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In the United States, it is estimated that 2.7 to
3.9 million persons are living with HCV in-
fection, of whom 45% to 85% are unaware
they are infected.1---4 Many have no symptoms
until they develop severe liver damage and
HCV-related complications, resulting in more
than 15 000 deaths per year.5,6 To prevent
transmission and to reduce the risk of disease
progression in the millions of Americans who
are infected but undiagnosed, more thorough
screening for HCV infection is critical.

Recognizing this as a public health priority,
the Centers for Disease Control and Prevention
and the US Preventive Services Task Force
now recommend one-time HCV screening,
without prior ascertainment of HCV risk, for
all persons born 1945 to 1965 in addition to
continued risk-based screening.1 This recom-
mendation efficiently targets screening to
address the disproportionately high HCV
prevalence in this birth cohort population.2,7

Although it is expected that birth cohort
screening may identify 808 580 US persons
with previously undiagnosed HCV infection,
the recommendation for birth cohort screening
and the resultant estimate for case finding is for
all persons in the United States and does not
take into account the disparate HCV disease
burden by race/ethnicity or gender.8

Blacks, and to a lesser extent Hispanics,
disproportionately bear a large burden of HCV
infection in the United States, yet the role and
importance of race/ethnicity has not been well
characterized among the population of viral
hepatitis---infected individuals and deserves
special attention.9,10 Analyses of nationally
representative National Health and Nutrition
Examination Survey data from 2 separate
evaluation periods have identified Blacks as
having the highest prevalence of antibody to
HCV (anti-HCV) at 3.0% among Blacks com-
pared with 1.6% in the general population and

compared with an even higher anti-HCV
prevalence of 13.6% among Black men born
between 1945 and 1965.2,7

Veterans have also been reported to have
a higher prevalence of anti-HCV than does the
general population.11 Previously, anti-HCV
prevalence among veterans seen at Depart-
ment of Veterans Affairs (VA) medical facilities
was estimated from a cluster sample of VA
users at 5.4% compared with the 1.5% esti-
mated anti-HCV prevalence for the general
US population at that time.1,11 However, more
recent analyses using all available VA labora-
tory data indicate that the anti-HCV prevalence
in the veteran population in current VA care is
8.4%.12 Within the VA, however, as in the
general population, the prevalence of HCV
infection is not the same across gender and
race/ethnicity, and epidemiologic disparity
exists.7,10,13,14

Recognition of the current burden of HCV in
these disparate populations and the new em-
phasis on screening could lead to identification

of those with previously undiagnosed infection
and ultimately to effective treatment of HCV
infection. Such screening thus would poten-
tially prevent substantial HCV-related losses of
health and life, provided those identified via
screening received appropriate treatment.15

Several shortcomings have been noted with
the existing HCV screening and prevalence
literature, emphasizing a need for more repre-
sentative population samples, appropriate use
of diagnostic tests, and better stratification by
gender and race/ethnicity.16 Because of these
needs, the identified inequities, and the
updated Centers for Disease Control and Pre-
vention and US Preventive Services Task Force
recommendations, we (1) assessed the extent
to which veterans in recent VA care born1945
to 1965 have been screened for HCV and, in
particular, assessed the extent to which screen-
ing has varied by gender and race/ethnicity; (2)
assessed the current disease burden by deter-
mining the HCV infection prevalence in the
male and female veteran population currently
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in VA care among various race/ethnicity; and
(3) estimated the potential clinical impact of
complete birth cohort screening within these
groups using the HCV infection prevalence from
those screened most recently.

METHODS

We performed a retrospective population
analysis using the VA’s Corporate Data Ware-
house, which includes birth dates, gender,
race/ethnicity, and VA laboratory tests from
October 1, 1999, onward for veterans who
have received VA care. Our analysis included
all veterans who had at least 1 VA outpatient
visit (including telehealth visits) in 2012. We
identified all HCV antibody, viral load, and
genotype tests. We considered individual test
results “informative” if the result could be
categorized as negative or positive for antibody
tests, detectable or undetectable for viral load,
and detectable for genotype tests if a recog-
nized HCV genotype was reported.

HCV Screening and Prevalence

We determined if each veteran ever had VA
HCV screening by December 31, 2012. Any
HCV antibody, viral load, or genotype test
recorded at any VA facility qualified as HCV
screening.

To estimate HCV infection prevalence, we
included the number of veterans with testing
adequate to determine HCV infection status;
specifically, this comprised those veterans with
negative anti-HCV testing, positive anti-HCV
testing with a negative recombinant immuno-
blot assay, informative viral load testing, or
informative genotype testing. We excluded
veterans with positive anti-HCV results but
without RNA testing (either viral load or
genotype testing), as we could not determine
infection status. We determined HCV infection
prevalence by dividing the total number of
veterans with a detectable viral load or geno-
type by the total number of veterans with
testing adequate to determine HCV infection
status.

HCV Incident Diagnosis

For veterans in care in 2012, we used all
informative antibody and RNA-based test
results to identify the year of first incident
diagnosis of HCV. We recorded the year of the

first positive screening test in which the con-
firmatory test (HCV RNA or genotype) could
occur at the same time or later.

For those without a positive test, we assigned
the year from the date of the first-ever negative
test. The population for this analysis comprised
those veterans who had a first-ever test with
an informative (positive or negative) result in
that year.

Patient Characteristics

We calculated HCV screening rates, RNA
testing rates, and HCV infection prevalence by
gender and race/ethnicity stratified by 3 birth
cohorts (before 1945, 1945---1965, and after
1965). We identified race/ethnicity classifica-
tions from the VA’s Corporate Data Ware-
house. At VA registration, veterans are asked
their race with options of American Indian
or Alaska Native, Asian, Black or African
American, Native Hawaiian or other Pacific
Islander, White, declined to answer, and un-
known. At VA registration, veterans are also
asked their ethnicity with options of Hispanic
or Latino, not Hispanic or Latino, declined to
answer, and unknown.

We classified patients with a reported eth-
nicity of Hispanic as Hispanic in the combined
variable of race/ethnicity regardless of
reported race. We classified those in which
race and ethnicity were recorded as unknown
or declined to answer or in which more than 1
race was reported as “mixed/other/unknown.”
In a sensitivity analysis, we recalculated all
results, assigning those with Hispanic ethnicity
to their selected race category.

For veterans in care in 2012 diagnosed
with HCV, we determined the rates of several
comorbidities using the occurrence of Interna-
tional Classification of Diseases, 9th Revision17

code in the year. To determine advanced fibrosis
or cirrhosis, we calculated their fibrosis-4 score
with the standard formula (age · aspartate
aminotransferase)/(platelets · sqr[alanine ami-
notransferase]) using age as of the end of 2012
and the most recent results for the necessary
laboratory tests.

We have not reported statistical testing
because the very large sample size makes
extremely small numeric differences statistically
significant even when such small differences are
not clinically meaningful. For example, a differ-
ence of only 0.13% is statistically significant

with a standard a of 0.05 and b of 0.2 when
comparing screening rates for the 3 birth co-
horts with an overall sample size of 5 400 000.

RESULTS

Overall, 5 500 392 veterans had a VA out-
patient visit in 2012. Basic demographic in-
formation was remarkably complete, with only
30 veterans (0.0005%) missing gender and
619 (0.011%) missing birth date, leaving
5 499 743 veterans in our study. The cohort
was 93.4% male (n = 5 138 887) and 6.6%
female, representing a sizable population of
360 856 women. The cohort was 65.3%
White (n = 3 593 668), 15.0% Black
(n = 823 383), 11.8% mixed/other/unknown
(n = 649 375), 5.7% Hispanic (n = 313 468),
and less than 1.0% each for American
Indian/Alaska Native (n = 38 586), Asian
(n = 44 511), and Native Hawaiian/Pacific
Islander (n = 36 752).

By birth cohort, 37.4% (n = 2 056 126)
were born before 1945, 46.2% (n = 2 541 021)
were born between 1945 and 1965, and
16.4% (n = 902 596) were born after 1965.
We identified 6 622 782 HCV antibody,
viral load, and genotype test results between
October 1, 1999, and December 31, 2012,
for the veterans in care in 2012. Informative
values could be assigned to 6 009 302 (90.7%)
of these test results (data not shown).

HCV Screening

For the entire cohort, 3 009 852 (54.7%)
had VA HCV screening. HCV screening rates
were higher in women (58.2%) than in men
(54.5%). Screening rates were highest among
Hispanics (68.6%) and Blacks (63.3%) fol-
lowed by American Indian/Alaska Natives
(61.8%), Native Hawaiian/Pacific Islanders
(56.8%), Asians (55.5%), Whites (53.5%),
and mixed/other/unknown (39.7%). By birth
cohort, the HCV screening rate was 41.5% for
those born before 1945, 64.2% for those born
1945---1965, and 58.0% for those born after
1965 (data not shown).

When considering race/ethnicity stratified
by gender, HCV screening rates for both men
and women among all race/ethnicity categories
were highest in those born from 1945 to 1965,
slightly lower in those born after 1965, and
lowest in those born before 1945 (Figure 1).

RESEARCH AND PRACTICE

S556 | Research and Practice | Peer Reviewed | Backus et al. American Journal of Public Health | Supplement 4, 2014, Vol 104, No. S4



The 1 exception was male Hispanics, for whom
the HCV screening rate was highest in those
born 1945 to 1965 (74.5%), but the screening
rates in those born before 1945 (63.7%) and
after 1965 (64.1%) were nearly identical.

HCV Infection Prevalence

Nationally, 95.1% of veterans identified
with anti-HCV had RNA testing for HCV in-
fection. HCV infection prevalence was 6.1% in
the more than 2.9 million veterans tested. HCV

infection prevalence differed strikingly by birth
cohort, gender, and race/ethnicity. For men,
HCV infection prevalence was 1.7% for those
born before 1945, 10.3% for those born 1945
to 1965, and 1.2% for those born after 1965.

For women, HCV infection prevalence was
1.2% for those born before 1945, 4.7% for
those born 1945 to 1965, and 0.7% for those
born after 1965. HCV infection prevalence
was highest among Blacks (11.8%), followed by
Hispanics (6.4%) and American Indian/Alaska

Natives (6.4%),Whites (4.8%), Native Hawaiian/
Pacific Islanders (4.7%), mixed/other/unknown
(3.3%), and Asians (1.8%; data not shown).

For all men grouped by race/ethnicity, HCV
infection prevalence was highest in those born
1945 to 1965, much lower in those born
before 1945, and generally lowest in those
born after 1965 (Figure 2). Among men born
1945 to 1965, HCV infection prevalence
varied widely among the various race/ethnicity
subgroups—from 3.4% among Asians to
17.7% among Blacks. In women grouped by
race/ethnicity, HCV infection prevalence was
similarly highest in those born 1945 to 1965
(Figure 2).

In the 1945 to 1965 birth cohort, HCV
infection prevalence was appreciably lower
among women than among men, with less
variation by race/ethnicity (Figure 2). Al-
though the prevalence in the 1945 to 1965
birth cohort was highest among Black and
Native Hawaiian/Pacific Islander women
(5.5%), the prevalence for women in other
race/ethnicity subgroups in this birth cohort
was generally similar to the marked exception
of Asian women, among whom the prevalence
was only 1.3% for those born 1945 to 1965.

HCV Incident Diagnosis

For both men and women in the 1945 to
1965 birth cohort in VA care in 2012, HCV
infection incident diagnosis as determined by
the year HCV screening first occurred declined
sharply from 1999 to 2002 and then more
gradually for those screened between 2003
and 2012 (Figure 3). For those first screened
for HCV in 2012, the HCV infection incident
diagnosis was 5.9% for men (down from
34.3% for those first screened in 1999) and
2.3% for women (down from 17.2% for those
first screened in 1999).

This same pattern of decline in HCV in-
fection incident diagnosis as determined by
year of first screening occurred for each race/
ethnicity group (Figure 3). For those in the
1945 to 1965 birth cohort first screened in
2012, HCV infection incident diagnosis varied
by race/ethnicity, from 1.1% among Asians to
9.3% among Blacks.

Among those in the 1945 to 1965 birth
cohort first identified with HCV in 2012, 25%
had advanced fibrosis or cirrhosis as determined
by a fibrosis-4 score greater than 3.25, which
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FIGURE 1—HCV screening by race/ethnicity among veterans who were (a) male and (b)

female: Department of Veterans Affairs Corporate Data Warehouse, United States, 2012.
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matched the percentage among those in the
birth cohort identified in prior years with HCV.
Those most recently diagnosed with HCV had
high rates of other comorbidities in 2012,
including diabetes (17%), dyslipidemia (20%),
alcohol use (26%), depression (26%), and
hypertension (48%).

Rates of HIV and hepatitis B virus coinfec-
tion were 2% each. The rates in those first
diagnosed in 2012 were generally, but not
always, lower than were the rates for those in
the birth cohort identified in prior years with
HCV: diabetes (25%), dyslipidemia (28%),
alcohol use (25%), depression (33%),

hypertension (55%), HIV (3%), and hepatitis B
virus (1%; data not shown).

Estimates of Additional Cases to Be

Found

Table 1 includes the HCV infection incident
diagnosis for those first screened in 2012
taking into account both gender and race/
ethnicity. Table 1 also includes estimates of
the number of additional veterans who would
be identified with HCV infection with full
birth cohort screening by gender and race/
ethnicity using the most recent HCV infection
incident diagnosis rate. If full birth cohort
screening were adopted among veterans, an
estimated 48 928 male veterans—including
12 291 Black men—and 1484 female veterans
who did not know of their HCV infection
would potentially be identified as HCV
infected.

In a sensitivity analysis, assigning those of
Hispanic ethnicity to their selected race cate-
gory did not appreciably change the results
with regard to HCV screening rates, HCV
prevalence rates, or the estimate of additional
cases that would be found with expanded birth
cohort testing.

DISCUSSION

This population-based evaluation provides
important information about the current
screening and prevalence of HCV infection in
vulnerable groups of veterans. As shown in
this population, although screening rates were
high, a large disparate burden of disease exists,
particularly among Black men born between
1945 and 1965. The HCV infection preva-
lence among Blacks born during this period
first screened in 2012 remains substantially
higher than does the prevalence for other
race/ethnicity groups, although HCV infection
incident diagnosis for all race/ethnicity sub-
groups in the VA are higher than is that of
the general US population.1,18

If full Centers for Disease Control and
Prevention and US Preventive Services Task
Force recommended birth cohort testing were
implemented in the VA—extrapolating the
most recent incidence diagnosis estimates—
there is the potential to identify almost 13 000
Black veterans currently in VA care with
previously unrecognized HCV infection.
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FIGURE 2—HCV infection prevalence by race/ethnicity among veterans who were (a) male

and (b) female: Department of Veterans Affairs Corporate Data Warehouse, United States, 2012.
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Screening rates were high in the target birth
cohort, with nearly two thirds of all male and
female veterans tested, regardless of race/
ethnicity. As evidenced by the high screening
rates in both male and female veterans among
all race/ethnicities, the efforts that the VA has
taken to promote HCV screening testing are
having results. We observed even higher
screening rates among those race/ethnicities
in which others have reported inequities in
screening, namely Blacks and Hispanics.
Among those with positive screening tests,

nearly 95% had appropriate supplementary
RNA testing confirming the success of the
VA’s effort to ensure that patients with positive
antibody tests are appropriately tested for
HCV infection.

In these comprehensive data, we found
much higher screening rates than have other
health care settings. Most prior studies have
reported much lower HCV screening rates,
leading to estimates that less than 40.0% of
HCV-infected persons have been tested.1 In
a study examining 4 large US private health

care organizations, for example, HCV screening
rates examined by age or race for those in care
between 2006 and 2008 ranged from a low
of 8.5% (those aged ‡ 80 years) to 22.4%
(Black persons).4

In a study of patients with a clinic visit during
2 months in 2008 to a New York City aca-
demic medical center, 39.7% of patients had
been tested overall. Among those with an
identified risk (including the high-prevalence
birth cohort), 48.6% had been HCV tested.19

The reported HCV infection prevalences in
this high-risk urban population, which con-
sisted mostly of Black and Hispanic women,
were 4.6% and 7.7%, respectively. These
HCV infection prevalences are similar to the
5.5% and 4.1% we have reported for Black
and Hispanic women, respectively.

Despite the substantial decline in HCV in-
fection incident diagnosis in those screened
over the past 10 years compared with those
screened between 1999 and 2002, the current
incident diagnosis rate of 10% among Black
male veterans is still higher than are any other
reported HCV infection prevalence estimates
among the general population.1,2,18

A recent evaluation of the National Health
and Nutrition Examination Survey from 2001
through 2010 reported a prevalence of 2.2%
among male Blacks in 2009 to 2010, down
from approximately 3.3% in 2001 to 2002.18

This same study also reported a general US
prevalence of 3.5% in those born 1945 to 1965
and noted a decreasing trend in prevalence on the
basis of gender, with the most recent prevalence
of 1.9% in men and 0.7% in women in 2009
to 2010. These HCV infection prevalence esti-
mates are substantially lower than is the preva-
lence that we observed of 5.9% among male
veterans and 2.3% among female veterans born
1945 to 1965 who were first screened in 2012.

Possible differences in the results between
the National Health and Nutrition Examination
Survey and our VA population-based study
may be related to the methods used as well
as the risk profile of the participants. Our
analysis represents the entire population of
veterans in VA care in 2012, including the
homeless, the institutionalized, and those
receiving hemodialysis. The multistage
probability sampling design used by the
National Health and Nutrition Examination
Survey does not include such individuals.
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In addition, prior work, which included
questionnaire information about risk factors,
concluded that the elevated prevalence of HCV
in veterans reflected more exposure to tradi-
tional risk factors (i.e., transfusion or intrave-
nous drug use) and to other potential risk
factors (i.e., snorting drugs, incarceration, or
15 or more sexual partners).11

Although the VA HCV screening rates
among disparate populations are much higher
than are those reported in other health care
organizations, a gap in care still remains; 28%
of Black male and 36% of Black female
veterans born 1945 to 1965 seemingly lack
VA HCV screening. If the current HCV in-
fection incident diagnosis estimates by race/
ethnicity and gender in the 1945 to 1965 birth
cohort are applied to those in the cohort
without HCV screening, as many as 12 291
additional Black male veterans and 476 addi-
tional Black female veterans in VA care in
2012 may have unrecognized HCV infection
that would be identified with complete
screening of the birth cohort.

The high prevalence in this birth cohort and
the underacknowledgment of risk makes it
reasonable to use birth cohort screening as
a simple, nonstigmatizing criterion to prompt
providers to screen their patients for HCV.
Because of the disparity of disease observed
among Black male veterans, further refining
the birth cohort recommendation to include
those race/ethnicities with the highest preva-
lence may more accurately identify those who
are likely to test positive.

Timely diagnosis becomes even more im-
portant because of the landmark changes oc-
curring in the treatment of HCV infection, with
cure rates approximating more than 90%,
including those of Black patients, who have
generally had lower treatment response rates
with earlier HCV antiviral treatments.20 With-
out identification of HCV infection and sub-
sequent HCV care and treatment, we will begin
to see significantly more advanced liver dis-
ease, namely cirrhosis and hepatocellular
carcinoma, of which mortality for Blacks is
reported as 2 to 3 times greater than that for
non-Hispanic Whites.21

A recent Institute of Medicine report identi-
fied 3 underlying factors impeding current
efforts to combat HCV: (1) lack of knowledge
and awareness among health care and social
service providers; (2) lack of knowledge and
awareness among at-risk populations, members
of the public, and policymakers; and (3) in-
sufficient understanding about the extent and
seriousness of this public health problem.22 To
realize improvements in outcomes, effective
screening of male and female veterans born
between 1945 and 1965, particularly Black
men, needs to continue and can be facilitated
with VA-wide promotion of awareness of HCV
infection emphasizing the extensive burden in
this population.

Limitations

Our study has several limitations. The HCV
screening rates are likely underestimated for
2 reasons: (1) the VA’s Corporate Data

Warehouse includes only VA laboratory
data, preventing identification of veterans
with HCV screening outside the VA; and
(2) the VA’s Corporate Data Warehouse
includes laboratory data only from October
1999 onward, preventing identification of
veterans screened for HCV before October
1999.

If veterans with positive non-VA or posi-
tive pre-1999 results are more likely to be
rescreened for HCV in the VA than are those
with negative non-VA or negative pre-1999
results, this would lead to a slight overestima-
tion of prevalence. However, because this co-
hort consists of veterans in care in 2012, the
impact of the missing pre-1999 laboratory data
is likely to be small. We did not consider
sociodemographic and behavioral risk factors
that may affect prevalence of HCV in vulner-
able groups.

Finally, we do not have information about
the severity of liver disease or comorbidities in
those who have not yet been identified with
HCV. We do, however, have information
about those in the 1945 to 1965 birth cohort
who were first identified with HCV in 2012.
This group provides the closest approximation
for those in the 1945 to 1965 birth cohort
who might be identified with expanded birth
cohort testing. If the high rate of advanced
fibrosis or cirrhosis in those most recently
diagnosed applies to those not yet identified,
those identified with expanded birth cohort
testing may also be more likely to have sub-
stantial liver complications from their HCV

TABLE 1—Estimates of the Number of Additional Male and Female Veterans Born 1945–1965 Who Would Be Identified With HCV Infection With

Complete Birth Cohort Screening: Department of Veterans Affairs Corporate Data Warehouse, United States, 2012

Male Veterans Female Veterans

Race/Ethnicity

1945–1965 Birth

Cohort Not

Screened, No.

Incident Diagnosis

in Those Screened

in 2012, %

Additional Estimated

Cases Found With Full

Cohort Screening, No.

1945–1965 Birth

Cohort Not

Screened, No.

Incident Diagnosis

in Those Screened

in 2012, %

Additional Estimated

Cases Found With Full

Cohort Screening, No.

American Indian/Alaska Native 6044 6.3 381 577 1.1 6

Asian 6665 1.2 80 477 0.0 0

Black 122 908 10.0 12 291 16 999 2.8 476

Hispanic 34 543 6.3 2176 2030 1.2 24

Native Hawaiian/Pacific Islander 5424 3.5 190 454 3.4 15

White 548 896 4.9 26 896 33 631 2.3 774

Mixed/other/unknown 121 301 5.7 6914 9017 2.1 189

Total 48 928 1484
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infection, which is consistent with the time
course of disease progression. In addition, if
the rates of comorbidities in those most re-
cently diagnosed with HCV also apply to those
not yet identified, those identified with ex-
panded birth cohort testing are likely to have
high rates of comorbidities that may affect and
complicate the care and treatment of their
HCV infection.

Conclusions

HCV infection prevalence in veterans is
uneven and, coupled with the lack of recogni-
tion of HCV infection in vulnerable veteran
populations, can lead to inequities in care and
treatment. Knowledge of the current burden of
HCV infection in disparate groups among
veterans is critical for addressing the inequity
of care. We have established national screening
and prevalence data for veterans that can serve
as a baseline moving forward to evaluate future
screening and prevalence in these vulnerable
populations because of the updated Centers for
Disease Control and Prevention and US Pre-
ventive Services Task Force recommendations.
These results should serve to increase public
awareness of the current burden of disease in
veterans differentiated by gender and race/
ethnicity.

VA providers should be made aware that
screening these populations is needed so that
appropriate care and curative treatments can
be provided, limiting consequences of undiag-
nosed HCV infection. Although curing HCV
infection becomes increasingly likely for
many individuals, it is less certain how these
remarkable new treatments will affect those
disparate populations in which infection has
not yet been diagnosed unless greater efforts
are undertaken to educate providers about this
burden and screen those at highest risk. j
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