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Abstract
Background
In light of dramatically changing hepatitis C therapeutic landscape, knowledge of the current burden
of HCV infection in the general population of the United States is critical.
Methods and Participants
The National Health and Nutrition Examination survey collects nationally representative data on
HCV infection in the civilian population of the United States. Data from 2001 to 2010 were
combined for this study. HCV testing was completed in 38,025 participants.
Results
The prevalence of anti-HCV in the United Sates decreased from 1.9% (95% CI1.5%-2.5%) in 2001-
2002 to 1.3% (95% CI 0.9%-1.8%) in 2005-2006, and remained stable up to 2010. About 67% of all
infected persons were positive for HCV RNA, indicating 2.3 million people with chronic HCV
infection, of whom 68% have genotype 1. Seventy percent of infected persons were born between
1945 and 1965, with prevalence of 3.5% (95% CI 2.2%-4.8%). The stable rate since 2006 is mostly
related to prevalent cases and foreign born persons migrating into US. Other important risk factors
include less education and low economic status. Race, HIV status, number of sexual partners and
blood transfusions are no longer associated with HCV infection.
Conclusions:
As of 2010, approximately 2.3 million persons were chronically infected with Hepatitis C in the US.
Most of those infected are prevalent, rather than incident cases. The prevalence of HCV was on the
decline, but has stabilized since 2006. Future studies should explore reasons for no decline in HCV

prevalence since 20006.
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Introduction

Hepatitis C virus (HCV) is the most common blood-borne infection in the USA[1] and
worldwide.[2] It is the leading cause of chronic liver disease, hepatocellular carcinoma, and is the
most common indication for liver transplantation in North America and Western Europe.[3-5] The
number of individuals with chronic hepatitis C virus (HCV) infection in the US increased from 2.7
million during 1988-1994[06] to 3.9 million during 1999-2002.[7] Approximately 65-75% of patients
with acute HCV develop a chronic infection. Incidence of HCV increased markedly in the 1970s
and 1980s, with an average of 230 000 new infections each year.[8] Theincidence declined
dramatically in the 1990s following the implementation of effective screening of blood product
donors. With HCV largely eradicated from the blood product supply, new infections have been
largely limited to persons who inject or snort drugs. In' 2010, only 17 000 persons were estimated to
have acquired new HCV infections.[9] A majority of the pool of individuals currently with HCV is
believed to have acquired infection in the remote past, and is at increased risk for time dependent

HCV-related morbidity and mortality. [10,11]

Identification of HCV-positive persons for appropriate counseling and management is a public
health priority. The Center for Diseases Control and US Preventive Services Task Force recommend
testing for persons most likely to be infected, including people born between 1945-1964.[12,13]
Other risk groups include persons with a history of ever injecting drugs, long term hemodialysis,
blood transfusions or organ transplants before 1992 and people with persistent biochemical
evidence of liver injury.[14] Screening is also recommended for persons with recognized blood
exposure, including health care, emergency and public safety workers, mucosal exposure, children of

HCV-infected mothers and HIV infected.[15]



Unfortunately, many HCV infected persons are asymptomatic, have not been tested for HCV and
only present to care providers when complications occur. [16] A majority of infected persons do not
receive antiviral treatment[17,18] because they are unaware of their infection.[19,20] It is estimated
that about 45% to 85% of US adults who are chronically infected with HCV continue to be

undiagnosed.[21-24]

The National Health and Nutrition Examination Survey (NHANES) periodically collects data on
HCV infection, allowing clinicians to target at-risk groups with educational services and therapeutic
interventions. The last report on the epidemiology of HCV infection in the US population was
between 1999 and 2002.[25] NHANES has since collected and teported data on HCV up to the year
2010. Management for hepatitis C is evolving rapidly, with increasingly available effective and safe
therapies. Knowledge of the current burden and‘at risk groups for HCV infection nationwide is
critical. The main purpose of this study was to describe the current epidemiology of HCV infection
in the United States general population. Specifically, we aimed to 1) estimate the national prevalence
of Hepatitis C virus infection 2) analyze trends in HCV infection and 3) identify at risk populations

for HCV infection among US adults aged 6 years and older.



Participants and Methods

Survey

The NHANES is conducted by the Centers for Disease Control and Prevention’s (CDC) National
Center for Health Statistics (NCHS). It collates nationally representative data on the health and
nutritional status of the non-institutionalized, civilian population of the United States. The
NHANES uses a stratified and multistage probability sampling design and collects information from
persons using standardized household interviews, physical examinations, and testing of biologic
samples. More detailed information on the survey design for the NHANES, including approval
from the institutional review board for data collection and analysis, is available from the survey

documentation.[20]

Initially, a questionnaire covering only nonsensitive topics is used to interview participants at home.
Here, demographic data on age, sex ethnicity, country of birth etc is collected. Information on
potentially sensitive subjects, such as sexual practices and illicit drug use, is obtained later at a mobile
examination center by means of a computer-assisted personal interviewing technique. The poverty
index was calculated by dividing the total family income by the poverty threshold, as defined by the
U.S. Census, with adjustment for family size at the time of the interview. Questions about years of
education, marital status, occupation, military service, sexual behavior and illegal drug use including

injection drug use were asked of participants 17 years of age or older.

Laboratory Testing
Serum specimens are processed, stored, and sent to the Centers for Disease Control and Prevention.

Qualitative determination of anti-HCV in blood serum or plasma was measured using an anti-HCV



screening enzyme-linked immunosorbent assay (ELISA) (Ortho CD VITROS Anti-HCV
Immunodiagnostic System; Ortho Clinical Diagnostics, Raritan, NJ). Supplemental recombinant

immunoblot assays (RIBA) (Chiron RIBA HCV Strip Immunoblot Assay, Chiron Corp., Emeryville,
California) were performed on all specimens that were repeatedly reactive by ELISA testing. RIBA-
positive samples were reported as confirmed positive for anti-HCV, RIBA-negative samples were
reported as negative for anti-HCV, and indeterminate results were reported as indeterminate.
Beginning in 2005-20006, positive and indeterminate samples were further tested for HCV-RNA
using the COBAS AMPLICOR HCV Test (version 2.0; Roche Diagnostics Corp., Indianapolis, IN),
an in vitro nucleic acid amplification test for the quantitation of HCV-RNA in human serum or
plasma. HCV genotypes are identified using the VERSANT ® HCV Genotype 2.0 Assay (LiPA), a
line probe assay designed to identify Hepatitis C virus (HCV) genotypes 1 to 6 in human serum or
EDTA plasma samples. Genotypes are repofted as genotype 1, other than genotype 1 or
undetermined. Alanine aminotransferase (ALT) levels (normal range 0 to 39U/L) were measured in
specimens that had been stored and‘shipped under appropriate refrigeration conditions (4 °C to 8

°C). Participants 6 years or older are tested for HCV.

Statistical Analyses

Data from the 2009-2010 survey cycle were used to describe the current epidemiology of HCV
infection'in the United States. All analyses were performed using Stata version 11, Tx Inc. software
according to the NCHS guidelines. We used appropriate study design variables and published
weights that were further adjusted to compensate for missing anti-HCV values. Estimates of
prevalence were weighted so as to represent the total U.S. population 6 years and older, and to

account for oversampling and for nonparticipation in the household interview and physical
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examination. To estimate the number of HCV RNA—positive persons, these weights were further
adjusted to compensate for the RIBA-positive and RIBA-indeterminate specimens that were

unavailable for RNA testing because of inadequate specimen volumes.

Prevalence of HCV is presented by various demographic factors on figures and tables. Data from
2001-2010 of the NHANES Survey were combined to evaluate trends and risk factors associated
with HCV infection. Only individuals 17 years and older were included in the risk factor analysis.
Positive predictive values for an abnormal ALT were calculated for individuals <70 years old and for
the 1945-1965 birth cohort. Proportions from univariate analyses were compared using the chi-
square test, with actors having P <0.2 included in the multivariate analyses. P values < 0.05 were

considered significant in the multivariate model.



Results

Characteristics of study participants

A total of 52,195 individuals participated in the NHANES survey from 2001- 2010. Of these,
43,179(82.7%) persons were 6 years and older. Adequate serum samples were available for testing in
38,025 persons (88.1% of >06years). The median age of study participants was 32 years (IQR 16 to

56 years). About 51.3% were women.

Prevalence of Antibodies to HCV in US' as of 2010

Based on RIBA testing, the prevalence of anti-HCV positivity in the United States was 1.3 %( 0.9-
1.8%), which translates into approximately 3.5 million persons in the US general population as of
2010. A total of 7,764(98.4%) and 14(0.3%) samples were RIBA negative and indeterminate
respectively. Of all anti-HCV positive individuals, 90.6% had specimens for HCV-RNA testing, with
66.4% (2.3 million) having detectable virus levels. As of 2010, 67.9% and 22.1% cases were
genotypes 1 and 2 respectively. Ten percent of cases had indeterminate genotype. Table 1 shows the
prevalence of anti-HCV by various characteristics of the study population and gender as of 2010.
The prevalence was higher in men than women (1.9% vs. 1.1%, P<0.001). By age, greater than two-
thirds (70.1%) of those infected were in the 45years to 65years old group, corresponding to the 1945
to 1965 birth cohort in 2010. The prevalence in this age group was 3.5% (95% CI 2.2% to 4.8%).
Figure 1 shows the burden of anti-HCV by age group as of 2010. The prevalence was noted to be
highest among male non-Hispanic Blacks (2.2%) compared to Non-Hispanic whites (1.3%). Figure

6(Supplement 1) shows the prevalence by race and age group in 2010.



Trends in Prevalence of antibodies to HCV infection from 2001 to 2010

Overall, there was a trend for decreasing prevalence of anti-HCV over time; from 1.9% (95% CI
1.5%-2.5%) in 2001-2002 to 1.3% (95% CI 1.0%-1.8%) in 2005-2006 cycles. However, since 2000,
the prevalence of anti-HCV has remained stable at 1.3% as of April 1, 2010. Figure 2 shows the trend
of anti-HCV by gender. The prevalence decreased similarly in both men and women until 2000.
However, the prevalence has continued to decrease among women but an upward trend was noted

in men.

An age-cohort effect was observed throughout the study period. Inthe 2001-2002 cycle, the greatest
proportion of anti-HCV persons were the 45-65(3.5%) year olds, corresponding to the 1945 to 1965

birth cohort(Figure 3).

An overall decreasing trend was observed by race. Figure 4 (supplement 2)shows that while there was a
decreasing trend among all races throughout the study period, non-Hispanic blacks bore the greatest

burden of HCV infection in the United States.

In 2001-2002, most of the persons with anti-HCV were born in the USA (2.2% Vs 0.3%). The
prevalence of anti-HCV decreased significantly among US born persons throughout the study
period to about 1.4% in 2009-2010. Overall, there was a trend toward increase in the prevalence of
anti-HCV among persons born outside of the USA. The prevalence increased from 0.3% to 0.8%
between 2001 and 2006. However, it decreased to 0.4% in 2007 but as of 2010, it was up to 1.0%”.

Figure 5 shows trends in the prevalence of anti-HCV by place of birth
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Factors associated with presence of antibodies to HCV” in the US from 2001-2010

Table 2 shows factors associated with having antibodies to HCV. The significant limit for a factor to
be included in the multivariate model was set at p<0.2. The strongest risk factors for having anti-
HCV included people aged 45 to 65 years old, being born in the United States, less than high school
education, lifetime drug use, abnormal alanine aminotransferase levels(ALT>39U/L) and having
antibodies to herpes simplex virus type 2. The positive predictive value for ALT for persons less
than 70 years old and for the 1945-1965 birth cohort were 5.14% and 6.7% tespectively. Race, HIV

status, service in US military and gender were not predictive after adjustment.
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Discussion

In this work we analyzed the most recent data from the NHANES survey. The NHANES survey is
important as it provides a uniquely detailed nationally representative dataset of the US non-
institutionalized population. The standardization of its methods allows for consistent and good
quality data gathering. There are several important findings in this analysis of the NHANES survey.
The primary observation of this study is that the prevalence of antibodies to HCV in the non-
institutionalized United States population is 1.3% and has not declined since 20006.[27,28] This
corresponds to an estimated 3.5 million people in the United States whoare 6 years and older. This
prevalence is almost certainly an underestimate as NHANES does not include some high risk
populations, including the incarcerated, hemodialysis patients and the homeless. Of all persons with
anti-HCV, 2.3 million had evidence of chronic infection as suggested by a positive HCV-RNA.
Because HCV-RNA testing is performed only on a single sample, it is possible that some cases with

chronic infection are being missed given that viremia can be transient.[29]

The prevalence of anti-HCV is at its lowest ever in the United States. However, since 20006, the
prevalence has not declined any further. A recent study, however, has reported an increasing trend in
HCV prevalence worldwide between 1990 and 2005.[30] The decline in the anti-HCV prevalence in
the USsince the 1990s is largely attributed to the decline of illicit drug use, institution of strict
policies regarding unsafe medical practices and testing of all blood donors.[31] Over the last decade,
IVDU has decreased significantly in the USA.[32,33] Globally, frequencies of HCV transmission by
various routes differ and major differences have occurred in some regions of the world[34] We
believe that the decline in HCV prevalence in the US is a validation of the effectiveness of the 1998

recommendations.|[35]
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This study suggests that a majority of the people with positive anti-HCV are on the basis of
prevalent rather than incident infections. Greater than two-thirds(70.1%) of all seroprevalent cases
were in the 45-65years old age group (1945-1965 birth cohort). The Centers for Disease Control and
US Preventive Services Task Force recommend HCV screening in people born between 1945 and
1965, which corresponds to persons aged 48 to 68 years in 2013.[36,37] From 2001-2010, we were
able to show a birth cohort effect with respect to prevalent infection. Figure 3 cleatly shows that the
1945-1965 birth cohort accounts for most of the prevalent cases at each time point. It is anticipated
that, as this cohort ages, we will see more HCV related complications such as liver cirrhosis and
hepatocellular cancer secondary to HCV acquired several decades ago.[38,39] Furthermore, in light
of dramatically changing hepatitis C therapeutic landscape with highly effective and well tolerated
pangenomic HCV treatment regimens[40-42], timely diagnosis becomes even more important. Early

identification of infected individuals could curb HCV-related morbidity and mortality.

It is encouraging to note that the prevalence of anti-HCV among those less than 30 years old has
remained very low. The risk of acquiring HCV infection in the US is at its lowest since the 1990s. In
fact, the CDC estimates that only about 17 000 new infections were acquired in the whole country in

2010.[43]

Knowledge of risk factors for HCV infection is crucial in resource allocation for prevention
measures. The large numbers in this study have permitted us to pinpoint with confidence the most
important risk factors at which our limited resources can be directed with the highest yield from a
public health perspective. We were able to show that some factors which have previously been
noted as predisposing to HCV transmission (e.g. number of sexual partners, age at first sexual

intercourse) may not be as strong as previously thought. Risk-based strategies may fail for a
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multitude of reasons, including patient denial of risk factor presence[44] or due to providers not
eliciting complete risk-factor histories.[45] A recent study found that the current risk-based
screening strategy for HCV infection is not being implemented for a large proportion of patients

during medical evaluations.[40]

Injection drug use remains the strongest risk factor for HCV infection.[47-49] The CIDC estimates
that most new cases of HCV infection occur in IDU individuals and this group is partially
responsible for the non decline in HCV prevalence since 2006. Annual HCV incidence rates ranging
from 8 to 25% have been reported in young adult injectors.[50] The highest incidence rates occur
eatly after initiation of injection drug use[51-53], and prevention strategies targeting new injectors or
persons at risk of starting should help avert this trend.[54] Early identification of this high risk
population provides unique opportunity for interventions aimed at breaking the chain of
transmission as well articulated by Page et al.[55] This group is the basis of the ongoing prospective
UFO study to inform comprehensive prevention among IDUs.[56] Unfortunately, because of
confidentiality issues, NHANES does not routinely collect information on IDU among individuals
who are less than 17 years old and therefore, we were unable to explore this group in detail. Low
socio-economic status.and less education were associated to anti-HCV. These latter factors are

often associated with high risk behaviors, including IDU and thus higher risk of infection.

Abnormal ALT was very strongly associated with anti-HCV presence. However, the positive
predictive value of ALT as a screening tool for HCV remains very low even among the 1945-1965
birth cohort. Unfortunately, abnormal ALT remains the main indication for HCV screening in
community practices.[57] Studies from other settings have also found elevated ALT not to be

predictive of HCV infection.[58-60]
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Interestingly, as opposed to previous reports[61,62], lifetime number of sexual partners and age at
first sexual intercourse were not predictive of anti-HCV. The reason for this difference is probably
related to failure of these studies to adjust for several confounders and relative small numbers. Our
study is the largest so far and the multivariate model included most established confounders.
Although sexual transmission of HCV is well documented among HIV infected men who have sex
with men, the risk of transmission among non-HIV infected heterosexual partners,as found in this

study, is almost nonexistent.[63]

Previous blood transfusions are no longer associated with being anti-HCV positive. This finding is
likely the result of the public health drive in the 1990s towards reducing the risk of transfusion
related HCV infection.[64,65] The associations between blood transfusion and HCV infection in the
US have typically been reported prior to 1992.[66] Out study included blood transfusions at all
periods, including the period during which universal screening of blood products for HCV was

implemented.

NHANES remains the only nationally representative database in the United States that allows for
such a study in the general population. Furthermore, combining data over 10 years provided a large
study population, allowing for the calculation of robust and reliable estimates of associations. This
study also has some limitations. NHANES is a cross-sectional survey and thus incidence of HCV
infection cannot be estimated from this study. We can only infer from the stable prevalence that the
rate of new infections is probably very low. Temporal sequence between risk factor(s) exposure and
HCV infection cannot be ascertained. Results from NHANES data are only applicable to the non-
institutionalized civilian population in the US, which represents only a portion of all HCV infected
persons. These results cannot be extrapolated to some high risk groups such as the homeless or

incarcerated, for whom the prevalence is likely to be higher than that of the general population. Our
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study relied on self-reporting and thus subject to recall bias. The use of IDUs is a socially
stigmatized illegal activity that can result in people being unwilling to admit to this behavior. The
latter may have resulted in an underestimation of these factors. The NHANES 3 step testing process
is certainly more costly and time consuming. We think that simple EIA III with reflex to PCR
without the RIBA step would have been less costly. RIBA did not, however, detract from the

accuracy of our results.
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Conclusions

We describe the current epidemiology of hepatitis C in the non-institutionalized civilian US
population as of 2010. About 2.2 million persons are chronically infected with Hepatitis C in the US.
Most of those infected are prevalent (born between 1945 and 1965), rather than incident cases. The
prevalence of hepatitis C infection, which was on the decline in the US, has stabilized since 2006.
With an anticipated increase in HCV-related complications as the 1945-1965 birth cohort ages, there
is an increased need to identify and treat infected persons, especially in light of the advent of more
effective and tolerable HCV therapies. The results of this NHANES survey suggest that screening
tor HCV should also be considered in persons migrating into the US. Future studies should explore

reasons for no further decline in HCV prevalence since 2006.

17



(1]

(2]
(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

Reference List

Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F, Moyer LA et al. The prevalence of
hepatitis C virus infection in the United States, 1988 through 1994. N Engl J Med 1999; 341(8):
556-62.

Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J Med 2001; 345(1): 41-52.

Alter MJ. Epidemiology of hepatitis C virus infection. World J Gastroenterol 2007; 13(17): 2436-
41.

Seeff LB. Natural history of chronic hepatitis C. Hepatology 2002; 36(5 Suppl 1): S35-S46.
Tan J, Lok AS. Update on viral hepatitis: 2006. Curr Opin Gastroenterol 2007; 23(3): 263-7.

Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F, Moyer LA et al. The prevalence of
hepatitis C virus infection in the United States, 1988 through 1994. N Engl ] Med 1999; 341(8):
556-62.

Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter MJ. The prevalence of
hepatitis C virus infection in the United States, 1999 through 2002. Ann Intern Med 2006;
144(10): 705-14.

Centers for Disease Control and Prevention. Viral Hepatitis Surveillance,
United States 2010. 2012:1-71. Accessed at www.cdc.gov/hepatitis/Statistics

/2010Surveillance/ Commentary.htm on 10 July 2012.
Ref Type: Generic

Centers for Disease Control and Prevention. Viral Hepatitis Surveillance,
United States 2010. 2012:1-71. Accessed at www.cdc.gov/hepatitis/Statistics

/2010Surveillance/Commentary.htm on 10 July 2012.
Ref Type: Generic

Davis GL, Albright JE, Cook SF, Rosenberg DM. Projecting future complications of chronic
hepatitis C in the United States. Liver Transpl 2003; 9(4): 331-8.

Rein DB, Wittenborn JS, Weinbaum CM, Sabin M, Smith BD, Lesesne SB. Forecasting the
morbidity and mortality associated with prevalent cases of pre-cirrhotic chronic hepatitis C in
the United States. Dig Liver Dis 2011; 43(1): 66-72.

Recommendations for prevention and control of hepatitis C virus (HCV) infection and HCV-

related chronic disease. Centers for Disease Control and Prevention. MMWR Recomm Rep 1998;
47(RR-19): 1-39.

18



(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

Moyer VA. Screening for Hepatitis C Virus Infection in Adults: U.S. Preventive Services Task Force
Recommendation Statement. Ann Intern Med 2013.

Recommendations for prevention and control of hepatitis C virus (HCV) infection and HCV-
related chronic disease. Centers for Disease Control and Prevention. MMWR Recomm Rep 1998;
47(RR-19): 1-39.

1999 USPHS/IDSA guidelines for the prevention of opportunistic infections in persons infected
with human immunodeficiency virus. U.S. Public Health Service (USPHS) and Infectious Diseases
Society of America (IDSA). MMWR Recomm Rep 1999; 48(RR-10): 1-6.

Seeff LB. Natural history of chronic hepatitis C. Hepatology 2002; 36(5 Suppl.1): S35-S46.

Cheung R, Mannalithara A, Singh G. Utilization and antiviral therapy in patients with chronic
hepatitis C: analysis of ambulatory care visits in the US. Dig Dis Sci 2010; 55(6): 1744-51.

Volk ML, Tocco R, Saini S, Lok AS. Public health impact of antiviral therapy for hepatitis C in the
United States. Hepatology 2009; 50(6): 1750-5.

Denniston MM, Klevens RM, McQuillan GM, Jiles RB. Awareness of infection, knowledge of
hepatitis C, and medical follow-up among individuals testing positive for hepatitis C: National
Health and Nutrition Examination Survey 2001-2008. Hepatology 2012; 55(6): 1652-61.

Volk ML, Tocco R, Saini S, Lok AS. Public health impact of antiviral therapy for hepatitis C in the
United States. Hepatology 2009; 50(6):1750-5.

Volk ML, Tocco R, Saini S, Lok AS.-Public health impact of antiviral therapy for hepatitis C in the
United States. Hepatology 2009; 50(6): 1750-5.

Dhingra K, Talpaz M, Dhingra HM, Ajani JA, Rothberg JM, Gutterman JU. A phase | trial of
recombinant alpha-2a interferon (Roferon-A) with weekly cisplatinum. Invest New Drugs 1991;
9(1): 37-9.

Southern WN, Drainoni ML, Smith BD, Christiansen CL, McKee D, Gifford AL et al. Hepatitis C
testing practices and prevalence in a high-risk urban ambulatory care setting. J Viral Hepat 2011;
18(7): 474-81.

Spradling PR, Rupp L, Moorman AC, Lu M, Teshale EH, Gordon SC et al. Hepatitis B and C virus
infection among 1.2 million persons with access to care: factors associated with testing and
infection prevalence. Clin Infect Dis 2012; 55(8): 1047-55.

Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter MJ. The prevalence of
hepatitis C virus infection in the United States, 1999 through 2002. Ann Intern Med 2006;
144(10): 705-14.

Centers for Disease Control and Prevention. About the National Health and Nutrition
Examination Survey (NHANES) Available at
www.cdc.gov/nchs/about/major/nhanes/intro_mec.htm. Accessed on May 13, 2013. N/A
20009.

19



(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F, Moyer LA et al. The prevalence of
hepatitis C virus infection in the United States, 1988 through 1994. N Engl ] Med 1999; 341(8):
556-62.

Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter MJ. The prevalence of
hepatitis C virus infection in the United States, 1999 through 2002. Ann Intern Med 2006;
144(10): 705-14.

Alter MJ, Margolis HS, Krawczynski K, Judson FN, Mares A, Alexander W] et al. The natural
history of community-acquired hepatitis C in the United States. The Sentinel Counties Chronic
non-A, non-B Hepatitis Study Team. N Engl J Med 1992; 327(27): 1899-905.

Mohd HK, Groeger J, Flaxman AD, Wiersma ST. Global epidemiology of hepatitis C virus
infection: new estimates of age-specific antibody to HCV seroprevalence. Hepatology 2013;
57(4): 1333-42.

Recommendations for prevention and control of hepatitis C virus (HCV) infection and HCV-
related chronic disease. Centers for Disease Control and Prevention. MMWR Recomm Rep 1998;
47(RR-19): 1-39.

Williams IT, Bell BP, Kuhnert W, Alter MJ. Incidence and transmission patterns of acute hepatitis
Cin the United States, 1982-2006. Arch Intern Med 2011; 171(3): 242-8.

Smith BD, Morgan RL, Beckett GA, Falck-Ytter Y, Holtzman D, Ward JW. Hepatitis C virus testing
of persons born during 1945-1965: recommendations from the Centers for Disease Control and
Prevention. Ann Intern Med 2012; 157(11): 817-22.

Magiorkinis G, Sypsa V, Magiorkinis E, Paraskevis D, Katsoulidou A, Belshaw R et al. Integrating
phylodynamics and epidemiology to estimate transmission diversity in viral epidemics. PLoS
Comput Biol 2013; 9(1)::€1002876.

Recommendations for prevention and control of hepatitis C virus (HCV) infection and HCV-
related chronicdisease. Centers for Disease Control and Prevention. MMWR Recomm Rep 1998;
47(RR-19): 1-39.

Moyer VA. Screening for Hepatitis C Virus Infection in Adults: U.S. Preventive Services Task Force
Recommendation Statement. Ann Intern Med 2013.

Smith BD, Morgan RL, Beckett GA, Falck-Ytter Y, Holtzman D, Ward JW. Hepatitis C virus testing
of persons born during 1945-1965: recommendations from the Centers for Disease Control and
Prevention. Ann Intern Med 2012; 157(11): 817-22.

Armstrong GL, Alter MJ, McQuillan GM, Margolis HS. The past incidence of hepatitis C virus
infection: implications for the future burden of chronic liver disease in the United States.

Hepatology 2000; 31(3): 777-82.

Davis GL, Albright JE, Cook SF, Rosenberg DM. Projecting future complications of chronic
hepatitis C in the United States. Liver Transpl 2003; 9(4): 331-8.

20



[40]

[41]

[42]

[43]

(44]

(45]

(46]

[47]

(48]

(49]

(50]

(51]

(52]

(53]

Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM, Reddy KR, Bzowej NH et al.
Telaprevir for previously untreated chronic hepatitis C virus infection. N Engl J Med 2011;
364(25): 2405-16.

Kowdley KV, Lawitz E, Crespo |, Hassanein T, Davis MN, DeMicco M et al. Sofosbuvir with
pegylated interferon alfa-2a and ribavirin for treatment-naive patients with hepatitis C
genotype-1 infection (ATOMIC): an open-label, randomised, multicentre phase 2 trial. Lancet
2013; 381(9883): 2100-7.

Poordad F, McCone J, Jr., Bacon BR, Bruno S, Manns MP, Sulkowski MS et al. Boceprevir for
untreated chronic HCV genotype 1 infection. N Engl J Med 2011; 364(13): 1195-206.

Smith BD, Morgan RL, Beckett GA, Falck-Ytter Y, Holtzman D, Ward JW. Hepatitis C virus testing
of persons born during 1945-1965: recommendations from the Centers for Disease Control and
Prevention. Ann Intern Med 2012; 157(11): 817-22.

Schuckman H, Hazelett S, Powell C, Steer S. A validation of self-reported substance use with
biochemical testing among patients presenting to the emergency department seeking treatment
for backache, headache, and toothache. Subst Use Misuse 2008; 43(5): 589-95.

Navarro VJ, St Louis TE, Bell BP. Identification of patients with hepatitis C virus infection in New
Haven County primary care practices. J Clin Gastroenterol 2003; 36(5): 431-5.

Denniston MM, Klevens RM, McQuillan GM, Jiles RB. Awareness of infection, knowledge of
hepatitis C, and medical follow-up among individuals testing positive for hepatitis C: National
Health and Nutrition Examination Survey 2001-2008. Hepatology 2012; 55(6): 1652-61.

Alter MJ, Gerety RJ, Smallwood LA, Sampliner RE, Tabor E, Deinhardt F et al. Sporadic non-A,
non-B hepatitis: frequency and epidemiology in an urban U.S. population. J Infect Dis 1982;
145(6): 886-93.

Alter MJ, Hadler SC, Judson FN, Mares A, Alexander WJ, Hu PY et al. Risk factors for acute non-A,
non-B hepatitisin the United States and association with hepatitis C virus infection. JAMA 1990;
264(17): 2231-5.

Alter MJ. Epidemiology of hepatitis C. Hepatology 1997; 26(3 Suppl 1): 62S-5S.

Mehta SH, Astemborski J, Kirk GD, Strathdee SA, Nelson KE, Vlahov D, Thomas DL. Changes in
blood-borne infection risk among injection drug users. J Infect Dis 2011; 203(5): 587-94.

Hagan H, Campbell J, Thiede H, Strathdee S, Ouellet L, Kapadia F et al. Self-reported hepatitis C
virus antibody status and risk behavior in young injectors. Public Health Rep 2006; 121(6): 710-9.

Hagan H, Des J, Stern R, Lelutiu-Weinberger C, Scheinmann R, Strauss S, Flom PL. HCV synthesis
project: preliminary analyses of HCV prevalence in relation to age and duration of injection. Int J
Drug Policy 2007; 18(5): 341-51.

Mehta SH, Astemborski J, Kirk GD, Strathdee SA, Nelson KE, Vlahov D, Thomas DL. Changes in
blood-borne infection risk among injection drug users. J Infect Dis 2011; 203(5): 587-94.

21



(54]

(55]

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

[65]

(66]

Martin NK, Vickerman P, Miners A, Foster GR, Hutchinson SJ, Goldberg DJ, Hickman M. Cost-
effectiveness of hepatitis C virus antiviral treatment for injection drug user populations.
Hepatology 2012; 55(1): 49-57.

Page K, Morris MD, Hahn JA, Maher L, Prins M. Injection drug use and hepatitis C virus infection
in young adult injectors: using evidence to inform comprehensive prevention. Clin Infect Dis
2013; 57 Suppl 2: S32-S38.

Page K, Hahn JA, Evans J, Shiboski S, Lum P, Delwart E et al. Acute hepatitis C virus infection in
young adult injection drug users: a prospective study of incident infection, resolution, and
reinfection. J Infect Dis 2009; 200(8): 1216-26.

Shehab TM, Orrego M, Chunduri R, Lok AS. Identification and management of hepatitis C
patients in primary care clinics. Am J Gastroenterol 2003; 98(3): 639-44.

Di SR, Stroffolini T, Ferraro D, Usticano A, Valenza LM, Montalbano L et al. Endemic hepatitis C
virus infection in a Sicilian town: further evidence for iatrogenic transmission. J Med Virol 2002;
67(3): 339-44.

Guadagnino V, Stroffolini T, Caroleo B, Menniti IF, Rapicetta M, Ciccaglione AR et al. Hepatitis C
virus infection in an endemic area of Southern Italy 14 years later: evidence for a vanishing
infection. Dig Liver Dis 2013; 45(5): 403-7.

Maio G, d'Argenio P, Stroffolini T, Bozza A, Sacco L, Tosti ME et al. Hepatitis C virus infection and
alanine transaminase levels in the general population: a survey in a southern Italian town. J
Hepatol 2000; 33(1): 116-20.

Alter MJ, Kruszon-Moran D, Nainan QV, McQuillan GM, Gao F, Moyer LA et al. The prevalence of
hepatitis C virus infection in the United States, 1988 through 1994. N Engl ] Med 1999; 341(8):
556-62.

Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter MJ. The prevalence of
hepatitis C virus infection in the United States, 1999 through 2002. Ann Intern Med 2006;
144(10): 705-14.

Tohme RA, Holmberg SD. Is sexual contact a major mode of hepatitis C virus transmission?
Hepatology 2010; 52(4): 1497-505.

Alter HJ, Houghton M. Clinical Medical Research Award. Hepatitis C virus and eliminating post-
transfusion hepatitis. Nat Med 2000; 6(10): 1082-6.

Donahue JG, Munoz A, Ness PM, Brown DE, Jr., Yawn DH, McAllister HA, Jr. et al. The declining
risk of post-transfusion hepatitis C virus infection. N Engl ) Med 1992; 327(6): 369-73.

Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter MJ. The prevalence of
hepatitis C virus infection in the United States, 1999 through 2002. Ann Intern Med 2006;
144(10): 705-14.

22



Fig.1. Prevalence of Antibodies to HCV by age groups
in the United States as of 2010.
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Figure shows most infected persons were aged 45, corresponding to the 1945 to 1965

birth cohort




Fig.2. Trends in prevalence of anti-HCV by Gender from 2001-2010
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The Overall prevalence decreased rapidly until 2005, and has since stabilized. Prevalence continues
to decrease in women, but increase seen among men.



Fig.3. Prevalence of Anti-HCV by Age Group from 2001-2010: Cohort effect
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Figure shows cohort effect of the prevalent cases of anti-HCV in study participants. Shown only
for three survey cycles since participants were grouped and back-back years will not show
shifting effect



Fig.4(Supplement 2). Trends In Prevalence of Anti-HCV by Race from 2001-2010
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Prevalence has remained relatively stable since 2003 among all racial groups. Hisghest
prevalence among Non-Hispanic Blacks



2.5

2
€ 15
Q
2
c
Q
-
o 1
a
0.5
0
2001 2003 2005 2007 2009
2002 2004 2006 2008 2010
==Born USA 2.2 1.7 1.4 1.5 1.4
Outside USA| 0.3 0.7 0.8 0.4 1
=s=Qverall 1.9 1.5 1.3 1.3 1.3

Figure shows that prevalence of anti-HCV continues to decrease among US born individuals.

However, there is an overall trend towards increase among people migrating in to the US.
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Table 1: Baseline Characteristics of study participants and Prevalence of antibodies to HCV in 2010

Characteristic Number Tested Prevalence

All Participants 7871(100) 1.3(0.9, 1.7) 1.9(1.2, 2.7)

1205(13.7) 0.2(0, 0.5) 0.1(0-0.4)

560(6.4) 1.40.6, 2.2) 3,3. 0.3(0.2, 0.8)

1427(16.2) 0.3(0.2, 0.5) 0.5(0.1, 0.9) 0.2(0.1, 0.6)

Non-Hispanic white 3815(43.4) . . 1.9(1.0, 2.8) 0.6(0.2, 1.1)

Birthplace 6828(77.6) 1.40.9, 1.8) 2.0(1.2, 2.9) 0.7(0.4, 1.1)

Marital Status Never married 1.3(0.8,1.8) 1.9(1.1, 2.8) 0.6(0.1, 1.2)

1098(17.7) 1.5(0.5, 2.6) 2.3(0.4,4.2) 0.7(0.2, 1.2)

2995(48.3) 1.3(0.7, 1.9) 2.1(1.1, 3.1) 0.5(0.0, 1.0)

4022(99.5) 1.7(1.0, 2.4) 2.5(1.3, 3.6) 1.0(0.4, 1.5)

2546(80) 0.7(0.4, 0.9) 0.9(0.5, 1.3) 0.5(0.1, 0.8)

2122(47.1) 0.7(0.4, 1.1) 0.6(0.1, 1.2) 0.8(0.2, 1.3)

20 to 49 536(11.9) 4.0(1.3, 6.8) 5.1(1.4, 8.8) 1.5(0.4, 2.5)
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Age at First Sexual <11 122 (2.8) 5.6(1.3,9.8) 9.1(2.3,1.6) N/A
Intercourse

1610 17 1285(30) 1.3(0.3, 2.4) 1.7(0.1, 3.4) 0.9(0.1, 1.9)

Family PIR 1.177(14.8) 0.9(0.1, 1.6) 1.3(0.0, 2.5)

Service in US military 767(11.4) 1.5(0.1, 2.9) . 8.4(3.1, 19.9)
service

History of Blood 812(9.2) 2.9(1.4,4.5) 4, 8. 2.1(0.5, 3.7)
Transfusion

ALT levels(U/L) 6170(90.1) 7(0.4,1. 1.1(0.6, 1.7) 0.4(0.1, 0.7)

Lifetime drug use 88(1.9) 5(23.2, 52) 50.8(29.8, 71.9) 20.2(9.2, 31.2)

Table shows characteristics of study participants only for the 200 ycle, representing the most current data on people with

antibodies to HCV. Also shows prevalence of anti-HCV by ge

HIV1-Human Immunodeficiency Virus typel; HS @ s Simplex Virus type 2; PIR-Poverty Index Ratio; ALT-Alanine amino

transferase
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Table 2: Risk factors for having Antibodies to HCV combining NHANES 2001-2010 data

Characteristic Univariable Analyses Multivariable Analyses

17 to 29 Reference

40to 44 9.3

Reference

Family PIR

0.013
Hispanic Reference
Non-Hispanic Black . 6-3. . 0.01
0-39
Marital Status

widow/divorced . . >0.05

Level of education
- Below high school <0.001

No Reference

Lifetime IDU drug Use



ACCEPTED MANUSCRIPT

Yes 57.0 41.1-79.0 <0.001 28.3 16.4-48.8 <0.001
No Reference

History of blood transfusion

Reference

Age(years)at first intercourse

12to 15

>18 7.3

Otol Reference

10to 19 9.0 0.00 . >0.05

50 & above 23.6 & <0.001 14 0.3-5.8 >0.05
All analyses were limited to individuals 17 years a The NHANES survey policy limits collection of information on most of the
risk factors including illegal drug use only to indi ears and older. All factors reaching a p<0.2 in the univariate analyses

were included in the multivariate model.
ALT= Alanine aminotransferase; US=Unite of America; HIV=Human Immunodeficiency Virus; IUD injection drug use

“P —trend for age
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