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SUMMARY. A large number of studies have reported on 
spontaneous viral clearance rates in acute hepatitis C 
infection, however most have been small, and reported rates 
have varied quite widely. To improve the precision of the 
estimated rate of spontaneous viral clearance, a systematic 
review was conducted of longitudinal studies. Factors asso-
ciated with viral clearance were also examined. Inclusion 
criteria for studies were: longitudinal assessment from time 
of acute hepatitis C; hepatitis C virus RNA analysis as 
determinant of viral clearance: untreated for acute hepatitis 
C. Information on study population, and factors that may 
influence viral clearance were extracted from each study. 
Viral clearance was defined among individuals with at least 
6 months follow-up following acute hepatitis C. The 
number of subjects with viral clearance was expressed as a 

INTRODUCTION 

Soon after the hepatitis C virus (HCV) was identified, a 
number of cross-sectional studies in people with antibodies 
to the virus demonstrated that some appeared to have 
spontaneously cleared the infection, while others maintained 
a state of viraemia, that was subsequently defined as chronic 
hepatitis C infection [1-3]. Since then, a number of investi-
gators have endeavoured to characterize the pathogenesis of 
hepatitis C infection, including the rate, time course and 
predictors of spontaneous viral clearance [4-11]. Estimates 
of clearance rates have ranged from 10 to 50% [4-6], and 
the duration of time to clearance has been found to be as 
long as 3 years in some cases [7]. Authoritative clinical 
reviews have generally quoted clearance rates as low as 
10-15%. 
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proportion for each study and a weighted mean for propor-
tion was calculated. A total of 31 studies were examined. 
Study populations included nine studies of post-transfusion 
hepatitis, 19 of acute clinical hepatitis, and three of sero-
incident cases. In total, data was available for 675 subjects 
and the mean study population was 22 (range 4-67). The 
proportion with viral clearance ranged from 0.0 to 0.8, with 
a weighted mean of 0.26 (95% CI 0.22-0.29). Factors 
associated with viral clearance were female gender and 
acute clinical hepatitis C study population. Further studies 
are required to more clearly define predictors of clearance 
and guide therapeutic intervention strategies. 

Keywords: acute infection, hepatitis C, natural history, 
observational studies, systematic review, viral clearance. 

Factors proposed as being associated with viral clearance 
in various studies include ethnicity [7,8], icteric clinical 
presentation [7], absence of HIV infection [8]. short incu-
bation period [12], rapid decline in HCV RNA levels [13]. 
specific HLA type II alleles [14,15], and the strength and 
pattern of HCV-specific CD4 cell responses [16-19]. 

Interpretability of findings from most studies of viral 
clearance in acute hepatitis C infection has been limited by 
the small numbers of reported cases. The largely asympto-
matic nature of acute infection has made it difficult to 
identify cases for investigation, particularly as they are 
commonly associated with injecting drug use, illegal and 
stigmatized behaviour, in many countries [20-22]. In order 
to provide more precise estimates of viral clearance rates, 
and better define the factors that predict clearance, we 
undertook a systematic review of acute hepatitis C studies. 

METHODS 

Search strategy and inclusion criteria 

English literature was searched using the 1VIEDLINE database 
(January 1990 to April 2003) for studies that examined the 
natural history of acute HCV infection. The search strategies 
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used were: (hepatitis C OR HCV) AND (acute OR incident OR 
natural history). The computerized search was supplemen-
ted with manual searches of reference lists for additional 
studies. 

Studies were included if they satisfied the following cri-
teria: (i) longitudinal assessment of individual cases from 
time of acute HCV infection; (if) at least one follow-up 
assessment within 24 months of initial diagnosis; (iii) HCV 
RNA measured and reported for all study subjects; and (iv) 
individuals untreated for acute HCV infection during follow-
up. In studies that included both treated and untreated 
individuals, only untreated individuals were included in the 
analyses, provided information was available specific to the 
untreated group. 

We accepted the definition of acute HCV infection used by 
the authors. Clearance of infection was redefined on the 
basis of HCV RNA assessment, even if study authors had 
used other criteria such as elevated serum alanine amino-
transferase (ALT) levels. Studies were excluded if they pre-
sented either a subgroup or reanalysis of data from another 
included study. Studies only reported in abstract form were 
not included. 

The following study variables were abstracted for each 
study: country, method of recruitment, mode of HCV 
acquisition, number of study subjects, demographic char-
acteristics (age and gender distribution), duration of follow-
up, and proportion with clearance of HCV infection. In 
addition and where available, individual characteristics were 
abstracted for study subjects. 

Statistical analyses 

The primary outcome measure was spontaneous clearance of 
HCV infection (viral clearance) at the time point reported by 
the authors. The proportion of subjects who cleared was 
presented for each study with 95% confidence intervals (95% 
CI). An unweighted mean was determined by calculating the 
average of the proportions from all studies. The pooled mean 
of proportions from all included studies was calculated, 
weighing the overall proportion by sample size. To identify 
publication bias, heterogeneity was investigated in a funnel 
plot of proportions of clearance against the study size. 

To examine predictors of viral clearance, age at infection 
was grouped into three categories (<_30, 31-50, >50 years) 
and genotype into two categories (genotype 1 and nongen-
otype 1). Subjects that had a 'nondetermined' genotype were 
excluded from the analysis. 

Study population, country of study, and timing of assess-
ment of clearance were also investigated as study predictors 
associated with viral clearance. Study population was 
grouped into three categories: post-transfusion, acute clin-
ical hepatitis and sero-incident. 

Univariate data comparisons among groups were per-
formed using Stata version 7.0 (StataCorp, College Station, 
TX, USA). Tests for trend and chi-squared tests were 

performed for ordinal and nominal categories, respectively, 
using Epi Info version 6.04 (Centers for Disease Control and 
Prevention, Atlanta, GA, USA). Regression analyses were 
performed using SPSS version 10.0 (SPSS Inc., Chicago, IL, 
USA). A P < 0.05 was considered significant. 

RESULTS 

A total of 31 studies of acute hepatitis C with a total of 675 
study subjects met the inclusion criteria for this systematic 
review [7,12,13,16-19,23-46]. Four studies resulted in 
more than one publication [7,17,19,26,47-50]. In these 
cases, the most recent or complete was included in the re-
view [7,17,19,26]. Study populations were made up of 19 
series of acute clinical hepatitis C, nine of post-transfusion 
hepatitis C and three of sero-incident cases. The mean study 
population was 22 (range 4-67) and follow-up ranged from 
6 to 157 months (Table 1). All studies enrolled subjects 
prospectively, although seven of these carried out virological 
assessments on stored specimens [13,25,28,30,31,33,44]. 

Criteria for inclusion of acute HCV infection cases varied 
between the studies. Twenty-one studies included elevated 
ALT levels within their acute HCV infection definition. 
Identification of a rise in ALT level ranged between two [27] 
and 20 [17, 32] times the upper limit of normal. Virtually all 
(29) studies required seroconversion to anti-HCV antibody 
and/or HCV RNA for inclusion. The remaining two studies 
[26, 35] required HCV RNA detection in the presence of 
elevated ALT levels 10 times the upper limit of normal. 

The time at which clearance was measured differed across 
studies, with seven using 6 months of follow-up 
[13,17,24,26,28,44,45], a further six studies using 
12 months [12,27,30,33,37,42], and the remainder using 
longer time periods ranging from 18 [29] to 48 months 
[38,40] after their baseline assessment. 

The proportion with viral clearance ranged from 0.0 to 
0.8, with an unweighted mean of 0.27 (95% CI 0.20-0.33) 
and a weighted mean of 0.26 (95% Cl 0.22-0.29). Exam-
ination of the funnel plot shows symmetry on either side of 
the weighted mean proportion of viral clearance (Fig. 1). 
The proportion with viral clearance was not significantly 
associated with the duration of follow-up (P = 0.6). 

Viral clearance was less common among males (0.20 vs 
0.42, RR 0.43, 95% 0.36-0.53) (Table 2). However, viral 
clearance was not associated with age at infection (P-test for 
trend, P = 0.36) and HCV genotype (RR 0.96,95% Cl 0.76-
1.21). 

Studies based on acute clinical hepatitis C had a higher 
proportion of viral clearance (0.31, 95% CI 0.26-0.36) than 
both post-transfusion (0.18, 95% CI 0.13-0.24) and zero-
incident studies (0.18, 95% CI 0.09-0.32) (P = 0.001) 
(Table 3). 

Taiwan, Japan and Italy were highly represented, with six 
studies performed in each country. The US had four studies 
included in the analysis. There was no association between 

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis 2006, 13, 34-41 

RLIT0001633_0002 



36 J. M. Micallef et al. 

v1 
O1 1n 

N 
00 

t0 
In ' 4 

F.
N 0n 

00 
M 
M 

M 
M 

'-+ 
00 

'-4 a 
O 

a V1 
In CM 

In 
M 

N 
1n 

O O 
tI

O 

Ol 

O 

M 

O 

1!1 

I 

O 

O 

V1 

O 

N 

O 

u7 

O 

rl 

O O 

01 

O O 

N. N 

O 

N.

O 

N 
'-+ N O O O O ' -4 O O M N O O N 

O O O O O O O O O O O O O O O O 

00 M 
M 

h 
1n 

N 

0 
00 
N 

.O 
O 

CM 

d 
". 
N 

VO 
ri 

In 
N 

CM M 
- ' 

%O in 
M '-~ 

00 
N 

%O 
M 

0 0 0 0 0 0 0 0 0 0 0 0 0 

00 00 00 N !N ' -4 N 
!N 
1i in 'r 

O 
eN N 00 N .O 

In 
14 

O CM 
-4 N 

Ch 
'-4 

O 
'-4 

N 
N 

00 
'-4 in 

N.
%O 

N 
M t{I 

T 00 
ry M 

N M 
N '-4 

eh 
M 

N 
CM 

M 

00 
'O 
' 1 ' 00 M 

in
I 

I 
N 

ai M
e
at a~ Ch 

I N 

in M 

'1 N '. M 

'r 

N 
'i

M n 

N 
I

t0 

N N 
N 

N N 
N 
h 

''rH 1!1 
N

C G tl G a O C 00 C G O

A A 
.... .... 

n 'J- N
W

l00 
a 

'0 N V 
A `r N V `r w N V

" a 

00 O 
M In 

O 
M 

N.
In 

F 
'dq 

00 
M 

N 
to 

00 
N 

O 
''14 

0 to 
N M 

a% N 
N M 

O 
M 

C+ 
N 

N. N '0 N. ry N 'Nr N '~ '0 'N-, 

N. %O 'r N N N. 'O 00 00 O 
N '-4 M M N N ''14 N N N '-4 '-4 '-4 N M 

in
in

.... 
3Q 00 

.N! 

Ov .̀o. 

S 
~p
T 

O 
VJ 

N tl

C C 

 • di ya' 4 U 
to

GtI~ 

y l0 
4 tl

w 
a 

~pp 
N T O \a O °y yyp

d •• vO v v G ,o 7 ~G '-1 T ~O om.o a~
~ 

6j N A lC0 h '-1 

O 
C y 

aQ  O A 
l0 

a 

vOi 
v
tlp

~ 
"S ' 

y
O C 

O 
o 

p 
3 atli

dl Ob i p0 0 3S

O 

tl

vi
tl
ai 3

a LO 

N• 

~7 

E 

yy '

O

Q g R c 
4" 

A L b Q h a ti H m m , O Z o Q 

a
q

C 

U U U G `^~ U U 7 U U U U U U C U 

U U U U U U ltl0 U U U U U U U

~6  l0 ~6 l0 ~6  l0 
b 

y aY m ~6
'~

m ~6  m b m ~6  m ~6 m 
fl

is ~ m m ~6  m
fl '~ N tl y tl N tl N 

VU 
ly0 w o.aU y tl U w N tl U tl y tl y tl N tl U 

VU 

m a 

$ tl 3 0.

v1 

N.en

'_' 
_ 

a+ 
tl

u N 

u 

lE W

M 

'0 N. V N 
u

O 
O 

I.

O .a 
U 

m 
a 

x 
O 

.a 
U 

a 
Q 

10 3 m
C U 

m m 
a a 

© 2005 Blackwell Publishing Ltd. Journal of Viral Hepatitis 2006, 13, 34-41 

RLIT0001633_0003 



Hepatitis C clearance: a systematic review 37 

U 

In

O_

a 
2 

yy

ZOQ 

U O 

V 

F 

M N N N tM O t0 N  M M t0 N In 
N In n IO C n N 00 In ,0 CN M IN y! 

N N O '--I O O O d O O O O O 
O O O O O O O O O O O O O O O 

O 
N .-1 00 N

0 00 00
N. N  

 In
M O M O In M O 00 O 'r 

O O O O O O O O O O O 

M Q1 
N 

Q Q 

N N 
Q Q 

N.  0'
O O NN 

I 00 .-4 t0 .-4 .-4 In 00 1-i 0 .-+ M In .-I N 00 

e0 
N .ti 

eM 
t0 
N In 

IN 
.r 

'r 
.r 

.4 
N 

.-I 
eft 

CM 
•-4

N 
M t0 

M 
.r 

IN 
.r 

Q' 
N In 

M 
14 

0 
'J

Q 'O t0 M 
t0 
Q1 .-1 Q1 "14

I

~ 
-4 tp

M 

tl

tp. 
-H

d 

N 00 dl 00 .-~ 
M N 

" 4
00 .• I

' Oh 

N 
.4 

In
"4 --4 

O 

tl N "4 N 

C G 

.ti N 

G 

h N .r N 

OC 

N N N .4 

G

N m N 0 

0 tl

L 

tl tl 0 
0 

tl

- 

tl C tl o 
0 

tl tl

Iltltl
a 

M 
A 

N N N . N t0. O tom. N 
z 

W 
N 

N N tom. N t0. O tom. N 
., 

O 
l0 

M 
CN 

Q(
M 

In 
 In 

Q 
In 

~J Q 
M 

IO 
In 

h 
M 

M 
"l' 

Q1 
CM 

. -I O 
01 M 

00 

.M 

O 

.r 

ON 
N. eM 00 eM .r eM

00
00 

t 
N 
00  

U 

O T V T L T •• •• T T T T l0 
O 
O 

M O 0 0 0:C' O 
O 

3Q 3Q O 
O 

O 
O 

O 
O 

O 
O a .

M 
-O v~ IOO •~ 

In

~p O O  ~0 O :+ O_ V O O_ O O O O O 

W tr y it 4r 4r (Q A ~. 4r 4.. 4r 4r 

(0 77 v v v G vJ v O 0. v1 0. vJ (0
(0 

(0
F y F F D F z F F F F F F F 

O O O O O O O 

v 
N 

v v v v v 47 47 v 

= = U ! l0s 
tl U as Y U

0. 
IO 

tl

.. l0 
 0.

1

y y 
l0 
0. tl

.. l0 l0 .. 0 0

O tl
0

O `~ 

0 as 0 b 
. 

0.l0 as l0 l0 

N N l0 N N N N N N y N IA v V V Vy

C 
a 

tl O C C tl

g,, •g m I°a 
C 

3 Itla 
d d 

_ 
16 

F 
_ 

F 
,0 
.". 

as

U3 
N 
C7 

."'., d 
c

d N 
V 

CA 
D 

.O 

F 
CA 
D 

d 
.9, 

M 
m

00 In uN ,.y ,O Q1 
0 

.Yl O a0. v0i R N tl
N 

.v l0 
l~0 e 

© 2005 Blackwell Publishing Ltd, Journal of Viral Hepatitis 2006, 13, 34-41 

RLIT0001633_0004 



38 J. M. Micallef et al. 

80 

70 

60 

50 

40 

30 

20 

10 

0 
0 10 20 30 40 50 60 70 80 90 

Percentage of subjects with viral clearance 

Table 2 Potential predictors of viral clearance 

Fig. 1 Funnel plot of the proportion of 
people with viral clearance against the 
study size of all studies included in the 
analysis. The pooled mean (-) and 95% 
CI (- - -) is shown. Visual examination of 
the plot reveals symmetry of the in-

100 dividual studies to the overall mean 
proportion for the 31 studies. 

Number Number Pooled Relative 
Variable References of subjectst cleared proportion risk (95% CI) P-value 

Age at infection [16,33-37,42,45,46] 
(years of age) 

<_30 45 15 0.33 0.36* 
31-50 43 18 0.42 0.14 (0.83-1.60) 
>50 55 14 0.26 0.89 (0.69-1.16) 

Total 143 47 0.33 
Gender [7,12,16,17,32.33,34,35,36,37,42,45,46] 

Female 133 56 0.42 1.0 0.00001 
Male 181 36 0.20 0.43 (0.36-0.53) 

Total 314 92 0.29 
HCV genotype [12,16,17,18,33,34,42,45] 

1 122 41 0.34 1.0 0.76 
Other 45 14 0.31 0.96 (0.76-1.21) 

Total 167 55 0.33 

*P-test for trend. 
tNumber of subjects who had individual data available for each variable. 

Table 3 Study population and country as predictors of viral clearance 

Number Relative 
of Number Pooled risk 

Variable References subjects cleared proportion (95% CI) P-value 

Study population 
Post-transfusion [12,24,25,27,28,33,41,43,46] 231 42 0.18 1.0 0.001 
Sero-incident cases [7,37,42] 49 9 0.18 1.0 (0.56-1.94) 
Acute clinical hepatitis [16-19,23,26,29-32, 395 122 0.31 1.70 (1.24-2.32) 

34-36,38-40.44,45] 
Country of 
paper publication 
Taiwan [12,25-27,45,46] 170 38 0.22 1.0 0.08 
Japan [30,33.36,37,38,39] 128 26 0.20 0.91 (0.58-1.41) 
Italy [18,23,34,35,42,44] 133 46 0.35 1.55 (1.07-2.22) 
US [7,16,28,43] 60 11 0.18 0.82 (0.44-1.50) 
Other [17,19,24,29,31,32,40,41] 184 52 0.28 1.26 (0.88-1.82) 

© 2005 Blackwell Publishing Ltd. Journal of Viral Hepatitis 2006, 13, 34-41 
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country of study and viral clearance (P = 0.08) (Table 3). 
Other countries represented in this review include Austria, 
Brazil, Egypt, Germany, Spain, Sweden and Turkey. 

DISCUSSION 

Examination of the natural history of acute hepatitis C has 
been limited through small study populations. Our systematic 
review of 31 longitudinal studies with a total of 675 study 
subjects indicates that spontaneous viral clearance occurs in 
approximately one in four people with acute hepatitis C. 
Studies of acute clinical hepatitis C had higher clearance rates 
than post-transfusion and sero-incident hepatitis C studies. 
Female gender was also predictive of viral clearance. 

A limitation in estimation of viral clearance in this sys-
tematic review is the heterogeneity of studies in terms of 
sample size, inclusion criteria and follow-up assessments. 
Mean follow-up was <12 months for many studies, and the 
majority of studies required both detection of HCV RNA and 
abnormal ALT level at baseline for case selection. Both these 
factors could bias the estimate of viral clearance in various 
ways. As viral clearance often occurs within the first 
12 weeks of infection [13], acute hepatitis C cases may have 
been excluded from studies on the basis of a negative HCV 
RNA on initial assessment. This may be a particular bias 
among sero-incident studies, some of which detected with a 
wide window period. We have recently completed a retro-
spective cohort study of 99 sero-incident acute i ICV infec-
tion cases (based on anti-HCV antibody seroconversion 
within a 2-year window period) among injecting drug users. 
Analyses from this study estimated viral clearance as —26% 
at 2 years within subjects who were HCV RNA positive at 
anti-HCV antibody seroconversion [9]. However, more than 
a third of the cohort were HCV RNA negative at serocon-
version, and estimates of clearance were higher ("40%) 
where both HCV RNA-positive and -negative cases at sero-
conversion were included. This suggests that cases of acute 
HCV may have been excluded from papers reviewed, based 
on IICV RNA definition. Consequently, the clearance rate of 
26% may be an underestimate. Although viral clearance 
generally occurs within the initial 6 months of infection, 
recent studies have suggested that spontaneous clearance 
extends beyond this point [7,34,35]. Thus, longer-term fol-
low-up in these studies may have also produced higher viral 
clearance proportions. Although study sample size had a 
wide range, estimates of viral clearance by weighted and 
unweighted means were very similar. 

Our estimate of 26% spontaneous viral clearance is higher 
than the 10-15% estimate often provided in reviews of 
hepatitis C natural history [51]. Given the limitations 
inherent in studies of acute hepatitis C. particularly the 
exclusion of initially HCV RNA-negative subjects, the true 
extent of viral clearance may be even higher. Higher esti-
mates of viral clearance would have important public health 
implications at both the individual and population levels. 

The potential for viral clearance needs to be factored into 
individual counselling. For example, a higher viral clearance 
rate may act as a disincentive to undertake treatment in 
early infection. Individual counselling should also cover the 
risk of HCV reinfection following viral clearance, particularly 
among individuals at ongoing risk of exposure such as 
injection drug users. At a population level, estimates and 
projections of hepatitis C disease burden need to consider the 
proportion of people with viral clearance. These studies are 
generally based on population level estimates of HCV anti-
body prevalence, as opposed to HCV RNA prevalence. 

The lack of individual-level demographic and clinical data 
linked to outcome data in a large proportion of subjects 
reported in the studies reviewed here made assessment of 
factors associated to viral clearance difficult. Despite this 
limitation, viral clearance was associated with gender, with 
around 40% of female subjects undergoing clearance com-
pared with 19% of male subjects. In contrast, there was no 
association between viral clearance and age at infection or 
HCV genotype. The mechanism for the association between 
spontaneous viral clearance and female gender is uncertain. 
Various studies have reported high clearance rates in women 
[10,52-54]. The relationship between female gender and 
better response rates to interferon therapy has also been 
demonstrated [55]. It has been hypothesized that HCV clear-
ance in women may be facilitated by oestrogen hormone 
[52,55].  The higher proportion of subjects with viral clearance 
in the acute clinical hepatitis C studies is consistent with an 
association between more symptomatic acute hepatitis C and 
viral clearance which may be the result of a vigorous broad-
based immune response during early HCV infection [13-16]. 

Although providing important information on the natural 
history of acute IICV infection, our systematic review high-
lights the need for larger prospective studies with longer-
term follow-up. Ideally, these studies should recruit both 
acute clinical and sero-incident cases, be representative in 
terms of demographics and modes of HCV acquisition, and 
examine behavioural, virological and immunological deter-
minants of both viral clearance and IICV reinfection. Par-
ticular emphasis is required to recruit young injecting drug 
users with acute hepatitis C, as they make up the majority of 
cases in industrialized country settings. 
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