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Abstract

The effect of hepatitis B virus (HBV) co-infection in patients with hepatitis C virus (HCV) 

remains unclear. We used the National Veterans Affairs HCV Clinical Case Registry to identify 

patients with confirmed HCV viremia during 1997–2005. We defined HBV co-infection as a 

positive test for hepatitis B surface antigen, HBV DNA, or hepatitis B e antigen. We defined 

cirrhosis and HCC based on the validated ICD9 codes and determined mortality through the end of 

2009. We performed Cox proportional hazard regression analyses to examine the effect of HBV 

co-infection stratified by HBV DNA status (positive or negative) on the risk of cirrhosis, HCC, 

and death adjusting for patients’ age, gender, race, HIV infection, alcohol or drug use, Deyo 

Score, and antiviral treatment. Among 99,548 patients with HCV infection, 1370 patients (1.4%) 

had HBV co-infection. Of the co-infected patients, 677 (49.4%) patients had at-least 1 HBV DNA 

test done and 303 patients (44.7%) tested positive for HBV DNA. The incidence rates of cirrhosis, 

HCC, and death were significantly higher in patients with HBV co-infection and detectable HBV 

DNA compared to HCV mono-infection (36.8, 6.9, and 41.7 versus 17.4, 3.6, and 31.4 per 1,000 

person-years, respectively; p<0.05 for all comparisons). After adjustment for demographic, 

clinical, and treatment factors, patients with detectable HBV DNA had a significantly higher risk 

for cirrhosis, (hazard ratio [HR] =1.89 95% CI=1.46–2.45), HCC (HR=2.12, 95%CI=1.26–3.60), 

and death (HR=1.62, 95%CI=1.33–1.99), respectively, compared to HCV mono-infected patients. 

There were no differences in the risk of cirrhosis, HCC, or overall mortality between co-infected 
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patients with undetectable HBV DNA and those with HCV mono-infection (HRs=1.18, 95% 

CI=0.90–1.55; 1.54, 95% CI=0.93–2.56; 1.08, 95% CI=0.88–1.33, respectively). In conclusion, 

we found that while only a small number of HCV patients were co-infected with HBV, patients 

with documented HBV viremia were at a significantly higher risk for cirrhosis, HCC, and overall 

death than HCV mono-infected patients. Absence of HBV replication was associated with a 

clinical course similar to that of HCV mono-infected patients.
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Introduction

Chronic infection with hepatitis B virus (HBV) and hepatitis C virus (HCV) are the most 

common causes of chronic liver disease worldwide. In the U.S., approximately 2.7–3.9 

million people have HCV and 800,000–1.4 million people have chronic HBV infection (1, 

2). Data suggest that ~ 2–10% of patients with chronic HCV may indeed be co-infected with 

HBV (2, 3, 4).

Many studies have examined the clinical outcomes of chronic HBV and HCV separately. 

However, less is known about the clinical course and outcomes of patients with HCV-HBV 

co-infection (5, 6). Most of the available data on clinical outcomes in HCV-HBV co-

infected patients come from Southeast Asia and southern Europe (7). HBV is acquired in the 

perinatal period or early childhood in these regions, whereas in the U.S. it is often acquired 

much later in life (8). There are also racial differences that further limit the generalizability 

of existing, albeit scant, data to the U.S. patients with HCV-HBV co-infection. Moreover, 

most studies have evaluated the clinical outcomes of HCV co-infection in cohorts of patients 

with HBV (9) and not vice-versa. There are also several reports on the effects of HBV-HCV 

co-infection in HIV+ populations, where increased morbidity is observed (10, 11, 12). In 

summary, the effect of HBV co-infection on clinical outcomes in U.S. patients with HCV 

remains unclear.

Data show that HCV and HBV can modulate each other when co-infecting the same host. 

Although viral dominance patterns are unpredictable, it is believed that HCV is dominant in 

the majority of HCV-HBV co-infected patients as evidenced by low to absent HBV DNA 

levels in these patients (13). However, most of the previous studies did not have the ability 

to examine the impact of HBV viral dominance (i.e., detectable HBV DNA) on the clinical 

course of HCV-HBV co-infected patients. Information about the clinical course of HCV-

infected patients with HBV co-infection is important for providing evidence based prognosis 

estimates that are needed for counseling patients regarding intensity of follow-up as well as 

urgency of receiving antiviral treatment.

In a national cohort of Veterans with HCV, we examined whether clinical outcomes such as 

cirrhosis, HCC and death differ between patients with HCV-HBV co-infection versus those 

with HCV mono-infection. Specifically, we examined the effect of active HBV replication 

as evidenced by positive HBV DNA on clinical outcomes in the co-infected patients—data 
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that may help stratify risks and treatment recommendations for this unique patient 

population.

Methods

Data Source

We used data from the VA HCV Clinical Case Registry (CCR), which contains health 

information for all known HCV-infected patients from 128 VA facilities nationwide. The 

CCR automatically identifies patients with positive HCV antibody tests as well as HCV-

related ICD-9 codes. Data elements in the CCR include demographics; laboratory test 

results; outpatient and inpatient VA pharmacy data; and inpatient and outpatient diagnoses 

codes. Additional details of the CCR data are published elsewhere (14). We examined data 

sets obtained from the VA HCV CCR database for patients diagnosed with HCV in the VA 

between October 1, 1997 and September 31, 2005 with follow up through December 31, 

2009.

Study Population

Patients had to have at least one positive HCV RNA test or HCV genotype test result 

between FY 1997 and 2005, at least one visit at a VA facility, and a minimum of one year of 

follow up after the HCV index date to be included in the study. The HCV index date was 

defined as the first occurrence of a positive HCV test or HCV-related ICD-9 code.

Study Exposure

HBV co-infection was defined as a positive test for hepatitis B surface antigen (HBsAg), 

HBV DNA, or hepatitis B e antigen (HBeAg) within 1 year before or after the HCV index 

date. HBV DNA status was determined by the presence of a positive or negative HBV DNA 

test anytime during the study period. Patients without a HBV DNA test were excluded from 

the primary analyses. The date of HCV diagnosis was used as the index date for both the 

mono-infected and co-infected groups regardless of the HBV diagnosis date.

Study Outcomes

Cirrhosis was defined by ICD-9 codes 571.2, 571.5 or 571.6. HCC was defined by ICD-9 

code 155.0 and the absence of code 155.1. Both of these definitions have been validated 

against detailed chart reviews and shown to have a high positive predicative value in 

previous studies (15, 16). Prevalent or coexisting cases of cirrhosis or HCC were defined as 

those recorded any time before or within one year after the HCV index date. Incident or 

newly diagnosed cirrhosis or HCC were defined as any cirrhosis or HCC present after one 

year following the HCV index date. Patients were followed up until their last VA visit, date 

of death, or December 31, 2009, whichever occurred first.

Potential confounders included demographic (age at the time of HCV index date, gender, 

and race/ethnicity) and clinical factors (HIV, diabetes, alcohol abuse, drug abuse, antiviral 

treatment, and Deyo comorbidity index)(26). HIV and alcohol abuse were defined by 

positive laboratory testing or ICD-9 code recorded any time prior to 1 year after the HCV 

index date. Drug abuse was defined by ICD-9 code that were recorded any time prior to or 1 
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year after the HCV index date. Antiviral treatment was defined as any prescription for HBV 

or HCV medication, including interferon and nucleos(t)ide analogues. We also estimated the 

total number of outpatient visits per year to account for utilization of healthcare.

Statistical Analysis

We calculated incidence rates per 1000 person-years for newly diagnosed cirrhosis and HCC 

as well as overall mortality rate in HBV co-infected (stratified by HBV DNA status) and 

HCV mono-infected groups. We generated Kaplan-Meier curves to illustrate and compare 

the cumulative incidence of cirrhosis, HCC, and mortality in the co-infected (stratified by 

HBV DNA status) versus mono-infected patients beginning at HCV index date till the end 

of follow up period. We used the log rank test to evaluate the differences among these rates.

We performed three separate multivariable Cox proportional hazards regression models. In 

the first model, we examined the risk of cirrhosis in each of the HBV co-infected patients 

with detectable HBV DNA and HBV co-infected patients without detectable HBV DNA 

versus the risk in HCV mono-infected patients. For this model, we excluded patients with 

prevalent cirrhosis and HCC from all comparison groups and adjusted for age, gender, race, 

alcohol abuse, drug abuse, antiviral treatment, and Deyo comorbidity index. In the second 

model, we compared the risk of HCC in the three study groups. We excluded prevalent cases 

of HCC from each group for this model. In the third model, we compared the risk of death in 

the three study groups. This model included all patients in our study cohort. Potential 

confounders were as detailed above.

All statistical analyses were performed using SAS 9.1 (SAS Institute, Cary, NC).

Results

Patient Characteristics

There were 98,178 patients with HCV mono-infection and 1,370 with HCV-HBV co-

infection. Of the co-infected patients, 677 (49.4%) patients had ≥ 1 HBV DNA test done and 

303 patients (44.7%) tested positive for HBV DNA. Table 1 displays the baseline 

characteristics of our study sample for the HCV mono-infected patients and HBV-co-

infection patients stratified by serum DNA status. Co-infected patients with undetectable 

DNA were younger and more likely to be male compared to HCV mono-infected patients. 

Co-infected patients with detectable DNA were more likely to be Caucasian, have a higher 

comorbidity score, and more likely to have prevalent cirrhosis compared with mono-infected 

patients. Patients with HBV co-infection (regardless of DNA status) were also more likely to 

be HIV positive and to have received antiviral treatment for either HCV or HBV.

The characteristics of the co-infected patients who did not undergo a HBV DNA test 

compared with the other groups are displayed in Appendix Table. In general, patients 

without a HBV DNA test were more likely to abuse alcohol and drugs, and less likely to 

have baseline cirrhosis and receive antiviral treatment compared to co-infected patients who 

underwent HBV DNA testing.
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Clinical Outcomes

As detailed in Table 2, during 652,344 person-years of follow up (median 7.4 years), 

cirrhosis developed at an incidence rate of 36.8/1,000 patient-years (95% CI=28.46–47.62) 

and 21.4/1,000 patient-years (95%CI=16.42–27.86) for co-infected patients with and 

without detectable DNA compared to the rate of 17.4/1,000 patient-years (95% CI= 17.11 – 

17.75) in the HCV mono-infected patients. The rate of HCC was also higher in co-infected 

patients with and without detectable HBV DNA (6.9 and 5.2/1,000 patient-years, 

respectively) compared with HCV mono-infected patients (3.6/1,000 patient-years) in 

patients with HCV mono-infection. Similarly, all-cause mortality was higher in co-infected 

patients (41.7 and 30.2/1,000 patient-years for patients with and without detectable HBV 

DNA) deaths in the mono-infected group (31.47 per 1,000 patient-years).

Figure 1 displays the relationship of co-infection further stratified by HBV DNA status for 

the cumulative incidence of cirrhosis, HCC, and overall mortality, respectively. HBV co-

infection, specifically presence of detectable HBV DNA, was strongly associated with time 

until diagnosis of all three outcomes in patients with HCV (log rank test p value <0.02).

We examined the independent association between HBV co-infection and risk of incident 

cirrhosis, HCC, and death after adjusting for demographic, clinical, and treatment factors 

(Table 3). In the multivariable Cox proportional hazards models, the risk of cirrhosis in 

HCV-HBV co-infected patients with detectable HBV DNA (i.e. HBV dominance) was 89% 

greater, the risk of HCC was 112% greater, and risk of death was 62% greater compared 

with HCV mono-infected patients. However, while the adjusted HRs were slightly elevated, 

patients with HBV co-infection with negative DNA status were not an increased risk for 

cirrhosis, HCC, or overall death compared with mono-infected patients (adjusted HRs=1.18, 

95% CI=0.90–1.55; 1.54, 95% CI=0.93–2.56; 1.08, 95% CI=0.88–1.33, respectively). 

(Table 3).

Discussion

The current report is the largest cohort study in the U.S. to examine the long-term clinical 

outcomes of HCV patients with HBV co-infection. We found that compared with patients 

with HCV mono-infection, those with HBV-HCV co-infection and positive HBV DNA had 

a significantly increased risk of cirrhosis (~89% increase), HCC (~112% increase) and death 

(~62% increase) over a median of 7.4 years of follow up. In contrast, absence of HBV 

replication was associated with a clinical course similar to that of HCV mono-infected 

patients. These differences persisted after adjusting for potential confounders including 

demographic, clinical, and antiviral treatment related factors.

Our study confirms the findings from previous studies, but extends the reach of these results 

for the first time to the U.S. population of HCV-HBV co-infected patients (17). The majority 

of these previous studies found a negative (i.e., adverse) effect of HBV-HCV co-infection 

on clinical outcomes including HCC and cirrhosis compared to mono-infection with either 

virus alone. In contrast, some reports (again from the non-US populations) report no additive 

effect of HBV and HCV on morbidity. For example, in a recent meta-analysis, Cho et al. 

found that HBV-HCV co-infection had only a sub-additive increased risk for HCC as 
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compared to HBV or HCV mono-infection (18). However, use of disparate serological 

markers for HBV and HCV infection as well as over-reliance on HBsAg status might have 

underestimated the number of co-infected patients in these studies. Our results show that 

HCV and HBV may indeed have a synergistic effect on progression of liver disease in this 

large group of U.S. patients with confirmed HCV (defined on the basis of active HCV 

viremia) and well-defined HBV status. Furthermore, most of the HCV patients in the VA are 

diagnosed as a result of a system wide screening program, rather than after development of 

complications from liver disease; and majority of HCV patients had concurrent testing for 

HBV (19). Presence of this unique screening mechanism makes our sample a relatively 

unbiased cohort.

HBV and HCV are known to modulate each other during chronic infection. HBV-HCV co-

infection is associated with lower DNA and RNA levels for both viruses respectively, 

although HBV viremia is depressed to a larger extent (20). HCV decreases the expression of 

HBV proteins and inhibits HBV replication within livers of co-infected patients (21, 22). On 

the other hand, high HBV viral loads have been associated with an increased risk for the 

development of HCC in HBV mono-infected patients (23). In our study, we found that 

44.7% of the HBV co-infected patients who underwent testing for HBV DNA had evidence 

of detectable DNA in the serum. Our results also confirmed our hypothesis that active HBV 

replication--measured by positive serum DNA levels –resulted in worse clinical outcomes 

for co-infected patients. Indeed, many previous studies are limited by the use of HBsAg, 

rather than serum DNA levels, as a marker for co-infection, and thus cannot distinguish 

between inactive versus active HBV. Active replication of HBV might induce HCC at a 

higher frequency in HCV patients for a number of possible reasons. While cirrhosis is the 

most important risk factor for HCC in patients with HCV, HBV in itself increases the risk of 

HCC. The X protein of HBV has been extensively studied as a potential oncogene 

precipitating HCC (24, 25), which could contribute to an increased incidence of HCC with 

HBV infection. This may explain the increased cancer risk and incidence rate observed in 

the co-infected cohort with detectable serum DNA levels in all patients as well as those with 

cirrhosis.

We also found that 50.6% of patients with HBV co-infected did not receive a test for HBV 

DNA despite a median of 7.4 years of follow up in the VA. This group tended to be more 

likely to have alcohol and drug abuse diagnoses. Furthermore, untested patients were also 

less likely to be treated with antivirals and less likely to have a diagnosis of cirrhosis. This 

constellation suggests under-surveillance in a high-risk population that may not have 

consistent contact with the health care system. On the other hand, collectively, our data 

underline the critical importance of screening co-infected patients for serum HBV DNA, 

since the presence of active HBV replication resulted in much worse outcomes compared to 

HCV mono-infection and co-infection with positive HBsAg. Our results also suggest that 

focusing on younger patients and those with comorbid alcohol and drug use may improve 

the rates of HBV viral load testing in patients with co-infection.

Our study is limited by the observational retrospective nature of its design and missing some 

variables such as family history of HCC (26). However, large prospective studies with 

sufficient long term follow up to document clinical outcomes in HCV-HBV co-infected 

Kruse et al. Page 6

Hepatology. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



patients are not likely to be forthcoming due to cost and feasibility issues. Several 

unmeasured patient characteristics could have also affected our results. Specifically, 

although we accounted for HBV or HCV antiviral treatment in our regression models, we 

did not fully examine the effectiveness of antiviral treatment in suppressing HCV or HBV in 

this study; future studies will focus on treatment effectiveness in co-infected patients. We 

also did not have information on adherence to antiviral medication; therefore, we were 

unable to account for differences in treatment adherence across patients groups. However, 

our observation underscores the importance of treating HCV-HBV co-infected patients 

given their poorer prognosis, especially with the advent of oral highly effective interferon 

free regimens (27). Our results are derived from diagnosed HCV infected patients who 

sought care in the VA healthcare system, and although the generalizability of the biologic 

process of cirrhosis progression probably extends from these veterans to other HCV-HBV 

infected individuals in the VA as well as nonveterans, further research would be needed to 

confirm that. We are also limited by the ICD-9 coding system’s sensitivities and specificities 

for our outcomes, which may vary between the VA and non-VA practitioners, thus limiting 

the generalizability of overall rates of cirrhosis and its complications to HCV-HBV co-

infected patients outside of the VA. Finally, mutations within HBV have been shown to alter 

the course of co-infection. However, the majority of co-infected patients did not have these 

data available in their electronic medical records (28). In spite of these weaknesses, our 

study has several strengths including the long period of follow up, use of previously 

validated definitions of cirrhosis and HCC, and examination of a range of variables that may 

differentially impact clinically meaningful endpoints in HCV (with or without co-infection). 

Furthermore, most of our cohort likely acquired HCV (and HBV) as a result of injection 

drug use or sexual transmission (29, 30) and thus more closely represents the U.S. born 

patients who primarily acquire HBV later in life compared to immigrants from HBV 

endemic regions of the world (fewer than 4% of our HBV-HCV infected patients belonged 

to Asian race) where perinatal transmission remains the most prevalent source of infection.

In conclusion, we found that while only a small number of HCV patients (1.4%) were co-

infected with HBV, patients with documented HBV viremia were at a significantly higher 

risk for cirrhosis, HCC, and overall mortality than HCV mono-infected patients. Patients 

with HBV and HCV co-infection, therefore, necessitate special attention by physicians and 

should be triaged for close monitoring and/or antiviral treatment. Our study also highlights 

the critical importance of testing co-infected patients for serum HBV DNA, as presence 

HBV viremia dramatically increased the risk of cirrhosis, HCC, and mortality in our cohort. 

Future studies are needed to confirm the safety and effectiveness of combination regimens 

including new direct acting antiviral agents for HCV with existing HBV medications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

HBV Hepatitis B virus

HCV hepatitis C virus

IDU injection drug use

VA Veterans Affairs

CCR Clinical Case Registry

ICD-9 International Classification of Disease, 9th Revision

HBcAb hepatitis B core antibody

HBsAg hepatitis B surface antigen

HBeAg hepatitis Be antigen

HBeAb hepatitis Be antibody
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Figure 1. 
Cumulative incidence of cirrhosis (1A), hepatocellular Cancer (1B), and death (1C) in HCV 

mono-infected patients compared to HCV-HBV co-infected patients with detectable 

(positive) and undetectable (negative) HBV DNA. We use the log rank test to test the 

differences among these rates. HCC-hepatocellular cancer
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Table 3

Cox proportional hazard models of clinical outcomes between patients with HCV-HBV co-infection stratified 

by serum HBV DNA status (detectable or undetectable) versus patients with HCV mono-infection

Characteristics Adjusted Hazard Ratio (95% Confidence interval)

Cirrhosis HCC Death

Infection Status

 HCV mono-infected 1.00 1.00 1.00

 HBV co-infected, DNA + 1.89 (1.46–2.45) 2.12 (1.26–3.60) 1.62 (1.33–1.99)

 HBV co-infected, DNA − 1.18 (0.90–1.55) 1.54 (0.93–2.56) 1.08 (0.88–1.33)

Demographics

Gender

 Female 1.00 1.00 1.00

 Male 1.39 (1.22–1.58) 5.23 (2.96–9.22) 1.59 (1.44–1.75)

Age in years

 < 50 1.00 1.00 1.00

 50–59 1.20 (1.15–1.25) 2.13 (1.96–2.32) 1.51 (1.46–1.55)

 ≥ 60 1.15 (1.06–1.24) 3.22 (2.83–3.65) 2.97 (2.86–3.09)

Race

 Caucasian 1.00 1.00 1.00

 Black 0.62 (0.60–0.65) 0.83 (0.75–0.91) 0.68 (0.66–0.70)

 Other 1.19 (1.11–1.28) 1.41 (1.23–1.62) 0.85 (0.81–0.90)

 Missing 0.72 (0.66–0.78) 0.81 (0.68–0.97) 1.24 (1.18–1.29)

Clinical Factors

Alcohol abuse

 No 1.00 1.00 1.00

 Yes 1.39 (1.33–1.45) 1.42 (1.29–1.55) 1.43 (1.39–1.48)

Drug abuse

 No 1.00 1.00 1.00

 Yes 0.74 (0.70–0.78) 0.58 (0.52–0.65) 0.85 (0.82–0.87)

HIV

 No 1.00 1.00 1.00

 Yes 0.96 (0.88–1.04) 0.95 (0.79–1.14) 1.20 (1.14–1.26)

Antiviral Treatment

 No 1.00 1.00 1.00

 Yes 1.84 (1.76–1.91) 1.09 (0.99–1.21) 0.46 (0.44–0.48)

Deyo score

 0 1.00 1.00 1.00
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Characteristics Adjusted Hazard Ratio (95% Confidence interval)

Cirrhosis HCC Death

 1 1.13 (1.08–1.19) 1.11 (1.01–1.22) 1.48 (1.44–1.53)

 2 or higher 1.17 (1.09–1.26) 0.94 (0.80–1.10) 2.26 (2.18–2.35)

Outpatient visits 1.00 (1.00–1.00) 1.00 (1.00–1.01) 1.00 (1.00–1.00)
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