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An epidemic of hepatitis C virus (HCV) acqui-
sition occurred between the 1960s and the
1980s in the United States; at its peak, an
estimated 250 000 persons per year were
newly infected. Since 1990, new cases of HCV
infection have declined by 90%, and it is
estimated that fewer than 20 000 persons
a year are becoming infected.1,2 Up to 4 million
persons in the United States are estimated to be
chronically infected with HCV, making it the
most common blood-borne infection.1---3

Chronic HCV infection strikes a narrow age
range: more than two thirds of those affected
were born between 1946 and 1964.2,4,5 As of
2010, the majority of these persons have been
living with HCV for 20 to 40 years.

The natural history of chronic HCV infection
is characterized by a long period (usually > 20
years) in which individuals are relatively
asymptomatic and often lack signs indicative of
chronic liver disease.4,6 During this time,
chronic liver inflammation and fibrosis prog-
ress,2,7 and severe fibrosis and cirrhosis can
develop before liver disease is diagnosed.1,2,8,9

Only 15% of affected individuals will have
persistently elevated liver enzymes during the
asymptomatic period, and intermittently ele-
vated liver enzyme levels may not be appreci-
ated as a potential sign of chronic HCV
infection.8

The majority of persons who have chronic
HCV have been infected for more than 20
years; an estimated 25% of them (;800 000
persons) have developed cirrhosis, and ap-
proximately 40% have developed moderate to
severe fibrosis.2 These persons are at risk for
decompensated liver disease (ascites, gastro-
esophageal variceal hemorrhage, or hepatic
encephalopathy),8 hepatocellular carci-
noma,2,10 liver transplantation,2,10 and liver-
related death.2,4,5 Cases of liver decompensa-
tion and hepatocellular carcinoma are expected

to increase dramatically over the next 10 to 13
years, and annual liver-related deaths are
projected to increase by 74%, from 145 667
in 2010 to 254 550 in 2019.2 Total medical
costs for HCV-infected patients are also
expected to increase dramatically over the next
20 years, from $30 billion in 2009 to $85
billion in 2028.5

Current HCV screening practices are based
on the assessment of risk factors. The 1998
Centers for Disease Control guidelines,11 2002
National Institutes of Health guidelines,12 and
2009 American Association for the Study of
Liver Disease (AASLD) guidelines8 recom-
mend screening individuals who have risk
factors such as elevated liver enzymes; blood
transfusion before 1992; injection drug use,
even once; dialysis treatment, ever; and HIV
infection. However, a managed care organiza-
tion analysis of HCV testing found that only
0.7% of its members received anti-HCV
screening over a 3-year period.13 Another
managed care study found that over an 8-year

period, only 4.3% of the study population was
tested for HCV, and among this group, 5.2%
had detectable HCV antibodies.14 Several
groups, including the Institute of Medicine,
have estimated that up to three quarters of
persons with chronic HCV infection are un-
aware of their infection.4---6,15

Suboptimal diagnosis rates may be attribut-
able to shortcomings in the application of
screening guidelines in practice. Health care
providers do not always ask about HCV risk
factors,16,17 and patients may fail to disclose
them because of a lack of knowledge or a fear
of stigmatization.4,18 The 2010 Institute of
Medicine report on viral hepatitis recom-
mended large-scale educational campaigns
directed at primary care providers, the gen-
eral public, and those most at risk for HCV,
which would raise disease awareness and
address the knowledge gaps and stigma
associated with HCV infection.4

More than half of persons with HCV in-
fection remain undiagnosed despite 12 years of
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experience with risk factor screening guide-
lines.4---6,15 Because HCV infection affects cer-
tain birth cohorts disproportionately, we ex-
plored the potential effectiveness of 1-time
HCV screening of a targeted birth cohort in
increasing diagnosis rates in the United States.
We compared the birth cohort screening
strategy with the current risk strategy for the
proportion of HCV-infected persons that would
be detected and the total number that would be
tested.

METHODS

We extracted data from the 2003 to 2004
and 2005 to 2006 National Health and Nu-
trition Examination Survey (NHANES) data-
base. NHANES is a multistage, stratified, and
clustered survey of a representative sample of
the civilian, noninstitutionalized US population.
We weighted samples in our analysis to ac-
count for oversampling of certain demographic
groups, such as older adults, Hispanics, non-
Hispanic Blacks, and low-income persons. We
defined ethnicity according to the data pro-
vided in the NHANES database. Categories
available for respondent selection included
Hispanic, non-Hispanic White, non-Hispanic
Black, and other race (including multiracial).

Analytic Data Set

The initial sample size of NHANES respon-
dents was 16 933. As part of the NHANES
initiative, all respondents who provided
a blood sample were tested for HCV regardless
of previous diagnosis. We excluded from the
analytic data set data respondents with missing
information on HCV status or without assess-
ment of at least 1 HCV risk factor, as stated in
the current AASLD screening guidelines.8

NHANES did not query drug use in partici-
pants who were aged 60 years or older, so we
excluded them from the analysis. The final
analytic data set contained 5917 respondents,
or 35% of the potential respondents included
in the NHANES.

We applied the risk screening criteria
according to AASLD guidelines for HCV
screening. We mapped each risk factor in the
guidelines to a corresponding variable in the
NHANES data set. The factors that had corre-
sponding variables in the data set were (1)
elevated alanine aminotransferase (‡ 40 IU/L),

(2) history of intravenous drug use, (3) blood
transfusion prior to 1992, and (4) history of
dialysis in the past 12 months. According to the
AASLD guidelines, the latter 3 factors are the
primary mode of HCV transmission in the
United States. Those risk factors, along with
elevated alanine aminotransferase, are strong
predictors of HCV infection.8 We excluded the
HIV indicator from our analysis because
NHANES determined this only for respondents
aged 20 through 49 years.

Implementation of Screening Guidelines

Regardless of whether individuals had
a previous diagnosis of HCV listed in the
NHANES data set, our analysis assumed that all
individuals were not previously tested for, or
diagnosed with, HCV. For the risk strategy,
all individuals who were assessed to have at
least 1 risk factor were hypothetically tested,
under the following assumptions: (1) health
care professionals had full access to accurate
individual patient information (ideal circum-
stances scenario), (2) 100% of the individuals
having at least 1 risk factor would be tested for
HCV, and (3) individuals who did not have any
of the risk factors would not be tested.

For the birth cohort strategy, we assigned
a logical indicator of test or no test, based solely
on respondent birth year. The experimental
birth cohort guideline assumed that all persons
in a specified age group were referred for
testing, regardless of any other factor. We
tested 2 birth cohorts: 1946 to 1964 (aged
46---64 years in 2010) and 1949 to 1958
(aged 52---61 years in 2010). Selection of
these cohorts was guided by studies suggesting
that 2 out of 3 HCV infections occurred in
individuals born between 1946 and 19645

and that the highest prevalence of HCV in-
fection was in individuals born between 1949
and 1958.1

For both screening strategies, we used the
NHANES weighting variables to project actual
population sizes according to 2009 US Census
estimates for the noninstitutionalized popula-
tion aged 20 years or older. The analysis of
both birth cohort and risk strategies
estimated the number of persons who would be
tested for HCV, the number who would be
subsequently diagnosed, and the proportion of
all persons who carried anti-HCV antibodies
who would be diagnosed. We did not account

for false-positive or false-negative rates of
testing procedures or the use of confirmatory
HCV RNA testing to determine whether an
individual was chronically infected with HCV.
We conducted all statistical analyses with SAS
version 9.2 (SAS Institute Inc, Cary, NC).

RESULTS

Demographic characteristics for the total
NHANES data set, final analytic data set, and
excluded respondents are listed in Table 1.
We estimated that the overall prevalence of
HCV in the United States among persons aged
20 years or older was 2.1% (4.5 million
persons). Baby boomers—born between 1946
and 1964—accounted for approximately 75%
of the HCV-exposed population (3.4 million
persons; Figure 1); within this birth cohort the
prevalence of HCV was 3.5%. We found that
injection drug use was the risk factor most
highly associated with HCV infection in the
NHANES data set, with 49.4% of HCV-positive
persons reporting a history of intravenous
drug use. Having a high level of alanine
aminotransferase (> 40 IU/L) and a history
of dialysis in the past 12 months also
predicted HCV infection in 7.1% and 16.1% of
respondents, respectively. A history of blood
transfusions prior to 1992 had the lowest
association with HCV infection, with 3.4% of
those infected reporting this history.

Our analysis suggested that if current risk
guidelines were followed perfectly, 24.7% of
the general population would be tested, and
1.7% of those tested would be positive for
anti-HCV antibodies (Table 2). This approach
would leave an estimated 17.5% of HCV-
exposed patients untested, because they did
not have at least 1 of the triggering risk factors.
When we assessed the performance of the risk
strategy screening for specific birth cohorts,
we found it more accurate for young and
elderly populations (birth years after 1970
and before 1955; Figure 1): 95% of HCV-
infected individuals in these groups would be
identified by the risk strategy, because most
reported at least 1 risk factor. However, for
the rest of the population (i.e., persons born
between 1956 and 1969), the theoretical
diagnosis rate was approximately 79%. Be-
cause of greater prevalence and poorer di-
agnosis rates in this birth cohort, undiagnosed
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HCV-infected persons born between 1956
and 1969 composed 75% of the overall un-
diagnosed population.

The 1949 to 1958 birth cohort had the
greatest HCV prevalence among all age groups
in our analysis. According to our model, a birth
cohort strategy targeted to this cohort would
screen 24.2% of the overall population, and
1.2% of the US population would test positive.
However, 42% of HCV-positive persons (i.e.,
0.9% of 2.1%) would not be tested because
they were not members of this birth cohort. If
the birth cohort screening was expanded to
include all baby boomers, 44.8% of the overall
population would be tested and 76% of all
infected patients would be diagnosed (Table 2).

We also compared absolute numbers of in-
dividuals who would be tested for HCV in-
fection with the 2 strategies. In ideal circum-
stances, approximately 54.2 million persons
overall would be tested under AASLD guide-
lines. The birth cohort strategy would test 53.2
million persons born between 1949 and 1958
and 98.5 million persons born between 1946
and 1964 (Table 3). Among HCV-exposed
persons, 82% (3.7 million of 4.5 million) would
be tested with the risk strategy; 58% of the
HCV-exposed members of the 1949 to 1958

birth cohort and 76% of the HCV-exposed
members of the 1946 to 1964 cohort would be
tested with the targeted birth cohort strategy.

DISCUSSION

The recommended risk factor screening
strategy has resulted in the diagnosis of only an
estimated 25% of HCV-infected individuals in
the United States.4---6 Our data suggested that
nearly 25% of the population aged 20 years or
older had 1 or more risk factors that should
have prompted HCV testing. The gulf between
the theory and practice of HCV screening is
illustrated by the finding that only 4.3% of the
members of a managed care organization
were tested over an 8-year period.14 Among
persons with commercial health insurance and
with access to appropriate medical care, as
many as 78% were estimated to be unaware of
their infection.5 Thus, the actual implementa-
tion of risk screening for HCV has not per-
formed at its theoretical potential.

Our analysis suggested that 76% of persons
with HCV infection were born between 1946
and 1964, so it is likely that the majority of
HCV infections were acquired 20 to 40 years
ago. Approximately half of these persons

reported a history of injection drug use, so even
if every provider asked about lifetime injection
drug use, and every patient was willing to be
honest about illicit activities that may have
occurred 20 years ago, only half of all persons
with HCV infection would be identified. In
reality, risk factor history is often not
assessed,16 so many persons with a history of
injection drug use are not identified.

Identifying persons who have had HCV
infections for 20 to 40 years is a matter of
urgency in the next 5 to 10 years. One study
estimated that in 1990, about 5% of persons
with HCV infection had cirrhosis.2 Because
the majority of infections occurred between
1960 and 1990,3 few persons had been
infected with HCV infection for more than 20
years at that point. It is clear that 20 years
makes a substantial difference in the progres-
sion of HCV-related liver disease.1,2 Currently,
40% of these persons have moderate to
severe liver fibrosis and are at risk for ad-
vanced liver disease complications,1---3,7 and
the prevalence of advanced liver disease is
projected to continue to increase if current
screening and treatment practices continue.2

Unfortunately, HCV may be asymptomatic
until severe complications such as liver de-
compensation and hepatocellular carcinoma
occur, after which liver transplantation may be
the only option to prolong survival.4,6

We estimated that risk screening would be
effective in identifying patients with HCV in-
fection—in theory. Considering only the
number of persons who would be tested with
each strategy and what proportion of patients
with HCV infection would be diagnosed in
ideal circumstances, the risk factor strategy
would be more effective than the birth cohort
strategy. However, the discrepancy between
the theoretical efficacy of risk factor screening
and current estimates of the undiagnosed
population indicates that implementation of
this approach is impeded by such challenges
as the stigma associated with disclosing risk
factors and the failure of physicians to
consistently ask about them.4,18

Birth cohort screening for HCV would use
a demographic characteristic (year of birth)
that is available in every patient’s medical
record. It is easily amenable to electronic
prompts, opt-out programs, and other auto-
mated reminder systems. Therefore, birth

TABLE 1—Demographic Characteristics of Respondents: National Health

and Nutrition Examination Survey, United States, 2003–2006

Characteristic

Total Populationa

(n = 9515), %

Analytic Population

(n = 5917), %

Excluded Population

(n = 3958), %

Gender

Male 48.0 48.9 45.8*

Female 52.0 51.0 54.2*

Age, yb

20–34 19.1 22.6 10.6*

35–44 19.5 23.4 10.0*

45–54 21.3 26.5 8.6*

55–64 17.2 20.8 8.5*

‡ 65c 22.8 6.7 62.2*

Race/ethnicity

White 72.0 71.6 72.8

Non-Hispanic Black 11.4 11.1 12.1

Hispanic 11.3 12.4 8.8*

Other 5.4 5.0 6.3*

Note. HCV = hepatitis C virus.
aAged ‡ 20 years.
bAge as of 2010.
cMajority were excluded from the analysis because HCV status was unknown or they lacked at least 1 risk factor.
*Significant difference from analytic population (a < 0.05).
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cohort screening might eliminate some of the
challenges of risk strategy implementation
and minimize the discrepancy between theory
and application. A 1-time testing of 98.5
million persons born between 1946 and 1964

would, theoretically, identify 76% of the 3.4
million persons with HCV infection in the
United States. This strategy would reach the
approximately 20% of persons in this birth
cohort who have no identifiable risk factors

and would not otherwise be tested. Because
HCV-positive members of this age group have
generally been infected for 20 to 40 years
and are at risk for severe sequelae of HCV
infection,1,2 this is also the group with the
most urgent need for diagnosis.

Unlike HIV or hepatitis B virus, HCV is
curable,8 and treatment with pegylated in-
terferon and ribavirin is associated with
a 40% to 45% cure rate for HCV genotype 1
(the most common genotype in the United
States) and a 70% to 80% cure rate for
genotypes 2 and 3.19,20 Several direct-acting
antiviral agents are in development for the
treatment of HCV,21---23 and 2 orally adminis-
tered protease inhibitors are approved for
use in combination with pegylated
interferon and ribavirin in adults with chronic
genotype 1 HCV infection.24,25 Even in pa-
tients with severe fibrosis (who do not have
decompensation), eradication of HCV with
pegylated interferon alfa plus ribavirin is
associated with an 80% reduction in liver
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Note. AASLD = American Association for the Study of Liver Disease; HCV = hepatitis C virus; NHANES = National Health and Nutrition Examination Survey. The risk-based screening guidelines were

applied to the final analytic NHANES data set and grouped by birth cohort (x-axis). Stacked bars indicate the proportion of HCV-infected individuals in the overall US population who would (gray) or

would not (black) be tested under current AASLD guidelines in ideal circumstances. Percentages of testing prevalence for each birth cohort are displayed within or above their corresponding bar.

FIGURE 1—Prevalence of HCV infection and percentage of HCV-infected persons in each birth cohort who would be screened under AASLD

screening guidelines: National Health and Nutrition Examination Survey, United States, 2003–2006.

TABLE 2—Comparison of Risk Factor and Birth Cohort Strategies for Hepatitis C Virus

Screening: National Health and Nutrition Examination Survey, United States, 2003–2006

Variable Risk Strategy, %

Birth Cohort Strategya

(1949–1958), %

Birth Cohort Strategyb

(1946–1964), %

Overall population testedc 24.7 24.2 44.8

HCV positive 1.7 1.2 1.6

HCV negative 23.0 23.0 43.2

Overall population not tested 75.3 75.8 55.2

HCV positive 0.4 0.9 0.5

HCV negative 74.9 74.9 54.7

HCV-positive persons detected 82 58 76

Note. HCV = hepatitis C virus.
aAge as of 2010: 52–61 years.
bAge as of 2010: 46–64 years.
cLatest US Census estimate for noninstitutionalized population older than 20 years.
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decompensation, hepatocellular carcinoma,
and liver-related death.26

Not everyone is a candidate for this treat-
ment.8,27 However, a primary care provider
who is aware of chronic HCV infection in
a patient has additional care management
options, such as vaccinating for hepatitis B or
hepatitis A as appropriate, counseling about
limiting alcohol use, ensuring that excessive
doses of medications (such as acetaminophen)
not be taken, and screening for hepatocellular
carcinoma for patients who develop cirrhosis.

We made several assumptions in defining
HCV screening strategies. For instance, for the
risk strategy, we assumed that health care
professionals had full access to accurate patient
information and, without exception, persons
with at least 1 risk factor were tested for HCV.
Similarly, for the birth cohort strategy, we
assumed that every individual in the selected
birth cohort would be tested for HCV, without
exception. For both strategies we assumed that
all individuals had access to health care ser-
vices, which may not be the case in the field.
These assumptions likely resulted in an over-
estimation of the effectiveness of both strate-
gies, which may explain the difference between
the theoretical and actual effectiveness of the
risk factor strategy. We could not assess the
implications of these assumptions for the birth

cohort strategy because we lacked data on its
effectiveness in actual practice; however, the
birth cohort strategy would likely not be
affected as much as the risk strategy because it
faces fewer implementation challenges than
does risk factor screening.

We did not investigate the potential impact
on patients who tested positive for anti-HCV
antibodies but not for HCV RNA, representing
the approximately 21% of patients in the
database who had spontaneous clearance of
infection. However, current practice typically
includes a second confirmatory HCV RNA test
for patients who have a positive anti-HCV
antibody test.

More than half of all NHANES respondents
aged 65 years or older were excluded from the
analysis because their HCV status was un-
known or they did not report at least 1 HCV
risk factor. However, excluding these respon-
dents likely did not significantly affect our
results because the prevalence of HCV among
the population older than 65 years was rela-
tively low.1,3,5 The NHANES sampling frame
excludes persons who are not civilians or are
institutionalized, such as those who are incar-
cerated, homeless, hospitalized, serving in the
military, and living in nursing homes.28 With
the exception of active military personnel, these
groups tend to have a greater prevalence of

HCV infection than the overall population.1---3,28

Approximately 800 000 to 1.2 million of the
approximately 6.5 million members of these
groups have been infected with HCV, of
which an estimated 61% to 91% are chroni-
cally infected.28 In addition, incarcerated
persons, of whom an estimated 13% to 40%
are HCV infected, may be more likely to be
exposed to risk factors, making birth cohort
a less obvious indicator for this population.29

The average age of HCV-infected prisoners
is 31 to 41 years, placing them outside of the
1946 to 1964 birth cohort.29 Therefore,
testing all incarcerated persons for HCV may
be an appropriate complementary strategy.

We investigated the anticipated perfor-
mances of the 2 strategies only according to
the proportion of infected individuals who
could be diagnosed. However, to be able to
understand the entire risk---benefit profile of
each strategy, a broader list of outcomes
should be explored, such as the economic
implications of adopting any specific strategy
and future clinical outcomes associated with
potential changes in future HCV-related mor-
tality and morbidity.

Risk and birth cohort strategies for HCV
screening may be complementary. The Insti-
tute of Medicine report suggested testing per-
sons who were more likely to have engaged in
high-risk activities, such as prisoners, clients in
drug rehabilitation programs, and patients of
sexually transmitted infection clinics. This
could reach some of the 24% of HCV-positive
persons in our analysis who fell outside the
1946 to 1964 cohort, namely, those who were
younger and those who were still engaging in
high-risk behaviors. Further studies are needed
to explore the risks and benefits of alternative
screening strategies. j
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