
Assessment of Hepatitis C Risk Factors and Infection
Prevalence in a Jail Population
Philip J. Wenger, PharmD, Fred Rottnek, MD, Todd Parker, PA, and Jeffrey S. Crippin, MD

HCV infection is one of the most common and
deadly blood-borne infectious diseases in the
United States.1---3 National Health and Nutrition
Examination Survey (NHANES) data estimate
that 1.6% of the US population, or about 4.1
million people are infected with HCV.2 This
NHANES estimate is likely an underestimation
because it did not sample several high preva-
lence populations; the true prevalence may be
conservatively closer to 2% (5.2 million) or
potentially as high as 2.8% (7.1 million).4 In
2010, approximately 17 000 new infections
occurred with an incidence rate of 0.3 cases
per 100 000 persons in the United States.5

Incidence rates have decreased significantly
from1992, but have been holding fairly steady
over the past decade.3 Some authors predict
the incidence will likely increase slightly with
recent increases in injection drug use. The inci-
dence of complications associated with HCV is
expected to continue to increase as well.3,6

HCV infection is associated with significant
morbidity, mortality, and cost. It is the most
common chronic liver disease associated with
hepatocellular carcinoma, present in close to
half of all cases.7,8 It is the leading indication for
liver transplantation in the United States, with
a rate nearly double that of the second cause.9

HCV infection was listed as an underlying or
contributing cause of more than 15 000 deaths
in 2007.10 Patients who do not go on to
develop cirrhosis or those in the 20- to 30-year
window between infection and development of
cirrhosis can also suffer social, emotional, and
physical complications; experience a decreased
quality of life; and require hospitalization.3,11,12

The yearly total health care costs associated
with HCV infection were calculated to be $6.5
billion in 2007 and are predicted to peak at
$9.1 billion in 2024 based on current trends
and excluding the cost of antiviral treatments.6

In the general US population, the risk factors
most associated with HCV infection are in-
jection drug use (IDU), sexual contact with
HCV-positive partners, receipt of blood and

blood products prior to 1992, and needle
sticks.2,5 According to data from NHANES,
men have a higher prevalence of HCV infection
than women (2.1% vs 1.1%), and non-Hispanic
Blacks have a higher prevalence than non-
Hispanic Whites or Mexican Americans (3%,
1.5%, and 1.3% respectively).2 The Centers for
Disease Control and Prevention has recently
added a recommendation to test all patients
born between 1945 and 1965, as this birth
cohort has a HCV prevalence rate of 3.25%
and accounts for approximately 75% of HCV
infections in the general US population.13 One
recent analysis found that among those with
a history of IDU, any past incarceration was
significantly associated with HCV infection
with an adjusted odds ratio (OR) of 2.6 (95%
confidence interval [CI] =1.2, 6.1).14

As prevalent as HCV infection is in the
general population, it is nearly 10-fold higher
in the incarcerated population. The prevalence
of HCV infection in incarcerated individuals is
estimated to be 23.1% to 41.2%.4 Individuals

who are incarcerated are more likely to partic-
ipate in high-risk behavior for HCV infection,
including IDU, tattoos from nonlicensed pro-
viders, and prostitution. In addition to their in-
creased risk prior to incarceration, inmates are
also at higher risk for becoming infected during
incarceration, mostly from tattoos received in
prison and continued use of injection drugs
while incarcerated. With increasing rates of IDU
in the United States, rates of incarceration and
HCV infection are predicted to increase as well.3

Although there is a significant amount of
literature assessing HCV in the general popu-
lation and incarcerated populations as a whole,
most of the literature assessing incarcerated
populations deals specifically with prison pop-
ulations rather than jail populations. Jails are
more dynamic environments than prisons and
include people being released from custody in
a short period of time as well as those destined
to be imprisoned. Studies relating to HCV
infection in a jailed population are much more
limited. Only 1 previous study has specifically

Objectives. We sought to validate previous reports of HCV prevalence in jails,

identify HCV risk factors prevalence, and identify risk factors associatedwith HCV

infection in this population.

Methods. Inmates at the Buzz Westfall Justice Center (BWJC) in St. Louis,

Missouri, were offered risk factor screening for HCV and anti-HCV antibody

testing from December 2012 through May 2013. Demographic and risk factor

information were assessed for significant associations with positive HCV

antibody results. Risk factors that were significantly associated in univariate

analysis were assessed using binary logistic regression to model the relation-

ship between positive HCV results and the risk factors and demographics.

Results. Fifty of 304 inmates were positive for HCV, with a prevalence of 16.4%.

The risk factors significantly associated with increased risk for positive HCV

antibody were age (odds ratio [OR] = 1.09; 95% confidence interval [CI] = 1.04, 1.15

for each year), injection drug use (OR= 53.87; 95% CI = 17.78, 163.21), sex with

HCV-positive partner (OR= 7.35; 95% CI = 1.41, 38.20), and tattoos by a nonlicensed

provider (OR=2.62; 95% CI = 1.09, 6.33). Prevalence for women was 3 times that of

men (38% vs 12%).

Conclusions. Prevalence of HCV at BWJC was similar to previous jail

studies, which is lower than reported prison rates and higher than the

general population. (Am J Public Health. 2014;104:1722–1727. doi:10.2105/

AJPH.2014.301996)

RESEARCH AND PRACTICE

1722 | Research and Practice | Peer Reviewed | Wenger et al. American Journal of Public Health | September 2014, Vol 104, No. 9



assessed only jailed populations.15 This study
assessed the prevalence of HCV infection from
a random sample of stored blood samples from
3 city jails and did not include any risk factor
assessment directly from inmates, although it
did link results to demographic information,
previous incarceration status, hepatitis B virus
(HBV) infection, and HIV infection status. This
evaluation found the weighted prevalence of
HCV to be13% overall with10% prevalence in
San Francisco, California; 14% in Chicago,
Illinois; and 15% in Detroit, Michigan. The
study was not able to assess whether inmates
were previously aware of their HCV infection.15

Another study assessed both jail and prison
populations in Maryland.16 This study also
assessed HCV rates on stored samples and was
linked to demographic information, reasons for
incarceration, syphilis infection, HBV infection,
and HIV infection. Those enrollees labeled as
“detainees,” meaning presentencing, had an
HCV prevalence of 31.1%, higher than that in
the prison population at 26.4%.

As pointed out in a 2012 editorial, jails may
represent an ideal location to institute wide-
spread screening programs for HCV.17 Jails
may represent a higher-risk group than the
general population. Identifying those at high
risk for HCV infection in a jail could lead to
education on risk reduction to those not
already infected and could lead to earlier
detection for those infected with HCV who did
not previously know of their infection status.
This detection could prevent the spread within
communities for those jail inmates who are
released from custody shortly after incarcera-
tion and could decrease the spread of HCV
within prisons for those who are sentenced. In
addition to slowing or preventing the spread of
HCV, the detection of an infection in jails could
lead to more frequent and earlier treatment,
improving the health of the infected inmate and
decreasing the morbidity and costs associated
with late-stage HCV infections. This article also
correctly points out, however, that the cost
savings that may be realized because of early
screening and intervention for HCV are un-
likely to be realized directly by the same payers
as the initial direct screening costs. Finding
ways to better target testing expenditures
would enable jails to provide a public health
benefit without the costs associated with testing
all those incarcerated.

The current project was undertaken to
add to and validate previous reports of HCV
prevalence in jailed populations, identify the
HCV risk factors present in this population, and
identify the risk factors most associated with
HCV infection in the population.

METHODS

The Buzz Westfall Justice Center (BWJC)
houses the Saint Louis County Jail. It is classi-
fied as a large jail with an average daily census
of 1250 inmates. It houses inmates for Saint
Louis County, Missouri, neighboring munici-
palities, and the United States Department
of Justice. Health care at BWJC is provided
through the Saint Louis County Department
of Health. Participants were enrolled from
December 2012 through May 2013.

Enrollment and Data Collection

In addition to the 14-day physical assess-
ment mandated by the American Correctional
Association, inmates at the BWJC receive the
following screening tests: serum tests for HIV
and syphilis, urine tests for gonorrhea and
chlamydia, and a purified protein derivative
test for tuberculosis. Traditionally, only se-
lected inmates at the BWJC were screened for
the risk of exposure to HCV and active HCV
infection. The selection of testing candidates
was left to the discretion of each provider.

This project offered risk factor screening and
anti-HCV testing to inmates about to receive
their assessment blood draws. Inmates were
identified the day before their lab draw was
scheduled. The primary investigator inter-
viewed inmates individually in a private in-
terview room to offer enrollment, started the
informed consent process, provided brief HCV
education, and delivered a demographic and
risk factor screening questionnaire to those
who consented to enrollment.

Demographic information collected from
enrollees was self-identified race/ethnicity, age
at the time of enrollment (which was verified
on their identification bracelets), and gender.

Self-reported risk factors were any history of
injection drug use, receipt of clotting factors
prior to 1987, receipt of blood transfusion
prior to 1992, any history of hemodialysis, any
tattoo or body piercing from a noninspected or
nonlicensed provider, receipt of blood or organ

from a donor known or revealed to be HCV
positive, any history of an accidental needle
stick, any history of a positive HIV test, having
a mother who was HCV positive at the time
of enrollee’s birth, sexual contact with any
partner known or revealed to be HCV positive,
and self-reported previous HCV-positive test
results. No distinction was made on risk factor
behavior that occurred in a prison or jail versus
while not incarcerated.

Inmates with positive anti-HCV tests were
provided detailed education, counseling, and
follow-up outside the parameters of this study.

Statistical Analysis

Investigators employed a consecutive sam-
pling method to enroll approximately 300
inmates. This sample size was determined to
provide at least 80% power to detect an effect
size of 0.8 based on an HCV prevalence rate in
the range of 15% to 40%.

Data were entered into SPSS Statistics
version 19 (IBM, Somers, NY). We compared
demographic information between HCV-
positive and HCV-negative patients by using
the v2 test for race/ethnicity and gender, and
the independent sample t-test for age. For HCV
risk factors, we tabulated frequencies and
compared them between HCV-positive and
HCV-negative patients by using the v2 test.
An a level of 0.05 for significance was used
for all tests.

Binary logistic regression was utilized to
model the relationship between positive HCV
antibody test results and the risk factors and
demographic information. A backward stepwise
deletion procedure was used with an a of 0.1 for
removal. Model explanatory power and fit were
assessed using the c-statistic and the Hosmer---
Lemeshow lack-of-fit test. Adjusted ORs based
on this model were calculated with 95% CIs.

RESULTS

A total of 304 patients provided informed
consent, completed the risk factor interview
and provided blood samples. This represents
83.7% of those who were approached for
participation and 92.4% of those who con-
sented to enrollment. Figure 1 displays the
recruitment, enrollment, and completion data.

Table 1 lists the demographic and risk factor
information for participants. Fifty patients had
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positive HCV antibody results, corresponding
to a 16.4% prevalence rate in this population.
Of those 50, 23 reported a previous positive
result. Of the 254 patients who had negative
HCV antibody results, 2 reported testing pos-
itive previously. The 2 most common risk
factors present in all patients as well as those
with positive antibody results were IDU and
tattoo received from a nonlicensed provider.
The prevalence in the 1945 to 1965 birth
cohort (22%) was higher than the overall
prevalence, but the 1966 to 1986 birth cohort
also had a high prevalence of 22.5%.

The univariate analysis showed 7 factors to
be significantly associated with positive HCV
antibody results: age, gender, IDU, history of an
accidental needle stick, race/ethnicity, history of
sexual contact with an HCV-positive partner, and
history of a tattoo by an unlicensed provider.
Table 1 lists the results of univariate analysis of
the demographic characteristics and risk factors.

The overall multivariable logistic regression
model was statistically significant (LR v2 =
135.518; df = 4; P< .001) with a c-statistic
of 0.929. Significant predictors in the model
included age (OR = 1.09; 95% CI = 1.04,
1.15), indicating that older participants had
significantly higher odds of having a positive
antibody test than younger participants; IDU
(OR = 53.87; 95% CI = 17.78, 163.21), sig-
nifying that participant who had ever injected
drugs had significantly higher odds than
those who had never injected; sex with an
HCV-positive partner (OR = 7.35; 95% CI =
1.41, 38.20), showing that participants who had
a history of sexual contact with a HCV-positive

partner had significantly higher odds than those
who had not; and tattoo from a nonlicensed
provider (OR = 2.62; 95% CI = 1.09, 6.33),
with participants who had received a tattoo from
a nonlicensed provider having significantly
higher odds those who had not. Table 2 lists the
output from the logistic regression model. The
Hosmer---Lemeshow lack of fit test (v2 =
11.513; P= .173) indicated acceptable model
fit to the data.

The prevalence results in this analysis
showed some marked differences in terms of
gender and race/ethnicity from the general
population. In our population, the prevalence
for women was more than 3 times the rate of
men (38% vs 12%) whereas in the general
population, men have nearly double the prev-
alence (2.1% vs 1.1%). Table 3 lists the risk
factors that were significantly different be-
tween male and female participants. Injection
drug use was also nearly 3 times higher in
women than in men (52.7% vs 19.3%) and all
of the women who were anti-HCV-positive
reported injection drug use versus 79.3% of
the positive men. Accidental needle stick rates
were 4.5 times higher in the female population
(12.7% vs 2.8%). Female participants were
6 times more likely to have had sex with
HCV-positive partners than men (14.5% vs
2.4%). No information was gathered on the
gender of the sexual partners who were
HCV-positive or the sexual preferences of the
participants in this study.

In terms of self-reported race/ethnicity, par-
ticipants who identified as White, non-Hispanic
had a significantly higher prevalence than

those who self-reported as African American or
Black (31% vs 9%). In the general US popula-
tion, Blacks have twice the prevalence of
Whites (3% vs 1.5%). Table 4 lists the signif-
icant risk factors when comparing Blacks to
Whites. Black participants were significantly
more likely than White participants to be male
(86.3% vs 73.8%), less likely to have engaged
in injection drug use (10.4% vs 50.5%), less
likely to have received a tattoo from a non-
licensed provider (25.1% vs 43%), less likely
to have had an accidental needle stick (1.1% vs
10.3%), and less likely to have had sex with an
HCV-positive partner (1.1% vs 10.3%).

DISCUSSION

The overall prevalence rate of 16.4% was
higher than that of the general population
(1.6%---2.8%) and lower than that of the prison
population (23%---41%). It is similar to the
estimates from the previous study in a jail
population (mean = 13%; range = 10%---15%).
The reporting of risk factor prevalence and
association with HCV antibody positivity is
new for a jail population.

With such a high prevalence rate, universal
screening for all jail inmates would make sense
from a public health standpoint. Universal
screening would also eliminate the potential for
missed screening because of inmates not
wanting to report illegal or potentially embar-
rassing risky behaviors. The largest barriers
against universal screening are the cost of
testing and deciding what next steps to take
after diagnosis. It could be argued that because
jails are a fluid population with mostly short
lengths of stay, treatment would be difficult or
impossible in addition to expensive. The bene-
fits of identifying patients with HCV, though,
surpass those of immediately treating infected
person. Testing provides an opportunity to
discuss risk mitigation in both positive and
negative inmates. It can also potentially reduce
the spread of HCV in prison and in the com-
munity. Testing in jails could lead to increased
rates and earlier initiation of treatment when
inmates transition to more stable living ar-
rangements or, if coordinated correctly, could
lead to bridging programs that start treatment
in jails and follow patients to their next desti-
nation. The cost of testing and potentially for
treatment would need to be assessed in the

363 approached 329 consented 304 completed 

34 refused
participation  

5 refused
blood draw   

20 released before
blood draw  

FIGURE 1—Recruitment algorithm: Buzz Westfall Justice Center; Saint Louis County, MO;

December 2012–May 2013.
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larger picture of better population health and
potentially decreased morbidity, mortality,
and cost for individual patients and the system
as a whole to help justify the increased expen-
ditures as those entities directly paying for the
cost of testing are unlikely to see direct cost
savings.

The differences found between our popula-
tion and the general population in terms of
gender and race/ethnicity are notable, but their
significance cannot be fully explained with
the current analysis. Because neither was sig-
nificant after logistic regression, they would not
seem to be particularly useful in developing
a comprehensive screening tool, but may be
useful when developing and targeting risk-
reduction information and strategies. It would
also be necessary to expand this analysis to
other jail settings to see if these differences hold
in the larger jail population or are unique to the
current population.

Sex with an HCV-positive partner remained
in the multivariable model as an independent
risk factor. Because all HCV-positive women
reported IDU, sex with an HCV-positive part-
ner, independent of IDU, could be applicable
only for men in our analysis. However, the
relatively small number of HCV-positive pa-
tients overall, the subjective nature of risk-factor
reporting, and the rare occurrence of sexual
transmission of HCV in general make it impos-
sible to determine that sex with an HCV-positive
partner was the source of exposure for any of
the patients.

The consent rate of 90.6% and completion
rate of 83.7% of those approached indicates
the results should be reliable when applied
to this specific population. No reasons for

TABLE 1—Demographic and Risk Factor Distribution: Buzz Westfall Justice Center; Saint

Louis County, MO; December 2012–May 2013

Total (n = 304),

Mean 6SD

or No. (%)

Anti-HCV Positive

(n = 50), Mean 6SD

or No. (%)

Anti-HCV Negative

(n = 254), Mean 6SD

or No. (%) P

Age, y 32.8 610.8 36.6 69.5 32.1 610.9 .08a

Birth cohort

1945–1965 37 (12.2) 8 (22) 29 (78)

1966–1986 160 (52.6) 36 (22.5) 124 (77.5)

1987–1995 107 (35.2) 6 (6) 101 (94)

Self-reported race/ethnicity < .001b

African American/Black 183 (60.2) 16 (9) 167 (91)

Hispanic/Latino 5 (1.6) 0 5 (100)

Non-Hispanic White 107 (35.2) 33 (31) 74 (69)

Asian/Pacific Islander 2 (0.7) 0 2 (100)

Native American 4 (1.3) 1 (25) 3 (75)

Other 3 (1) 0 3 (100)

Gender < .001a

Female 55 (18.1) 21 (38) 34 (62)

Male 249 (81.9) 29 (12) 220 (88)

Injection drug use < .001a

No 227 (74.7) 6 (3) 221 (97)

Yes 77 (25.3) 44 (57) 33 (43)

Blood transfusion before 1992 .178a

No 299 (98.4) 48 (16) 251 (84)

Yes 5 (1.6) 2 (40) 3 (60)

Tattoo nonlicensed provider < .001a

No 207 (68.1) 20 (10) 187 (90)

Yes 97 (31.9) 30 (31) 67 (69)

Accidental needle stick .002a

No 290 (95.4) 43 (15) 247 (85)

Yes 14 (4.6) 7 (50) 7 (50)

HIV positive .991a

No 302 (99.3) 50 (17) 252 (83)

Yes 2 (0.7) 0 2 (100)

HCV-positive mother .989a

No 301 (99) 50 (17) 251 (83)

Yes 3 (1) 0 3 (100)

Sex with HCV-positive partner < .001a

No 277 (91.1) 27 (10) 250 (90)

Yes 27 (8.9) 23 (85) 4 (15)

Previous HCV positive < .001a

No 279 (91.8) 27 (10) 252 (90)

Yes 25 (8.2) 23 (92) 2 (8)

Note. The following risk factors were assessed, but had 0 “Yes” responses: clotting factor use before 1987, hemodialysis,
receipt of HCV-positive blood or organ.
aPositive vs negative.
bAfrican American vs White.

TABLE 2—Logistic Regression Results:

Buzz Westfall Justice Center; Saint

Louis County, MO; December 2012–

May 2013

Variable OR (95% CI) P

Age (per y) 1.093 (1.042, 1.147) < .001

IDU (yes vs no) 53.869 (17.780, 163.205) < .001

Sex (yes vs no) 7.345 (1.412, 38.204) .018

Tattoo (yes vs no) 2.623 (1.087, 6.333) .032

Note. CI = confidence interval; IDU = injection drug
use; OR = odds ratio.
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refusal to participate were collected, so it is not
possible to assess for the presence or direction
of bias attributed to nonparticipation or non-
completion after consent was obtained. It is
possible that there was a bias away from partic-
ipation for those who were self-determined to

be at low risk for HCV infection. This would lead
to a higher estimated prevalence than in the
whole jail population.

The results may also be affected by the
self-reported nature of the risk-factor ques-
tions. Although some patients may have

under- or over-reported their high-risk be-
haviors, this is unavoidable for this type of
screening tool.

Future direction for this project is identifying
the best way to utilize these data to screen
patients prior to their assessment labs to allow
for the highest sensitivity and specificity possi-
ble while providing a simple user-friendly
screening tool for the screening medical staff to
utilize. It is also clear that simply screening
patients in the 1945 to 1965 birth cohort is
not as applicable or beneficial to this high-risk
population as it would be to the general
population. It is likely that this population
could be adequately screened without using
the full screening questionnaire, with good
sensitivity and specificity to balance clinical
detection with cost of testing a large number
of negative patients. Using only IDU, sex with
an HCV-positive partner, and tattoo from
nonlicensed provider as the screening tool
(any 1 of the 3 would trigger a screening
test) would have missed 3 positive patients
(sensitivity of 94%) and would have tested
86 negative patients (specificity of 66%).
Adding in age or birth cohort would potentially
increase the sensitivity, but would also de-
crease the specificity unless a more compli-
cated calculation were used rather than
a simple rule of what age or birth cohort
should be tested. j
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TABLE 3—Risk Factor Prevalence by Gender: Buzz Westfall Justice Center; Saint Louis

County, MO; December 2012–May 2013

All Women

(n = 55),

No. (%)

Anti-HCV Positive

Women (n = 21),

No. (%)

All Men

(n = 249),

No. (%)

Anti-HCV Positive

Men (n = 29),

No. (%) Pa

Injection drug use < .001

No 26 (47.3) 0 (0) 201 (80.7) 6 (20.7)

Yes 29 (52.7) 21 (100) 48 (19.3) 23 (79.3)

Accidental needle stick .001

No 48 (87.3) 15 (71.4) 242 (97.2) 28 (96.6)

Yes 7 (12.7) 6 (28.6) 7 (2.8) 1 (3.4)

Sex with HCV-positive partner < .001

No 47 (85.5) 14 (66.7) 243 (97.6) 26 (89.7)

Yes 8 (14.5) 7 (33.3) 6 (2.4) 3 (10.3)

Note. The following risk factors were assessed, but the differences were found to be nonsignificant: age, race/ethnicity, blood
transfusion, tattoo from nonlicensed provider, HIV infection, born to HCV-positive mother.
aAll women vs all men.

TABLE 4—Risk Factor Prevalence by Self-Reported Race/Ethnicity Buzz Westfall Justice

Center; Saint Louis County, MO; December 2012–May 2013

African

American or

Black (n = 183),

No. (%)

Anti-HCV Positive

African American or Black

(n = 16),

No. (%)

White,

Non-Hispanic

(n = 107),

No. (%)

Anti-HCV

Positive

White (n = 33),

No. (%)

P (African

American vs

White)

Gender .008

Female 25 (13.7) 4 (25) 28 (26.2) 16 (48.5)

Male 158 (86.3) 12 (75) 79 (73.8) 17 (51.5)

Injection drug use < .001

No 164 (89.6) 4 (25) 53 (49.5) 2 (6.1)

Yes 19 (10.4) 12 (75) 54 (50.5) 31 (93.9)

Tattoo nonlicensed provider .002

No 137 (74.9) 7 (43.8) 61 (57) 12 (36.4)

Yes 46 (25.1) 9 (56.3) 46 (43) 21 (63.6)

Accidental needle stick < .001

No 181 (98.9) 15 (93.8) 96 (89.7) 27 (81.8)

Yes 2 (1.1) 1 (6.3) 11 (10.3) 6 (18.2)

Sex with HCV-positive partner < .001

No 181 (98.9) 15 (93.8) 96 (89.7) 24 (72.7)

Yes 2 (1.1) 1 (6.3) 11 (10.3) 9 (27.3)

Note. The following risk factors were assessed, but the differences were found to be nonsignificant: age, blood transfusion, HIV
infection, born to HCV-positive mother.
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