3; CHC 44.7+8.5 158 66 92
Jose Azocar USA 2003 HCV infected patients 87/25 SVC 37.9; CHC 39.2 112 40 72
Chloe L. Thio USA 2001 HCV infected patients 476/98 SVC 25.7; CHC 24.8 574 200 374
L. Alric France 2000 HCV infected patients 171/174 SVC42.1+15.4; CHC 46+£12.3 345 63 282 800
Liam J. Fanning Ireland 2000 HCV infected patients 0/156 156 84 72
Alessandra Mangia Italy 1999 HCV infected patients 184 35 149 200
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 of of of Chronic
First Author Country Study Population 2 2

HCV (+) Clearance HCV

Laurent Alric France 1997 . HCV infected patients 67/61 SVC40.6 +15.7; 128 25 103 800

CHC 45.4 £ 12.4;

Sandra Beinhardt Austria 2012 HCV infected patients 64/56 37+16 120 59 61 96

Li Cai China 2014 HCV infected patients 469/823 SVC 49.95£13.52; 1292 479 813 1051

CHC50.26+13.52

Jeny R. Cursino-Santos  Brazil 2007 HCV infected patients 79/25 Median SVC 40 (27-56); Median 104 29 75 166
CHC 42 (24-71)

Vito di Marco Italy 2012 HCV infected patients 124/121 SVC 18.6+8; CHC 18.7%6.5 245 98 147
Karen Fitzmaurice Ireland & Swiss 2014 HCV infected patients 780 332 448
Charlotte H.B.S. van Netherland 2011 IDU 62/44 Median 28.5 106 35 71
der Berg

Jason Grebely Australia, Canada, 2014 HCV infected patients 404/228 632 173 459

Netherland, USA

Arthur Y. Kim USA 2011 HCV infected patients 131/215 346 66 280

Alessandra Mangia Italy 2011 HCV infected patients 59/58 SVC 34.1+6.3; CHC 35.85.7 117 49 68 130
Susan M. McKiernan Ireland 2004 HCV infected patients 0/243 27.3545.52 243 95 148

Susan M. McKiernan Ireland 2000 HCV infected patients 0/243 SVC 48.75; CHC 47.86 243 95 148 1910
E.J. Minton UK 1998 HCV infected patients 106/67 SVC 37.9, range (17-70); 173 35 138

CHC 37.2, range (20-77)

Alessandra Mangia Italy 2014 HCV infected patients 408/313 SVC 35.9+15; CHC 53.6+12.7 721 100 621 178

Serkan Ocal Turkey 2014 HCV infected patients 130/59 Median 27, range (17-56) 189 57 129 199
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 of > of Y of Chronic ¥ of

First Author Country Study Population HCV(+) Clearance HCV Control
Kohei Oda Japan 2014  HCV infected patients 167/335 73, range (37-97) 502 149 353

H-Y Rao China 2012 HCV infected patients 163/213 53.2+8 376 80 296

Maria Concetta Renda  Italy 2011 HCV infected patients 16/26 44.68+12.09 42 20 22

E.C. Seaberg USA 2013 HCV infected patients 528/0 Median 33.5, range (17-70) 528 118 410

Enea Spada Italy 2013 HCV infected patients 39/17 Median 31, range (19-78) 56 18 38

CL Thio USA 2004 HCV infected patients 469/98 567 192 375

Sanaa M. Kamal Egypt 2014 HCV infected patients 69/67 SVC 36.48 + 7.64; 136 48 88 20

CHC37.17+6.2

S Barret Ireland 2001 HCV infected patients 0/155 SVC 45.8+4.9; CHC 45.746.0 155 68 87
Leila Ksiaa Tunisia 2011 Transfussion Dependent patients  48/52 SVC 55.5+11.71; 100 24 76
Cheikrouhou

CHC 58+13.08
Maria Elisa Mancuso Italy 2014 HCV infected patients 329/13 Median SVC 39.6 (34.8-55.3); 342 59 283

Median CHC 47.2 (40.8-56.9)

Peter V. Aka USA 2014 HCV infected patients 1075 185 890

Vagner Ricardo Lunge Brazil 2011 HIV (+) 86/52 SVC 42.749.5; CHC 41.449.5 138 34 104

Melissa Laird France 2014 HCV infected patients 22/11 33 19 14

Yin Huang USA 2007 IDU 251 85 166

Wen Xiao China 2015 HCV infected patients 231/588 SVC 57.1%7.9; CHC 56.247.6 819 219 600 375
Alessandra Mangia Italy 2004 HCV infected patients 134/140 Range 20-79 220 50 170

Patricia K. Constantini UK 2002 HCV infected patients 93/57 38.8, range (16-68) 150 57 93

*Mean of age, otherwise stated in the table
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Appendix 2

a) Clearance at 3 months

Eldin, 2008

Grebely, 2014
Fixed

Random (1°= 96.966)

b) Clearance at 6 months

Eldin, 2008

Grebely, 2014
Ximenez, 2010
Wang, 2007
Jauncey, 2004

Fixed

Random (I*=91.261)

c) Clearance at 12 months
Eldin, 2008
Grebely, 2014
Gerach, 2003
Jauncey, 2004
Fixed
Random {|2= 90.616)

d) Clearance at 24 months
Eldin, 2008
Grebely, 2014
Jauncey, 2004
Fixed
Random (I°= 90.708)
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Figure 1. Rate of Spontaneous Clearance in Several Time Points
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Appendix 3

Table 1. Result of Meta-Analysis Examining Demographic, Clinical, and Behaviour Factors Associated with HCV Spontaneous Clearance

Determinants All Studies >12 months study

s study I OR Lower Cl UpperCl 3 study I OR Lower Cl Upper CI

Demographic Determinants

Male vs Female? 8 0-00 0-68 0-57 0-81 6 0-00 0-61 0-48 0-78
Age >30yo vs <30 yo 6 37-96 0-86 0-68 1-09 3 0-00 0-77 0-54 1-09
Age > 40 yo vs <40 yo 5 81-33 0-52 0-26 1-07 1 NA NA NA NA

Age 245 yo vs <45 yo 4 33.71 0-79 0-64 0-97 2 21-87 | 1-03 0-49 2:16
Black vs Non-Black 3 57-58 0-38 0-20 0-75 2 46-19 | 0-30 0-13 0-69
Non-Aborigin vs Aborigin 5 43-63 0-47 0-36 0-62 3 58-:07 | 0-55 0-28 1-07
African American vs Non- 5 95-33 0-29 0-08 1-05 0 NA NA NA NA

African American
White vs Others 5 60-38 0-94 0-53 1-48 2 0-00 1-53 0-70 3-34

Clinical Determinants

Asymptomatic Infection 7 0-00 0-38 0-27 0-56 6 0-00 0-41 0-28 0-62
HIV Co-infection® 4 0-00 0-50 0-37 0-66 2 0-00 0-54 0-40 0-75
Non HBV co-infection® 7 49-45 0-21 0-14 0-32 2 47-68 | 0-22 0-11 0-45
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Non Genotype 1 vs Genotypel 4 0-00 0-63 0-45 0-89 4 0-00 0-63 0-45 0-89

Behaviour Determinants
IDU vs Non-IDU 7 82:88 0-59 0-37 0-93 2 75-14 1-04 0-24 4.44

Alcohol’ 5 72-15 0-67 0-47 0-95 2 3899 | 0-50 0-26 0-96

*Multivariate analysis

“Alcohol drinker or had history of drinking excess alcohol
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Appendix 4
HLA Class - A

Odds Lower Upper 0dds ratio and 95% CI

ratio limit limit Z-Value p-Valuo

A*01 0855 0647 1130 -1.101 0271
A*02 1145 0896 1464 1081 0280
A*03 1577 1010 2462 2004 0045
A1 1.182 0726 1925 0672 0502
A*23 0606 0402 0914 -.2390 0017
A*24 1130 0769 1660 0623 0534

A25 0310 0084 1504 -1453 0.146
A'26 1351 0479 3810 0569 0.570 ———
A29 0671 0355 1268 -1229 0.219 -
A'30 1223 0332 4503 0303 0762 -
A31 0968 0344 2724 -0062 0.951 —
A'32 1581 0778 3214 1265 0206 e
A'33 0375 0038 3681 -0842 0400
A'68 1100 0617 1961 0323 0747 +
A'74 0375 0038 3681 -0842 0400 -
001 0.1 1 10 100
HLA Class I -B
Odds Lower Upper
ratio limit  limit Z-Value p-Value Sidsrmoaent
B'07 0889 0647 1221 0727 0467 B
B'08 0762 0308 1885 -0588 0556
B*'15 1500 0993 2547 1929 0054 -
B'27 2201 1446 3629 3532 0000 -
B'35 1038 0803 1342 0285 0776 r
B'38 0858 0063 11648 .0115 0908
B'5301 0577 0326 1022 -1887 0.059 -
B'S7T 1781 1286 2466 3475 0.001 @
001 041 1 10 100
HLA Class I -C
Odds Lower Upper Odds ratio and 95% CI

ratio limit limit Z-Value p-Value

Cw'01 1597 0639 3992 1001 0317
Cw'02 0935 0470 1860 -0192 0848
Cw'03 0838 0537 1307 -0779 0436
Cw'04 0601 0463 0780 -3827 0.000
Cw'05 1844 1146 2968 2520 0012
Cw'06 1555 0835 2895 1392 0.164
Cw'07 1995 1362 2923 3544 0.000
Cw'08 0873 0434 1756 .0381 0.703

+-1"#-‘+f

Cw*12 1271 0515 3136 0520 0603 ——
Cw™5 0895 0245 3273 -0168 0867 —_—
Cw*6 0998 0647 1540 -0009 0993 T
001 041 1 10 100

Figure 1. Forest Plot Assessing HLA Class I Associated with HCV Spontaneous Clearance
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Interleukin
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Red : statistically significant based on meta-analysis result
Blue : statistically significant based on one study result

Figure 2. Forest Plot Assessing Interleukin, KIR Alleles and HLA Class II Associated with HCV Spontaneous Clearance
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