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Background: Defining the primary characteristics of persons in-
fected with hepatitis C virus (HCV) enables physicians to more
easily identify persons who are most likely to benefit from testing
for the disease.

Objective: To describe the HCV-infected population in the United
States.

Design: Nationally representative household survey.
Setting: U.S. civilian, noninstitutionalized population.

Participants: 15 079 participants in the National Health and Nutri-
tion Examination Survey between 1999 and 2002.

Measurements: All participants provided medical histories, and
those who were 20 to 59 years of age provided histories of drug
use and sexual practices. Participants were tested for antibodies to
HCV (anti-HCV) and HCV RNA, and their serum alanine amino-
transferase (ALT) levels were measured.

Results: The prevalence of anti-HCV in the United States was
1.6% (95% Cl, 1.3% to 1.9%), equating to an estimated 4.1
million (CI, 3.4 million to 4.9 million) anti-HCV-positive persons
nationwide; 1.3% or 3.2 million (Cl, 2.7 million to 3.9 million)

persons had chronic HCV infection. Peak prevalence of anti-HCV
(4.3%) was observed among persons 40 to 49 years of age. A total
of 48.4% of anti-HCV—positive persons between 20 and 59 years
of age reported a history of injection drug use, the strongest risk
factor for HCV infection. Of all persons reporting such a history,
83.3% had not used injection drugs for at least 1 year before the
survey. Other significant risk factors included 20 or more lifetime
sex partners and blood transfusion before 1992. Abnormal serum
ALT levels were found in 58.7% of HCV RNA-positive persons.
Three characteristics (abnormal serum ALT level, any history of
injection drug use, and history of blood transfusion before 1992)
identified 85.1% of HCV RNA-positive participants between 20
and 59 years of age.

Limitations: Incarcerated and homeless persons were not included
in the survey.

Conclusions: Many Americans are infected with HCV. Most were
born between 1945 and 1964 and can be identified with current
screening criteria. History of injection drug use is the strongest risk
factor for infection.
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decade ago, the Third National Health and Nutrition

Examination Survey (NHANES III, 1988-1994)
showed hepatitis C virus (HCV) to be the most common
chronic bloodborne infection in the United States (1). An
estimated 3.9 million people (1.8% of the population)
tested positive for antibody to HCV (anti-HCV), and 2.7
million had chronic infection. Most (65%) anti-HCV-
positive persons were 30 to 49 years of age and had been
infected for fewer than 20 years. The genetic diversity of
HCV circulating in the United States (2) and the pattern
of age-specific prevalence (3, 4) both suggest that the inci-
dence of infection increased substantially in the 1960s and
1970s and peaked in the 1980s.

Identification of HCV-positive persons for appropriate
counseling and management is the major focus of a na-
tional prevention program, and routine testing is recom-
mended for persons most likely to have HCV infection (5).
To determine the characteristics of HCV-infected persons
in the general United States population today and to mon-

itor trends in prevalence, we analyzed data on HCV infec-
tion from the most recent NHANES.

METHODS

The National Center for Health Statistics has con-
ducted NHANES periodically to compile nationally repre-
sentative statistics on the health of the U.S. population (6).
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The most recent series was begun in 1999 and is designed
to run continuously; data are released every 2 years. Our
analysis includes data collected from 1999 through 2002.

Participants were chosen according to a stratified, mul-
tistage algorithm to produce a representative sample of the
civilian, noninstitutionalized population of all 50 states
and the District of Columbia. Extensive efforts were made
to ensure high participation rates, and all respondents were
reimbursed for time and travel expenses (6).

Initially, a questionnaire covering only nonsensitive
topics was used to interview participants in person at
home. Information on potentially sensitive subjects, such
as sexual practices and illicit drug use, was obtained later at
a mobile examination center by means of computer-as-
sisted interviewing technology. The ethnicity of each par-
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Context

The Third National Health and Nutrition Examination Sur-
vey (NHANES I11), conducted between 1988 and 1994,
indicated that 1.8% of people in the United States had
been infected with hepatitis C virus (HCV), 70% of whom
had chronic infection. Most anti-HCV-positive individuals
were between 30 and 49 years of age.

Contribution

Data from the recent NHANES (1999-2002) show little
change in anti-HCV prevalence, but peak prevalence has
shifted to individuals between 40 and 49 years of age.
More than 85% of HCV RNA-positive individuals may be
identified through targeted testing of 18% of adults be-
tween 20 and 59 years of age: persons with abnormal se-
rum alanine aminotransferase levels, those who have used
injection drugs, and those who received blood transfusions
before 1992.

Cautions

Incarcerated and homeless people were not included in
the survey.

Implications

Despite a decrease in new HCV infections, aging of chron-
ically infected individuals may presage an imminent in-
crease in complications.

—The Editors

ticipant was categorized as non-Hispanic white, non-His-
panic black, and Mexican American. Persons not fitting
these categories were classified as “other” and were in-
cluded in the total population. Blood samples were ob-
tained at the mobile examination center (7). Only partici-
pants who were 6 years of age or older were eligible for
HCV testing because of low sample volume in younger

children.

Laboratory Methods

Serum specimens were sent to the Centers for Disease
Control and Prevention, where they were tested for anti-
HCV by using Ortho HCV enzyme-linked immunosor-
bent assay (ELISA), version 3.0 (Ortho-Clinical Diagnos-
tics, Raritan, New Jersey). Supplemental recombinant
immunoblot assays (RIBA) (Chiron RIBA HCV Strip Im-
munoblot Assay, version 3.0, Chiron Corp., Emeryville,
California) were performed on all specimens that were re-
peatedly reactive by ELISA testing. For those specimens
classified as positive or indeterminate by RIBA, separate,
archived aliquots stored at —70 °C and suitable for nucleic
acid amplification testing were submitted for quantitative
HCV RNA testing using Cobas Amplicor HCV Monitor
Test, version 2.0 (Roche Molecular Diagnostics, Pleasan-
ton, California). If that result was below the level of detec-
tion, a qualitative assay (Amplicor HCV Test, version 2.0,
Roche Molecular Diagnostics) was performed. Samples
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found to be reactive by enzyme immunoassay and con-
firmed by RIBA or Amplicor were considered to be anti-
HCV-—positive. Alanine aminotransferase (ALT) levels (ref-
erence range, 0 to 39 U/L) were measured in specimens
that had been stored and shipped under appropriate refrig-
eration conditions (4 °C to 8 °C).

Statistical Analysis

All statistical analyses were performed with SUDAAN
software (RTI International, Resecarch Triangle Park,
North Carolina) according to National Center for Health
Statistics guidelines. We used appropriate study design
variables and published weights that were further adjusted
to compensate for missing anti-HCV values (8). These
weights accounted for oversampling of certain demo-
graphic groups (6) and for nonparticipation such that the
sum of the weights for persons with ant-HCV results
equaled the U.S. civilian, noninstitutionalized population
6 years of age and older. To estimate the number of HCV
RNA-—positive persons, these weights were further adjusted
to compensate for the RIBA-positive and RIBA-indetermi-
nate specimens that were unavailable for RNA testing be-
cause of inadequate specimen volumes.

Proportions from univariable analyses were compared
by using chi-square tests (as implemented in SUDAAN).
The P values presented were not corrected for multdple
comparisons; P values less than 0.05 were considered sta-
tistically significant. Two logistic regression models were
used for multivariable analysis; 1 model was used for per-
sons 20 to 59 years of age whose drug use and sexual
practices data were available, and the other model was used
for persons 60 years of age or older. Two variables, history
of blood transfusion (both models) and injection drug use
(persons 20 to 59 years of age), were forced into the mod-
els on the basis of substantial published data that has es-
tablished them as risk factors for HCV infection. We
sought the most parsimonious model by using these and all
other variables that were significant at a P value less than
0.20 on univariable analysis. With the resulting model, we
then examined the effect of adding other variables of inter-
est, including those variables that had been excluded at
earlier steps in the modeling process. In the final models,
all first-order interactions were examined for statistical sig-
nificance, epidemiologic plausibility, and the impact of
their inclusion on the other model parameters.

Role of the Funding Source
No external funding was received for this study.

RESULTS

Of 21 509 participants 6 years of age or older, 17 548
were interviewed and 15 079 gave a blood sample suitable
for ant-HCV testing (final response rate for testing,
70.1%). Among those who completed home interviews,
participation rates did not differ significantly between
those with and without risk factors for HCV infection.
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Table 1. Prevalence of Antibody to Hepatitis C Virus by Demographic Characteristics and Potential Risk Factors

Characteristic

All participants

Sex
Male
Female

Ethnicity
Non-Hispanic white
Non-Hispanic black
Mexican American

Birthplace
United States
Mexico
Elsewhere

Education (participants age
=20y)
>12y
=12y

Family income
=2 times poverty threshold
1-1.9 times poverty threshold
Below poverty threshold

Service in U.S. armed forces (men age
=20y)
No
Yes

Blood transfusion before 1992
Participants age 20-59 y
No
Yes
Participants age =60 y
No
Yes

Lifetime drug use (participants age
20-59 y)
No drug use or only marijuana
Other drug use (except marijuana)
Injection drug use

Lifetime number of sexual partners
(participants age 20-59 y)
0-1
2-9
10-19
20-49
=50

Age at first sexual intercourse
(participants age 20-59 y)
=18y
16-17 y
12-15y
=11y

Antibody to herpes simplex virus type
2 (participants age 18-49 y)
Negative
Positive

Participants
Tested, n

15 079

7307
7772

5991
3530
4422

12 107
1854
1059

5036
3810

6665
3634
3341

2894
1283

5477
316

2458
458

4330
949
89

1202
2596
763
559
237

2109
1489
1318

138

4522
1088

Prevalence of Antibodies

to Hepatitis C Virus
(95% CI), %

1.6 (1.3-1.9)

2.1(1.8-2.5)
1.1(0.8-1.7)*

1.5 (1.1-1.9)
3.0 (2.4-3.9)t
1.3(0.8-2.1)

1.8 (1.4-2.1)
0.5 (0.3-0.9)t%
0.6 (0.2-1.6)*%

1.3 (0.9-1.8)
2.8 (2.3-3.6)t

1.0(0.7-1.4)
23 (1.7-3. 1)t
3.2 (2541t

2.7(2.1-3.3)
2.8(1.9-4.2)

2.0 (1.6-2.5)
5.8 (3.7-9.0)t

0.5 (0.3-0.9)
3.2 (1.5-6.8)

0.7 (0.4-1.1)
3.5 (2.4-4.9)t
57.5 (44.1-69.9)

0.5 (0.2-1.4)*
1.1(0.5-2.1)%
2.6 (1.5-4.6)*
7.5 (5.3-10.6)t
12.0 (8.5-16.7)1

0.9 (0.5-1.7)*

2.3 (1.4-3.7)%

4.5 (3.5-5.8)t
10.1 (56.8-17.0)*

1.7 (1.3-2.2)
5.2 (3.9-6.9)t

Estimated Persons with
Characteristic
Nationwide, n

255 400 000

123 900 000
131 500 000

176 500 000
30 100 000
20 500 000

220 400 000
9 900 000
24 400 000

104 300 000
93 700 000

145 000 000
51 200 000
35 600 000

66 800 000
27900 000

143 100 000
8 800 000

35 500 000
7 400 000

112 300 000
27 600 000
2 800 000

29 800 000
69 500 000
21 500 000
15 600 000

6 400 000

59 200 000
40 600 000
33 400 000

3300 000

103 100 000
24 500 000

Estimated Persons Ever Infected
Nationwide (95% CI), n

4 060 000 (3 410 000-4 850 000)

2 570 000 (2 140 000-3 090 000)
1490 000 (1 010 000-2 200 000)

2 610 000 (2 020 000-3 380 000)
920 000 (720 000-1 170 000)
260 000 (150 000-430 000)

3870 000 (3 190 000-4 680 000)
50 000 (30 000-90 000)
150 000 (60 000-400 000)

1370 000 (980 000-1 910 000)
2 670 000 (2 120 000-3 350 000)

1 410 000 (960 000-2 060 000)
1170 000 (850 000-1 600 000)
1 240 000 (970 000-1 570 000)

1770 000 (1 410 000-2 220 000)
790 000 (530 0001 190 000)

2 900 000 (2 340 000-3 610 000)
510 000 (330 000-790 000)

190 000 (110 000-320 000)
240 000 (110 000-500 000)

770 000 (490 000-1 210 000)
960 000 (680 000-1 360 000)
1 620 000 (1 240 000-1 970 000)

140 000 (50 000-420 000)
740 000 (370 000-1 470 000)
560 000 (310 000-1 000 000)
1 180 000 (840 000-1 650 000)
770 000 (550 000-1 070 000)

540 000 (290 000-1 020 000)
930 000 (570 000-1 510 000)
1510 000 (1 170 000-1 940 000)

330 000 (190 000-560 000)

1750 000 (1 360 000-2 260 000)
1 280 000 (960 000-1 690 000)
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Table I—Continued

Characteristic Participants Prevalence of Antibodies Estimated Persons with Estimated Persons Infected
Tested, n to Hepatitis C Virus Characteristic Nationwide (95% CI), n
(95% CI), % Nationwide, n
Antibody to HIV type 1 (participants age
18-49 y)
Negative 5650 2.3(1.9-2.8) 128 800 000 3020 000 (2 500 000-3 650 000)
Positive 31 13.8 (5.3-31.3)* 600 000 80 000 (30 000-180 000)
Serum alanine aminotransferase level§
<40 U/L 11983 0.9 (0.7-1.1) 207 400 000 1 860 000 (1 460 000-2 350 000)
40-79 U/L 930 8.4 (5.4-12.7)t 18 300 000 1530 000 (990 000-2 320 000)
80-119 U/L 125 12.7 (6.1-24.8)*% 2 300 000 290 000 (140 000-560 000)
=120 U/L 75 24.0 (12.0-42.3)*% 1400 000 340 000 (170 000-600 000)

* P < 0.05 for comparison with referent group (the first listed category of the variable).

1t P < 0.005 for comparison with referent group (the first listed category of the variable).
¥ Because of the small number of survey participants in these subgroups, the estimates and 95% Cls are unstable and may not accurately reflect the true proportion.

§ Reference range, 0-39 U/L.

The weighted prevalence of anti-HCV in the United
States was 1.6% (95% CI, 1.3% to 1.9%), corresponding
to 4.1 million (CI, 3.4 million to 4.9 million) anti-HCV-
positive persons (Table 1). Of anta-HCV—positive partici-
pants, 78.8% had specimens suitable for HCV RNA test-
ing; 79.7% (CI, 70.4% to 86.6%) of these tested positive
for HCV RNA. After we accounted for untested speci-
mens, the nationwide prevalence of HCV RNA among all
participants was 1.3% (CI, 1.0% to 1.5%), equating to 3.2
million (CI, 2.7 million to 3.9 million) HCV RNA-posi-

tive persons.

Demographic Characteristics Associated with HCV
Infection

Anti-HCV prevalence was significantly higher in men
than in women (Table 1). Prevalence was also higher in
non-Hispanic black participants than in either of the other
2 ethnic groups. Among persons younger than 50 years of
age, prevalence of anti-HCV increased with age from 1.0%
in those 20 to 29 years of age to a peak of 4.3% in those 40
to 49 years of age (Figure 1). Among older persons, anti-
HCV prevalence decreased to 1.6% in persons 50 to 59
years of age and to 0.9% in persons 60 years of age and
older. Prevalence was higher in men than in women in
most age groups (Figure 1). The higher overall prevalence
among non-Hispanic black persons compared with non-
Hispanic white persons was almost entirely attributable to
differences among older participants. Among participants
40 to 49 years of age, 9.4% of non-Hispanic black persons
had positive results for anti-HCV compared with 3.8% of
non-Hispanic white persons (P < 0.001); of participants
50 years of age or older, 3.3% of non-Hispanic black per-
sons had positive results compared with 0.9% of non-His-
panic white persons (P = 0.002). The demographic group
with the highest prevalence was non-Hispanic black men
between 40 and 49 years of age (13.6% [CI, 10.0% to
18.2%]). Prevalence was not significantly different between
non-Hispanic black and non-Hispanic white persons who
were younger than 40 years of age (1.2% vs. 1.1%; P =
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0.73). Participants who were born in the United States had
a higher prevalence of anti-HCV than those who were not,
and prevalence increased with decreasing family income
and level of education (Table 1). Among men, prevalence
did not vary according to service in the military (Table 1).
The sample of women who had served in the military was
too small to analyze.

The overall prevalence of anti-HCV in the current
survey was similar to that observed in NHANES III, but
the peak in age-specific prevalence moved from persons 30
to 39 years of age to those 40 to 49 years of age (Figure 2).
When participants in both surveys were categorized ac-
cording to approximate birth year, there was little differ-
ence in prevalence (Figure 2). Most anti-HCV—positive
participants  identified in both surveys (68.7% in
NHANES III and 65.6% in the current survey) were born
between 1945 and 1964.

Risk Factors for HCV Infection

Risk factor analysis was restricted to adults 20 years of
age or older because of the limited risk factor data and the
small number of anti-HCV-positive persons (z = 3)
among younger participants. Among persons 20 to 59
years of age, 21.3% (CI, 19.4% to 23.4%) had ever used
illicit drugs (injection or noninjection drugs, excluding
marijuana) and 2.0% (CI, 1.6% to 2.7%) had ever injected
illicit drugs. Among persons 20 to 39 years of age, lifetime
history of injection drug use was more common in non-
Hispanic white persons (2.4%) than in non-Hispanic black
persons (0.6%) (P = 0.024 for the difference). However,
among persons 40 to 59 years of age, history of injection
drug use was more common among non-Hispanic black
persons (5.3%) than among non-Hispanic white persons
(2.0%) (P = 0.016 for the difference). Of all those who
acknowledged ever injecting drugs, regardless of age, most
(83.3%) had not done so for at least 1 year before the
survey. Injection drug use correlated with such demo-
graphic factors as low family income and little education

www.annals.org
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Figure 1. Prevalence of antibodies to hepatitis C virus (HCV) by ethnicity, age, and sex.
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The vertical bars represent 95% Cls. The upper 95% Cls are not shown for 2 groups: 40- to 49-year-old non-Hispanic black men (18.2%) and 50- to
59-year-old Mexican-American men (20.0%).
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Figure 2. Prevalence of antibodies to hepatitis C virus (HCV)
by age group (A) and year of birth (B) in the Third National
Health and Nutrition Examination Survey (NHANES lII,
1988-1994) and the current NHANES (1999-2002).
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The vertical bars represent 95% Cls.

and with such risk factors as high numbers of sex partners
and noninjection drug use.

Among adults who had ever injected illicit drugs, prev-
alence of anti-HCV was 48.4% in those between 20 and
59 years of age. Overall prevalence of anti-HCV was
57.5% and was higher among non-Hispanic black persons
(88.5%) than among non-Hispanic white persons (51.7%)
(P= 0.034). Anti-HCV prevalence was significantly
higher among those who had ever injected drugs than
among those who had ever used noninjection illicit drugs
(other than marijuana); both of these groups had a signif-
icantly higher prevalence than persons who had never used
illicit drugs or had only used marijuana (Table 1). Anti-
HCV prevalence was also significantly correlated with a
history of receiving a blood transfusion before 1992, in-
creasing lifetime number of sexual partners, decreasing age
at first sexual intercourse, and positive results on herpes
simplex virus type 2 antibody testing (Table 1). Among
men, anti-HCV was not associated with ever having had
sex with another man (data not shown).

In a logistic regression model that included data from
participants between 20 and 59 years of age and controlled
for age and sex, anti-HCV was most strongly associated
with injection drug use. Anti-HCV was also associated
with Mexican-American ethnicity, birth in the United

710|16 May 2006 | Annals of Internal Medicine | Volume 144 ¢ Number 10

States, low family income, noninjection illicit drug use,
and a lifetime total of 20 or more sexual partners (Table
2). Blood transfusion before 1992 was not significantly
associated with anti-HCV after adjustment for other vari-
ables but was kept in the model because it is an accepted
risk factor for HCV infection. In a separate logistic regres-
sion model for participants 60 years of age or older whose
drug use and sexual histories had not been collected, anti-
HCV was independently associated with non-Hispanic
black ethnicity and a history of blood transfusion before
1992 (Table 3).

Characteristics of Participants with Chronic Infection

Among anti-HCV—-positive participants whose serum
specimens were sent for HCV RNA determination, more
men (89.0%) than women (63.4%) had positive results
(P = 0.017), and more persons who were 40 years of age
or older (89.6%) had positive results than did persons who
were 6 to 39 years of age (60.2%) (P = 0.023). Rates of
HCV RNA positivity were similar among non-Hispanic
white persons (77.3%) and non-Hispanic black persons
(79.7%).

Participants who had positive results for HCV RNA
were significantly more likely to have abnormal serum ALT
levels (58.7%) than were anti-HCV—positive, HCV RNA-

Table 2. Adjusted Relative Odds of the Presence of
Antibody to Hepatitis C Virus among Participants 20 to 59
Years of Age

Variable Adjusted Odds Ratio
(95% CI)*

Ethnicity

Non-Hispanic white 1.0

Non-Hispanic black 1.9 (0.9-3.8)

Mexican American 2.6 (1.2-5.8)
Place of birth

Within United States 1.0

Outside of United States 0.2 (0.08-0.7)
Ratio of family income to poverty threshold

=2.0 1.0

1.0-1.9 3.5(1.9-6.4)

0.0-0.9 9.1 (4.5-18.2)
Blood transfusion before 1992

No 1.0

Yes 2.6(0.9-7.3)

lllicit drug use (ever)
Never (or marijuana only) 1.0
Noninjection drug use (except marijuana) 3.7 (1.7-7.9)
Injection drug use 148.9 (44.9-494)

Lifetime number of sexual partners

0-1 1.0
2-19 1.4 (0.3-6.0)
=20 5.2 (1.5-18.2)

* The model is adjusted for age (10-year categories), sex, and the interaction of age
and sex. Two variables, history of blood transfusion and injection drug use, were
forced into the model. See Methods section for further details regarding the mod-
eling strategy.
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negative participants (10.3%) or participants with no
HCV markers (8.8%). The prevalences in the latter 2
groups were not significantly different from each other.

Adults who had positive results for HCV RNA re-
ported heavier alcohol intake during the previous year than
other adults; this group was almost 3 times more likely to
consume an average of more than 1 drink per day (35.3%
vs. 13.5%; P = 0.003) and almost 8 times more likely to
consume more than 3 drinks per day (19.2% vs. 2.4%;
P = 0.010). Adults who were HCV RNA positive were
also more likely to have had 5 or more drinks in a single
day during the previous year than other adults (47.8% vs.
27.7% per year; P = 0.002), and 33.2% had done so on at
least 50 days during the previous year. Regardless of HCV
status, the proportion of adults with abnormal serum ALT
levels was greater among those who reported more than 1
drink per day than in those who reported 1 or fewer drinks
per day (Table 4). This difference was statistically signifi-
cant only among anti-HCV—negative persons.

Of HCV RNA-—positive adults, 9.8% had received at
least 1 dose of hepatitis A vaccine and 14.7% had received
at least 1 dose of hepatitis B vaccine. These rates were not
significantly different from those of other adults (2 = 0.66
and P = 0.132, respectively).

Evaluation of Screening Criteria for HCV Infection

Among persons 20 to 59 years of age, 7.3% had a
history of injection drug use or had received a blood trans-
fusion before 1992; anti-HCV testing of this group would
identify 53.1% of HCV RNA—positive persons (Table 5).
If testing also included those with abnormal serum ALT
levels (a common “incidental finding” in medical practice),
85.1% of HCV-infected persons could be identified on the
basis of testing 18.1% of the population. Among persons
60 years of age and older, 21.1% had received a blood
transfusion before 1992 or had an abnormal serum ALT
level; anti-HCV testing of this population segment would
identify 87.4% of HCV RNA—positive persons.

DiscussioN

These results highlight the substantial burden of infec-
tion attributable to HCV in the United States. Approxi-
mately 3.2 million persons in the general population have
chronic infection; however, this figure is probably an un-
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Table 3. Adjusted Relative Odds of the Presence of
Antibody to Hepatitis C Virus among Participants 60 Years
of Age and Older

Variable Adjusted Odds Ratio
(95% CI)*
Ethnicity
Non-Hispanic white 1.0
Non-Hispanic black 4.3 (1.9-9.6)
Mexican American 1.6 (0.6-4.0)
Blood transfusion before 1992
No 1.0
Yes 4.9 (1.7-14.1)

* The final model included only ethnicity and history of blood transfusion. Age,
sex, birthplace, and family income were not statistically significant in this model
and were not included. Questions about drug use and sexual activity were not
administered to participants who were 60 years of age or older, and therefore these
data were not available for analysis.

derestimate because the sampling frame of NHANES did
not include incarcerated or homeless persons, who are
known to have high prevalences of HCV infection (5, 9,
10). If the estimated number of HCV infections among
incarcerated persons (9) were added to those from
NHANES, the total number of persons with chronic in-
fection would increase to an estimated 3.5 million.

It is unknown what proportion of HCV-positive per-
sons in the United States are aware of their infection; how-
ever, the high rates of alcohol use (a co-factor known to
accelerate HCV-related chronic liver disease) and low rates
of hepatitis A and hepatitis B immunization noted in our
study suggest that many of the HCV-positive persons we
identified have not been tested, have not received appro-
priate counseling, or have disregarded that counseling.
Most HCV-infected persons are only now reaching an age
when complications of liver disecase may start to develop,
and muldple studies have predicted a rise in future HCV-
related morbidity and mortality rates (3, 4, 11, 12). To
characterize the type of care and counseling that HCV-
infected persons receive in the United States, researchers
are performing a follow-up survey of anti-HCV—positive
participants who were identified in NHANES.

Most HCV-infected Americans were born between
1945 and 1964, and most have engaged in high-risk drug

Table 4. Relationship between Alcohol Use and Abnormal Serum Alanine Aminotransferase Level*

HCV Statust

Participants with Abnormal Serum ALT Levels

0-1 Drinks per Day
(95% Cl), %

8.5(7.8-9.3)
54.6 (40.2-68.3)

Anti-HCV negative (n = 8095)
HCV RNA positive (n = 117)

>1 Drink per Day Difference, P Value
(95% C), % percentage pointst

17.8 (15.5-20.4) 9.3 <0.001
69.5 (47.5-85.1) 14.9 0.2

* ALT = alanine aminotransferase; HCV = hepatitis C virus.

T Because of small sample sizes, participants who were anti-HCV positive but HCV RNA negative were excluded from this table.
¥ Difference in prevalence of abnormal serum ALT levels among participants who consumed more than 1 drink per day and those who drank 1 or fewer drinks per day.
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Table 5. Evaluation of Potential Screening Criteria for Hepatitis C Virus Infection*

Screening Criteria*

Persons age 20-59 yt
Risk factor history
Injection drug use
Injection drug use or transfusion before 1992
Injection drug use or transfusion before 1992 or =20 lifetime sex partners
Any illicit drug uset or transfusion before 1992 or =20 lifetime sex partners
Risk factor history and ALT level
Abnormal ALT level
Abnormal ALT level or injection drug use
Abnormal ALT level or injection drug use or transfusion before 1992
Abnormal ALT level or injection drug use or transfusion before 1992 or =20
lifetime sex partners
Abnormal ALT level or any illicit drug uset or transfusion before 1992 or =20
lifetime sex partners

Persons age =60 y
Risk factor history
Transfusion before 1992
Risk factor history and ALT level
Abnormal ALT level
Abnormal ALT level or transfusion before 1992

Participants with Criteria, %

General HCV RNA-Positive
Population Population
1.9 46.6
7.3 53.1
21.0 76.1
33.2 89.7
12.0 62.6
13.3 82.8
18.1 85.1
30.0 93.5
40.7 98.6
17.2 60.1
5.1 56.7
211 87.4

* ALT = alanine aminotransferase; HCV = hepatitis C virus.

T The analysis of persons 20 to 59 years of age included only those for whom all 4 variables (drug use history, sexual history, transfusion history, and ALT level) were not
missing. The analysis of persons =60 years of age included only those for whom both transfusion history and ALT level were not missing. For this reason, the estimates may

vary slightly from estimates elsewhere in the text.
¥ Includes drug use by injection or otherwise, except marijuana.

and sexual behaviors at some point in their lives. Many
with such histories may not recognize that transient behav-
ior decades earlier has put them at risk for a potentially
lifelong infection. Of those who ever injected drugs, for
example, more than 8 out of 10 had not done so in the
past year and may not have injected drugs for many years.

High-risk behavior does not account for all HCV in-
fections in the United States. Among HCV-positive survey
participants 60 years of age or older, more than half re-
ported receiving blood transfusions before 1992. Among
younger participants, blood transfusion probably ac-
counted for a relatively smaller proportion of HCV infec-
tions. This trend reflects public health interventions during
the 1980s and 1990s that led to a progressive reduction in
the risk for post-transfusion HCV infection (5, 13, 14).
Other well-known risk factors, such as long-term hemodi-
alysis and health care work involving frequent exposure to
blood (5), could not be evaluated in NHANES because of
their low frequency or lack of availability in the NHANES
data set. These risk factors generally account for fewer than
10% of infections (15, 16).

The lower prevalence of anti-HCV among adolescents
and young adults (<30 years of age) compared with that
among older adults is encouraging. The similarity of the
prevalences among young non-Hispanic black and white
adults, as well as the lower prevalence of injection drug use
among young non-Hispanic black persons, is consistent
with that of another national survey (17); this finding sug-
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gests that younger non-Hispanic black persons may not be
subject to the disproportionately high burden of disease
that was seen in the previous generation. However, the
small number of younger anti-HCV=—positive participants
limits definitive conclusions.

The prevalence of chronic infection did not vary sig-
nificantly by race. In the previous NHANES, non-His-
panic black persons were more likely to have chronic
infection than non-Hispanic white persons (1). This dif-
ference could represent a loss of HCV markers as the co-
hort aged; a real change in prevalence of chronic infection;
or a chance observation, particularly because of the smaller
numbers of HCV-positive participants in the current survey.

There are limitations to NHANES, a survey with a
broad scope of which HCV is but one of many compo-
nents. In addition to excluding certain high-risk popula-
tions, the survey allowed only self-reporting of such risk
factors as injection drug use; the limitation of this format
may result in an underestimation of the prevalence of these
factors and the strength of association with HCV. In 1
longitudinal study, 7.4% of persons who had acknowl-
edged a history of cocaine use on at least 2 previous surveys
did not do so when responding to subsequent surveys (18).
Studies of volunteer blood donors found that 30% to 50%
of those whose donations were rejected because of a posi-
tive HCV test result admitted to a history of injection drug
use after being presented with their result (19-21). None
of these donors had reported this risk factor at the time of
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donation. Because injection drug use is an overwhelmingly
strong risk factor for HCV infection, small amounts of
unacknowledged injection drug use can confound any
cross-sectional survey (22). In our study, for example, in-
jection drug use correlated with such variables as low fam-
ily income, high numbers of sex partners, and noninjection
drug use. Unacknowledged injection drug use may account
for at least part of the association observed between these
variables and HCV infection. Finally, sources of HCV in-
fection for individual participants cannot be definitively
determined in a cross-sectional study.

The lack of change in HCV prevalence between the
1988 to 1994 NHANES and the 1999 to 2002 NHANES
is consistent with the 5- to 10-fold decrease in incidence of
acute hepatitis C that was observed in the early 1990s (3,
15). However, there is no guarantee that the incidence of
acute infection will remain low. Among young injection
drug users, the annual incidence of HCV infection ranges
from 10% to 36% (23—27). Furthermore, the stabilization
of HCV prevalence will not prevent the increase in cirrho-
sis and liver cancer that is projected to result from HCV
infections acquired in previous decades (11, 12, 28).
Therefore, prevention of HCV-related liver disease should
remain a key focus of clinical and public health interven-
tions, which rely on the identification of persons with
chronic HCV infection (5). Although there has been insuf-
ficient time to demonstrate that antiviral therapies and
other interventions directly reduce HCV-related morbidity
and mortality rates, we cannot ignore the potential benefits
of reducing liver injury by eradicating the virus or by elim-
inating other hepatotoxic agents (for example, infections
and alcohol) in the interim (29, 30).

There may be concern regarding the feasibility of as-
certaining risk factor histories during routine patient visits,
but the data in this report demonstrate that about 85% of
HCV-positive persons can be identified on the basis of 1 of
2 risk factors, history of injection drug use or receipt of a
blood transfusion before 1992, or 1 laboratory result show-
ing an abnormal serum ALT level. Of particular impor-
tance to clinicians is that most HCV-infected persons who
acknowledge a history of injection drug use have not used
these drugs recently and may not fit conventional stereo-
types of injection drug users. All patients should be asked
about their history of injection drug use, and those who
report such a history, no matter how transient or remote,

should be tested for HCV.
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