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Abstract

Background: Hepatitis C virus (HCV) is the most common blood-borne viral infection in the United States.
Previously, we used data from the National Health and Nutrition Examination Survey (NHANES) and mortality data
from the National Vital Statistics System (NVSS) to estimate the prevalence of HCV antibodies (anti-HCV) and HCV
RNA among all U.S. states. However, demographic differences in HCV burden at the state-level have not been
systematically described. This analysis quantified the HCV burden stratified by sex and race (and associated
disparities) for each U.S. state.

Methods: Building on our previous method, we used three publicly available data sources to estimate HCV RNA
prevalence among noninstitutionalized adults stratified by sex and race group. We used a small-area estimation
approach that included direct standardization of NHANES demographic data with logistic regression modeling of
HCV-related mortality data as an adjustment factor to estimate the state-level prevalence and total persons with
chronic HCV infection for sex and race groups in all U.S. states.

Results: Nationally, males had an estimated HCV RNA prevalence of 1.56% (95% CI: 1.37–1.84%) and females had a
prevalence of 0.75% (95% CI: 0.63–0.96%). Stratified by race, national estimated prevalence of HCV RNA was highest
among non-Hispanic black (2.43, 95% CI: 2.10–2.90%), followed by non-Hispanic white (1.05, 95% CI: 0.90–1.27%)
and Hispanic/other (0.74, 95% CI: 0.59–1.04%). Males in most jurisdictions (41/51) have an HCV RNA prevalence that
is between 1.5 and 2.5 times higher than their female counterparts.

Conclusions: HCV infection disparities by sex are mostly consistent across the country. However, race differences in
HCV infection differ by state and tailored prevention and treatment efforts specific to the local HCV epidemic are
needed to reduce race disparities.
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Background
Hepatitis C virus (HCV) infection is the most common
blood-borne infection in the United States [1]. In 2010,
an estimated 3.9 million adults had antibodies to HCV
(anti-HCV), indicating a previous or current acute infec-
tion [2]. Approximately 26% of individuals with acute
HCV spontaneously clear infection within 6 months of
exposure, but the remaining persons develop a chronic
infection [3]. Despite the recent development of curative

therapies, chronic HCV remains a leading cause of hepa-
tocellular carcinoma, cirrhosis and liver failure requiring
a transplant [4, 5]. Chronic HCV infection has been as-
sociated with an increase in HCV-related mortality and
in 2007, chronic HCV surpassed HIV as a cause of death
in the United States [6, 7].
Current national surveillance efforts provide an in-

complete picture of the burden of both HCV infection
and diagnoses in the United States. Both acute and
chronic HCV infection diagnoses are reportable condi-
tions in the Centers for Disease Control and Prevention
(CDC) National Notifiable Disease Surveillance System
(NNDSS) [8]. However, many HCV infections are not
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captured and surveillance data do not accurately represent
the burden of hepatitis C in the United States [9]. Chronic
HCV is often asymptomatic and about half of infected per-
sons are unaware of their infection, and therefore could
not be reported to surveillance systems [10]. Furthermore,
some states do not submit viral hepatitis reports to NNDSS
(only 37 states reported HCV cases in 2014) and some
states report implausibly low numbers [9]. In 2015, CDC
directly funded enhanced case surveillance activities in 8
jurisdictions [11]. Both the O’Neill Institute and the US
National Viral Hepatitis Action Plan (Goals 4.2 and 4.3)
calls for improvements in mechanisms and timeliness of
data to monitor the epidemic [12, 13]. In the absence of
complete surveillance data, probability-based surveys, such
as the National Health and Nutrition Examination Survey
(NHANES), can be used to fill this gap, for estimating
HCV prevalence on a national level and for the incorpor-
ation into our recent model that estimated HCV preva-
lence at the state-level using a small-area estimation
approach [2, 14, 15].
Nationally, the prevalence and risk of new HCV infection

differs across several key demographic groups. About 70%
of all chronic infections are among individuals who were
born between 1945 and 1965 [1]. Overall, the prevalence of
anti-HCV among adults from the 1945–1965 birth cohort
was estimated to be 3.5% in 2010 [1]. NHANES analyses
have demonstrated a national prevalence of anti-HCV that
is higher in men (1.9% compared vs. 1.1% in women) and
non-Hispanic blacks (2.2% vs. 1.3% among non-Hispanic
whites) [1]. Disparities by race have been demonstrated re-
peatedly in programmatic data and in jurisdiction-specific
epidemiologic profiles [16], which collectively form the
basis for national goals of reducing HCV-related mortality
among African-Americans and American Indians/Alaska
Natives [12]. However, extant published demographic dif-
ferences in HCV burden at local levels are not typically de-
scribed by prevalence indicators (anti-HCV or HCV RNA)
and have not been systematically described for all states.
This analysis extends our earlier method for state-level
prevalence estimation to quantify the burden of chronic
hepatitis C infection, stratified by race and by sex in each
U.S. state.

Methods
Data sources
We extended a previously-described small-area estima-
tion approach that synthesizes NHANES national
estimates of HCV infection with state-level data on
HCV-related mortality from the National Vital Statistics
System [2]. The data sources and analytic methods are
briefly described below.
NHANES uses a complex, multistage sampling design

to collect nationally representative questionnaire and la-
boratory data on the health of the non-institutionalized

United States population [17]. Data and corresponding
sampling weights are released every 2 years. Data from
seven NHANES release cycles (1999–2012) were pooled
in order to ensure sufficient data for all demographic
groups. All analyses were restricted to respondents aged
≥18 years of age at time of survey. Race/ethnicity was
categorized into non-Hispanic black, non-Hispanic white
and Hispanic/other. Similar to previous analyses, birth
year was classified into three cohorts: before 1945,
1945–1965 and after 1965 [18, 19].
NHANES tested lab samples for anti-HCV using an

anti-HCV screening chemiluminescence immunoassay
and a confirmatory recombinant immunoblot assay
(RIBA) [20]. Samples with positive results on RIBA were
tested for HCV RNA using an in vitro nucleic acid amp-
lification test. Participants with a positive or indetermin-
ate anti-HCV test and positive HCV RNA test were
considered to represent chronic HCV infection. As done
in previous analyses, participants who tested positive for
anti-HCV but negative for HCV RNA (resolved infec-
tions; n = 112) and those who tested positive for anti-
HCV but did not have a HCV RNA test (n = 160) were
not included in this analysis [14].
The National Vital Statistics System (NVSS) collects

demographic, geographic and cause of death data from
all death certificates in the United States [21]. Mortality
Multiple Cause Microdata files (from 1999 to 2012) were
used and data were categorized into the same sex, race
and birth cohort categories described above. Any death
records that listed the ICD-10 code for acute viral hepa-
titis C (B17.1) or chronic viral hepatitis C (B18.2) as the
underlying or a multiple cause of death were considered
to indicate HCV-related mortality.
Annual intercensal population estimates (1999–2012)

from the US Vintage 2000, 2009 and 2014 data sets were
used as denominators for HCV-related mortality rates
within each demographic strata [22]. Microdata from the
2010 5-year American Community Survey (ACS, years
2006–2010) were used to generate estimates of the non-
institutionalized population [23, 24], which were
combined with our estimated number of HCV cases to
estimate HCV prevalence rates for each state. The
incorporation of ACS population totals into this analysis
is an update to our previously published approach and
reflect current NHANES guidance [25]. Estimated popu-
lation total for each sex and race group are reported in
Additional file 1: Table S1.

Analysis
The number of persons with chronic hepatitis C in each
state were estimated using a standardization-based esti-
mator described in detail earlier [2]. Briefly, we used
NHANES data to calculate weighted estimates for na-
tional HCV RNA prevalence for 18 strata of sex (2),

Hall et al. BMC Infectious Diseases  (2018) 18:224 Page 2 of 14



Ta
b
le

1
Es
tim

at
ed

to
ta
la
nd

pr
ev
al
en

ce
ra
te

w
ith

ch
ro
ni
c
he

pa
tit
is
C
in
fe
ct
io
n
by

se
x,
U
S
St
at
es

an
d
D
is
tr
ic
t
of

C
ol
um

bi
a,
20
10

a

Fe
m
al
e

M
al
e

H
C
V
RN

A
pr
ev
al
en

ce
ra
te

(p
er

10
0)

To
ta
lp

er
so
ns

b
w
ith

H
C
V
RN

A
H
C
V
RN

A
Pr
ev
al
en

ce
ra
te

(p
er

10
0)

To
ta
lp

er
so
ns

w
ith

H
C
V
RN

A
Ra
te

ra
tio

(re
f=

Fe
m
al
e)

St
at
e

Ra
te

(9
5%

C
I)

n
(9
5%

C
I)

Ra
te

(9
5%

C
I)

n
(9
5%

C
I)

Ra
tio

(9
5%

C
I)

A
LA

BA
M
A

0.
69

(0
.5
7
0.
89
)

12
,7
20

(1
0,
48
1
16
,4
61
)

1.
36

(1
.1
7
1.
62
)

22
,6
15

(1
9,
44
8
26
,9
75
)

1.
98

(1
.4
8
2.
57
)

A
LA

SK
A

1.
21

(0
.8
9
1.
87
)

29
15

(2
,1
33

4,
50
2)

1.
49

(1
.2
2
1.
92
)

3,
85
9

(3
,1
64

4,
96
8)

1.
23

(0
.7
9
1.
81
)

A
RI
ZO

N
A

0.
75

(0
.6
0
1.
02
)

17
,5
05

(1
4,
09
1
23
,7
69
)

1.
75

(1
.4
9
2.
10
)

38
,7
70

(3
3,
12
1
46
,6
90
)

2.
33

(1
.6
5
3.
10
)

A
RK
A
N
SA

S
0.
69

(0
.5
5
0.
94
)

76
45

(6
,0
94

10
,3
84
)

1.
64

(1
.3
8
1.
99
)

16
,6
52

(1
4,
00
1
20
,2
15
)

2.
36

(1
.6
7
3.
20
)

C
A
LI
FO

RN
IA

1.
04

(0
.8
6
1.
39
)

14
3,
19
3

(1
18
,4
80

19
0,
89
4)

2.
04

(1
.7
8
2.
42
)

26
8,
27
7

(2
34
,2
54

31
8,
75
4)

1.
96

(1
.4
2
2.
54
)

C
O
LO

RA
D
O

0.
75

(0
.6
1
1.
01
)

13
,8
46

(1
1,
24
6
18
,6
33
)

1.
59

(1
.3
7
1.
90
)

28
,4
76

(2
4,
51
8
34
,1
08
)

2.
11

(1
.5
1
2.
78
)

C
O
N
N
EC

TI
CU

T
0.
57

(0
.4
8
0.
75
)

79
74

(6
,6
81

10
,4
08
)

1.
30

(1
.1
3
1.
55
)

16
,5
62

(1
4,
39
0
19
,6
81
)

2.
28

(1
.7
0
2.
91
)

D
EL
A
W
A
RE

0.
94

(0
.7
6
1.
25
)

3,
27
9

(2
,6
64

4,
37
5)

1.
93

(1
.6
5
2.
36
)

6,
08
6

(5
,1
97

7,
43
7)

2.
05

(1
.4
9
2.
75
)

D
IS
TR
IC
T
O
F
C
O
LU

M
BI
A

2.
40

(1
.8
7
3.
20
)

6,
11
6

(4
,7
71

8,
16
3)

3.
12

(2
.5
8
3.
92
)

6,
84
4

(5
,6
51

8,
59
0)

1.
30

(0
.9
2
1.
81
)

FL
O
RI
D
A

0.
73

(0
.6
0
0.
96
)

54
,3
29

(4
4,
97
5
71
,0
90
)

1.
57

(1
.3
5
1.
87
)

10
7,
08
9

(9
2,
01
6
12
7,
57
5)

2.
15

(1
.5
8
2.
79
)

G
EO

RG
IA

0.
55

(0
.4
6
0.
71
)

19
,9
54

(1
6,
64
5
25
,4
75
)

1.
16

(1
.0
0
1.
37
)

37
,7
54

(3
2,
65
5
44
,5
98
)

2.
09

(1
.5
8
2.
67
)

H
A
W
A
II

0.
49

(0
.3
7
0.
76
)

25
13

(1
,8
94

3,
93
3)

1.
37

(1
.1
6
1.
68
)

6,
93
7

(5
,8
61

8,
52
4)

2.
81

(1
.7
5
3.
99
)

ID
A
H
O

0.
62

(0
.4
7
0.
91
)

34
41

(2
,5
86

5,
02
5)

1.
22

(1
.0
0
1.
53
)

6,
57
2

(5
,4
11

8,
25
7)

1.
96

(1
.2
8
2.
83
)

IL
LI
N
O
IS

0.
36

(0
.3
1
0.
47
)

17
,7
19

(1
4,
97
3
22
,7
52
)

0.
65

(0
.5
7
0.
77
)

29
,6
83

(2
5,
84
7
35
,0
21
)

1.
81

(1
.3
6
2.
29
)

IN
D
IA
N
A

0.
54

(0
.4
4
0.
72
)

13
,2
75

(1
0,
80
0
17
,5
73
)

1.
12

(0
.9
5
1.
35
)

25
,4
82

(2
1,
69
5
30
,6
52
)

2.
06

(1
.4
9
2.
73
)

IO
W
A

0.
39

(0
.3
0
0.
56
)

44
83

(3
,4
60

6,
41
8)

1.
02

(0
.8
6
1.
26
)

11
,2
27

(9
,4
25

13
,8
71
)

2.
63

(1
.7
6
3.
69
)

KA
N
SA

S
0.
58

(0
.4
6
0.
80
)

61
18

(4
,8
69

8,
40
6)

1.
31

(1
.1
0
1.
60
)

13
,1
31

(1
1,
04
3
16
,0
37
)

2.
25

(1
.5
8
3.
07
)

KE
N
TU

C
KY

0.
66

(0
.5
2
0.
92
)

11
,0
40

(8
,6
43

15
,2
04
)

1.
50

(1
.2
5
1.
86
)

23
,0
80

(1
9,
22
6
28
,5
71
)

2.
26

(1
.5
6
3.
13
)

LO
U
IS
IA
N
A

1.
10

(0
.9
2
1.
40
)

18
,7
43

(1
5,
65
6
23
,7
71
)

2.
18

(1
.9
0
2.
57
)

33
,4
63

(2
9,
15
1
39
,5
19
)

1.
98

(1
.5
1
2.
53
)

M
A
IN
E

0.
33

(0
.2
4
0.
51
)

17
62

(1
,2
62

2,
71
7)

1.
12

(0
.9
1
1.
44
)

5,
60
2

(4
,5
27

7,
17
7)

3.
42

c
(2
.1
1
5.
22
)

M
A
RY
LA

N
D

1.
05

(0
.8
7
1.
34
)

23
,5
76

(1
9,
65
3
30
,1
42
)

1.
72

(1
.5
0
2.
02
)

34
,7
14

(3
0,
31
8
40
,7
06
)

1.
65

(1
.2
5
2.
10
)

M
A
SS
A
CH

U
SE
TT
S

0.
60

(0
.4
9
0.
81
)

15
,7
84

(1
2,
88
2
21
,1
65
)

1.
35

(1
.1
6
1.
61
)

31
,7
49

(2
7,
37
6
38
,0
29
)

2.
22

(1
.6
0
2.
92
)

M
IC
H
IG
A
N

0.
65

(0
.5
4
0.
82
)

25
,0
33

(2
0,
98
4
31
,6
17
)

1.
28

(1
.1
1
1.
51
)

45
,6
82

(3
9,
72
3
53
,8
04
)

1.
97

(1
.5
0
2.
50
)

M
IN
N
ES
O
TA

0.
42

(0
.3
5
0.
55
)

83
33

(6
,8
76

10
,9
99
)

0.
99

(0
.8
5
1.
18
)

18
,9
74

(1
6,
36
4
22
,6
47
)

2.
36

(1
.7
4
3.
08
)

M
IS
SI
SS
IP
PI

0.
71

(0
.5
8
0.
93
)

80
34

(6
,5
74

10
,5
54
)

1.
56

(1
.3
3
1.
89
)

15
,6
10

(1
3,
33
2
18
,8
90
)

2.
19

(1
.6
0
2.
87
)

M
IS
SO

U
RI

0.
72

(0
.5
9
0.
95
)

16
,6
28

(1
3,
62
0
21
,8
03
)

1.
62

(1
.3
9
1.
93
)

34
,1
39

(2
9,
23
4
40
,8
12
)

2.
23

(1
.6
4
2.
93
)

M
O
N
TA

N
A

0.
88

(0
.6
6
1.
30
)

32
98

(2
,4
76

4,
86
0)

1.
46

(1
.2
1
1.
85
)

5,
36
1

(4
,4
33

6,
79
8)

1.
65

(1
.0
8
2.
40
)

N
EB
RA

SK
A

0.
52

(0
.4
2
0.
72
)

35
35

(2
,8
27

4,
89
5)

1.
06

(0
.9
0
1.
31
)

6,
88
3

(5
,8
33

8,
49
1)

2.
03

(1
.4
2
2.
77
)

N
EV
A
D
A

0.
69

(0
.5
5
0.
94
)

67
25

(5
,3
92

9,
13
5)

1.
74

(1
.4
7
2.
11
)

16
,9
79

(1
4,
36
2
20
,6
21
)

2.
52

(1
.7
7
3.
38
)

N
EW

H
A
M
PS
H
IR
E

0.
38

(0
.2
8
0.
59
)

19
70

(1
,4
21

3,
02
6)

1.
06

(0
.8
6
1.
35
)

5,
16
8

(4
,1
93

6,
63
0)

2.
76

(1
.7
1
4.
19
)

N
EW

JE
RS
EY

0.
65

(0
.5
5
0.
83
)

22
,1
88

(1
8,
78
9
28
,4
16
)

1.
26

(1
.1
0
1.
48
)

39
,3
31

(3
4,
41
3
46
,2
39
)

1.
95

(1
.4
8
2.
46
)

Hall et al. BMC Infectious Diseases  (2018) 18:224 Page 3 of 14



Ta
b
le

1
Es
tim

at
ed

to
ta
la
nd

pr
ev
al
en

ce
ra
te

w
ith

ch
ro
ni
c
he

pa
tit
is
C
in
fe
ct
io
n
by

se
x,
U
S
St
at
es

an
d
D
is
tr
ic
t
of

C
ol
um

bi
a,
20
10

a
(C
on

tin
ue
d)

Fe
m
al
e

M
al
e

H
C
V
RN

A
pr
ev
al
en

ce
ra
te

(p
er

10
0)

To
ta
lp

er
so
ns

b
w
ith

H
C
V
RN

A
H
C
V
RN

A
Pr
ev
al
en

ce
ra
te

(p
er

10
0)

To
ta
lp

er
so
ns

w
ith

H
C
V
RN

A
Ra
te

ra
tio

(re
f=

Fe
m
al
e)

St
at
e

Ra
te

(9
5%

C
I)

n
(9
5%

C
I)

Ra
te

(9
5%

C
I)

n
(9
5%

C
I)

Ra
tio

(9
5%

C
I)

N
EW

M
EX
IC
O

1.
11

(0
.8
5
1.
65
)

84
57

(6
,4
73

12
,6
32
)

2.
48

(2
.0
7
3.
15
)

17
,6
71

(1
4,
79
9
22
,4
60
)

2.
23

(1
.4
4
3.
20
)

N
EW

YO
RK

0.
74

(0
.6
3
0.
95
)

57
,2
38

(4
8,
85
0
73
,3
30
)

1.
42

(1
.2
6
1.
66
)

98
,4
79

(8
7,
40
8
11
4,
70
1)

1.
92

(1
.4
6
2.
38
)

N
O
RT
H
C
A
RO

LI
N
A

0.
71

(0
.5
9
0.
90
)

25
,6
10

(2
1,
29
6
32
,5
64
)

1.
62

(1
.4
1
1.
91
)

53
,5
69

(4
6,
58
5
63
,0
12
)

2.
30

(1
.7
4
2.
94
)

N
O
RT
H
D
A
KO

TA
0.
29

c
(0
.2
0
0.
51
)

71
9c

(5
09

1,
27
3)

0.
74

(0
.6
0
1.
01
)

1,
86
4

(1
,5
03

2,
54
5)

2.
57

c
(1
.4
0
4.
05
)

O
H
IO

0.
60

(0
.5
0
0.
77
)

26
,8
86

(2
2,
40
1
34
,3
65
)

1.
33

(1
.1
5
1.
57
)

54
,4
97

(4
7,
13
5
64
,2
14
)

2.
21

(1
.6
7
2.
84
)

O
KL
A
H
O
M
A

1.
51

(1
.1
9
2.
07
)

21
,0
62

(1
6,
59
2
28
,9
18
)

2.
73

(2
.3
1
3.
30
)

35
,5
54

(3
0,
06
8
43
,0
31
)

1.
81

(1
.2
6
2.
46
)

O
RE
G
O
N

1.
27

(0
.9
7
1.
76
)

18
,5
67

(1
4,
29
1
25
,8
38
)

2.
71

(2
.2
7
3.
32
)

37
,8
59

(3
1,
61
2
46
,3
14
)

2.
15

(1
.4
8
3.
02
)

PE
N
N
SY
LV
A
N
IA

0.
62

(0
.5
2
0.
78
)

31
,0
75

(2
6,
10
1
39
,4
59
)

1.
41

(1
.2
2
1.
66
)

64
,3
88

(5
5,
98
8
75
,8
77
)

2.
28

(1
.7
3
2.
90
)

RH
O
D
E
IS
LA

N
D

0.
95

(0
.7
6
1.
32
)

40
52

(3
,2
34

5,
64
1)

1.
88

(1
.6
0
2.
30
)

7,
24
0

(6
,1
49

8,
85
3)

1.
98

(1
.3
8
2.
69
)

SO
U
TH

C
A
RO

LI
N
A

0.
79

(0
.6
6
1.
02
)

14
,0
76

(1
1,
64
6
18
,1
21
)

1.
73

(1
.4
9
2.
05
)

27
,7
40

(2
3,
94
0
32
,8
64
)

2.
18

(1
.6
3
2.
82
)

SO
U
TH

D
A
KO

TA
0.
39

(0
.2
8
0.
63
)

11
55

(8
47

1,
88
9)

0.
87

(0
.7
0
1.
15
)

2,
50
2

(2
,0
36

3,
31
7)

2.
23

c
(1
.3
2
3.
37
)

TE
N
N
ES
SE
E

1.
05

(0
.8
5
1.
38
)

25
,6
33

(2
0,
70
3
33
,7
83
)

2.
43

(2
.0
6
2.
92
)

53
,9
69

(4
5,
85
5
65
,0
23
)

2.
31

(1
.6
8
3.
07
)

TE
XA

S
0.
95

(0
.8
0
1.
22
)

84
,6
17

(7
1,
62
7
10
9,
03
4)

1.
93

(1
.6
9
2.
27
)

16
1,
29
3

(1
41
,2
35

19
0,
23
7)

2.
03

(1
.5
2
2.
58
)

U
TA

H
0.
39

(0
.3
0
0.
56
)

35
41

(2
,7
39

5,
07
3)

0.
84

(0
.7
0
1.
05
)

7,
49
7

(6
,2
54

9,
35
1)

2.
17

(1
.4
5
3.
08
)

VE
RM

O
N
T

0.
53

(0
.3
7
0.
86
)

13
35

(9
34

2,
13
6)

1.
41

(1
.1
2
1.
85
)

3,
33
5

(2
,6
40

4,
38
3)

2.
64

c
(1
.5
7
4.
16
)

VI
RG

IN
IA

0.
47

(0
.4
0
0.
61
)

14
,5
00

(1
2,
15
3
18
,5
60
)

1.
10

(0
.9
6
1.
30
)

31
,2
81

(2
7,
18
3
36
,8
21
)

2.
33

(1
.7
7
2.
96
)

W
A
SH

IN
G
TO

N
0.
98

(0
.7
8
1.
32
)

24
,6
27

(1
9,
59
3
33
,1
72
)

2.
08

(1
.7
6
2.
51
)

50
,5
26

(4
2,
85
1
60
,9
18
)

2.
12

(1
.5
1
2.
88
)

W
ES
T
VI
RG

IN
IA

0.
60

(0
.4
5
0.
89
)

44
50

(3
,3
26

6,
57
9)

1.
55

(1
.2
7
1.
96
)

10
,6
74

(8
,7
45

13
,4
62
)

2.
57

(1
.6
6
3.
73
)

W
IS
CO

N
SI
N

0.
31

(0
.2
5
0.
40
)

66
28

(5
,4
67

8,
71
5)

0.
70

(0
.6
0
0.
83
)

14
,3
20

(1
2,
29
1
17
,1
91
)

2.
26

(1
.6
6
2.
95
)

W
YO

M
IN
G

0.
83

(0
.6
0
1.
31
)

16
84

(1
,2
20

2,
65
3)

1.
44

(1
.1
5
1.
92
)

2,
98
1

(2
,3
70

3,
96
9)

1.
74

c
(1
.0
4
2.
67
)

U
.S
.S
TA

TE
S
&
W
A
SH

IN
G
TO

N
D
.C
.

0.
75

(0
.6
3
0.
96
)

87
9,
58
9

(7
43
,3
38

1,
12
8,
36
2)

1.
56

(1
.3
7
1.
84
)

1,
69
9,
98
9

(1
,4
86
,1
93

2,
00
1,
39
6)

2.
08

(1
.5
7
2.
63
)

A
bb

re
vi
at
io
ns
:C

Ic
on

fid
en

ce
in
te
rv
al
,H

C
V
RN

A
he

pa
tit
is
C
vi
ru
s
rib

on
uc
le
ic
ac
id

a D
ef
in
ed

as
pe

rs
on

s
w
ith

H
C
V
RN

A
b
Re

pr
es
en

ts
th
e
no

n-
in
st
itu

tio
na

liz
ed

po
pu

la
tio

n
c C
oe

ff
ic
ie
nt

of
va
ria

tio
n
is
≥
23

%
;e

st
im

at
e
is
un

re
lia
bl
e

Hall et al. BMC Infectious Diseases  (2018) 18:224 Page 4 of 14



Table 2 Estimated total and prevalence rate with chronic hepatitis C infection among non-Hispanic white persons, US States and
District of Columbia, 2010a

HCV RNA prevalence rate (per 100) Total persons with HCV RNAb

State Rate (95% CI) n (95% CI)

ALABAMA 0.94 (0.80 1.14) 23,139 (19,654 28,258)

ALASKA 1.54 (1.27 2.01) 5285 (4,332 6,869)

ARIZONA 1.35 (1.15 1.64) 39,779 (33,842 48,151)

ARKANSAS 1.15 (0.97 1.41) 19,102 (16,089 23,463)

CALIFORNIA 1.88 (1.61 2.27) 231,304 (197,678 278,733)

COLORADO 1.02 (0.86 1.24) 27,578 (23,299 33,469)

CONNECTICUT 0.72 (0.61 0.88) 14,426 (12,215 17,645)

DELAWARE 1.09 (0.91 1.37) 5078 (4,232 6,410)

DISTRICT OF COLUMBIA 0.43 (0.34 0.61) 770 (605 1,073)

FLORIDA 1.29 (1.10 1.56) 115,222 (98,297 139,057)

GEORGIA 0.82 (0.70 1.00) 34,005 (28,820 41,321)

HAWAII 2.29 (1.90 2.87) 6043 (5,014 7,568)

IDAHO 0.93 (0.78 1.16) 8838 (7,399 11,049)

ILLINOIS 0.44 (0.37 0.53) 28,061 (23,875 34,244)

INDIANA 0.72 (0.61 0.88) 28,747 (24,444 35,069)

IOWA 0.64 (0.54 0.80) 13,279 (11,198 16,460)

KANSAS 0.89 (0.75 1.10) 15,080 (12,680 18,563)

KENTUCKY 1.00 (0.83 1.23) 28,246 (23,690 34,890)

LOUISIANA 1.30 (1.10 1.58) 27,096 (23,024 33,040)

MAINE 0.71 (0.59 0.90) 7033 (5,856 8,877)

MARYLAND 0.92 (0.78 1.13) 22,931 (19,392 28,097)

MASSACHUSETTS 0.85 (0.72 1.03) 33,610 (28,529 40,907)

MICHIGAN 0.69 (0.59 0.84) 41,050 (34,774 49,679)

MINNESOTA 0.54 (0.45 0.65) 18,190 (15,369 22,162)

MISSISSIPPI 1.20 (1.01 1.48) 15,857 (13,373 19,566)

MISSOURI 0.98 (0.84 1.20) 36,273 (30,840 44,098)

MONTANA 1.07 (0.88 1.35) 7135 (5,907 9,051)

NEBRASKA 0.66 (0.55 0.82) 7474 (6,231 9,366)

NEVADA 1.54 (1.30 1.89) 18,219 (15,334 22,295)

NEW HAMPSHIRE 0.71 (0.59 0.90) 6719 (5,600 8,491)

NEW JERSEY 0.86 (0.73 1.04) 35,420 (30,164 43,063)

NEW MEXICO 1.69 (1.43 2.07) 11,576 (9,752 14,142)

NEW YORK 0.73 (0.62 0.88) 65,307 (55,785 78,812)

NORTH CAROLINA 0.99 (0.84 1.19) 47,365 (40,211 57,252)

NORTH DAKOTA 0.45 (0.36 0.63) 2084 (1,671 2,883)

OHIO 0.72 (0.61 0.87) 51,804 (43,989 62,811)

OKLAHOMA 2.31 (1.96 2.82) 46,062 (39,054 56,331)

OREGON 2.11 (1.79 2.56) 50,091 (42,511 60,837)

PENNSYLVANIA 0.74 (0.63 0.89) 58,578 (49,866 70,820)

RHODE ISLAND 1.21 (1.01 1.52) 7,962 (6,652 9,982)

SOUTH CAROLINA 1.15 (0.97 1.40) 26,141 (22,134 31,835)

SOUTH DAKOTA 0.54 (0.43 0.72) 2793 (2,243 3,768)
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race/ethnicity (3) and birth cohort (3) [25]. We multi-
plied these weighted estimates by 2010 ACS 5-year
population estimates for the corresponding demographic
stratum for each state to generate crude state-by-
stratum totals. We used NVSS mortality data and inter-
censal population totals to fit a high-order logistic
regression model the average HCV-related death rates in
the corresponding 12 strata over the 14-year period. We
compared observed state-by-strata HCV-related mortal-
ity totals to model predictions to assess collinearity and
model fit [26, 27]. A ratio of state-by-demographic
stratum effects were calculated by comparing state spe-
cific HCV-related death rates to national HCV-related
death rates (within the same strata). The crude state-by-
stratum HCV RNA totals were adjusted by the state-by-
stratum effects to calculate mortality-adjusted HCV
RNA prevalence totals in each strata in each state.
Totals were summed within single strata of race (white
non-Hispanic, black non-Hispanic and Hispanic/other
race) or sex and divided by corresponding population to-
tals. This yielded HCV RNA prevalence rate estimates
by sex and race for each state. Prevalence rate ratios
were generated to compare HCV RNA prevalence for
men vs women and non-Hispanic black vs non-Hispanic
white. An analogous approach and model was used to
estimate the prevalence rate and number of persons with
HCV antibodies (anti-HCV), which is often used as an
indicator of past or current infection [14]. The results
for anti-HCV prevalence by race and sex in each state
are presented in Additional file 1: Tables S2-S5.
We calculated 95% confidence intervals (CI) for state-

level estimates to account for the joint statistical
uncertainty in the NHANES prevalence estimates and
HCV-related mortality rate estimates from the logistic

regression model. Confidence intervals were calcu-
lated using a Monte Carlo simulation that sampled
from logit-normal and normal distributions, respect-
ively (k = 10,000). We calculated the coefficient of vari-
ation for all prevalence rate and ratio estimates. Similar to
the guidelines used by NVSS, any estimates with a coeffi-
cient of variation of 23% or greater are potentially unreli-
able and marked accordingly [28].

Results
There were an estimated 2,583,986 (95% CI: 2,338,079–
2,978,150) non-institutionalized US adults with chronic
HCV infection in 2010, which corresponds to a prevalence
of 1.14% (95% CI: 1.03–1.32%). Nationally, males had an
HCV RNA prevalence of 1.56% (95% CI: 1.37–1.84%) and
females had a prevalence of 0.75% (95% CI: 0.63–0.96%)
(Table 1). Stratified by race, prevalence of HCV RNA
was highest among non-Hispanic black (2.43, 95% CI:
2.10–2.90%), followed by non-Hispanic white (1.05,
95% CI: 0.90–1.27%) and Hispanic/other (0.74, 95% CI:
0.59–1.04%) (Tables 2, 3 and 4).
Among males, estimated HCV RNA prevalence ranged

from 0.65% (Illinois) to 3.12% (District of Columbia,
Table 1). Among females, reliable prevalence estimates
ranged from 0.31% (Wisconsin) to 2.40% (District of
Columbia). In all 51 jurisdictions, estimated HCV RNA
prevalence was higher in males compared to females (Rate
Ratio (RR) > 1, Fig. 1). In all but two jurisdictions (Alaska
and District of Columbia) the corresponding rate ratio
95% confidence interval did not include the null value
(RR = 1). Of the 51 jurisdictions, 41 have an estimated
male-to-female prevalence ratio between 1.5 and 2.5.
State-level HCV RNA prevalence among non-Hispanic

white persons ranged from 0.39% (Wisconsin) to 2.31%

Table 2 Estimated total and prevalence rate with chronic hepatitis C infection among non-Hispanic white persons, US States and
District of Columbia, 2010a (Continued)

HCV RNA prevalence rate (per 100) Total persons with HCV RNAb

State Rate (95% CI) n (95% CI)

TENNESSEE 1.63 (1.38 1.99) 59,986 (50,921 73,192)

TEXAS 1.51 (1.29 1.82) 132,698 (113,228 160,163)

UTAH 0.60 (0.50 0.75) 9051 (7,587 11,269)

VERMONT 0.96 (0.79 1.25) 4460 (3,664 5,782)

VIRGINIA 0.65 (0.55 0.79) 26,111 (22,183 31,786)

WASHINGTON 1.58 (1.34 1.91) 60,245 (51,196 72,808)

WEST VIRGINIA 1.01 (0.84 1.27) 13,625 (11,335 17,068)

WISCONSIN 0.39 (0.33 0.47) 14,229 (12,029 17,463)

WYOMING 1.12 (0.91 1.48) 4041 (3,287 5,336)

U.S. STATES & WASHINGTON D.C. 1.05 (0.90 1.27) 1,615,202 (1,380,727 1,947,882)

Abbreviations: CI confidence interval, HCV RNA hepatitis C virus ribonucleic acid
aDefined as persons with HCV RNA
bRepresents the non-institutionalized population
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Table 3 Estimated total and prevalence rate with chronic hepatitis C infection among non-Hispanic black persons, US States and
District of Columbia, 2010a

HCV RNA prevalence rate (per 100) Total persons with HCV RNAb Rate ratio (ref = white)

State Rate (95% CI) n (95% CI) Ratio (95% CI)

ALABAMA 1.39 (1.19 1.69) 11,817 (10,098 14,362) 1.48 (1.15 1.90)

ALASKA 2.27 (1.64 3.72) 352 (255 579) 1.47 (1.06 2.32)

ARIZONA 2.42 (2.03 2.99) 3732 (3,129 4,606) 1.79 (1.39 2.33)

ARKANSAS 1.65 (1.39 2.03) 4863 (4,113 6,010) 1.43 (1.10 1.87)

CALIFORNIA 4.12 (3.56 4.91) 63,293 (54,696 75,368) 2.19 (1.73 2.75)

COLORADO 3.70 (3.14 4.51) 4604 (3,897 5,599) 3.64 (2.81 4.69)

CONNECTICUT 2.65 (2.24 3.24) 6003 (5,086 7,339) 3.70 (2.86 4.78)

DELAWARE 3.21 (2.69 4.03) 4009 (3,354 5,036) 2.95 (2.21 3.95)

DISTRICT OF COLUMBIA 5.23 (4.45 6.41) 11,997 (10,209 14,709) 12.03 (8.36 16.51)

FLORIDA 1.54 (1.33 1.85) 29,046 (25,019 34,879) 1.20 (0.94 1.52)

GEORGIA 1.17 (1.00 1.41) 22,519 (19,281 27,139) 1.42 (1.11 1.81)

HAWAII 2.29 (1.73 3.32) 352 (266 510) 1.00 (0.70 1.49)

IDAHO 1.37c (0.77 3.41) 70c (40 174) 1.48c (0.79 3.71)

ILLINOIS 1.28 (1.10 1.54) 15,988 (13,747 19,242) 2.91 (2.28 3.70)

INDIANA 2.43 (2.08 2.94) 9022 (7,728 10,951) 3.38 (2.63 4.33)

IOWA 3.31 (2.70 4.26) 1644 (1,343 2,116) 5.13 (3.85 6.93)

KANSAS 2.62 (2.20 3.26) 2790 (2,334 3,465) 2.94 (2.25 3.86)

KENTUCKY 2.46 (2.07 3.07) 5442 (4,573 6,771) 2.48 (1.89 3.25)

LOUISIANA 2.60 (2.23 3.14) 24,261 (20,834 29,291) 2.00 (1.562.56)

MAINE 2.30c (1.55 3.95) 169c (114 291) 3.24c (2.02 5.70)

MARYLAND 2.90 (2.48 3.50) 33,960 (29,082 41,053) 3.15 (2.45 4.05)

MASSACHUSETTS 2.84 (2.42 3.47) 7788 (6,626 9,510) 3.36 (2.60 4.32)

MICHIGAN 2.82 (2.43 3.38) 26,795 (23,037 32,127) 4.06 (3.18 5.15)

MINNESOTA 4.10 (3.46 5.03) 6371 (5,367 7,809) 7.66 (5.91 9.89)

MISSISSIPPI 1.03 (0.88 1.27) 7470 (6,358 9,183) 0.86 (0.66 1.12)

MISSOURI 2.94 (2.52 3.54) 13,252 (11,367 15,967) 2.98 (2.33 3.82)

MONTANA 5.04c (3.29 9.29) 127c (83 235) 4.72c (2.87 8.82)

NEBRASKA 4.16 (3.44 5.34) 2132 (1,763 2,733) 6.36 (4.74 8.63)

NEVADA 1.90 (1.59 2.35) 2626 (2,200 3,245) 1.23 (0.94 1.60)

NEW HAMPSHIRE 2.07c (1.39 3.49) 186c (126 315) 2.90c (1.82 5.00)

NEW JERSEY 2.44 (2.11 2.94) 19,250 (16,610 23,150) 2.85 (2.23 3.62)

NEW MEXICO 2.66 (2.12 3.54) 685 (545 911) 1.57 (1.16 2.18)

NEW YORK 2.76 (2.39 3.29) 55,406 (47,847 65,884) 3.80 (3.00 4.80)

NORTH CAROLINA 2.14 (1.84 2.57) 29,472 (25,328 35,455) 2.17 (1.70 2.76)

NORTH DAKOTA 0.83c (0.44 2.67) 39c (20 125) 1.82c (0.87 5.93)

OHIO 2.99 (2.58 3.58) 27,791 (23,967 33,281) 4.16 (3.26 5.27)

OKLAHOMA 2.61 (2.21 3.21) 4594 (3,883 5,637) 1.13 (0.87 1.47)

OREGON 4.93 (4.10 6.13) 2092 (1,742 2,603) 2.33 (1.78 3.05)

PENNSYLVANIA 3.51 (3.02 4.21) 30,986 (26,683 37,175) 4.77 (3.75 6.04)

RHODE ISLAND 5.32 (4.39 6.83) 1979 (1,634 2,540) 4.39 (3.27 5.90)

SOUTH CAROLINA 1.69 (1.45 2.04) 14,899 (12,752 17,960) 1.48 (1.15 1.88)

SOUTH DAKOTA 3.16c (2.10 5.85) 147c (97 272) 5.89c (3.50 11.16)
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(Oklahoma, Table 2). Prevalence ranged from 0.83%
(North Dakota, unreliable estimate) to 5.32 (Rhode
Island) among non-Hispanic black persons and from
0.15% (Georgia) to 2.03% (Montana) among Hispanic/
other persons (Tables 3 and 4). In all jurisdictions except
for Mississippi and Hawaii, the estimated HCV RNA
prevalence was higher among non-Hispanic black
compared to non-Hispanic white (RR range from 1.13 to
12.03, Fig. 2). The District of Columbia had the largest rela-
tive difference in prevalence between non-Hispanic black
and non-Hispanic white (RR = 12.03, 95% CI: 8.36–16.51).
Race stratified prevalence estimates are displayed geograph-
ically in Fig. 3. Among all state-level race-stratified HCV
RNA prevalence estimates, the entire top two deciles are
from the non-Hispanic black race (Fig. 3).

Discussion
These results are consistent with previous analysis of
chronic HCV infection across demographic groups and
provide a more detailed picture of the HCV burden in
each US state. Using and NHANES based approach,
Denniston et al. estimated a higher prevalence of chronic
HCV in men compared to women, which is consistent
with all our individual state-level estimates [14]. In gen-
eral, these results indicate a homogeneity in disparity of
HCV prevalence in males and females across the coun-
try; with males having roughly double the prevalence as
females. This consistency across states is not seen when
comparing prevalence of HCV infection by race.
Differences in chronic HCV prevalence by subgroups

can be a result of differences in risk behaviors, biological
mechanisms, and access to screening and treatment. A
higher proportion of men report having ever injected

drugs (3.6% vs. 1.6% for women), which is a risk factor
for infection [29]. However, female injection drug users
have a higher risk of HCV infection than male counter-
parts [30]. Additionally, the consistent difference in
HCV prevalence in men and women is likely the result
of a biological mechanism in HCV infection and viral
clearance. Spontaneous acute HCV resolution has been
shown to be higher in females (40%) compared to males
(19%) [3, 31]. The exact mechanism for higher viral
clearance in women is unknown, but has been hypothe-
sized to be due to the estrogen hormone [3].
In contrast to the homogeneity seen in the stratified

sex estimates, these results indicate racial disparities in
HCV infection differ by state. For example, while the es-
timated HCV RNA prevalence among non-Hispanic
whites is similar in Rhode Island (1.21%) and Arkansas
(1.15%), the estimated prevalence among non-Hispanic
blacks differs greatly between the two states (5.32 and
1.65%, respectively). Even areas with similar relative dis-
parities may have largely different epidemics. California
and North Carolina have similar estimated prevalence rate
ratios (2.19 and 2.17, respectively) even though prevalence
rates are higher across all three race groups in California.
Racial differences in HCV prevalence could result

from a variety of societal and biological factors that lead
to differences in exposure to risk factors and disease
progression. While difficult to assess, state-level differ-
ences in racial disparities of transmission risk factors
(such as injection drug use) could contribute to differ-
ences in HCV prevalence. While the risk of HCV infec-
tion during incarceration is not well-know, several surveys
indicate that incarcerated individuals have a higher HCV
prevalence than the general population [32]. State-level

Table 3 Estimated total and prevalence rate with chronic hepatitis C infection among non-Hispanic black persons, US States and
District of Columbia, 2010a (Continued)

HCV RNA prevalence rate (per 100) Total persons with HCV RNAb Rate ratio (ref = white)

State Rate (95% CI) n (95% CI) Ratio (95% CI)

TENNESSEE 2.66 (2.27 3.22) 18,656 (15,900 22,622) 1.63 (1.26 2.10)

TEXAS 3.10 (2.66 3.72) 58,916 (50,662 70,870) 2.05 (1.61 2.60)

UTAH 2.60 (1.92 3.80) 386 (286 564) 4.32 (2.97 6.49)

VERMONT 2.61c (1.70 4.95) 90c (58 170) 2.72c (1.64 5.26)

VIRGINIA 1.66 (1.42 2.00) 17,734 (15,209 21,337) 2.56 (2.00 3.27)

WASHINGTON 4.41 (3.77 5.34) 6780 (5,794 8,214) 2.79 (2.19 3.58)

WEST VIRGINIA 3.60 (2.95 4.62) 1434 (1,175 1,840) 3.55 (2.63 4.82)

WISCONSIN 2.55 (2.16 3.11) 5372 (4,555 6,568) 6.59 (5.07 8.52)

WYOMING 1.88c (1.12 4.47) 53c (32 126) 1.68c (0.92 4.01)

U.S. STATES & WASHINGTON D.C. 2.43 (2.10 2.90) 619,438 (536,458 739,838) 2.31 (1.83 2.91)

Abbreviations: CI confidence interval, HCV RNA hepatitis C virus ribonucleic acid
aDefined as persons with HCV RNA
bRepresents the non-institutionalized population
cCoefficient of variation is ≥ 23%; estimate is unreliable
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Table 4 Estimated total and prevalence rate with chronic hepatitis C infection among Hispanic persons, US States and District of
Columbia, 2010a

HCV RNA prevalence rate (per 100) Total persons with HCV RNAb Rate ratio (ref = white)

State Rate (95% CI) n (95% CI) Ratio (95% CI)

ALABAMA 0.20 (0.15 0.30) 379 (286 573) 0.21 (0.15 0.33)

ALASKA 0.80 (0.59 1.27) 1137 (838 1,805) 0.52 (0.38 0.79)

ARIZONA 0.88 (0.69 1.22) 12,765 (10,112 17,836) 0.65 (0.48 0.94)

ARKANSAS 0.20 (0.15 0.31) 332 (246 512) 0.18 (0.12 0.28)

CALIFORNIA 0.89 (0.71 1.26) 116,873 (92,893 165,162) 0.47 (0.35 0.69)

COLORADO 1.28 (1.02 1.78) 10,139 (8,066 14,121) 1.25 (0.93 1.83)

CONNECTICUT 0.96 (0.75 1.37) 4107 (3,220 5,862) 1.34 (0.99 1.98)

DELAWARE 0.38 (0.28 0.62) 279 (203 446) 0.35c (0.24 0.58)

DISTRICT OF COLUMBIA 0.29 (0.21 0.47) 193 (140 315) 0.66c (0.42 1.13)

FLORIDA 0.50 (0.39 0.71) 17,151 (13,604 24,428) 0.39 (0.29 0.56)

GEORGIA 0.15 (0.11 0.21) 1185 (918 1,718) 0.18 (0.13 0.27)

HAWAII 0.41 (0.32 0.61) 3055 (2,359 4,502) 0.18 (0.13 0.28)

IDAHO 0.83 (0.65 1.21) 1106 (858 1,612) 0.90 (0.65 1.37)

ILLINOIS 0.19 (0.15 0.28) 3352 (2,623 4,950) 0.43 (0.32 0.65)

INDIANA 0.28 (0.22 0.42) 988 (765 1,447) 0.40 (0.29 0.59)

IOWA 0.56 (0.43 0.85) 787 (596 1,190) 0.88 (0.62 1.37)

KANSAS 0.53 (0.41 0.78) 1379 (1,063 2,012) 0.60 (0.43 0.90)

KENTUCKY 0.31 (0.23 0.50) 432 (315 692) 0.31 (0.21 0.51)

LOUISIANA 0.39 (0.30 0.57) 849 (659 1,245) 0.30 (0.22 0.45)

MAINE 0.46 (0.32 0.75) 161 (114 265) 0.64c (0.42 1.09)

MARYLAND 0.23 (0.18 0.34) 1399 (1,091 2,045) 0.25 (0.18 0.38)

MASSACHUSETTS 0.84 (0.66 1.20) 6134 (4,814 8,734) 0.99 (0.73 1.47)

MICHIGAN 0.51 (0.41 0.72) 2869 (2,270 4,036) 0.74 (0.54 1.09)

MINNESOTA 0.77 (0.60 1.09) 2746 (2,154 3,874) 1.44 (1.06 2.10)

MISSISSIPPI 0.37 (0.27 0.57) 318 (237 499) 0.30 (0.21 0.49)

MISSOURI 0.46 (0.36 0.66) 1242 (969 1,780) 0.47 (0.34 0.70)

MONTANA 2.03 (1.56 3.00) 1397 (1,076 2,064) 1.90 (1.35 2.92)

NEBRASKA 0.62 (0.47 0.95) 812 (615 1,243) 0.95 (0.66 1.49)

NEVADA 0.45 (0.36 0.64) 2859 (2,248 4,039) 0.29 (0.22 0.43)

NEW HAMPSHIRE 0.45 (0.32 0.72) 233 (168 373) 0.63c (0.42 1.04)

NEW JERSEY 0.42 (0.33 0.60) 6848 (5,440 9,714) 0.49 (0.37 0.72)

NEW MEXICO 1.81 (1.43 2.56) 13,867 (10,982 19,648) 1.07 (0.79 1.57)

NEW YORK 0.96 (0.77 1.37) 35,004 (27,847 49,662) 1.33 (0.99 1.94)

NORTH CAROLINA 0.32 (0.25 0.46) 2343 (1,812 3,362) 0.32 (0.24 0.48)

NORTH DAKOTA 1.21 (0.89 2.01) 459 (337 766) 2.66c (1.72 4.57)

OHIO 0.40 (0.32 0.57) 1788 (1,413 2,518) 0.56 (0.41 0.81)

OKLAHOMA 1.13 (0.89 1.60) 5960 (4,690 8,439) 0.49 (0.36 0.72)

OREGON 0.95 (0.75 1.32) 4244 (3,343 5,896) 0.45 (0.33 0.65)

PENNSYLVANIA 0.79 (0.62 1.11) 5899 (4,660 8,303) 1.07 (0.79 1.56)

RHODE ISLAND 1.14 (0.88 1.69) 1351 (1,043 2,000) 0.94 (0.67 1.44)

SOUTH CAROLINA 0.36 (0.28 0.52) 775 (600 1,138) 0.31 (0.23 0.47)

SOUTH DAKOTA 1.18 (0.88 1.87) 718 (534 1,140) 2.19c (1.45 3.64)
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differences in incarceration rates by race might also track
with local differences in HCV prevalence. Acute HCV
clearance has been hypothesized to be lower in African
Americans compared to Hispanic and white counterparts
[33–35]. This is supported by viral clearance being lower
in genotype 1 infections, which occur more frequently in
African Americans. African-Americans are also more

likely to be screened for HCV, leading to higher rates of
diagnosis [36]. Furthermore, African-Americans, Hispanics
and Asians are all less likely to receive traditional treatment
(interferon-based) than Caucasians [37, 38]. This is
partially because of a higher rate of treatment ineligibility
(due to comorbidities) [37, 39] and a lower efficacy for viral
genotype 1, which is more common in African Americans

Table 4 Estimated total and prevalence rate with chronic hepatitis C infection among Hispanic persons, US States and District of
Columbia, 2010a (Continued)

HCV RNA prevalence rate (per 100) Total persons with HCV RNAb Rate ratio (ref = white)

State Rate (95% CI) n (95% CI) Ratio (95% CI)

TENNESSEE 0.34 (0.26 0.51) 960 (727 1,453) 0.21 (0.15 0.32)

TEXAS 0.83 (0.65 1.16) 54,296 (43,036 76,317) 0.55 (0.41 0.80)

UTAH 0.56 (0.44 0.82) 1601 (1,244 2,328) 0.94 (0.68 1.43)

VERMONT 0.64c (0.44 1.13) 120c (83 211) 0.67c (0.42 1.20)

VIRGINIA 0.24 (0.19 0.34) 1935 (1,519 2,749) 0.37 (0.27 0.55)

WASHINGTON 0.84 (0.67 1.18) 8127 (6,478 11,442) 0.53 (0.39 0.77)

WEST VIRGINIA 0.17c (0.11 0.34) 66c (42 134) 0.17c (0.10 0.35)

WISCONSIN 0.41 (0.32 0.59) 1346 (1,047 1,943) 1.05 (0.76 1.57)

WYOMING 1.27 (0.94 2.01) 571 (422 906) 1.13c (0.76 1.86)

U.S. STATES & WASHINGTON D.C. 0.74 (0.59 1.04) 344,938 (275,446 485,020) 0.70 (0.53 1.03)

Abbreviations: CI confidence interval, HCV RNA hepatitis C virus ribonucleic acid
aDefined as persons with HCV RNA
bRepresents the non-institutionalized population
cCoefficient of variation is ≥ 23%; estimate is unreliable

Fig. 1 Estimated Prevalence Rate and Rate Ratios of Chronic HCV Infection by Sex, US States and District of Columbia, 2010a,b. Abbreviations: HCV
RNA, hepatitis C virus ribonucleic acid; RR, rate ratio. aDefined as persons with HCV RNA. bUsing estimates of the non-institutionalized population
from the 2006–2010 American Community Survey (ACS) 5-year dataset. *Coefficient of variation is ≥ 23%; estimate is unreliable
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[40, 41]. African-Americans are also more likely to defer
interferon-based treatment [42–44] and receive direct
activing antiretroviral treatment [45]. To address this dis-
parity, CDC has generated a set of materials and public
health messages that specifically aim to reduce the HCV
burden in the African-American community [46].

Limitations
This approach uses data from several large, public and
population-based data sources. However, there are some
limitations to consider when interpreting these results. First,
these estimates only represent the non-institutionalized
population. Data from NHANES does not represent home-
less persons or persons in correctional facilities, nursing
homes or other institutions in which chronic HCV preva-
lence may differ from the general population [47].
Geographic differences in incarceration rates by race and
sex could influence statewide HCV prevalence. However,
previous work on a national level demonstrates a promis-
ing approach for including underrepresented populations
that can be extended to the state level in the future [47].
Second, we aggregated 14 years of NHANES data in order
to have a sufficient sample size to produce reliable
estimates. Slight changes in local HCV incidence over
that time period might not be captured in this ap-
proach. In the NHANES data, the national overall
prevalence of HCV RNA changes slightly from 1999

to 2006 (1.26%; 95% CI: 1.06–1.48%) to 2007–2012
(1.05%; 95%: 0.82–1.34%). However, there is not enough
data to reliably determine if there are temporal changes in
prevalence within subgroups. Interpreting these results in
conjunction with further analysis of local risk behaviors
will help state health departments better understand their
epidemic. Additionally, we do not present separate results
for American Indians/Alaska Natives (AI/AN), who face
an elevated HCV burden and are a key population identi-
fied in the National Viral Hepatitis Action Plan [12]. Due
to under sampling and sparse NHANES data within this
group, we are not able to separate AI/AN into an add-
itional race category. We combined AI/AN and other
under sampled race groups with Hispanic in order to have
sufficient data in each strata of NHANES data. However,
76% of the estimated HCV RNA infections in this
combined group were among persons who identified as
Hispanic. Similarly, although we control for birth cohort
in our model, we do not present results stratified by age.
It is challenging to present meaningful estimates for age
because we pooled data across 14 years. Finally, despite
pooling data, some individual point estimates might still
be unreliable. However, those values have been indicated as
potentially unreliable, and confidence intervals have been
provided for all estimates. Improved direct surveillance data
or additional model input data are needed to overcome the
demographic limitations of using NHANES data.

Fig. 2 Estimated Prevalence Rate and Rate Ratios of Chronic HCV Infection by non-Hispanic Black and non-Hispanic White Race, US States and
District of Columbia, 2010a,b. Abbreviations: HCV RNA, hepatitis C virus ribonucleic acid; RR, rate ratio. aDefined as persons with HCV RNA. bUsing
estimates of the non-institutionalized population from the 2006–2010 American Community Survey (ACS) 5-year dataset. *Coefficient of variation
is ≥ 23%; estimate is unreliable
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Conclusions
Our approach synthesizes large scale, population based
data systems to provide comprehensive state-level esti-
mates that can be used to compare the HCV burden
across different states and demographic groups. As the
expanded availability of curative therapies continues to
increase and acute infection rates rise, this method of
prevalence estimation will need to be updated in the fu-
ture. In the meantime, these data shine an important
light on the intersection of geographic and demographic
differences of chronic HCV infection. Estimates of
chronic HCV prevalence by race and sex can help state
health departments understand their local epidemic and
assist with their development of targeted prevention and
treatment programs. Utilizing these population-based
systematic results with local knowledge of HCV risk be-
haviors and treatment practices provide more granular
insight into the chronic hepatitis C epidemic.
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