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INTRODUCTION
One major transmission route for both hepatitis C virus 
(HCV) and hepatitis B virus (HBV) is the parenteral route, 
and the sources of  infection include administration of  
blood or blood products[1,2], intravenous drug use[3,4] and 
needle-stick accidents[5,6]. According to the analysis of  the 
Third National Health and Nutrition Survey, more than 
25% of  HCV-positive patients in the United States had 
hepatitis B markers, a proportion nearly six times that in 
the HCV-negative group[3]. However, the actual prevalence 
of  HBV infection in patients with HCV infection is 
probably underestimated[7,8]. Although it has been shown 
that superinfection of  either HBV or HCV may suppress 
the other’s replicative levels, coinfection with both viruses 
has synergistic effects with regard to histological lesions, 
progression to cirrhosis and cancer development[9-13]. As 
such it has been recommended by the National Institutes 
of  Health (NIH) that individuals with HCV be vaccinated 
against HBV infection to prevent such an outcome[14]. 

HBV vaccination at standard doses (20 µg for adults 
at mo 0, 1, and 6) results in an effective antibody response 
in 90% to 98% of  healthy individuals[15,16]. However, 
reduced immunogenicity of  the vaccine has been 
established in persons with chronic liver disease, patients 
receiving hemodialysis, patients with HIV infection and 
those awaiting transplantation[17-21]. To the best of  our 
knowledge, only a few studies, with inconsistent results, 
have compared the immunogenicity of  standard HBV 
vaccination in chronic hepatitis C patients with that in 
healthy individuals through a case-control study[22-24]. 
Therefore, we found it valuable to compare the response 
of  standard HBV vaccination between patients with 
chronic HCV infection and healthy individuals in a 
prospective case-control study.

MATERIALS AND METHODS
Subjects
Between April 2005 and August 2006, 38 patients with 
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Abstract
AIM: To compare the response of standard hepatitis B 
virus (HBV) vaccination between patients with chronic 
hepatitis C virus (HCV) infection and healthy individuals.

METHODS: This is a prospective case-control study. 
A total of 38 patients with chronic HCV infection and 
40 healthy controls were included. Vaccination was 
performed by injection of 20 µg recombinant HBsAg  
into the deltoid muscle at mo 0, 1 and 6. Anti-HBs 
concentration was determined 3 mo after the last dose 
and compared between the two groups. The response 
pattern was characterized as (1) high-response when the 
anti-HBs antibody titer was > 100 IU/L, (2) low-response 
when the titer was 10-100 IU/L and (3) no-response 
when the titer was < 10 IU/L.

RESULTS: In the patient group, there were 10/38 
(26.3%) non-responders, 8/38 (21.1%) low-responders 
and 20/38 (52.6%) high-responders. The corresponding 
va lues in the contro l group were 2/40 (5.0%), 
7/40 (17.5%) and 31/40 (77.5%), respectively. The 
response pattern was statistically different between 
the two groups. In multivariate analysis, smoking was 
a significant confounder, while HCV infection lost its 
significant correlation with lower antibody response.

CONCLUSION: Patients with chronic HCV infection 
tend to respond weakly to HBV vaccination compared 
to healthy individuals, though this correlation is not 
independent according to multivariate analysis.
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chronic hepatitis C infection (patients group) and 40 
healthy individuals (control group) referred to our clinic 
were enrolled in this case-control study. Totally there were 
50 males and 28 females with a mean age of  37.6 ± 12.8 
years. All participants gave written informed consent and 
the study protocol was approved by the Ethical Committee 
of  Tehran University of  Medical Sciences. Inclusion 
criteria for the patient group were: age > 18 years, HCV 
infection diagnosed by positive HCV serological markers 
assessed by ELISA (Abbott Laboratories, North Chicago, 
IL, USA) and confirmed by the presence of  serum HCV 
RNA detected by PCR, chronic infection diagnosed by 
serum alanine aminotransferase (ALT) levels of  at least 
twice the upper normal values (> 90 IU/L) for at least 
two times within a period longer than 6 mo and/or a 
liver biopsy showing evidence of  chronic hepatitis. The 
control group was selected from healthy adults older than 
18 years. Exclusion criteria were: pregnancy, lactation, 
known bleeding diathesis, current intravenous drug use, 
alcohol consumption > 30 g/d, history of  cancer or 
transplantation, receiving immunosuppressive medications 
(excluding interferon), previous hepatitis B vaccination, 
history of  allergy to vaccine components, current or 
previous hepatitis B infection (positive HBs Ag, anti-
HBc Ab/anti-HBs Ab by ELISA), laboratory or clinical 
evidence of  other chronic liver diseases including cirrhosis 
of  any etiology, presence of  HIV infection, chronic renal 
failure (serum creatinine > 2.5) or hemodialysis.

The fol lowing var iables were recorded for a l l 
participants: age (year), sex, body mass (kg), height (m), 
smoking, alcohol use, history of  intravenous drug use. 
Body mass index (BMI) was calculated by dividing mass 
(kg) by squared height (m2). Liver biopsy during two years 
before vaccination showing the stage and grade of  liver 
involvement according to Ishak et al[25] and HCV genotype 
(determined by PCR-RFLP) was available for 31 and 34 
patients, respectively. Baseline ALT (IU/L) was determined 
by commercial kits for all patients. 

Methods
Vaccination was performed by injection of  20 µg 
recombinant HBsAg (Euvax B, LG Chem, Korea) into the 
deltoid muscle at mo 0, 1 and 6. Anti-HBs concentration 
was determined 3 mo after the last dose and expressed as 
IU/L. The response pattern was characterized as (1) high-
response when anti-HBs antibody titer was > 100 IU/L, 
(2) low-response when the titer was 10-100 IU/L and (3) 
no-response when the titer was < 10 IU/L. Patients were 
monitored after each vaccine dose for the occurrences 
of  local (pain, induration, flush) and general (headache, 
fatigue, fever) side effects.

Statistical analysis
The results are presented as mean ± SD. χ2 test with 
Fisher’s exact test was used to compare qualitative variables 
between the groups. Student’s t test and analysis of  
variance (ANOVA) were used to compare the quantitative 
variables between two and multiple groups, respectively. 
The independent predictive factors of  vaccine response 
were identified by multivariate analysis using multiple 

logistic regression. Statistical analysis was conducted 
with SPSS 11.5 software (SPSS Inc., Chicago, IL, USA). 
Throughout analysis, P < 0.05 was considered statistically 
significant.

RESULTS
Characteristics of patients and controls
Patients were significantly older than healthy subjects (P 
= 0.017). Also, patients were more frequently males (P = 
0.010), smokers (P < 0.001) and previous intravenous drug 
users (P = 0.001) (Table 1). 

Antibody response 
A total of  28/38 (73.7%) chronic hepatitis C patients 
responded to the vaccination course (anti-HBs > 10 IU/
L) compared with 38/40 (95.0%) controls (P = 0.012). 
In the patient group, there were 10/38 (26.3%) non-
responders, 8/38 (21.1%) low-responders and 20/38 
(52.6%) high-responders. The corresponding values in the 
control group were 2/40 (5.0%), 7/40 (17.5%) and 31/40 
(77.5%), respectively (Figure 1). The response pattern 
was statistically different between the two groups (P = 
0.021). The frequency of  non-responders was significantly 
higher in the patient group (P = 0.024 after Bonferroni’
s correction). However, the frequency of  low-responders 
(P = 0.778) and high-responders (P = 0.064) was not 
significantly different between the two groups. Since 

Table 1  Characteristics of patients and controls (mean ± SD)

aP < 0.05, bP < 0.01 vs control group.

Characteristic Patient group
(n  = 38)

Control group
(n  = 40)

 P

Age (yr) 41.1 ± 10.3 a 34.2 ± 14.2 0.017
Male/Female 30/8 b 20/20 0.010
BMI (kg/m2) 24.8 ± 4.7 24.3 ± 4.9 0.691
Smoking n (%) 25 (65.8) b 3 (7.5) < 0.001
Alcohol n (%) 6 (15.8) 1 (2.5) 0.054
History of iv drug use n (%) 9 (23.7) b 0 (0) 0.001
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Figure 1  Response to HBV vaccination in patient and control groups. Non-
responder (anti-HBs < 10 IU/L); Low-responder (10 IU/L < anti-HBs < 100 IU/L); 
High-responder (anti-HBs > 100 IU/L). aP < 0.05 vs control group.



the patient and control groups were not matched in age, 
sex, smoking and history of  iv drug use, binary logistic 
regression was performed to adjust for these parameters. 
Response (anti-HBs > 10 IU/L) was considered as the 
dependent variable, while hepatitis C infection, age, sex, 
smoking and history of  iv drug use were included as 
covariates. None of  hepatitis C infection (P = 0.448), age (P 
= 0.078), sex (P = 0.480) and history of  iv drug use (P = 
0.127) were independently correlated with lower antibody 
response in the patient group. However, smoking was a 
significant confounder (P = 0.024; odds ratio: 25.64; 95% 
confidence interval: 1.54-500).

Characteristics of hepatitis C patients according to 
vaccine response
The comparison of  characteristics of  patients between 
responders and non-responders to HBV vaccine showed 
no significant difference regarding age, sex ratio, BMI, 
smoking, alcohol use, history of  iv drug use, baseline 
ALT level, stage and grade of  liver disease and genotype 
(1a vs others, Table 2). When patients were categorized 
into three groups of  non-, low- and high-responders, 
none of  the variables except genotype (P = 0.038) had a 
significant correlation with response category anymore 
(Table 3). Genotype 1a was more frequently observed in 
non-responders. However, when Bonferroni’s correction 
was applied for subgroup analysis, this correlation was no 
longer significant. In summary, no correlation was found 
between the variables studied and response in either type 
of  analysis.

Side effects
No severe side effects following vaccination were observed 
in chronic hepatitis C patients. Local adverse effects 
(erythema, pain at injection point, induration) following 
vaccination were observed in 4/38 (10.5%) patients. 
Systemic side effects such as flulike syndrome, headache, 
fever and fatigue occurred several days following vaccine 
injections in 1/38 (2.6%) patients. 

DISCUSSION
In the present study, the antibody response to standard 
HBV vaccination with a dose of  20 µg at mo 0, 1 and 6 in 
individuals with non-cirrhotic chronic hepatitis C infection 
was evaluated and compared with healthy controls. The 
frequency of  high-responders, low-responders and non-
responders in the patient and control groups was 52.6%, 
21.1%, 26.3% and 77.5%, 17.5%, 5.0%, respectively (P = 
0.021). Non-responders were significantly more common 
in the patient group (P = 0.024). However, this correlation 
was not significant in multivariate analysis anymore 
when age, sex, smoking and history of  iv drug use were 
controlled as potential confounders. In our patient group, 
there was no correlation between antibody response and 
variables such as age, sex, BMI, smoking, alcohol use, 
history of  iv drug use, baseline ALT levels, stage and grade 
of  liver disease and genotype.

Several studies have compared the immunogenicity of  
hepatitis B vaccination with different protocols between 
healthy individuals and hepatitis C patients. Some of  them, 
like our study, have failed to demonstrate a significant 
correlation between chronic hepatitis C and antibody 
response[22,26-28]. However, some authors have shown that 
responses were weaker in patients than in controls[23,24,29,30]. 
Hence the results still remain controversial. Among the 
above mentioned studies, only three have used the same 
vaccination protocol as ours[22-24]. Lee et al[22] compared the 
immunogenicity of  HBV vaccination between 26 hepatitis 
C patients and 35 controls. The groups were similar in age, 
but the control group was significantly younger than the 
patient group. One month after the last dose, 88.5% of  
patients and 91.4% of  controls responded to vaccination 
with anti-HBs > 10 IU/L. The difference was not 
statistically significant[22].

In another study of  48 patients and 11 controls, 
Chlabicz et al[23] showed that 72.9% of  patients and 90.9% 
of  controls responded (anti-HBs > 10 IU/L) to HBV 
vaccination one month after the last dose. The groups 

Table 2  Characteristics of hepatitis C patients according to 
vaccine response (mean ± SD)

 1According to Knodell’s histological activity index (HAI) as modified by 
Ishak et al[25].Non-responder (anti-HBs < 10 IU/L); Responder (anti-HBs > 10 
IU/L). Hx:history.

Table 3  Characteristics of hepatitis C patients according to 
vaccine response

Non-responder (anti-HBs < 10 IU/L); Low-responder (10 IU/L < anti-HBs 
< 100 IU/L); High-responder (anti-HBs > 100 IU/L). aP < 0.05 comparison 
between three groups.

Characteristics Non-responder
(n  = 10)

Responder
(n  =28)

 P

Age (yr)   41.5 ± 11.3 41.0 ± 10.2 0.897
Male/Female    8/2 22/6 1.000
BMI (kg/m2)   26.6 ± 6.0 24.2 ± 4.1 0.192
Smoking n (%)   9 (90.0) 16 (57.1) 0.118
Alcohol n (%)   2 (20.0)   4 (14.3) 0.644
Hx of iv drug use n (%)   2 (20.0)   7 (25.0) 1.000
ALT (IU/L) 177.1 ± 293.9 78.3 ± 165.3 0.199
Liver disease
     HAI grade (0-18)1

     HAI stage (0-6)1 
    5.4 ± 2.1
    2.3 ± 1.1

  5.6 ± 1.9
  2.6 ± 1.6

0.773
0.669

HCV genotype  n (%)
     1a 
     Other than 1a 

  8
  6 (75.0)
  2 (25.0)

 26
 14 (53.8)
 12 (46.2)

0.422

Characteristic Non-responder
(n  = 10)

Low-responder
(n  = 8)

High-responder
(n  = 20)

 P

Age (yr)   41.5 ± 11.3   46.1 ± 9.0 39.0 ± 10.1 0.394
Male/Female   8/2   5/3    17/3 0.417
BMI (kg/m2)   26.6 ± 6.0   24.9 ± 3.0 23.8 ± 4.6 0.903
Smoking n (%)   9 (90.0)   4 (50.0)   12 (60.0) 0.150
Alcohol n (%)   2 (20.0)   0 (0)     4 (20.0) 0.387
Hx of iv drug use
n (%)

  2 (20.0)   2 (25.0)     5 (25.0) 0.950

ALT (IU/L) 177.1 ± 293.9 149.8 ± 304.6 49.8 ± 40.3 0.711
Liver disease
     HAI grade (0-18)
     HAI stage (0-6)

    5.4 ± 2.1
    2.3 ± 1.1

    5.4 ± 2.8
    2.4 ± 1.8

  5.7 ± 1.3
  2.7 ± 1.5

0.607
0.986

HCV genotype  n (%)
     1a 
     Other than 1a 

  8
  6 (75.0)a

  2 (25.0)

  8
  7 (87.5)a

  1 (12.5)

  18
    7 (38.9)a

  11 (61.1)
0.038
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to demonstrate a significant correlation between chronic hepatitis C and antibody 
response. However, some authors have shown that responses were weaker in 
patients than in controls.

Research frontiers
Coinfection with both hepatitis B and C viruses has synergistic effects with 
regard to histological lesions, progression to cirrhosis and cancer development. 
Therefore, it may be very beneficial to prevent HBV superinfection in hepatitis C 
patients.

Innovations and breakthroughs
Considering the various vaccination protocols used in HCV patients and also 
controversial results, we found it valuable to compare the response of standard 
HBV vaccination between patients with chronic HCV infection and healthy 
individuals in a prospective case-control study. The results showed that hepatitis C 
infection does not decrease the immune response to HBV vaccination.

Applications 
Based on the results of this study, in the absence of factors known to weaken the 
immune response, hepatitis C patients do not seem to need additional doses of 
HBV vaccine or antibody titration after standard HBV vaccination. However, these 
considerations should be taken into account when vaccinating a hepatitis C patient 
in general, i.e. one with commonly coexisting immunity-related risk factors.

Terminology
Multivariate analysis: When compared groups are not similar in some possibly 
important features such as sex or age, performing a multivariate analysis using 
multiple logistic regression can adjust groups for such potential confounders.

Bonferroni’s correction: A method to adjust the level of significance when 
multiple comparisons are made.

Peer review
If we accept that HBV vaccine may be useful in HCV patients, the basic steps of 
research should be: to evaluate the rate of response in HCV carriers and to verify 
whether this rate is acceptable in terms of cost benefit. The patients and controls 
were significantly different in age, sex, smoking frequency and intravenous drug 
use.
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were similar in age, sex, BMI and smoking frequency but 
the difference in antibody response was not significant 
either. One year after the last dose, there was a significant 
reduction in antibody response among patients so that only 
34.1% of  them remained responders. The corresponding 
value in the control group was 90% at the same time (P < 
0.05).

 Finally, Mattos et al[24] reported in their study of  85 
patients and 46 healthy adults that 55.3% of  patients and 
97.8% of  controls responded (anti-HBs > 10 IU/L) to 
HBV vaccination one month after the third vaccine dose. 
Non-responders were significantly more common in the 
patient group (P < 0.001). The patient and control groups 
were matched in sex, BMI, alcohol use and smoking, 
but the patient group was significantly older than the 
control group. In multivariate regression to control for 
age as a potential confounder, HCV positivity remained 
significantly correlated with the lower antibody response (P 
= 0.0013). The patient group in this study included both 
cirrhotic and non-cirrhotic individuals. Considering that 
cirrhosis is associated with a lower antibody response[26,31], 
inhomogeneity of  the patient group might have had a role 
in the significant correlation in this study[24].

 We only considered non-cirrhotic patients in our 
study. The results of  multivariate regression showed that 
hepatitis C infection did not play an independent role 
in decreasing antibody response. Rather, smoking was a 
significant confounder (P = 0.024; odds ratio: 25.64; 95% 
confidence interval: 1.54-500). This finding is in agreement 
with previous studies[32,33]. When patients were categorized 
into two (responder and non-responder) or three groups 
(non-, low- and high-responder), no variables studied had 
a significant correlation with antibody response. Previous 
studies, as well as ours, failed to show a significant 
correlation between antibody response and age, sex, BMI, 
smoking, alcohol use, iv drug use, baseline ALT level or 
liver histology (grade, stage)[24,29,30]. Mattos et al[24] showed 
that the percentage of  non-responders was significantly 
higher in patients with genotype 1 (P = 0.04). Considering 
that they had three subgroups of  patients according to 
their response, subgroup analysis with a Bonferroni’s 
correction (which changes the P value to Pc = 0.08) seemed 
to be necessary to make a justifiable conclusion. We did 
not achieve a significant correlation, which was supported 
by Leroy et al[29].

No clinically significant adverse effect was seen in our 
patients. Local side effects following vaccination were 
observed in 10.5%, while systemic side effects such as 
flulike syndrome, headache, fever and fatigue occurred in 
2.6% of  patients. These rates are almost similar to those 
reported in other studies[22,26,30]. In conclusion, patients 
with chronic hepatitis C infection tend to respond weakly 
to HBV vaccination compared to healthy individuals, 
though this correlation is not independent according to 
multivariate analysis.
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