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New information has become available about the hepatitis C virus (HCV) and the
disease it causes since the authors prepared the previous review1 and the last annu-
al report2 on hepatitis C. This report provides an update on several important

aspects of the virus, the disease it causes and the status of the disease in Canada.

Hepatitis C virus
The identification of the viral genome over 10 years ago rapidly led to the delineation of the
genome organization and the structural and biochemical characterization of several viral pro-
teins. However, studies of the viral life cycle, inhibition or inactivation of the virus as well as the
development of vaccines or antiviral drugs have been difficult because of the lack of a robust
and reliable cultivation system for the virus.3 The chimpanzee is still the only experimental ani-
mal susceptible to infection with HCV. Nevertheless, some new developments have been
reported recently,4,5 which may eventually lead to a solution to this problem. The genome of
HCV is heterogeneous and quasispecies with variations in the viral genome are being studied
for their implication in persistent infection and immune response. A recent study showed that
the distribution of hypervariable region 1 (HVR1) quasispecies in both immune and non-
immune complexes conspicuously changed over time in most of the patients studied. These
findings suggest that major HCV clones escape neutralization by anti-HVR1 antibodies by gen-
erating considerably divergent minor “decoy” clones which may be preferentially neutralized.6

Hepatitis C
More evidence has become available recently that indicates that in certain populations, the
disease may be less severe than previously suspected. For example, a study of a cohort of Irish
women infected with HCV genotype 1b via contaminated anti-D immunoglobulin in 1977
showed a benign course with lack of disease progression 22 years after inoculation. It was
observed that acute icteric hepatitis and the HLA DRB1*01 allele were associated with viral
clearance.7 Similarly, a study of children who had undergone cardiac surgery in Germany
prior to the implementation of blood donor screening for hepatitis C showed a substantial
risk of acquiring the infection. However, after about 20 years, the virus had spontaneously
cleared in many patients. The clinical course in those still infected seems more benign than
would be expected in people infected as adults.8 Thomas et al.9 conducted a community-
based prospective cohort study with enrollment in 1988-1989 with a median follow-up of
8.8 years. Viral clearance was observed in 90 of 919 (9.8%) persons aged 17 years or older
with a history of injection drug use and an anti-HCV positive test result during follow-up.
Forty cases of end-stage liver disease (ESLD) were observed throughout follow-up for an inci-
dence of 3.1 per 1000 person-years. The risk of ESLD was higher for persons aged 38 years
or older at enrollment and who reported ingestion of more than 260g of alcohol per week. A
study in asymptomatic chronic HCV carriers showed that HCV RNA levels in patients did
not correlate with either the extent of inflammation of the liver or degree of fibrosis. In con-
trast, there was a strong association between ALT level and the histological severity of liver

disease.10 Nevertheless, a study in Italy indi-
cated that serum HCV RNA levels correlate
with histological liver damage and concur
with steatosis in progression of chronic
hepatitis C.11 The prediction of hepatic
fibrosis in HCV infection using historical
features and published rates of fibrosis pro-
gression is poor in a Canadian clinical prac-
tice setting.12

Incidence, prevalence and disease
burden
According to data available from the
Division of Disease Surveillance, Health
Canada,13,14 14,287 and 12,544 male cases
and 7,544 and 6,674 female cases of hepati-
tis C were reported in 1998 and 1999,
respectively. Data from the reported cases
need to be interpreted with caution as these
cases include both acute and chronic infec-
tions and the reporting has been affected by
increased awareness, access to sensitive tests
and various initiatives aimed at hepatitis C
such as the notification and look-back or
trace-back programs. To better estimate the
magnitude of transmission of hepatitis C
and hepatitis B in Canada, an enhanced sur-
veillance system for acute hepatitis C and
acute hepatitis B was initially established in
Edmonton, Ottawa, Calgary and Winnipeg
and has since expanded to include
Vancouver-Richmond and the province of
New Brunswick.15,16 An acute hepatitis C
case is defined as an acute illness with dis-
crete onset of hepatitis symptoms, jaundice,
aminotransferase levels 2.5 times above the
upper limit of normal, and anti-HCV or
HCV RNA positive but without a history of
previous HCV infection. A case of HCV
infection is also classified as an acute case if
seroconversion can be determined. Due to
the lack of a diagnostic assay to differentiate
new from old infections, except as measured
by seroconversion, and the asymptomatic
nature of the disease in a large proportion of
new infections, some of the acute hepatitis C
cases identified by the system might still be
misclassified old HCV infections that finally
developed symptoms. Nevertheless, accord-
ing to data from the enhanced surveillance
in Edmonton, Calgary, Winnipeg and
Ottawa in 1999, the incidence of clinically
recognized acute hepatitis C was estimated
at 3.6 per 100,000 person-years, with the
rate in males (4.5 per 100,000) higher than
in females (2.8 per 100,000). However, the
rate among 10-19 year old females was high-
er than among males of the same age group,
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4.9 versus 0.5 per 100,000. Age groups of
20-29 and 30-39 had the highest incidence
rates, 6.0 and 6.7 per 100,000, respectively.
For 2000, data from the above four regions
plus Vancouver-Richmond showed a slightly
lower incidence rate of clinically recognized
acute hepatitis C cases at 3.0 per 100,000.
Similarly, the rate among males was higher
than females, 3.1 versus 2.9 per 100,000.
Among the Canadian Aboriginals, the inci-
dence of acute hepatitis C was on average
7 times higher than that among the non-
Aboriginal Canadian-born population.17

Based on these data and other epidemiologi-
cal information, it was further estimated that
the total number of new HCV infections
could be as high as 6 to 7 times that of acute
cases of hepatitis C.18 In other words, the
incidence of HCV infection in Canada
could be in the range of 10-20 per 100,000.
It should be noted, however, that these are
only preliminary estimates due to limitations
of existing data as mentioned above. As for
prevalence, the estimate generated by Remis
et al.19 – anti-HCV positivity at 240,000 or
0.8% – is still regarded as current since there
is no evidence to suggest that any significant
changes have occurred. Analysis of mortality
data for the period 1979-1997 showed that
the number of recorded deaths caused by
non-A non-B hepatitis, most of which were
caused by hepatitis C, has been increasing
and that over 1,000 Canadians could have
died from hepatitis C in 1997 alone.20 The
result supports the prediction that the bur-
den of hepatitis C in Canada could double
or even triple in the coming decade.21

Transmission patterns and 
related factors
Injection drug use is still the number one
route of transmission in Canada. During
2000, 110 acute hepatitis C cases were iden-
tified through the enhanced surveillance
and 62% of those cases were interviewed for
risk factors potentially related to transmis-
sion of the infection. Approximately 80% of
the cases reported a history of injection drug
use or drug snorting. About one third of
those cases also reported a history of sexual
contact with a hepatitis C infected person.
However, when those who had a history of
injection drug use or drug snorting were
excluded, only 1-2% reported such sexual
contact as the potential transmission route.16

Compared with results from the earlier
report,15 the percentage associated with drug

use increased slightly. However, this
increase might have been the result of more
comprehensive interviewing because the
proportion of cases with unknown risk fac-
tors decreased from approximately 20% to
only 7%. Thus, the 80% (70% or more
with injection drug use) might more closely
reflect the true transmission pattern in
Canada.

Even the sharing of drug preparation
paraphernalia has been reported to poten-
tially transmit HCV.22 A study among
street youth in Montreal showed that
injecting drugs, being over 18 years of age
and using crack cocaine were independent
risk factors for HCV infection. Having
more than one tattoo was marginally asso-
ciated with HCV, though body piercing
was not.23 The exact role sexual transmis-
sion plays in spreading HCV is a subject
under debate. Kok and Forrester recently
conducted a literature review on the topic
and found that sexual transmission of
HCV does occur, although infection by
this route appears to be infrequent.
Populations identified as being at particu-
lar risk for hepatitis C through sexual
transmission include men who have sex
with men (MSM), female sex workers or
sexually promiscuous groups, persons
attending sexually transmitted diseases
(STD) clinics, persons and their partners
with HIV, sexual partners of HCV-infected
hemophiliac men, and sexual partners 
of patients with chronic hepatitis C (Kok
and Forrester, 2001, unpublished).
Mother-to-infant transmission of HCV is
another area under extensive study. Yeung
et al.24 conducted a literature review and
reported that the overall weighted rate of
such transmission is in the range of 1-5%.
Maternal risk factors for increased mother-
to-infant transmission include co-infection
with HIV, history of injection drug use,
and maternal viremia greater than 106

copies/ml. By contrast, mode of delivery
and breastfeeding do not influence rates of
mother-to-infant transmission significant-
ly. In addition to the above transmission
routes, a study in Egypt suggested that par-
enteral antischistosomal therapy (PAT)
had a major role in the spread of HCV
throughout the country. Egypt’s mass cam-
paigns of PAT may represent the world’s
largest iatrogenic transmission of blood-
borne pathogens.25 A recent report from
Australia documented exposure to med-

ical/surgical procedures among HCV
patients with no previously recognized
mode of transmission.26 In resource-limited
countries, nosocomial transmission of
bloodborne pathogens is a major public
health concern.27 Even in Taiwan, medical
injections were found to be the main mode
to sustain the persistent endemic state of
HCV infection within a community.28

Intervention
Following the hepatitis C consensus confer-
ence in 1998 and the publication of the con-
ference report29 (Hepatitis C - Prevention
and Control: A Public Health Consensus) in
1999, the first national hepatitis C confer-
ence was held in Montreal in May 2001.
The former conference brought hepatitis C
to the forefront of the public health agenda
nationwide whereas the latter conference
raised the awareness of hepatitis C among
the general public, academics as well as the
health care community in this country.
Various national programs including surveil-
lance, prevention and control guidelines and
recommendations as well as health promo-
tion activities have been or are being devel-
oped. New guidelines prepared for hepatitis
C include Management of Viral Hepatitis:
Recommended Guidelines for Physicians,
Management Guidelines for HCV-HIV Co-
Infected Adults, and Reproductive Care of
Women Living with Hepatitis C Infection
(Health Canada website at http://www.hc-
sc.gc.ca/hppb/hepatitis_c/careguide.html).
Provinces and territories have also developed
policies or strategies to combat the disease.
For example, British Columbia recently
established a Viral Hepatitis Strategy which
integrates surveillance, prevention and care
of hepatitis into a coordinated effort.
Measures to prevent initiation of injection
drug use and to reduce the transmission of
hepatitis C and other blood-borne
pathogens through injection drug use is still
a priority in the prevention and control of
hepatitis C. In addition, other routes of
transmission are also being investigated such
as sexual and vertical transmission, nosoco-
mial transmission and other inapparent par-
enteral transmission. To further reduce the
risk of HCV transmission through blood or
blood products, Canadian Blood Services
implemented nucleic acid amplification test-
ing (NAT) for screening of blood donations
in 2000 on an investigational basis (CBS
website at www.bloodservices.ca). It was esti-
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mated that such testing could prevent up to
13 HCV infections contracted through the
blood supply annually. Manual cleaning and
disinfection of gastroscopes with 3% glu-
taraldehyde has been shown to decrease the
risk of transmission of HCV.30 Further, vac-
cines against HCV infection are being exten-
sively studied. However, immune correlates
of protection remain poorly defined
although increasingly evidence suggests that
both humoral and cellular immune respons-
es are likely to contribute to protection or
neutralization of the virus. Different forms
of vaccines are currently explored including
DNA-based vaccines. While capable of gen-
erating a cellular response, such DNA-based
vaccines appear to be limited in their capaci-
ty to induce a strong and long-lasting anti-
body response.31 For the treatment of hepati-
tis C, following the introduction of the com-
bination therapy with interferon and rib-
avirin, new antiviral drugs are being investi-
gated through clinical trials, such as pegylat-
ed interferon. The search for more effective
treatment also includes novel drugs designed
to inhibit the function of three major viral
proteins: protease, helicase and polymerase,
and antisense molecules or catalytic enzymes
that target critical elements of the viral RNA
genome itself.

Future challenges
From a public health perspective, interrup-
tion of transmission of HCV through
injection drug use is the biggest challenge
in the control of this disease in Canada and
in the world. The virus is effectively trans-
mitted through this route. Shortly after
initiation of injection drug use, a large pro-
portion become infected with the virus.
This may in part explain the relative inef-
fectiveness of certain existing harm reduc-
tion measures in the prevention of HCV
transmission compared with prevention of
HIV transmission.32 More effort is needed
to find effective ways to prevent initiation
of injection drug use and transmission of
HCV among users. Determinants of drug
use initiation and transmission of HCV
through injection drug use need to be
studied and identified so that novel inter-
vention strategies and measures could be
designed and effectively implemented.
Further, spread of the virus from injection
drug users to others through other means
such as sexual or other exposure to HCV-
contaminated blood or body fluids is an

area that has drawn more and more public
health attention. Targeted research is
required to examine the social and behav-
ioural factors that put certain population
groups, such as Aboriginals, at greater risk
of infection. In addition, transmission of
HCV in health care environments needs to
be closely monitored and assessed. Various
intervention measures or strategies need to
be evaluated to assess their effectiveness so
that these measures or strategies can be
improved and new options can be explored
to better prevent and control HCV trans-
mission in Canada.
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