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In persons with chronic hepatitis C virus (HCV) infections,
superinfection by hepatitis A virus (HAV) or hepatitis B virus (HBV)
can cause serious complications, including fulminating hepatitis or
increased severity of hepatitis. Therefore, it is important to adequately
protect persons with chronic HCV infections by immunization.
Suboptimal response to vaccines has been reported in patients with
chronic liver disease. The present article reviews HAV and HBV
vaccine responses reported in the literature when administered to
individuals with chronic HCV infection, and reviews current national
and international recommendations.

RESULTS: Persons with chronic HCV respond well to HAV vaccine,
but studies exploring HBV vaccine efficacy in this population have
equivocal results. Vaccine schedules and participant characteristics
differ among studies, and most do not adjust for confounders. Some
studies found no difference in HBV vaccine response between patients
with chronic HCV and controls. However, HBV vaccine response was
generally reduced in those with cirthosis and HCV genotype 1.
Organizations recommend HAV and HBV vaccines for persons with
chronic HCV, but do not suggest alterations in schedule or dose.
RECOMMENDATIONS: Because HAV vaccine response is good
and routine laboratory testing may not detect lower levels of vaccine-
induced anti-HAV, the standard HAV vaccine schedule is
recommended without postimmunization testing. HBV vaccine
should be administered early in the course of chronic HCV infection
because response may be lower in patients with cirrhosis. Reflex
testing of anti-HCV reactive sera for anti-HAV and hepatitis B surface
antibody can facilitate appropriate follow-up and timely immuniza-
tion. Determination of postimmunization hepatitis B surface antibody,
especially in patients with cirrhosis or genotype 1, will allow HBV
vaccine boosters to be offered.
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Les réponses des vaccins contre ’hépatite A et
I’hépatite C chez les personnes atteintes d’une
infection chronique par I’hépatite C :

Une analyse des données probantes et des
recommandations courantes

Chez les personnes atteintes d'une infection chronique par le virus de
I'hépatite C (VHC), une superinfection par le virus de I'’hépatite A
(VHA) ou le virus de I'hépatite B (VHB) peut provoquer de graves
complications, y compris une hépatite fulminante ou une aggravation de
I’hépatite. Il est donc important de vacciner les personnes atteintes d’une
infection chronique par le VHC pour bien les protéger. On a remarqué des
réponses sous-optimales aux vaccins chez les personnes atteintes d’'une
maladie hépatique chronique. Le présent article analyse les réponses aux
vaccins contre le VHA et le VHB déclarées dans les publications lorsqu’ils
sont administrés a des personnes atteintes d’une infection chronique par le
VHC, de méme que les recommandations nationales et internationales
courantes.

RESULTATS : Les personnes atteintes d'un VHC chronique répondent
bien au vaccin contre le VAH, mais les études portant sur l'efficacité du
vaccin contre le VHB au sein de cette population ont donné des résultats
équivoques. Le calendrier de vaccination et les caractéristiques des
patients different selon les études, et la plupart ne contiennent pas de
rajustement tenant compte des variables confusionnelles. Certaines études
ne constatent aucune différence dans la réaction au vaccin contre le VHB
entre les personnes atteintes d’un VHC chronique et les sujets témoins.
Cependant, en général, la réponse au vaccin contre le VHB était réduite
chez les personnes atteintes de cirrthose et du VHC de génotype 1. Les
organisations recommandent de vacciner les personnes atteintes d'un
VHC chronique contre le VHA et le VHB, mais elles ne proposent pas de
modifier le calendrier ou la dose de vaccination.
RECOMMANDATIONS : Puisque la réponse au vaccin contre le VHA
est bonne et que les tests de laboratoire habituels ne permettent peut-étre
pas de déceler les taux plus faibles d’anti-VHA induits par le vaccin, le
calendrier habituel de vaccination contre le VHA est recommandé, sans
tests postvaccination. Il faut administrer le vaccin contre le VHB
rapidement dans I’évolution de I'infection chroniqu par le VHC, car la
réponse peut étre plus faible chez les patients cirrhotiques. Le test réflexe
du sérum réactif anti-VHC de 'anti-VHA et de I'anticorps de surface de
I’hépatite B peut favoriser un suivi convenable et une vaccination au
moment opportun. La détermination de lanticorps de surface contre
I’hépatite B aprés la vaccination, notamment chez les patients cirrhotiques
ou atteints du génotype 1, permettra d’offrir des doses de rappel du vaccin
contre le VHB.

Hepatitis C virus (HCV) is an RNA virus that chronically
affects 170 million people worldwide. Of those infected,
70% to 80% become chronically infected (ie, they do not clear
the virus, which can be detected by HCV-RNA testing).

Chronic HCV infection may progress to cirrhosis, end-stage

liver disease and hepatocellular carcinoma. The most common
risk factor for newly acquired HCV infection in Canada is
through illicit drug use (1).

Higher rates of serious complications from acute infection
with hepatitis A virus (HAV), such as fulminating hepatitis,
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TABLE 1

Hepatitis A virus (HAV) vaccine response in persons with hepatitis C virus (HCV) infection

Vaccine schedule

Results in chronic HCV Results in controls

Author (ref), site(s)  Year published Subjects

Keeffe et al (14), 1998 104 anti-HCV reactive
4 United States 188 controls
4 European

1440 ELU of Havrix*
0,6 months

94% HAV scv at 7 months 98% HAV scv at 7 months

Seroconversion (scv) for anti-HAV greater than or equal to 33 mIU/mL. *GlaxoSmithKline, USA. ELU ELISA units; ref Reference

have been reported in patients with chronic liver disease,
including chronic HCV infection (2). Inactivated HAV vaccine
has been available in Canada since 1994. The two-dose series,
with the second dose administered six to 18 months following
the first, has been found to be highly immunogenic, producing
protective antibody levels in over 94% of all individuals after
the first dose and in 100% following the second dose in
immunocompetent individuals. Reduced immunogenicity has
been reported in immunocompromised individuals (3).

Policies on HAV vaccination focus on three key populations
at risk of HAV — people in or travelling to endemic areas, popu-
lations at higher risk of acquiring HAV, and populations at
higher risk of severe HAV disease, which includes those with
HCV infection. Routine post-HAV immunization serology is
not recommended because the immune response to the vaccine
is excellent and the standard laboratory antibody tests used to
identify HAV infection may not detect vaccine-induced anti-
bodies, which may be lower than the threshold of detection.

Although in some studies, superinfection of hepatitis B virus
(HBV) and HCV has been found to suppress the level of repli-
cation of the other virus, in others, superinfection of HBV has
been found to enhance the severity of hepatitis and the risk of
developing liver cirrhosis and hepatocellular carcinoma in
patients with chronic HCV infection (4,5). The prevalence of
HCV in intravenous drug users is high (65% to 92%) (6,7);
transmission of HBV may be through intravenous drug use or
may be sexually transmitted. Therefore, it is important that per-
sons with chronic HCV are protected against HBV infection.

HBYV vaccine has been licensed in Canada since 1982. It is
highly efficacious in preventing clinical and subclinical infec-
tions in the vast majority of healthy people with 10 pg or 20 pg
of recombinant hepatitis B surface antigen (HBsAg) adminis-
tered at zero, one and six months. Decreased efficacy has been
associated with smoking, increased age, obesity, alcoholism,
immunocompromising chronic disease, patients receiving
hemodialysis, those with HIV infection and certain human
leukocyte antigen types or haplotypes (8-11).

Studies of vaccination safety have shown that both HAV
and HBV vaccines are safe in patients with chronic HCV
infection. However, suboptimal response is reported with HBV
vaccine in patients with chronic liver disease, but studies on
efficacy specific to chronic HCV infection have yielded equiv-
ocal results (12,13). Physicians, public health nurses and
hepatitis advocacy groups frequently pose questions about the
vaccine schedules and the need for postimmunization serology.
The aim of the present article was to:

e Review current literature regarding efficacy of HAV and
HBV vaccine in individuals with chronic HCV
infection;

e Review national and international recommendations
regarding HAV and HBV vaccine in individuals with
chronic HCV infection; and
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¢ To make evidence-based recommendations for HAV and
HBV vaccine in individuals with chronic HCV infection.

METHODS

The MEDLINE database was searched for relevant publications
between 1966 and 2007. MeSH terms included — hepatitis C,
immunization, vaccine, hepatitis A and hepatitis B. Studies
with less than 20 anti-HCV subjects were excluded. All stud-
ies identifying anti-HCV reactive subjects were included.
Primary and follow-up studies were reviewed to ensure that full
details of the initial study subjects’ responses were collected.
The HAV and HBV immunization recommendations for per-
sons with HCV from the World Health Organization (WHO),
the United States Advisory Committee on Immunization
Practices (ACIP), the American Association for the Study of
Liver Diseases and the Canadian National Advisory
Committee on Immunization, were reviewed.

RESULTS

HAV vaccination

The results of the literature review are summarized in Table 1.
Although two prospective studies (14,15) were found that
looked at the efficacy of the HAV vaccine for the HCV-
positive population, the second study by Lee et al (15) was
excluded because only four persons with HCV were included.
Keeffe et al (14) compared HAV seroconversion rates of anti-
HCV-positive patients and other chronic liver disease patients
against a group of healthy controls. Seroconversion was
defined as seropositive for anti-HAV greater than or equal to
33 mIU/mL. A significantly higher proportion of healthy sub-
jects had seroconverted one month after a single dose of HAV
vaccine (93% of 185 individuals) compared with chronic
HCV subjects (73.7% of 99 individuals). Healthy controls had
a statistically significant higher geometric mean anti-HAV
concentration compared with HCV-positive subjects
(175 mIU/mL versus 77 mIU/mL, respectively). However,
one month after the second dose of HAV vaccine, there was no
significant difference in the rate of seroconversion between the
two groups (98.2% of healthy individuals and 94.5% of those
with chronic HCV), and the geometric mean anti-HAV
concentrations of 1315 mlIU/mL in healthy controls and
467 mIU/mL (95% CI 345 mIU/mL to 631 mIU/mL) in per-
sons with chronic HCV infection.

Both the WHO and the American Association for the Study
of Liver Diseases recommend HAV vaccine for people with
chronic HCV infection without specifying an altered dose or
schedule (16). The United States ACIP cites lack of evidence
for vaccinating against HAV on the basis of chronic HCV alone,
but recommends that HAV-susceptible persons who are either
awaiting or have received liver transplants, or in whom there is
evidence of chronic liver disease, should be vaccinated (17).
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TABLE 2

Hepatitis B vaccine response in persons with hepatitis C virus (HCV) infection

HAV and HBV vaccine in HCV

Author (ref), Year
site(s) pub

Subjects

Vaccine
schedule

Results in
chronic HCV

Results in
controls

Booster dose/response

Chlabicz et al 2002
(23,24), Poland

Daryani et al 2007
(27), Iran

Elefsiniotis et al 2006
(25), Greece

Idilman et al 2002
(21),
United States

Keeffe et al (14), 1998
4 United States
4 European

Lee et al (19), 1999
Taiwan

48 chronic HCV (noncirrhotic)

11 controls

38 chronic HCV (noncirrhotic)

40 controls
70 chronic HCV
121 controls

152 chronic HCV
102 chronic hepatitis
50 cirrhosis

26 controls

67 anti-HCV reactive
No controls

26 chronic HCV
(ALT 2x normal and/or

20 pg Engerix-B*
0,1,6 months

20 ug Euvax-Bt
0,1,6 months

20 ug Engerix-B¥
0,1,6 months

40 ug Engerix-B*
0,1,2 months

20 pg Engerix-B*
0,1,6 months

20 pg Engerix-B*
0,1,6 months

73% responded

74% responded

83% responded
(Lower response rate
in genotype 1)

72% responded
Significant difference —
54% with cirrhosis

80% without cirrhosis

100% responded

91% responded

95% responded

93% responded

92% responded

Not applicable

20 ug to HCV-positive;
nonresponders further
36% responded

No booster

No booster

80 pg to HCV-positive
nonresponders.
Response — 56% HCV
with cirrhosis, 100%
noncirrhotic HCV

Not applicable

liver biopsy)
35 controls
78 chronic HCV
231 controls

Leroy et al (26), 2002
France

20 pg Engerix-B*
0,1,2 months

Mattos et al (22), 2004 85 chronic HCV
Brazil 46 controls

20 pg Engerix-B*
0,1,6 months

Wiedmann etal 2000
(12), Germany

59 chronic HCV

58 controls 0,1,6 months

10 ug Gen HB-Vax§ 69% responded
(No significant difference with

89% responded 91% responded No booster
64% responded 94% responded No booster
(Nonresponders significantly

higher HCV viral load)
56% responded 98% responded No booster

(Lower response rate in

genotype 1, no significant

difference with and without

cirrhosis, nor viral load)

91% responded 40 pg to HCV-positive
nonresponders; further

and without cirrhosis) 80% responded

Responded: Postvaccine antibody to the hepatitis B surface antigen greater than or equal to 10 mlU/mL. *SmithKline Beecham Biologicals, Belgium; TLG Chem,
Korea; ¥GlaxoSmithKline, USA; $Chiron-Behring Division, Pasteur Mérieux MSD, Germany. ALT Alanine aminotransferase; ref Reference; Year pub Year published

The Canadian Immunization Guide (18) recommends HAV
vaccine for persons with chronic liver disease including persons
infected with HCV who may not be at increased risk of
infection, but who are at increased risk of fulminant hepatitis A.
No modifications to the standard vaccination schedule are
recommended for patients with HCV receiving HAV vaccine
by any of the sources reviewed.

HBYV vaccination
Since the late 1990s, several prospective trials have studied the
immunogenicity of HBV vaccine in individuals with chronic
HCV infection. The terms seroprotection and seroconversion
were used inconsistently in the literature to classify the level of
antibody to the hepatitis B surface antigen (anti-HBs); it is usu-
ally measured one to six months after the immunization series is
completed. The Canadian Immunization Guide defines HBV
seroprotection as anti-HBs greater than or equal to 10 mIU/mL.
In the present paper, those who have anti-HBs greater than or
equal to 10 mIU/mL are referred to as HBV vaccine responders.
The literature review is summarized in Table 2.

Keeffe et al (14) vaccinated 67 anti-HCV reactive patients
with HBV vaccine. It was not determined whether the
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patients had chronic HCV infection or cirrhosis; however, the
overall aim of the study was to assess the safety and efficacy of
the HAV vaccine. Patients received 20 pg of HBV vaccine at
zero, one and six months. One month after the last dose of
vaccine, all patients were found to have anti-HBs greater than
or equal to 10 mIU/mL (ie, 100% vaccine response rate), with
a geometric mean concentration of 1260 mIU/mL.

Lee et al (19) evaluated the safety, immunogenicity and
possible therapeutic effect of HBV vaccination in a prospective
study. Twenty-six anti-HCV and/or HCV-RNA reactive
individuals, considered to have chronic HCV (alanine amino-
transferase [ALT] level twice the upper limit of normal on two
or more occasions over six months and/or liver biopsy showing
evidence of chronic hepatitis) and 35 healthy subjects were
immunized with 20 pg HBV vaccine at the regular schedule.
They found a slightly lower vaccine response rate one month
after the third vaccine dose (88.5% versus 91.4% in controls).
Geometric mean titres of anti-HBs did not differ significantly at
seven months (360 mIU/mL versus 581 mIU/mL). No
significant change of HCV viral load (HCV-RNA level) was
found, but ALT levels were significantly lower after three doses
of vaccine.
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Another prospective trial by Wiedmann et al (12), of
59 patients with chronic HCV infection and 58 healthy con-
trols, studied the efficacy of the usual administration protocol
of 10 pg of HBV vaccine. They found a higher rate of nonre-
sponse in the HCV cohort (31% versus 9% in controls).
However, on high-dose boosting (40 ug recombinant HBsAg),
80% of HCV nonresponders showed a vaccine response. A
subanalysis of the HCV cohort found no significant difference
in response to vaccination between patients with or without
cirrhosis, although the sample sizes were small.

In contrast, De Maria et al (20) and Idilman et al (21), in a
study of 152 chronic HCV patients and 26 controls vaccinated
with high-dose vaccine (40 pg recombinant HBsAg) at acceler-
ated intervals (zero, one and two months), found a difference in
response in patients with chronic hepatitis with and without
histologically verified cirrhosis. A significant difference in
vaccine response rate was found when all HCV-positive patients
were compared with controls (72% versus 92%, respectively).
However, when the HCV cohort was stratified by presence or
absence of cirrhosis, the difference in vaccine response was
restricted to the cirrhotic patients (54% HBV vaccine response).
Furthermore, nonresponsive HCV patients were given an HBV
vaccine booster of 80 pg; 56% of cirrhotic and 100% of noncir-
rhotic chronic hepatitis individuals responded.

Among 85 anti-HCV-positive patients with chronic HCV
infection (confirmed by HCV-RNA), and 46 healthy adult
controls vaccinated with 20 pg of vaccine at the standard inter-
vals, Mattos et al (22) found that 55.5% of patients with
chronic HCV and 97.8% of controls responded to the HBV
vaccine. No significant difference was found between
65 patients with noncirrhotic chronic hepatitis and 20 patients
with cirrhosis. Unfortunately, patients in the present study and
previously mentioned studies were not followed for more than
three months postvaccination.

Some studies reported the effects of a booster given to non-
responders. Chlabicz et al (23) found that HBV vaccine
immunogenicity was decreased in 48 noncirrhotic patients
with chronic HCV (confirmed by HCV-RNA) compared with
11 healthy controls, as measured one month after the
third dose of 20 ug HBV vaccine given according to the usual
schedule. The author reported 72.9% vaccine response in
HCV-infected patients compared with 90.9% in healthy con-
trols. Subjects who had an anti-HBs titre below 10 mIU/mL at
seven or 18 months after the start of their vaccine series were
offered a single booster of 20 pg recombinant HBV vaccine.
Four of 11 initial nonresponders responded to a booster dose
given at seven months, and all 11 patients who originally
responded to the vaccine series, but had anti-HBs less than
10 mIU/mL at 18 months, responded to a booster of vaccine.

Only one small study (24) with a longer-term follow-up was
identified. It included 36 of the 48 chronic HCV-infected par-
ticipants in the Chlabicz study described above. Although
76% of the follow-up group had responded after the original
immunization series at seven months, only 36% maintained
anti-HBs levels greater than or equal to 10 mIU/mL after
four years, compared with 90% (nine of 10) in the control
group. Moreover, anti-HBs levels at four years correlated with
the individual’s initial response. Specifically, only three of
20 HCV patients who had anti-HBs less than 100 mIU/mL at
seven months, had titres greater than or equal to 10 mIU/mL at
four years, despite 19 of them having received vaccine boosters
at 18 months. In contrast, of the 16 people in this study who
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had anti-HBs greater than 99 mIU/mL at month 7, 10 (63%)
maintained anti-HBs greater than or equal to 10 mIU/mL after
four years. The geometric mean titres were significantly lower
in HCV patients compared with controls (18.3 mIU/mL and
156.0 mIU/mL, respectively; P<0.05).

In most studies, genotype and viral load were not measured.
However, Mattos et al (22) reported better response rates in
patients infected with HCV genotype 2 or 3 compared with
genotype 1 virus; Elefsiniotis et al (25) also reported genotype 1
to be negatively associated with vaccine response. Mattos et al
(22) found that the vaccine response was not related to the
serum HCV-RNA concentration. However, Leroy et al (26)
found that 64% of chronic HCV patients responded, but nonre-
sponders had a significantly higher viral load than responders.

Finally, Daryani et al (27) compared the response of stan-
dard HBV vaccination between patients with chronic HCV
confirmed by HCV-RNA and healthy controls. Although a
statistically significant difference in vaccine response was
observed between those chronically infected with HCV and
controls on univariate analysis (73.7% versus 95%), on multi-
variate analysis, smoking was a significant confounder and
when introduced into the model HCV infection, lost its signif-
icant correlation with lower antibody response.

The WHO recommends high-dose vaccination (40 ng) at
zero, one and six months for immunocompromised patients
(28), or a four-dose schedule at zero, one, two and 12 months if
rapid induction of antibody is desired. HBV vaccination is rec-
ommended for persons with HCV infection, but no alteration of
the routine dose or schedule is suggested (29).

The Centers for Disease Control and Prevention (USA),
recommend vaccination for HCV-positive intravenous drug
users and people at risk for sexually transmitted diseases (30).
The United States ACIP, in its comprehensive strategy against
HBYV, does not make specific mention of vaccination policy for
chronic HCV-infected individuals (31). However, they
acknowledge that higher vaccine doses might be more
immunogenic for immunocompromised and hemodialysis
patients. Furthermore, they recommend postvaccination
serological testing for these populations one to two months
after the series to determine the need for booster doses. The
American Association for the Study of Liver Diseases makes
no specific recommendation for HBV vaccine for people with
chronic HCV infection (16).

Finally, Canada’s 2006 Immunization Guide recommends
HBYV vaccine for persons with chronic liver disease, including
persons with HCV. These persons should not be at increased
risk of infection but may be at risk of more severe acute HBV
infection should infection occur. No adjustment of routine
HBV immunization schedule or postimmunization serology is
recommended.

DISCUSSION

Superinfection with HBV or HAV can have serious conse-
quences for patients with chronic HCV infection. Reflex test-
ing of sera identified as anti-HCV reactive for anti-HAV and
anti-HBs may identify patients who are eligible to receive hep-
atitis vaccines. The immune response of individuals with cir-
thosis is usually reported to be impaired, and this impairment
involves both the cellular and humoral immune responses.

No significant difference in HAV seroconversion rates was
found in individuals with chronic HCV infection compared
with healthy adults following a completed series of HAV

Can J Infect Dis Med Microbiol Vol 19 No 2 March/April 2008



immunization. Because routine laboratory testing may not
detect lower levels of vaccine-induced anti-HAYV, postimmu-
nization testing of individuals with HCV is not recommended.
The duration of immunity after a two-dose series of HAV
vaccine is not certain, but mathematical models suggest that
protection persists for 25 years (32). However, it is not known
whether immunity persists for a similar duration in persons
with HCV who may achieve lower geometric mean anti-HAV
concentrations.

Anti-HAV titres measured before the booster vaccine at
six months found that individuals with liver disease had lower
geometric mean concentrations of HAV antibody and lower
rates of seroconversion. However, following the booster at
six months, both studies found no significant differences
between any of the study groups and controls in seroconver-
sion rates, although the geometric mean concentrations of
antibody were lower for all disease groups.

Liver transplant candidates and recipients, and people with
alcoholic liver disease have been recommended modified
schedules for HBV vaccination (33). Despite general state-
ments on its importance as a preventive measure against coin-
fection, there is limited information on HBV vaccination,
specifically for patients with chronic HCV.

In our review, we found considerable variation in terminol-
ogy of HBV vaccine response, which may be confusing.
Vaccine dose and schedules, and classification of participants,
also varied, making direct comparison among studies difficult.
Some studies enrolled individuals based on anti-HCV results
alone, others determined chronic HCV infection by presence
of HCV-RNA; in another study, chronic infection was based
on ALT level being twice the upper limit of normal and/or
liver biopsy. Some studies further divided individuals with
chronic HCV into those with cirrhosis and those without. In
most studies, confounders known to reduce HBV immuno-
genicity such as age, smoking and obesity were not considered.
Similarly, other potential confounders, such as viral load and
genotype, were not reported in many studies.

Antibody response to HBV vaccination was generally lower in
patients with chronic HCV infection compared with controls,
indicating some degree of immune compromise in individuals
with chronic HCV. Two small studies (14,19) reported no signifi-
cant difference between HCV and healthy cohorts in response to
HBV vaccination. Daryani et al (27) found that chronic HCV
infection lost its significant correlation to vaccine response when
smoking was in the model. In one of the larger studies, using a
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