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ABSTRACT

Objective. Following its recommendation for one-time hepatitis C virus (HCV)
testing of people born between 1945 and 1965, CDC implemented the
Hepatitis Testing and Linkage to Care (HepTLC) initiative to conduct birth-
cohort hepatitis testing in U.S. health-care settings. We describe demographic
characteristics, HCV infection prevalence, and HCV-related risk factors among
people born between 1945 and 1965 who were tested as part of the program,
which ran from 2012 to 2014.

Methods. As part of the HepTLC initiative, 14 grantees supporting 104
health-care sites in 21 U.S. municipalities tested participants born between
1945 and 1965 for HCV antibody (anti-HCV). Demographic characteristics
and HCV risk factors were reported for people tested for anti-HCV and who
were anti-HCV or HCV RNA positive. We evaluated outcomes along the HCV
testing-to-care continuum using the following indicators: anti-HCV positive,
HCV RNA test offered, HCV RNA positive, referred to care, and attended first
medical appointment.

Results. Among 24,966 people tested for HCV infection, 2,900 (11.6%) were
anti-HCV positive. Anti-HCV positivity was highest among those who self-
identified as non-Hispanic black (n=1,701 of 12,202, 13.9%), men (n=2,073 of
12,130, 17.1%), and people born between 1951 and 1955 (n=795 of 5,768,
13.8%). Of the 2,900 people testing anti-HCV positive, 2,108 (72.7%) received
an HCV RNA test, 1,497 (51.6%) were HCV RNA positive, 1,201 (41.4%) were
referred to care, and 938 (32.3%) attended their first appointment.

Conclusion. Testing for HCV infection among those born between 1945 and
1965 without soliciting HCV risk factors was successful. Providers implementing
birth-cohort testing should develop and evaluate strategies to improve out-
comes along the testing-to-care continuum.
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Approximately 2.7 million noninstitutionalized people,
and an additional 375,000 to 750,000 homeless and
incarcerated people, are currently infected with the
hepatitis C virus (HCV) in the United States."? Infec-
tions are often asymptomatic, and more than 50% of
people are estimated to be unaware of their chronic
HCV infection.*® Chronic HCV infections have contrib-
uted to an increasing incidence of chronic liver disease,
hepatocellular carcinoma, and premature mortality.”'?
Absent interventions to increase awareness of chronic
HCV infection and link people to care, HCV-associated
morbidity and mortality will continue to rise."”

Since 1998, the Centers for Disease Control and
Prevention (CDC) has recommended routine HCV
antibody (anti-HCV) testing of people with exposures
associated with HCV infection, including past or pres-
ent injection drug use (IDU) and people with human
immunodeficiency virus (HIV) infection." However,
the high proportion of people who were unaware of
their HCV infection status, coupled with rising HCV-
associated morbidity and mortality, prompted CDC to
expand these recommendations in 2012 to include a
one-time HCV test for all people born between 1945
and 1965.° The U.S. Preventive Services Task Force
issued a similar recommendation in 2013.%'®

Itis critical to assess how recommendations translate
into practice to ensure guidelines are followed and to
identify gaps to inform future policy development. For
example, evaluations of HIV testing recommendations
have identified gaps along the HIV care continuum to
improve the proportion of HIV-infected individuals
who are diagnosed, accessing and retained in medical
care, obtaining antiretroviral therapy, and achieving
viral suppression.'®'® Evaluating birth-cohort testing
recommendations over time is also expected to iden-
tify gaps along the HCV testing-to-care continuum.
Addressing these challenges may help to improve
identification of HCV-infected people and link those
infected to highly effective and tolerable HCV antivi-
ral treatments to avert HCV-associated morbidity and
mortality.

CDC’s Hepatitis Testing and Linkage to Care (Hep-
TLC) initiative provided an opportunity to assess the
implementation of birth-cohort testing recommenda-
tions. This initiative explored methods for identifying
people infected with HCV, including birth-cohort
testing, and ways to link chronically infected people to
care. For this article, we report HCV birth-cohort test-
ing and linkage-to-care results, including demographic
characteristics, risk-factor prevalence, and anti-HCV
and HCV ribonucleic acid (RNA) positivity. We also
discuss the proportion of people who completed each
step of the HCV testing-to-care continuum, including

the proportion of anti-HCV-positive people who were
tested for HCV RNA and the proportion of chronically
infected people who were linked to care. Finally, we
examine how the use of HCV RNA same-day testing
and assisted linkage-to-care strategies affects the testing-
to-care continuum.

METHODS

Study population

CDC funded 14 grantees supporting 104 testing sites
in 21 U.S. municipalities to implement birth-cohort
testing for HepTLC. Grantees were asked to recruit
previously undiagnosed people born between 1945 and
1965 for anti-HCV testing in different clinical settings,
including emergency departments, federally qualified
health centers, community health clinics, sexually trans-
mitted disease (STD) clinics, and state health depart-
ments. Sites were located in San Diego, California;
Denver, Colorado; Atlanta, Georgia; Bronx, Ellenville,
Rochester, and Queens, New York; Durham, North
Carolina; Philadelphia, Pennsylvania; Aguas Buenas,
Caguas, San Juan, and Yabucoa, Puerto Rico; Bamberg,
Cheraw, Fairfax, Florence, Mullens, and Orangeburg,
South Carolina; San Antonio, Texas; and Washington,
D.C. Each grantee targeted people in the birth cohort
but also followed CDC recommendations to test people
who reported HCV risk factors, such as IDU.

For the current study, we included all people born
between 1945 and 1965 who were tested for anti-HCV or
HCV RNA at each testing site. Grantees de-duplicated
the data to exclude people with multiple testing ses-
sions at different sites within the same grantee project.

Data sources

HCV testing occurred from October 1, 2012, to June
28, 2014. Data were extracted from the data collection
and management system, EvaluationWeb®,'" on Sep-
tember 26, 2014, to allow 90 days of follow-up data for
participants who received results, were referred to care,
or started treatment after June 28, 2014. Participants
self-reported birth year, sex, race/ethnicity, health
insurance status and type, and risk-factor information,
and site staff members entered these data into Evalu-
ationWeb. Age was calculated based on reported birth
year and date of HCV testing and grouped into four
categories: 1945-1950 (aged 64—69 years), 1951-1955
(aged 59-63 years), 1956-1960 (aged 54-58 years),
and 1961-1965 (aged 49-53 years). Race/ethnicity was
categorized as non-Hispanic black, non-Hispanic white,
Hispanic or Latino, and “other” (i.e., non-Hispanic
Asian, Native Hawaiian or other Pacific Islander, and
American Indian or Alaska Native). Health insurance
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was categorized as public, private, or no insurance.
Risk factors included lifetime IDU (i.e., ever injected
drugs), IDU in the past 12 months, and HIV infection.
Project staff members at each testing site obtained
anti-HCV test date and results, HCV RNA test date
and results, referral to care, and attendance of first
medical appointment, and entered these data into
EvaluationWeb. Those with a positive HCV RNA test
result were considered to have chronic HCV infection.

Analysis

We summed counts and calculated percentages for
three groups (i.e., those who were anti-HCV positive,
those who were tested for HCV RNA, and those who
were HCV RNA positive) by demographic characteristic
and risk factor. Percentages of those testing anti-HCV
positive, tested for HCV RNA, and testing HCV RNA
positive were calculated by dividing the total sums by
the number of study participants, the number that
tested anti-HCV positive, and the number that were
tested for HCV RNA, respectively, for each demo-
graphic or risk-factor group.

We constructed a testing-to-care continuum to
operationalize the steps required to confirm chronic
HCV infection and link infected people to care. We
defined steps along the testing-to-care continuum as
anti-HCV-positive test result, HCV RNA test, HCV RNA-
positive test result, referred to care, and attended first
appointment. People were required to have completed
each step in the continuum to be counted in successive
steps. Discrepancies between the overall HCV RNA
test and HCV RNA-positive counts and the counts
reported along the testing-to-care continuum resulted
from this inclusion requirement for the testing-to-care
continuum and because some sites tested for HCV RNA
first as part of their testing algorithm.

We examined the testing-to-care continuum using
two different approaches. In the first approach, we
calculated the proportion of anti-HCV-positive people
who completed each step of the testing-to-care con-
tinuum; we divided the total number of people who
completed each step of the continuum (numerator)
by the initial number of those who tested anti-HCV
positive (denominator). In the second approach, we
calculated the proportion of people who completed
each successive step in the testing-to-care continuum;
we divided the total number of people who completed
each step in the continuum (numerator) by the total
number of people who completed the previous step
(denominator).

Additionally, we evaluated the success of improving
confirmatory testing (i.e., HCV RNA testing) by com-
paring the proportion of people who tested anti-HCV

positive who received same-day HCV RNA testing with
the proportion of people who tested anti-HCV positive
and received an HCV RNA test one or more days after
the positive anti-HCV test.

We also compared assisted-linkage strategies with
passive-linkage strategies to ensure HCV-infected
people were linked to medical care. We categorized
scheduling a date for a follow-up medical appoint-
ment with a specialist or primary care physician as
an assisted-linkage method, and we categorized only
providing a referral to a specialist, primary care physi-
cian, or a medical facility as a passive-linkage method.
We evaluated passive- and assisted-linkage methods
by comparing the proportion of chronically infected
people (i.e., HCV RNA positive) who attended a first
medical appointment. We conducted analyses using
SAS® version 9.3.2

RESULTS

A total of 24,966 people born between 1945 and 1965
were tested for anti-HCV during the HepTLC project.
Of the 24,966 people who were tested, testing frequency
was highest among people born between 1961 and
1965 (n=7,665, 30.7%), those who selfidentified as
non-Hispanic black (2=12,202, 48.9%), and women
(n=12,827, 51.4%). Furthermore, 11,652 (46.7%)
patients were publicly insured and 891 (3.6%) reported
ever injecting drugs (Table).

Of the 24,966 people who received an anti-HCV
test, 2,900 (11.6%) were anti-HCV positive. Anti-HCV
positivity was highest among those who self-identified
as non-Hispanic black (n=1,701 of 12,202, 13.9%),
men (n=2,073 of 12,130, 17.1%), and people born
between 1951 and 1955 (n=795 of 5,768, 13.8%).
Anti-HCV prevalence was lowest among people born
in 1945 (2.4%), peaked among people born between
1954 and 1958 (range 13.4%-15.1%), and ranged from
9.7% to 11.9% for people born after 1958 (Figure 1).
Demographic and risk characteristics among the 1,501
people who tested HCV RNA positive were similar to
those who were anti-HCV positive.

Of the 2,900 people who tested anti-HCV positive,
1,497 (51.6%) were confirmed with chronic infection
by a positive HCV RNA test, and 938 (32.3%) attended
a first medical appointment (Figure 2). Of the 2,900
people who tested anti-HCV positive, 2,108 (72.7%)
received an HCV RNA test. Of the 1,497 people with
chronic infection, 1,201 (80.2%) were referred to care.

All 1,088 anti-HCV-positive people who received
same-day HCV RNA testing were tested for HCV
RNA, and 822 (75.6%) were identified as chronically
infected (Figure 3). Of the 1,805 anti-HCV-positive
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Table. Characteristics and HCV test results of people born between 1945 and 1965 in the Hepatitis Testing and
Linkage to Care (HepTLC) initiative, 21 U.S. municipalities, 2012-2014>

Number of
participants
testing anti-HCV

Number of
participants testing
HCV RNA positive

Number of
participants tested for
HCV RNA (percent

Number of study positive of those testing (percent of those

Characteristic participants (percent) anti-HCV positive)®  tested for HCV RNA)®
Total 24,966 2,900 2,205 1,501
Median age, in years (IQR) 57 (53-62) 57 (53-61) 57 (53-61) 57 (53-60)
Birth year (age range, in years)

1945-1950 (64-69) 4,293 348 (8.1) 249 (71.6) 170 (68.3)

1951-1955 (59-63) 5,768 795 (13.8) 572 (71.9) 393 (68.7)

1956-1960 (54-58) 7,240 937 (12.9) 707 (75.5) 483 (68.3)

1961-1965 (49-53) 7,665 820 (10.7) 677 (82.6) 455 (67.2)
Sex

Male 12,130 2,073 (17.1) 1,509 (72.8) 1,082 (71.7)

Female 12,827 826 (6.4) 696 (84.3) 419 (60.2)

Not reported 9 1(11.1) 0 (0.0) 0 (0.0)
Race/ethnicity

Non-Hispanic white 4,128 452 (10.9) 404 (89.4) 244 (60.4)

Non-Hispanic black 12,202 1,701 (13.9) 1135 (66.7) 830 (73.1)

Hispanic or Latino 6,926 557 (8.0) 519 (93.1) 322 (62.0)

Othere 1,710 190 (11.1) 147 (77.4) 105 (71.4)
Health insurance

None 8,412 810 (9.6) 725 (89.5) 491 (67.7)

Public 11,652 1,869 (16.0) 1,295 (69.3) 898 (69.3)

Private 4,213 148 (3.5) 133 (89.9) 69 (51.9)
Risk factors

Ever used injection drugs 891 645 (72.4) 580 (89.9) 448 (77.2)

Injection drug use in past 12 months 228 165 (72.4) 149 (90.3) 110 (73.8)

HIV-positive 414 106 (25.6) 94 (88.7) 57 (60.6)

*The HepTLC initiative promoted viral hepatitis B and hepatitis C screening, posttest counseling, and linkage to care at 34 U.S. sites. Hepatitis
C testing sites were located in San Diego, California; Denver, Colorado; Atlanta, Georgia; Bronx, Ellenville, Rochester, and Queens, New York;
Durham, North Carolina; Philadelphia, Pennsylvania; Aguas Buenas, Caguas, San Juan, and Yabucoa, Puerto Rico; Bamberg, Cheraw, Fairfax,
Florence, Mullens, and Orangeburg, South Carolina; San Antonio, Texas; and Washington, D.C.

°Percentages are row percentages.

“Includes non-Hispanic Asian, Native Hawaiian or Pacific Islander, and American Indian or Alaska Native

HCV = hepatitis C virus

anti-HCV = hepatitis C virus antibody
RNA = ribonucleic acid

IQR = interquartile range

HIV = human immunodeficiency virus

people who did not receive same-day testing, 1,020
(56.5%) received an HCV RNA test and 675 (37.4%)
were identified as chronically infected. Among the
818 chronically infected people who received assisted
linkage to care, 696 (85.1%) successfully attended their
first appointment. Among the 383 chronically infected
people who were passively linked to care, 235 (61.4%)
successfully attended their first medical appointment.

DISCUSSION

HCYV testing and follow-up
This project demonstrated that birth-cohort testing can
be successfully implemented in a variety of health-care

settings. CDC’s 1998 HCV testing recommendations
have been less successful in identifying people living
with HCV infection; in a qualitative assessment of
these recommendations, providers reported that the
complexity of multiple risk factors and discomfort in
asking questions about socially undesirable behaviors
were barriers to effective risk-based screening imple-
mentation."*?" An important strength of birth-cohort
testing is identifying infected people who are reluctant
to disclose a history of IDU or other risky behaviors,
or providers who are uncomfortable discussing these
behaviors with their patients.

Those who self-identified as non-Hispanic black,
men, and people reporting past or present IDU were
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Figure 1. Anti-HCV prevalence per 100 study participants, by birth year, among people born between 1945
and 1965 who were tested for HCV? in the Hepatitis Testing and Linkage to Care (HepTLC) initiative, 21 U.S.
municipalities, 2012-2014"
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20f 24,966 participants who were tested, 2,900 were anti-HCV positive.

®The HepTLC initiative promoted viral hepatitis B and hepatitis C screening, posttest counseling, and linkage to care at 34 U.S. sites. Hepatitis C
testing sites were located in San Diego, California; Denver, Colorado; Atlanta, Georgia; Bronx, Ellenville, Rochester, and Queens, New York;
Durham, North Carolina; Philadelphia, Pennsylvania; Aguas Buenas, Caguas, San Juan, and Yabucoa, Puerto Rico; Bamberg, Cheraw, Fairfax,
Florence, Mullens, and Orangeburg, South Carolina; San Antonio, Texas; and Washington, D.C.

anti-HCV = hepatitis C virus antibody
HCV = hepatitis C virus

Figure 2. Percent of people born between 1945 and 1965 testing anti-HCV positive (n=2,900) who completed
steps in the testing-to-care continuum, Hepatitis Testing and Linkage to Care (HepTLC) initiative, 21 U.S.
municipalities, 2012-2014>
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*The HepTLC initiative promoted viral hepatitis B and hepatitis C screening, posttest counseling, and linkage to care at 34 U.S. sites. Hepatitis
C testing sites were located in San Diego, California; Denver, Colorado; Atlanta, Georgia; Bronx, Ellenville, Rochester, and Queens, New York;
Durham, North Carolina; Philadelphia, Pennsylvania; Aguas Buenas, Caguas, and San Juan, Yabucoa, Puerto Rico; Bamberg, Cheraw, Fairfax,
Florence, Mullens, Orangeburg, South Carolina; San Antonio, Texas; and Washington, D.C.

“Line graph represents the percentage of all anti-HCV-positive people who completed each step of the testing-to-care continuum.
“Bar graph represents the percentage of people who completed each successive step of the testing-to-care continuum.
dApproximately 20%-30% of HCV-infected individuals will clear the virus spontaneously.

anti-HCV = hepatitis C virus antibody

HCV = hepatitis C virus

RNA = ribonucleic acid
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Figure 3. Proportion of anti-HCV-positive people who were tested for HCV RNA and tested HCV RNA positive,
by type of HCV RNA testing (n=2,893), in the Hepatitis Testing and Linkage to Care (HepTLC) initiative, 21 U.S.

municipalities, 2012-2014¢
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*The HepTLC initiative promoted viral hepatitis B and hepatitis C screening, posttest counseling, and linkage to care at 34 U.S. sites. Hepatitis
C testing sites were located in San Diego, California; Denver, Colorado; Atlanta, Georgia; Bronx, Ellenville, Rochester, and Queens, New York;
Durham, North Carolina; Philadelphia, Pennsylvania; Aguas Buenas, Caguas, and San Juan, Yabucoa, Puerto Rico; Bamberg, Cheraw, Fairfax,
Florence, Mullens, Orangeburg, South Carolina; San Antonio, Texas; and Washington, D.C.

bSeven people without a valid antibody test date were excluded.
“Antibody positive for same-day testing included 1,088 participants.

4Antibody positive for non-same-day testing included 1,805 participants.

anti-HCV = hepatitis C virus antibody
HCV = hepatitis C virus
RNA = ribonucleic acid

more likely to test anti-HCV positive—findings similar
to previous HCV birth-cohort studies.'*** However,
anti-HCV prevalence was higher in the current analysis
than in national birth-cohort studies,?** likely because
of the higher level of risk for HCV infection among the
populations served by the testing sites that participated
in this project (i.e., federally qualified health centers,
STD clinics, community health centers, and health
department clinics).>*** Providers seeking to imple-
ment birth-cohort testing should consider the clinic
population being served and ensure that resources will
be available to provide care to newly diagnosed patients.

Although anti-HCV testing was successfully imple-
mented in health-care settings, grantees had difficulty
obtaining follow-up HCV RNA tests for anti-HCV-

positive patients. These results are consistent with
previous research reporting that people born between
1945 and 1965 are less likely than other birth cohorts
to have a follow-up HCV RNA test within six months of
a positive anti-HCV test, and an estimated 63%—77% of
people who test anti-HCV positive receive some follow-
up viral hepatitis care, such as HCV RNA testing.*”* On
the other hand, same-day HCV RNA testing compared
with testing anti-HCV-positive patients on a different
day following the antibody test enabled the identifica-
tion of a greater proportion of people with chronic
HCV infection. Providers implementing birth-cohort
testing in the clinical setting should strive to provide
all anti-HCV-positive people with an HCV RNA testin a
single medical visit through same-day HCV RNA testing
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or HCV RNA reflex testing. Reflex testing enables
providers to use the same blood sample that was used
for HCV-antibody testing for HCV RNA testing, without
the need for patients to return to the testing site for
another blood draw.?

Linkage to care

About three-quarters of all HCV RNA-positive people
who were referred to care attended an initial medi-
cal appointment. However, assisted-linkage strategies
were more effective than passive-linkage strategies in
enabling people with chronic HCV infection to attend
a first medical appointment (85.1% vs. 61.4%). Provid-
ers implementing birth-cohort testing should consider
using assisted-linkage strategies or other effective
linkage-to-care models to ensure that all HCV-infected
people are successfully linked to care.

Factors that were beyond the scope of this project
for which we did not collect data, but which may have
negatively affected the testing-to-care continuum,
included being underinsured, the perception that
treatments are long and have undesirable side effects,
geographic barriers to care, or shortage of skilled
HCV clinical providers.>* Higher coverage of quality
health insurance, the promise of shorter duration and
highly effective all-oral treatment regimens, same-day
testing, enhanced provider workforce, and utilization
of assisted-linkage strategies may help to increase the
number of people diagnosed, entered, and retained
in care.

Limitations

This study was subject to several limitations. First,
people with a positive anti-HCV result may have
received HCV RNA testing and follow-up outside of
the HepTLC grantee network. As such, the 71% of
anti-HCV-positive people who received a follow-up
HCV RNA test should be interpreted as the minimum
percentage who received a follow-up HCV RNA test.
Second, all demographic and risk-factor data from
patients were self-reported. Disclosure of past or cur-
rent IDU, a major risk factor for HCV infection, is
often underreported. Third, although grantees were
instructed to target undiagnosed people in the birth
cohort for anti-HCV testing, data on previous HCV
testing and diagnosis were not collected. It is possible
that some participants may have known their anti-HCV
status prior to this project. However, people with a
previous diagnosis represent a small minority of the
study population and most anti-HCV testing results
represent newly diagnosed people. Fourth, we were
unable to include analyses by clinical setting because
of multiple limitations, such as lack of standardization

or data collected on participant recruitment, testing
procedures, and linkage-to-care interventions across
clinical settings. These limitations may bias results
by clinical setting or produce results that cannot be
explained.

CONCLUSION

This study highlights successful implementation of
birth-cohort HCV testing in a variety of health-care
settings across 21 U.S. municipalities. Adoption of CDC
recommendations for one-time HCV testing of people
born between 1945 and 1965 should be supported, and
efforts should prioritize reaching the populations at
greatest risk for HCV infection. However, challenges
remain to improve outcomes along the testing-to-care
continuum. Adherence to CDC guidelines, use of same-
day HCV RNA testing, ensuring availability of trained
providers, and assisted-linkage strategies may help to
improve the testing-to-care continuum. Continued
birth-cohort HCV testing and identification of people
with chronic HCV infection, and improved linkage to
care in combination with new, effective all-oral HCV
treatments, will help to decrease HCV-associated mor-
bidity and mortality.

The findings and conclusions in this article are those of the
authors and do not necessarily represent the official position

of the Centers for Disease Control and Prevention (CDC). This
study reported on a CDC-funded programmatic activity for which
institutional review board approval was waived.
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