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Hepatitis C virus (HCV) infection is the most commonly reported bloodborne infection in the United States, caus-
ing substantial morbidity and mortality and costing billions of dollars annually. To update the estimated HCV prev-
alence among all adults aged 218 years in the United States, we analyzed 2013-2016 data from the National Health
and Nutrition Examination Survey (NHANES) to estimate the prevalence of HCV in the noninstitutionalized civil-
ian population and used a combination of literature reviews and population size estimation approaches to estimate
the HCV prevalence and population sizes for four additional populations: incarcerated people, unsheltered homeless
people, active-duty military personnel, and nursing home residents. We estimated that during 2013-2016 1.7% (95%
confidence interval [CI], 1.4-2.0%) of all adults in the United States, approximately 4.1 (3.4-4.9) million persons,
were HCV antibody-positive (indicating past or current infection) and that 1.0% (95% CI, 0.8-1.1%) of all adults,
approximately 2.4 (2.0-2.8) million persons, were HCV RNA-positive (indicating current infection). This includes
3.7 million noninstitutionalized civilian adults in the United States with HCV antibodies and 2.1 million with
HCV RNA and an estimated 0.38 million HCV antibody-positive persons and 0.25 million HCV RNA-—positive
persons not part of the 2013-2016 NHANES sampling frame. Conclusion: Over 2 million people in the United
States had current HCV infection during 2013-2016; compared to past estimates based on similar methodology,
HCYV antibody prevalence may have increased, while RNA prevalence may have decreased, likely reflecting the com-
bination of the opioid crisis, curative treatment for HCV infection, and mortality among the HCV-infected popula-
tion; efforts on multiple fronts are needed to combat the evolving HCV epidemic, including increasing capacity for
and access to HCV testing, linkage to care, and cure. (HEpaTOLOGY 2018;0:1-12).

epatitis C virus (HCV) infection is the most
commonly reported bloodborne infection in
the United States despite being underdiag-
nose ) Highly efficacious, all-oral direct-acting
antiviral (DAA) therapy has revolutionized hepa-
titis C treatment within the past decade, dramati-
cally improving cure rates over previous treatment

d (1-3

modalities.*® Access to these therapies, however, is
compromised by the high proportion of HCV-infected
persons unaware of their status and, for those who
have been diagnosed, insurer-implemented treatment
restrictions related to concerns regarding the costs of
HCV medications. Persons with untreated chronic
HCYV infection, as well as those who have been cured
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but still have advanced HCV-associated disease, are
at risk for hepatic fibrosis, cirrhosis, and hepatocellu-
lar carcinoma; and HCV infection remains one of the
leading causes of liver transplantation in the United
States.””® Nationwide, during 2012-2013, the annual
number of HCV-related deaths exceeded the total
number of deaths reported to the Centers for Disease
Control and Prevention associated with the 60 other
nationally notifiable infectious diseases combined."”

The prevalence of current HCV infection (indi-
cated by HCV antibody positivity and RNA positiv-
ity) in a given population at a particular time depends
on several factors: the number of people with existing
chronic HCV infection (defined as detectable HCV
RNA at least 6 months following acute infection), the
number of people with incident HCV infection, the
number of people cured of HCV infection (through
spontaneous clearance or treatment), and the number
of deaths among persons with chronic HCV infec-
tion, regardless of whether mortality is attributed to
complications of HCV infection. An accurate esti-
mate of hepatitis C prevalence can inform public
health interventions and resource allocation strategies
aimed at reducing the health burden and economic
costs caused by hepatitis C in the United States.

The National Health and Nutrition Examination
Survey (NHANES) combines interviews and physi-
cal examinations to assess the health and nutritional
status of adults and children in the United States and
to determine the prevalence of major diseases and
disease risk factors.’” A 2014 analysis of NHANES
data from 2003-2010 estimated that 3.6 million per-
sons (95% confidence interval [CI], 3.0 million to
4.2 million persons) were HCV antibody—positive,
indicating past or current HCV infection; of these,
approximately 2.7 million (95% CI, 2.2 million to 3.2

ARTICLE INFORMATION:

HEPATOLOGY, Month 2018

million persons) were HCV RNA—positive, indicating
current HCV infection of 1.0% (95% CI, 0.8%-1.2%)
among the noninstitutionalized civilian US pop-
ulation aged 26 years."" A 2015 brief report using
NHANES data from 2011-2014 estimated current
HCV infection of 0.9% (95% CI, 0.6%-1.2%) among
US adults aged 218 years but did not report an esti-
mate of HCV antibody positivity.1?

While the NHANES national probability sam-
ple provides the best available measurement of HCV
prevalence in the general US population, its sampling
frame is the noninstitutionalized, civilian population
of the United States; consequently, NHANES under-
estimates the true prevalence of HCV in the United
States because it excludes certain populations known
to have high HCV prevalence from its sampling
frame. In 2015, researchers estimated that an addi-
tional 1.0 million persons (range 0.4 million to 1.8
million) in high-risk population groups unaccounted
for by NHANES 2003-2010 data were HCV anti-
body—positive, of whom 0.8 million (range 0.3 million
to 1.5 million) were chronically infected."® These
estimates suggested that in the United States during
2003-2010 4.6 million persons had HCV antibody
and 3.5 million persons were living with current HCV
infection. More recent estimates of HCV RNA prev-
alence are expected to be lower as more people are
being cured because of improved HCV treatments;
turther, because the population in the United States
is aging(14) and death rates increase with age, many
persons in the age cohort at highest risk for chronic
infection, those born during 1945-1965,"% are dying
of HCV-related and other causes. However, incident
HCYV infections linked to the opioid crisis and other
drug use have simultaneously increased the overall
prevalence of persons ever infected with HCV in the
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United States,"® potentially offsetting these expected
reductions in HCV prevalence.

To provide an estimate of HCV prevalence among
adults aged 218 years in the United States, we com-
bined estimates of prevalence in the noninstitutional-
ized civilian population from NHANES 2013-2016
data with modeled estimates for four additional pop-

ulations that were not sampled by NHANES.

Materials and Methods

We used NHANES data to estimate HCV prev-
alence among the US noninstitutionalized civilian
population and computed additional prevalence esti-
mates for four populations that were not part of the
NHANES sampling frame to provide a more com-
prehensive estimate of national HCV prevalence
among adults aged 218 years during 2013-2016. The
sampling frame for NHANES is the noninstitution-
alized civilian population, which includes all people
living in households, excluding institutional grou
quarters and those persons on active military duty.(l )
We used 5-year American Community Survey (ACS)
population estimates for 2012-2016 to generate pop-
ulation totals for the noninstitutionalized civilian
population. We estimated HCV prevalence and pop-
ulation sizes for each additional population using a
combination of literature search and population-size
estimation approaches. These were combined to yield
an updated estimate that reflects the total number of
HCYV infections in the United States more accurately
than NHANES data alone. Additional enhance-
ments of earlier estimation methods (e.g., refinement
of additional populations and expansion of search
terms) are described in the accompanying Supporting
Information.

HCV PREVALENCE IN THE
NONINSTITUTIONALIZED
CIVILIAN ADULT POPULATION,
2013-2016

HCYV antibody and RNA prevalences were calcu-
lated using data from the two most recent NHANES
cycles (2013-2016). This complex, stratified, multi-
stage probability survey collected information from
approximately 10,000 civilian, noninstitutionalized
US residents per 2-year cycle and was designed to
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provide representative national health estimates for
this population.(17) Confirmed antibody data sets
used in this analysis were published in January 2018
and accessed through the Research Data Center at
the National Center for Health Statistics (NCHS).
Survey participants provided blood samples for hep-
atitis C antibody screening and RNA testing; further
antibody confirmation was performed among those
participants who tested RNA-negative. In 2013,
the NCHS revised its protocol for HCV testing of
specimens from NHANES participants to align
with updated guidelines for HCV testing published
in 2013%% and replace a laboratory test for HCV
antibody confirmation that was removed from the
market at the end of 2012 (Chiron RIBA HCV 3.0
SIA; Chiron Corporation, Emeryville, CA).19-2D
Under the protocols used during 1999-2012, antibody
screening—reactive participants next received an anti-
body confirmation test, and confirmed antibody posi-
tive participants then received an RNA test.!? During
2013-2016, NHANES participants first were tested
tor HCV antibody with a screening test; those with
a reactive antibody screening test then received an
HCV RNA test, and only RNA-negative partici-
pants received an antibody confirmation test using a
third-generation line immunoassay (INNO-LIA HCV
Score; Fujirebio, Malvern, PA).2%2D The protocol
change complicates formal statistical comparison of
data before and after 2013. To estimate the national
prevalence of HCV antibody and HCV RNA for
2013-2016 among adults aged 218 years, data were
weighted to account for sampling design and par-
ticipation in the examination component using the
NCHS-provided Mobile Examination Center (MEC)
survey weights. The MEC weights for participants
with valid HCV screening and RNA test results were
first multiplied by the ratio of the sum of the MEC
weights for all participants eligible for HCV testing
to the sum of the MEC weights for those with valid
HCV test data within the same stratum (defined by
sex, age group, and race/ethnicity) and then by the
ratio of the sum of the MEC weights for all partici-
pants eligible for antibody confirmation testing to the
sum of the MEC weights for those with valid anti-
body confirmation test results. This approach assumes
that the prevalence of HCV RNA is the same among
those with and without data, within each stratum, and
that the prevalence of confirmed antibody is the same
among those with and without confirmed antibody
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test results. To calculate the number of noninstitution-
alized civilians in the United States with HCV anti-
body and HCV RNA during 2013-2016, prevalence
estimates were then multiplied by the estimated total
noninstitutionalized civilian adult US population as of
December 31, 2016, from the 2012-2016 ACS. Data
collection for NHANES was approved by the NCHS
Research Ethics Review Board. Analysis of deiden-
tified data from the survey is exempt from the fed-
eral regulations for the protection of human research
participants. Analysis of restricted data through the
NCHS Research Data Center is also approved by the
NCHS Ethics Review Board.

HCV PREVALENCE IN
FOUR ADDITIONAL ADULT
POPULATIONS, 2013-2016

Population-Size Estimates

We used the most recent published data to esti-
mate the size of each of the following populations:
incarcerated people, unsheltered homeless people,
active-duty military personnel, and nursing home
residents (Table 1). When necessary, these estimates
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were adjusted for population growth to December 31,
2016, using a ratio of 2016 to 2014 population sizes in
six age groups by sex strata, to allow for comparability
with the population totals represented in the 2012-
2016 ACS. Each additional population nonetheless
required slightly different analytic approaches for esti-
mating the 2016 population size and the group-spe-
cific HCV prevalence, described in further detail in
the accompanying Supporting Information.

Literature Review
SEARCH PROCESS

We performed a literature review using PubMed to
search for articles reporting HCV prevalence published
in English from January 1, 2013, through December
31, 2017. We restricted the search to this time period
in order to yield prevalence estimates reflecting the
same period of the 2013-2016 NHANES cycles
used for the prevalence estimate calculations. We
expanded population-specific search terms from pre-
vious methodologies (Table 2).9% Relevant litera-
ture search results were scarce for nursing home and
active-duty military; because evidence was insufficient

TABLE 1. Population Inclusion Strategies and Data Sources, Adults Aged 218 Years

Population Features Evaluated for Analytic Decisions

Data Sources Used in Analysis

Included in Included in ACS Population  Evidence of HCV
NHANES Size Estimates Used for Differential ~ Prevalence
Population Sampling Frame NHANES Analyses HCV Risk Source Population-Size Source
Noninstitutionalized civilian ~ Ves Yes N/A NHANES ACS, 201220161
population

Incarcerated No No Yes Literature Bureau of Justice Statistics, 20163

Unsheltered homeless No No Yes Literature US Department of Housing and
Urban Development, 2016%9

Active-duty military No Yes No NHANES US Department of Defense, 2016@%*

Nursing homes No No No NHANES National Survey of Long-Term Care
Providers, 2014?91

People living in AI/AN areas™  Yes Yes Yes N/A N/A

Hospitalized® Yes Yes No N/A N/A

Other high-risk populations Yes Yes Yes N/A N/A

(e.g.. people who inject
drugs, sheltered homeless)!

*Although this population is represented in the ACS population size estimate used for this NHANES analysis, these supplementary

values were used in the adjusted estimate calculation.
¥Scaled for population growth to 2016.

Residents of Native American reservations and tribal lands and Alaska Native village statistical areas.
Excluded from analysis due to inclusion in both NHANES (prevalence numerator) and ACS (population size denominator).
IFor people who inject drugs, we assessed likely bias and determined that national NHANES estimates sufficiently represented HCV

prevalence in this subpopulation.

4
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TABLE 2. Search Terms and Results of Literature Search for Articles With Hepatitis C Prevalence Data Among Incarcerated
Populations and Homeless Populations (January 1, 2013-December 31, 2017)

Unique Abstracts Full Text  Arficles
Population Search Terms Articles Screened  Screened  Included
Incarcerated (“hepatitis C* or "HCV”) and (“prison” or “jail” or “correctional”) 1,079 56 17 7
Homeless (“hepatitis C* or "HCV”) and (“homeless” or *homeless persons” or “housing 1,353 24 9 1
unstable” or “housing insecure”)
Total 2,432 80 26 8

to suggest that these populations are at increased risk
tor HCV infection, we applied age-specific and sex-
specific NHANES prevalence estimates to these two
populations using publicly available data (Table 1);
details on the prevalence estimation for these popu-
lations are provided in the accompanying Supporting
Information."*?” Studies were selected for inclu-
sion if they were conducted in the United States and
reported quantitative data on HCV prevalence among
general samples of incarcerated populations or home-
less populations. Those sampling higher-risk subpop-
ulations selectively were excluded (e.g., people living
with human immunodeficiency virus or people who
inject drugs).

LITERATURE REVIEW AND DATA
EXTRACTION

A single reviewer (M.G.H.) performed a title
review on all literature search results. Two reviewers
(M.G.H. and M.A.B.) independently read abstracts
and full-text articles meeting the established criteria to
determine final eligibility for inclusion in our analysis;
the reviewers discussed and resolved any differences
in opinion. Once the list of articles was finalized, one
reviewer (M.G.H.) extracted dates of testing, num-
ber of persons tested for HCV antibody and HCV
RNA, number testing positive for HCV antibody and
HCV RNA, and HCV prevalence from each study;
this information was then verified by an additional
reviewer (IM.A.B.). References from the final article
set were reviewed for any additional relevant articles.

DATA SYNTHESIS

We calculated the mean prevalence of both HCV
antibody and HCV RNA for populations for which
multiple published estimates were available (those
incarcerated), using a random effects model and study

sample size as weights.(zg) For literature sources that
provided HCV RNA testing data, RNA prevalence

was calculated as the RNA test positivity among per-
sons who were HCV antibody—positive and tested,
multiplied by the HCV antibody prevalence. For
studies that reported prevalence of HCV antibody
only, prevalence of current HCV infection was cal-
culated by multiplying the HCV antibody prevalence
reported in the study by the proportion of HCV anti-
body—positive persons with HCV RNA estimated
using 2013-2016 NHANES data (57.5%) (Table 3).

COMBINED US HCV PREVALENCE
IN ADULTS

We calculated the population-specific number of
adults ever infected with HCV (HCV antibody—pos-
itive) or currently infected with HCV (HCV anti-
body—positive and RNA-positive) by multiplying
the population size by the respective HCV antibody
prevalence and HCV RNA prevalence estimates for
each group (Table 4). Because active-duty military are
included in the ACS population estimate used in row
1 of Table 4, we subtracted the estimated population
size of this group from the ACS population size to
estimate the size of the noninstitutionalized civilian
US population. We then estimated the number of
persons infected with HCV from the adjusted popu-
lation size and the NHANES HCV antibody preva-
lence and RNA prevalence. We summed the numbers
of infected persons in each population to obtain the
overall number of persons in the United States with
past and current HCV infection and summed the
population sizes to obtain the total US population
size. We calculated the final HCV prevalences by
dividing the total numbers of infected persons by the
total estimated population size.

CONFIDENCE INTERVALS

CIs were used to account for statistical uncertainty

in NHANES and additional population prevalence
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TABLE 3. Hepatitis C Seroprevalence Studies in Incarcerated Populations and Homeless Populations

Study  Total No. No. HCV HCV Antibody ~ No. HCV HCV RNA

Reference Location Dates Tested  Antfibody-Positive  Prevalence ~ RNA-Positive  Prevalence
Incarcerated

Akiyama et al.?% New York, NY 20132014 10,856 2,234 20.6% — 11.8%"

Cocoros et al.®Y Barnstable County, MA 20092011 596 122 20.5% 23 15.2%"

de la Flor et al.®" Dallas County, TX 20152016 3,042 500 16.4% — 9.5%*

Kuncio et al.®? Philadelphia, PA 2012 1,289 154 11.9% — 6.9%"

Mahowald et al.®¥ Pennsylvania 20042012 101,727 18,454 18.1% 5,288 12.6%"

Schoenbachler et al.®®  Durham County, NC 2012-2014 669 88 13.2% 66 10.7%"

Stockman et al.® Wisconsin 2014-2015 1,239 155 12.5% 110 9.1%"
Mean prevalence: 16.1% 10.7%
Homeless

Coyle et al.®? Philadelphia, PA 20122014 1,079 159 14.7% 108 10.8%*
Mean prevalence: 14.7% 10.8%

*Calculated as (reported HCV antibody prevalence) x (NHANES 2013-2016 HCV RNA prevalence), where NHANES 2013-2016

HCV RNA prevalence among antibody-positives = 0.575.

fCalculated as (number HCV RNA-positive/number tested HCV RNA) x (reported HCV antibody prevalence).
*Calculated as (reported HCV antibody prevalence) x [number HCV RNA—positive/(0.924 x number HCV antibody—positive)], where
the calculation is adjusted by the 92.4% of study participants reported to have received RNA testing.

estimates. For the noninstitutionalized civilian popula-
tion estimates from NHANES, reported Cls accounted
for the multistage, clustered sampling design. For the
incarcerated population, the reported Cls were gen-
erated from the random effects meta-analysis esti-
mation. The reported Cls for unsheltered homeless
persons, active-duty military, nursing home residents,
and the combined US HCV prevalence were com-
puted using a Monte Carlo simulation process (10,000
iterations) which resampled parameter estimates from
normal distributions defined by the point estimate
and standard errors for each population prevalence
estimate.

Results
During 2013-2016, the estimated NHANES HCV

antibody prevalence among persons aged 18 years or
above was 1.5% (95% CI, 1.3%-1.8%), corresponding
to approximately 3.7 million persons (95% CI, 3.1
million to 4.4 million persons) with past or current
HCYV infection in the US noninstitutionalized civil-
ian population. The estimated NHANES HCV RNA
prevalence among persons aged 18 years or above was
0.9% (95% CI, 0.7%-1.0%), corresponding to approxi-
mately 2.1 million persons (95% CI, 1.8 million to 2.5
million persons) with current HCV infection in the
US noninstitutionalized civilian population.

The literature search for hepatitis C prevalence
data for incarcerated populations and homeless pop-
ulations yielded 2,432 unique articles, of which only
eight met the inclusion criteria (Table 2). Seven stud-
ies of incarcerated persons reported HCV prevalence,
with HCV antibody prevalence ranging from 11.9%
to 20.6%. Of these, four studies reported HCV RNA
prevalence ranging from 9.1% to 15.2%; for the other
three studies, HCV RNA prevalence was calculated
by multiplying the reported HCV antibody preva-
lence by the 57.5% of HCV antibody—positive persons
with HCV RNA from the 2013-2016 NHANES
data (Table 3). The estimated mean HCV antibody
prevalence was 16.1%, and the estimated mean HCV
RNA prevalence was 10.7%.

One study of homeless persons attending a
Federally Qualified Health Center reported an HCV
antibody prevalence of 14.7%; HCV RNA prevalence
was estimated at 10.8% (Table 3).

The population sizes of the four additional groups
ranged from 160,600 for the unsheltered homeless
population to 2,131,000 for the incarcerated pop-
ulation (Table 4). We estimated that during 2013-
2016 a total of 344,100 incarcerated persons, 23,700
unsheltered homeless persons, 13,500 active-duty
military personnel, and 18,900 nursing home resi-
dents were HCV antibody—positive, while 227,400
incarcerated persons, 17,400 unsheltered homeless
persons, 6,900 active-duty military personnel, and
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6,900 nursing home residents were living with current
HCV infection. The additional populations added
approximately 5.0 million persons to the population
total, 400,100 persons to the HCV antibody—posi-
tive total, and 258,600 to the HCV RNA-—positive
total. We estimated that overall in the United States
4,101,200 persons had HCV antibody and 2,386,100
persons were currently infected with HCV during

2013-2016.

Discussion

The purpose of our study was to provide an
updated estimate of HCV prevalence among adults
in the United States that would include persons in
high-risk populations not part of the NHANES sam-
pling frame. We estimate that during 2013-2016 in
the United States 1.7% of all adults, or approximately
4.1 million persons, were HCV antibody—positive and
that 1.0% of all adults, or approximately 2.4 million
persons, were HCV RNA—positive. Our findings sug-
gest that the 2013-2016 US HCV prevalence esti-
mate derived from NHANES alone underestimates
the actual number of HCV antibody—positive persons
by approximately 0.38 million persons and the num-
ber of HCV RNA—positive persons by approximately
0.25 million persons.

Our analysis of NHANES data indicates an
HCV antibody prevalence of 1.5% (3.7 million per-
sons) during 2013-2016, higher than the previous
NHANES estimate of 1.3% (3.6 million persons)
during 2003-2010 that was produced using data col-
lected before the 2013 revision of the NHANES HCV
protocol. ™ While it is possible that some of this
increase is due to the change in the NHANES labo-
ratory protocol, it also likely reflects the changing epi-
demic of HCV infection in the United States."*"3%
From 2006 through 2012, state surveillance data from
central Appalachia (Kentucky, Tennessee, Virginia,
and West Virginia) demonstrated a 364% increase
in the number of acute HCV infections among per-
sons <30 years 0ld.® Furthermore, from 2011-2014,
commercial laboratory data indicated a 22% increase
in national rates of HCV detection among women
of childbearing age.m) Overall, the number of inci-
dent hepatitis C cases reported in the United States
through the National Notifiable Diseases Surveillance
System increased 38.8% from 2013 through 2016,
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most markedly among those 20-39 years old, although
increases occurred among adults of all ages.(l)

Our findings suggest an estimated HCV RNA
prevalence in the noninstitutionalized civilian adult
US population of 0.9% (2.1 million persons; 95%
CI, 1.8 million to 2.5 million persons) during 2013-
2016, similar to the NHANES estimate of 0.9% for
2011-2014"? and lower than the previous NHANES
estimate of 1.0% (2.7 million persons; 95% CI, 2.2
million to 3.2 million persons) during 2003-2010.™
Although the 2013 change in the NHANES HCV
protocol may have played a role, the difference in
these two estimates of current HCV infection is likely
due to a combination of successful HCV treatment
through oral DAA therapy and continued mortality
(HCV-associated and all-cause).

While current therapies are highly efficacious,
many populations have limited access to HCV test-
ing, care, and treatment services. A recent system-
atic review of the literature indicated that only half
of those infected with chronic HCV were diagnosed
and aware of their infection, with only a proportion
linked to care (43%), prescribed HCV treatment
(16%), and achieving cure (9%).(40) In the Chronic
Hepatitis Cohort Study, only 5.7% of patients with
HCYV infection potentially eligible for treatment ini-
tiated a DAA regimen prescribed in 2014.“Y Kanwal
et al. reported slightly higher treatment rates at the
Veterans Administration, where 10.2% of the nearly
150,000 patients with chronic HCV infection seen
during the first 16 months of the DAA era received
treatment.*?  Encouragingly, oral DAA therapy
uptake has increased since the medications were first
licensed. At the Veterans Administration specifi-
cally, 62,290 veterans completed oral DAA treatment
between January 1, 2014, and September 30, 2016;
and the Veterans Administration estimates that an
additional 59,200 veterans will be cured from 2017
through 2018.43* These data suggest that successful
treatment, while contributing to the decline in cur-
rent HCV infections, does not entirely account for
the decrease observed in NHANES-estimated cur-
rent HCV infection. Unfortunately, continued mor-
tality contributes to the changes in HCV prevalence.
During 2016 in the United States, 18,153 hepatitis
C-related deaths were reported to the National Vital
Statistics System, representing a 6.3% decrease from
2013.%' A recent analysis demonstrated that HCV is
substantially underreported on death certificates (even
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when the main cause of death is liver-related), sug-
gesting that the approximately 20,000 death certifi-
cates that included documentation of HCV annually
during the study period underestimate mortality in
chronically HCV-infected persons.*® Additionally,
as the population (adults born during 1945-1965, in
particular) ages, deaths from competing, non-HCV-
related causes contribute to a decrease in the overall
prevalence of HCV infections.

Ultimately, given the rise in the number of per-
sons with serologic evidence of an HCV infection in
the past and the decline in the proportion of those
persons currently infected with HCV, it is likely that
successful treatment played an important role in the
decrease in current HCV infection among the US
noninstitutionalized civilian population. We estimated
that 4.1 million persons were ever infected with
HCV and approximately 2.4 million were currently
infected, suggesting that about 1.7 million had cleared
the infection. These 1.7 million adults either cleared
the infection spontaneously or were cured through
antiviral treatment. Some 15%-40% of infected per-
sons resolve HCV infection spontaneously; women,
younger persons, and those with certain immune
response gene variants are more likely than other per-
sons to clear HCV spontaneousl}f.(46’47) Hundreds of
thousands have likely been cleared through treatment
and cure of their infection. An HCV drug manufac-
turer estimates that at least 673,000 people in the
United States initiated an HCV treatment regimen
during 2013-2016 alone.“®

Compared with a previous estimate of the total US
hepatitis C prevalence, our analysis identified lower
HCV prevalence and fewer unenumerated HCV
infections in populations not part of the NHANES
sampling frame. 13) According to our estimates, 0.38
million HCV antibody-positive and 0.25 million
HCV RNA-positive persons from populations not
part of the NHANES sampling frame should be
added to the HCV prevalence estimate generated
using 2013-2016 NHANES data alone. Several fac-
tors contribute to these differences. The overall addi-
tional population size is smaller in our analysis (5.0
million persons) compared with a previously pub-
lished analysis because we concluded that people liv-
ing in American Indian/Alaska Native (AI/AN) areas
(C. Ogden, personal communication, May 30, 2018),
people hospitalized for less than the 8-week dura-
tion of the NHANES sampling period, and sheltered
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homeless people were included in the NHANES
sampling frame and therefore did not include them in
our analysis of additional populations.m) This com-
bined with the lower HCV prevalence reported in
recent literature for incarcerated populations (16.1%
HCYV antibody prevalence in recent literature versus
23.1% HCV antibody prevalence in previous litera-
ture) and homeless populations (14.7% versus 32.1%
HCYV antibody prevalence) accounts for the reduction
in unenumerated HCV infections in additional popu-
lations in our analysis.m)

Our analysis had several limitations. First, the
number of HCV-positive NHANES participants
during 2013-2016 is small (n = 185 antibody-positive,
n = 117 RNA-positive), even in this large nationally
representative sample (n = 12,105 participants aged 18
years and older, of whom n = 10,857 were tested for
HCV); although NHANES uses extensively tested
protocols to encourage participation even in sensitive
aspects of the study, if participants who did not par-
ticipate in the examination component (n = 446), did
not undergo HCV testing or provide a blood sample
sufficient to yield conclusive HCV test results (n =
789), or opted not to participate in NHANES at all
(n = 6,715, or 37% of, selected participants aged 20
years and above during 2013-2016) were dispropor-
tionately persons who had previously or concurrently
injected drugs, NHANES may underestimate HCV
prevalence even in the noninstitutionalized civilian
population. However, one study, based on a dynamic
model of HCV infection among the NHANES-
eligible population from 2001 and beyond, estimated
that 1.84 million noninstitutionalized people were
HCV RNA—positive in the United States in 2015.4”
This estimate is only 15% lower than our estimate of
HCV RNA prevalence in the noninstitutionalized
civilian population during 2013-2016. Second, the
effect of the NHANES change in laboratory test-
ing methods on HCV antibody and RNA prevalence
estimates before and after 2013 could not be assessed
within the NHANES population, and thus any com-
parison of our current findings with previous esti-
mates should be interpreted with caution. The change
in NHANES protocol could potentially be a cause of
higher HCV antibody prevalence in the current study;
however, a full crossover comparison study using sur-
plus NHANES sera to evaluate the effect of the 2013
change in the NHANES HCV protocol could not be

conducted due to ethical considerations of potential
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clinically relevant findings from such a study, and
lack of availability of RIBA test kits prevented a
prospective crossover study among NHANES par-
ticipants after 2013. Third, none of the studies iden-
tified through our literature review were designed
to generate nationally representative estimates of
HCV prevalence in the additional populations. We
excluded studies that selectively sampled higher-risk
subpopulations (e.g., people who inject drugs) in an
attempt to mitigate the potential lack of representa-
tiveness. Furthermore, a recent study published after
our literature review was closed estimated that 18% of
Americans who are in prison at any given time have
antibodies to HCV,*% slightly above our estimate,
suggesting that the studies included in our analysis for
the incarcerated population provide a credible HCV
prevalence estimate for this additional population.
The single study of the homeless population, however,
may not be representative of this population nation-
wide. Fourth, we performed a sensitivity analysis on
the homeless population estimates. Had we included
the 263,500 sheltered homeless adults in 2016 in our
analysis, we would have added 38,900 HCV antibody—
positive persons and 28,500 HCV RNA—positive per-
sons to our estimates. Fifth, because the source studies
were not conducted for the purpose of synthesis into
a national estimate, the application of meta-analytic
and other statistical procedures to create Cls for addi-
tional populations should be interpreted more cau-
tiously than Cls based on NHANES alone. Sixth,
because people living in AI/AN areas could poten-
tially be undersampled by the NHANES sampling
frame, we performed a sensitivity analysis, applying
a literature-based HCV prevalence estimate specific
to people living in AI/AN areas,(SI) to determine the
HCYV prevalence among this population. We estimate
that there were approximately 125,000 HCV RNA-
positive adults living in AI/AN areas during 2013-
2016. This estimate likely represents the upper limit
of current HCV infections in AI/AN areas during this
time period. Finally, when we applied the 2013-2016
NHANES HCV RNA prevalence to the additional
populations, we conferred to them the spontaneous
clearance and treatment levels of the noninstitution-
alized civilian population. This assumption may not
be accurate (i.e., treatment levels are likely to be lower
in the additional populations than in the noninstitu-
tionalized civilian population) and could have resulted
in underestimation of the prevalence of current HCV
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infection in the three incarcerated population studies
that did not report HCV RNA prevalence; however,
HCV antibody prevalence would be unaffected. We
performed a sensitivity analysis applying the mean
HCV RNA prevalence among those who tested anti-
body-positive from the four incarcerated population
studies that reported HCV RNA prevalence to the
three incarcerated population studies that did not
report HCV RNA prevalence; the mean HCV RNA
prevalence for the incarcerated population increased
from 10.7% (when the 2013-2016 NHANES HCV
RNA prevalence was applied) to 11.6%, a difference
of 20,700 HCV RNA-—positive persons overall (data
not shown).

In summary, we estimate that during 2013-2016
in the United States approximately 4.1 million adults
had evidence of past or current HCV infection,
of whom approximately 2.4 million were currently
infected with HCV. Compared to past estimates
based on similar methodology, HCV antibody prev-
alence may have increased, while HCV RNA preva-
lence may have decreased, likely reflecting the impact
of the opioid crisis on HCV incidence, use of effective
treatment regimens, and continuing mortality among
the HCV-infected population. Forthcoming work will
include state-level estimates of hepatitis C prevalence
using this methodology as well as delve deeper into
the NHANES data to examine differences by group
and the proportion of those aware of their infection
and receiving care. Comprehensive and accurate esti-
mates of HCV prevalence can guide health inter-
ventions and resource allocation to link chronically
infected persons to care, treatment, and ultimately
cure. Continued efforts to reduce the burden of HCV
infection will require improved interventions to pre-
vent infections, expanded testing to find undiagnosed
persons, and strategies to ensure treatment so that

HCV-infected persons are promptly cured.
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