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Abstract
Background: Incarcerated populations are disproportionately burdened by hepatitis C virus (HCV) infection. The
introduction of highly-effective, direct-acting antiviral (DAA) treatment has potential to substantially reduce the
burden of liver disease in this population, but accurate information about access to and utilization of this treatment
is currently limited. The goals of this study were to characterize receipt of HCV care and treatment services for a
cohort of HCV-infected adults identified in a state prison system, and to describe the complex health needs of this
population.
Methods: To estimate the proportion of patients who were treated for HCV while incarcerated, and the proportion
linked to HCV care after release from prison, we used a deterministic matching algorithm to link administrative prison
data, health care records, and a state public health surveillance database, which captures all positive HCV-related
diagnostic test results through automatic laboratory reporting. Individuals not evaluated or treated for HCV while in prison
were considered likely to have been linked to care in the community if the HCV surveillance system contained a record of
a quantitative HCV RNA or genotype test within 6 months of their release date. Demographic and comorbidity data were
manually extracted from the electronic health records for all patients referred for consideration of HCV treatment.
Results: Between 2011 and 2015, 3126 individuals were known to be living with chronic HCV infection while incarcerated
in the state prison system. Of these, 570 (18%) individuals were evaluated for HCV treatment while incarcerated and 328
(10%) initiated treatment with DAAs. Of the 2556 individuals not evaluated for treatment, 1605 (63%) were released from
prison during the 5 year study period. Of these, 138 (9%) individuals engaged in HCV care in the community within 6
months. Data describing medical and psychiatric co-morbidities were available for the prison-based treatment cohort,
which showed a high prevalence of major depression (39%), anxiety disorder (24%), alcohol misuse (52%), cocaine use
(52%) and prior injection drug use (62%).
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Conclusion: Despite HCV treatment advances, linkage to care and treatment rates for criminal-justice involved adults
remains low, particularly for those who must seek care in the community after release from prison. Treating criminaljustice involved individuals for HCV during incarceration provides an opportunity to improve linkage to care and
treatment rates among this vulnerable population.
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Background
Chronic hepatitis C virus (HCV) infection is the leading
cause of cirrhosis and liver cancer and the most common
reason for liver transplantation in the United States. Left
untreated, chronic HCV can result in serious health complications including liver damage, liver failure, liver cancer, and
death. Approximately 19,000 people die annually as a result
of a HCV-related liver disease (Centers for Disease Control
and Prevention 2016a). Due to a high lifetime prevalence of
injection drug use, incarcerated populations are disproportionately burdened by chronic HCV (Spaulding et al. 2006).
Compared to a prevalence of about 1% in the general U.S.
population (Denniston et al. 2014), adults residing in prisons
experience a prevalence ranging from 10 to 41% (Varan et al.
2014). An estimated one-third of HCV-infected individuals
in the U.S. pass through the correctional system, placing this
system in a key position to control the HCV epidemic
(Varan et al. 2014).
Incarcerated populations are also overburdened with
psychiatric illnesses, chronic diseases, and substance use
disorders. The Bureau of Justice Statistics estimated that
approximately half of all prison inmates are affected by
at least one mental health condition (James and Glaze
2006) and epidemiologic studies show that 15–24% of
the U.S. prison population is affected by a severe mental
illness (Teplin et al. 1996; Diamond et al. 2001; National
Commission on Correctional Health Care 2002). Two
large systematic reviews consistently demonstrated a
wide range of drug and alcohol dependence estimates
among prisoners, ranging from 10 to 60%. Sources of
heterogeneity included gender, trends in drug use over
time, and studies included in the reviews (Fazel et al.
2017). These illnesses serve as risk factors for unsuccessful engagement in medical care (Dixon et al. 2016;
Kramer et al. 2012) and may play a role in the low HCV
treatment uptake among those with such co-occurring
disorders. One study of VA patients found that alcohol and
drug use and depression were key reasons for not initiating
HCV treatment (Kramer et al. 2012). Epidemiological
research on the co-occurrence of these health issues among
HCV-infected incarcerated populations is scare.
Since the introduction of the first HCV protease inhibitors in 2011, HCV treatment has evolved at a rapid
pace. Direct-acting antiviral (DAA) drugs are now available which can cure HCV-infected individuals after

12 weeks of treatment with little to no side effects
(American Association for the study of Liver Diseases
and the Infectious Diseases Society of America 2017).
DAAs, which have a cure rate of more than 90% and are
typically very well-tolerated, offer new hope to reduce
the burden of HCV in correctional institutions (He et al.
2016). HCV treatment in correctional settings has been
shown to be both feasible and cost effective (Liu et al.,
2014), and incarcerated patients have been shown to be
as likely as non-incarcerated patients to successfully
complete treatment and achieve a sustained virologic response (SVR) (Rice et al. 2012).
Despite HCV therapeutic advances, challenges remain
for HCV screening and linkage to care. Investigations
conducted around the US have found that a low proportion of individuals who test positive for HCV are linked
to care and few receive treatment (Bourgi et al. 2016;
Hochstatter et al. 2017; Viner et al. 2015). Two large
population-level studies of HCV in the United States
conducted by the CDC, the Chronic Hepatitis Cohort
Study (CHeCS) and the National Health and Nutrition
Examination Survey (NHANES), demonstrate that 32–
38% of those who test positive for HCV antibodies
receive follow-up HCV care and 7–11% are treated
(Moorman et al. 2013; Spradling et al. 2012; Denniston
et al. 2012). This gap in the care continuum is often
exaggerated in vulnerable populations such as people
who inject drugs and justice involved individuals who
are more likely to experience social stigma, unstable
housing, institutionalization, provider concerns regarding adherence, and other clinical and individual-level
barriers (Harris and Rhodes 2013; Zeremski et al. 2013).
Monitoring and developing strategies to optimize the
HCV continuum of care remains an important public
health priority.
Up-to-date and reliable information on the HCV continuum of care among correctional populations since the
introduction of DAAs is limited. Routine and/or opt-out
testing programs upon intake to prison, coupled with
automatic laboratory reporting processes, provide the
opportunity to collect information on the HCV epidemic
among incarcerated populations. These processes ensure
HCV-infected individuals cycling through correctional
facilities are accounted for in public health surveillance
systems, and thus provide useful tools for evaluating the
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HCV care continuum for individuals as they transition
in and out of the criminal-justice system (Hochstatter et
al. 2017). The overall goal of this study was to
characterize the receipt of HCV care and treatment
services for a cohort of HCV-infected adults identified
in a single state prison system. By analyzing several,
linked data systems, we specifically aimed to (1) determine the proportion of HCV-infected individuals who
engaged in care with a HCV specialty provider while in
prison; (2) describe these individuals who engaged in
HCV care based on this evaluation; and (3) estimate the
frequency with which unengaged individuals were linked
to HCV care in the community after they were released.

Methods
The study sample was comprised of adult individuals
known to be living with chronic HCV infection while incarcerated in the Wisconsin Department of Corrections
(WI DOC) between January 2011 and December 2015.
Wisconsin is a medium-sized state in the Midwest
region of the United States with an overall population of
5.7 million and an estimated HCV prevalence of
approximately 1%. Using the available data sources
described below, we conducted a retrospective cohort
study to describe the continuum of care for HCV. Linkage
of administrative data shared by WI DOC with clinical
data from the electronic health records system of a large
academic medical center and surveillance data from a
state health department, we characterized HCV care engagement and treatment.
Study setting

The WI DOC operates 36 adult institutions throughout
the state and is responsible for approximately 22,918 individuals under custody at a given time. This population
is 94% male, and among males, 53% identify as White,
43% identify as Black, 35% have a mental health
condition, and 68% report having completed high school,
have a High School Equivalency Diploma or a General
Educational Development (GED), or have completed
some post-secondary education (State of Wisconsin
Department of Corrections 2017a). In 2016, 40.2% of females and 25.4% of males were admitted to prison for
an active drug offence. Between 2000 and 2016, there
was a significant rise in prison admissions for opioid and
amphetamine drug offenses, while offenses related to
cocaine and marijuana have declined or remained steady
(State of Wisconsin Department of Corrections 2017b).
Between 2007 and 2016, the percentage increase for females (19.7%) was approximately 2.5 times the percentage increase for males (7.8%). The prevalence of HCV in
the WI DOC is estimated at 12.5% overall and is nearly
two times higher in women facilities than men facilities
(23.1% compared to 11.0%) (Stockman et al. 2016).
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The WI DOC has two intake processing centers, one
for women and one for men (aged ≥18). Providers offer
HCV screening to newly incarcerated patients as part of
the standard health evaluation according to risk- and
age-based criteria. Risk-based criteria include having a
history of injection drug use, a history of liver disease,
elevated liver enzymes, human immunodeficiency virus
(HIV), or being hepatitis B virus (HBV) core antibody
positive. Following a system-wide seroprevalence survey
in 2014, WI DOC officials added having a birth date
between 1945 and 1965 to this list of criteria, which is
estimated to capture 92% of HCV cases while screening
37% of the incoming population (Stockman et al. 2016).
The WI DOC’s HCV treatment criteria are consistent with guidelines established by the WI Medicaid
Program. In all years of the study period, HCV treatment was prioritized for patients with stage F3 or F4
fibrosis, as indicated by liver biopsy or ultrasoundbased elastography with a cut off value of 8.0. All
DOC patients meeting these criteria are considered
eligible for treatment if they are expected to remain
incarcerated throughout the recommended duration
of treatment. Patients with contraindications to treatment and those with less than stage F3 fibrosis are
re-assessed yearly with laboratory testing and ultrasound elastogram. From 2011 to 2013, treatment
consisted of combinations of Pegylated Interferon,
Ribavirin and Telaprevir, depending on the patient’s
genotype. The WI DOC was prescribing an average of
100 treatment courses per year and treatment dropout rates were high due to the intolerable side effects
of these medications. In 2013, when interferon-free,
DAA-based regimens became available, the rate of
treatment completion and sustained virologic response
increased substantially, and treatment became available for patients with psychiatric conditions and heart
disease that were previously considered contraindications to treatment.
Data sources

Figure 1a describes the four sources of data used for this
study. Figure 1b displays the flow of database linkages
for the identification of our study cohort and assessment
of the HCV continuum of care.
State laboratory of hygiene

Screening HCV antibody and confirmatory HCV ribonucleic acid (RNA) tests collected upon intake to DOC
are conducted by the Wisconsin State Laboratory of
Hygiene (WSLH), which has maintained a database of
test results since 2000. We obtained a list of all DOC
identification numbers and HCV RNA collection dates
for those who tested positive upon intake between 2000
and 2015. The DOC number was then matched to a
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Fig. 1 a Data sources and type of data provided from each source. b Process of database linkages for the identification of our study cohort and
assessment of the HCV continuum of care

unique individual’s name and date of birth, and the
resulting dataset was shared with University-based
researchers.
University-based hospital records

Information about liver disease staging and HCV treatment
initiation was collected through electronic medical records
(EMR) from the University of Wisconsin Hospital (UW
Health), the academic medical center which has provided
all HCV-related treatment for patients incarcerated
through WI DOC since 2000. We cross-matched the
list of HCV-infected patients from DOC facilities with
a UW Health dataset containing names and dates of
birth of all patients who attended a clinic visit in the

Gastroenterology and Hepatology division between
2007 and 2015. To investigate whether any eligible
patients were missing from the data provided by
DOC, we also searched the UW Health EMR for
patients attending hepatology clinic visits for whom
WI DOC was listed as the insurance type or payer.
Finally, we manually reviewed the charts of all patients to
confirm eligibility for the analysis and exclude individuals
who were cured of HCV prior to 2011.
Department of corrections administrative and pharmacy
data

The WI DOC pharmacy department provided a list of
DOC identification numbers, first and last names, and
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date of birth for individuals prescribed medications used
for the treatment of HCV between 2006 and 2015. After
identifying all individuals incarcerated in a WI DOC
facility with chronic HCV (HCV RNA) using these three
databases (WSLH, UW Health EMRs, and WI DOC
Pharmacy), we matched everyone to WI DOC administrative data for the identification of incarceration periods
(Fig. 1b). The matching variable used DOC identification
number. We included all individuals with chronic HCV
(HCV RNA) infection who were incarcerated in one of
the WI DOC prison facilities for at least 30 days
between January 1, 2011 and December 31, 2015.
Individuals were excluded if their EMR indicated they
had already been cured of HCV and if they were incarcerated outside of the study period or for less than
30 days.
Public health surveillance system

A subset of this cohort (described below) was matched
to the Wisconsin Electronic Disease Surveillance System
(WEDSS) using a deterministic record matching program developed by the Wisconsin Department of Health
Services (DHS) HIV/AIDS Program staff using SAS®
Version 9.3. The deterministic match used first name,
last name, and date of birth variables to create an identifier to link the two datasets. Per Wisconsin Statute
252.05, any health care provider with evidence that a patient has HCV is required to report it to the appropriate
local health department (Wisconsin State Legislature
2016). This information is then forwarded to the
Wisconsin Department of Health Services (DHS) and
stored in WEDSS. All positive HCV laboratory results
are captured by WEDSS, allowing for the identification
of HCV care in the community.
HCV continuum of care

Two researchers jointly reviewed UW Health EMR
for all individuals in the cohort to determine (1)
which individuals attended a clinic appointment for
evaluation of their HCV infection; (2) which completed a staging evaluation to characterize the extent
of their liver disease; (3) which were prescribed antiviral therapy, and (4) which completed therapy and/or
achieved SVR. SVR was defined as absence of viremia
within 12–24 weeks after completion of antiviral therapy as indicated in the EMR by a UW Health laboratory report or a provider note. This flexible definition
of SVR was used because of changes in practice during the study period, where assessment of viremia at
24 weeks was recommended during earlier years and
12 weeks was recommended in later years (Yoshida et
al. 2015). EMR data was manually entered into a research database designed specifically for this study.
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To understand linkage to care for those who do not
receive HCV care during incarceration, we captured testing information after unengaged individuals released
from prison. Using WEDSS data, we defined care engagement as evidence of any positive HCV RNA test or
genotype test within 6 months of release from prison.
For individuals with several incarceration periods, we
used the first incarceration period after testing HCV
RNA positive that lasted at least 30 days. Post-release
engagement in care was not assessed for those reincarcerated within 6 months of release.
In addition to HCV treatment and SVR data, we
extracted demographic and co-morbidity data from
the EMRs for each individual engaged in care at UW
Health during incarceration. The primary source of
this information was a detailed health questionnaire
that is administered to patients through a standardized process and uploaded to each individual’s EMR.
This questionnaire is primarily delivered by a
Physician Assistant in the UW Health Gastroenterology
and Hepatology Clinic and consists of questions about
viral hepatitis risk factors, previous and ongoing substance
abuse, and other health complications (Rice et al. 2012).
We considered all diagnoses listed on this questionnaire in the present study. Chronic disease diagnoses
included chronic obstructive pulmonary disease
(COPD), chronic kidney disease (CKD), cirrhosis, cancer, diabetes, heart disease, HBV, HIV, and hypertension. Mental health diagnoses included anxiety or
panic disorder, bipolar disorder, depression, and
schizophrenia or other psychotic disorder not otherwise specified (NOS). Information on substance use
disorders for this study was limited to the three
categories listed on the questionnaire: injection drug
use, alcohol dependence, and cocaine use disorder.
These questionnaires were completed at each patient’s
first appointment. Provider notes were also examined
to collect information on diagnoses or risk factors
that developed after the patient’s first encounter.
Among those engaged in care at UW Health during
incarceration, chi-square tests were conducted to
determine whether there were any significant
differences in demographic and co-morbidity variables
between those who received HCV treatment and
those who did not. Chi-square tests were performed
using SAS 9.4 (Cary, NC) and descriptive statistics
were gathered using Stata 15 software® (College
Station Texas).
Encrypted data from WSLH, DOC, UW Health, and
DHS, was shared with the research team at the UW
Department of Medicine through a secure data-transfer
system with appropriate Data Use Agreements in place.
This research was approved by the Tulane University
Human Research Protection Program Institutional Review
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Board, the University of Wisconsin Health Sciences Institutional Review Board, and WI DOC Research Review
Committee.

Results
Study population

The WSLH database captured 3002 individuals with
chronic HCV infection who underwent screening and
confirmatory testing upon intake. An additional 162 individuals were identified by searching clinical databases
at UW Health and pharmacy databases at WI DOC. UW
Health EMR data revealed that 38 of these 3164 individuals had received interferon-based treatment and were
cured of HCV prior to 2011, and were excluded from
this analysis. The remaining 3126 were determined to
have active HCV infection during the study period and
were included in the cohort.
Frequency of prison-based HCV treatment

Using the WI DOC prison population as of December 31,
2015 (22,918), the estimated prevalence of HCV among
this population is 14%. Figure 2 illustrates the individuals
included in this analysis according to their stage of HCV
care. Of the 3126 HCV RNA positive individuals, 570
(18%) engaged in HCV care at UW Health while incarcerated. Based on review of the EMR for these 570 individuals, we determined 328 (58%) received HCV treatment.
Of these, 244 had documentation of quantitative HCV
RNA within 12 and 24 weeks after treatment completion
in the UW Health EMR. Documentation of follow-up
HCV RNA was missing for some patients whose clinical
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specimens were analyzed by an outside reference lab and
not imported into the UW Health EMR. Of the 244 with
available HCV RNA documentation, 186 (76%) had documented SVR and 58 (24%) had evidence of persistent
viremia (Fig. 3). Investigation of the 58 who did not
achieve SVR led to the discovery that 41 (71%) of these individual’s treatment regiments included pegylated interferon and ribavirin during early phases of the study
period, which is known to have a lower cure rate and increased side effects compared to DAA based treatments
(Manns et al. 2001). Among those with documented SVR,
117 (63%) were prescribed a DAA either alone or in
addition or pegylated interferon and ribavirin.
Frequency of linkage to community-based HCV treatment

Of the 3126 HCV RNA positive incarcerated individuals,
2556 (82%) were released from prison between 2011 and
2015 without having received evaluation for HCV treatment. Of the 1605 individuals who were released from
prison and lived in the community for 6 months or
more, we successfully matched 1594 (99%) to a record in
the WEDSS database, indicating that future HCV-related
laboratory test results would likely be captured. Evidence
of a PCR or genotype test within 6 months of release
were identified for 138 (9%) individuals, indicating they
were likely engaged in medical care in the community.
UW Health medical records abstraction allowed us to
describe the demographic characteristics and prevalence
of co-morbidities among the 570 individuals engaged in
care during incarceration (Table 1). Of these individuals,
91% were male, 70% where white, 24% were black, and

Fig. 2 Individuals incarcerated in the WI DOC between 2011 and 2015 according to their stage of HCV care
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Fig. 3 HCV care continuum for individuals in the WI DOC between 2011 and 2015 who engaged in HCV care during incarceration

54% were born between 1945 and 1965, a birth-cohort
with the largest share of chronic HCV infection (Centers
for Disease Control and Prevention 2016b). There were
no significant difference in any demographic variables
between those who received HCV treatment and those
who did not. Diagnostic procedures, including liver biopsy, CT scan, MRI, and Fibroscans, were reported in
the EMRs for 225 individuals. A review of the results of
these procedures revealed that 94 (42%) of these 225 individuals had advanced fibrosis or cirrhosis.
The most prevalent chronic disease diagnoses were
hypertension (31%), cirrhosis (19%), and diabetes (15%).
Depression and anxiety were common psychiatric disorders, at 39% and 24%, respectively. Substance use disorders were also common, including alcohol dependence
(52%), cocaine use (58%), and a history of injection drug
use (62%). Those who received treatment were less likely
to have HIV-coinfection (2% vs 8%) and HBV coinfection (0.3% vs 2%), however caution must be taken
when interpreting these results as the low prevalence of
HIV and HBV likely influenced statistical significance.
Participants with a history of injection drug use were
statistically significantly more likely to be treated; however, differences were minimal (66% vs 57%).

Discussion
Despite remarkable advances in HCV treatment, chronic
HCV infection remains a major public health problem.
This study used EMR and automatic laboratory reporting data to evaluate HCV care engagement among incarcerated individuals during incarceration and after release
from prison. The prevalence of HCV in the WI DOC estimated in this study (14%) is similar to that reported by
Stockman et al. (2016) (12.5%). We found that 570
(18%) of the 3126 HCV-infected inmates engaged in
HCV care during incarceration, 328 (10%) received

treatment, and of the 244 whose treatment outcomes
were documented in the EMR system 12–24 weeks after
treatment initiation, 186 (76%) achieved SVR. This SVR
rate is expected of a cohort treated both before and during the DAA era. A higher success rate would have likely
been found if only studying those treated with a DAA,
as indicated by the finding that the majority of individuals who did not achieve SVR had received pre-DAA
medications.
Previous studies have demonstrated a high correlation between laboratory testing and medical care
visits, providing validation for the use of HCV RNA
test results to measure HCV care engagement
(Rebeiro et al. 2013). Of the 1605 that released from
prison without receiving HCV care and resided in the
community for at least 6 months, we estimated that
only 138 (9%) engaged in care in the community.
True engagement in community HCV care is likely
even lower than 9% because HCV viral loads may be
have been ordered by any provider without the
intention of monitoring and treating for HCV.
Because automatic laboratory reporting of positive
HCV tests was the only data source available to follow individuals after release, we were unable to determine how many individuals received treatment in the
community. These results demonstrate that those who
release from prison without receiving HCV care are
very unlikely to engage in care in the community, a
step in the HCV continuum of care rarely described
in the current literature. This evidence, along with
previous studies demonstrating feasibility and costeffectiveness (Liu et al. 2014; Moorjani et al. 2015),
provides further support for treating criminal justice
involved individuals for HCV during incarceration.
Not only does providing treatment during incarceration offer an opportunity for these individuals to
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Table 1 Characteristics of cohort engaged in HCV care at UW Health during incarceration (2011–2015)
Overall
N (%)

HCV Treated
N (%)

HCV Untreated
N (%)

Total

570 (100%)

328 (58%)

242 (42%)

Male

518 (91%)

294 (90%)

224 (93%)

0.2302

Hispanic/Latinoa

46 (9%)

22 (7%)

24 (10%)

0.2045

378 (70%)

216 (70%)

162 (69%)

0.6467

P-Value

Raceb
White
Black

130 (24%)

75 (25%)

55 (24%)

0.7540

Other

28 (5%)

13 (4%)

15 (6%)

0.2693

308 (54%)

176 (54%)

132 (55%)

0.8337

1945–1965 birth cohort
Chronic conditions
Cirrhosis

110 (19%)

65 (20%)

45 (19%)

0.7148

HIV coinfection

27 (5%)

7 (2%)

20 (8%)

0.0007*

HBV coinfection

7 (1%)

1 (0.3%)

6 (2%)

0.0198*

Hypertension

175 (31%)

100 (30%)

75 (31%)

0.8974

Heart Disease

25 (4%)

17 (5%)

8 (3%)

0.2794

Diabetes

88 (15%)

50 (15%)

38 (16%)

0.8810

CKD

14 (2%)

8 (2%)

6 (2%)

0.9755

COPD

20 (4%)

8 (2%)

12 (5%)

0.1061

Cancer

26 (5%)

14 (4%)

12 (5%)

0.6962

Anxiety/Panic

138 (24%)

81 (25%)

57 (24%)

0.7532

Bipolar

26 (5%)

15 (5%)

11 (5%)

0.9875

Psychiatric disorders

Depression

220 (39%)

131 (40%)

89 (37%)

0.4434

Psychosis NOS

17 (3%)

8 (2%)

9 (4%)

0.3746

294 (52%)

176 (54%)

118 (49%)

0.2474

Substance use disorders
Alcohol dependence
Cocaine use

319 (56%)

188 (57%)

131 (54%)

0.4490

Injection drug use

355 (62%)

217 (66%)

138 (57%)

0.0262*

97 (43%)

61 (63%)

36 (63%)

0.1138

Advanced Fibrosis/Cirrhosisc

*Statistically significant at α = 0.05
a
Data on ethnicity was not recorded for 39 patients. Percentages are out of those whose ethnicity information was recorded (total N = 531)
b
Designation of race was not recorded for 32 patients. Percentages are out of those whose race information was recorded (total N = 540)
c
Of the 570, diagnostic procedure results were recorded for 225 (39%). Diagnostic procedures included Liver biopsy, CT scan, MRI, and Fibroscan. Advanced
fibrosis/cirrhosis percentages are out of those whose diagnostic results were recorded (total N = 225). Advanced fibrosis/ cirrhosis was identified by a Metavir
score of 3 or 4 using a liver biopsy or Fibroscan, or interpretation of advanced cirrhosis or fibrosis on a CT scan or MRI by the physician

access medical care, but also allows for directly observed therapy and controlled medication distribution
in a structured environment, all methods for improved adherence.
As hypothesized, this study population experienced a
high prevalence of chronic diseases, psychiatric disorders,
and substance abuse. Previous studies have found that individuals with psychiatric and substance use disorders
often fail to engage in medical care and complete treatments on their own (Dixon et al. 2016; Kramer et al.
2012). The high prevalence of these disorders among this
incarcerated population may partially explain the low rates

of care engagement. One limitation of this study is that
comorbidity information was only available through one
data source, UW Health EMRs, which only allowed us to
assess the occurrence of these disorders among WI DOC
patients engaged in care during incarceration. This lack of
data prevents us from understanding whether the presence or absence of co-morbidities is associated with care
engagement during incarceration. Future studies are
needed to understand the causal link between these cooccurring disorders and HCV linkage to care.
Among those who were engaged in care at UW Health
during incarceration, the prevalence of chronic conditions,
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mental health illnesses, and substance abuse disorders
were similar between those who received HCV treatment
and those who did not. The higher prevalence of HIV and
HBV coinfection among those HCV-untreated raises
concern as these diseases often cause worsening liver
function. However, the low prevalence of these diseases
among this study population warrants further research
into whether treatment rates differ among those with
different co-occurring disorders.
This study offers additional advantages over previously reported studies. First, using a variety of data
sources to identify our study sample allowed for the
construction of a complete cohort likely to capture all
HCV infected individuals incarcerated across the state
of Wisconsin. Because all WI DOC patients receive
care at the same clinical practice, UW Health,
completeness of the subset of individuals engaged in
HCV care during incarceration can also be ensured.
Moreover, DOC patients are often seen by the same
few healthcare providers, which allowed for consistent
data entry and ease of EMR data collection.
Using UW Health EMR data, we were able to exclude individuals who received treatment at UW
Health and were cured of HCV prior to the study,
which would include all WI DOC patients treated.
Based on published literature demonstrating low HCV
treatment uptake (Harris and Rhodes 2013), we expect the number of individuals cured in the community to be very small. A limitation of WEDSS is that
mandatory reporting was only required for positive
HCV tests at the time of this study. Automatic laboratory reporting of undetectable HCV viral load
data to the state surveillance system would have
allowed us to estimate how many individuals were
treated and cured of HCV outside of UW Health
while living in the community. Undetectable viral load
data would also allow us to determine whether treatment was successful or not for those treated during
incarceration whose post-treatment viral load results
were missing from EMR data (n = 84). Despite these
limitation of WEDSS, this study found that 99% of individuals who released from prison without receiving
HCV care during incarceration were identified in
WEDSS. This provides evidence of an efficient surveillance system and support for using mandatory laboratory reporting to study the HCV care continuum.
WI DOC relies on Wisconsin Medicaid criteria for
the development of policies surrounding treatment for
HCV. As Wisconsin Medicaid standards have recently
expanded to treat more individuals with HCV, an increasing number of individuals within the WI DOC
have gained access to HCV treatment. Expanding
Medicaid access is also important for this population
as this is the largest source of health insurance
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coverage for criminal-justice involved individuals living in the community. The Wisconsin Medicaid program has worked with WI DOC to increase Medicaid
enrollment prior to release from prison. Currently
over 70% of individuals releasing from the WI DOC
have Medicaid coverage within 30 days of release
from prison. Expanding Medicaid access and unrestricted reimbursement for DAAs is a necessary and
promising strategy to improve linkage to care and
treatment for this population. More research will be
needed to examine the impact these policy changes
will have on the HCV epidemic.

Conclusions
Despite HCV treatment advances, linkage to care and
treatment rates for HCV-infected, criminal justice
involved adults remains low, particularly for those
who must seek care in the community after release
from prison. More research is needed to understand
barriers former inmates face getting linked to care in
the community and the role co-morbidities play in
determining linkage to care and treatment uptake.
Treating criminal-justice involved individuals for HCV
during incarceration provides an opportunity to
improve linkage to care and treatment rates among
this vulnerable population, a key unmet goal necessary for HCV elimination. Unless improvements are
made in linkage to HCV care and treatment uptake,
advances in HCV therapy will continue to have a limited impact on the burden of HCV-related diseases in
the population.
Abbreviations
EMR: Electronic medical record; HCV: Hepatitis C virus; RNA: Ribonucleic acid;
WEDSS: Wisconsin electronic disease surveillance system; WI DOC: Wisconsin
department of corrections; WSLH: Wisconsin State laboratory of hygiene
Acknowledgements
The authors would like to thank Audrey Prieve, Mary Wedig, and Megan
Jones for their valuable assistance with acquiring data used in this study.
Funding
This study was funded by the National Institutes of Health (NIH), National
Institute on Drug Abuse (NIDA) Grants K23DA032306, R01DA030770, and
R01DA030770-06S1.
Authors’ contributions
KRH linked data from the various data sources, completed the data analysis,
and drafted the manuscript. QAT and EKG participated in electronic medical
record data extraction. RH and JG provided information and data from the
WI DOC. LJS provided information and data from the Wisconsin Department
of Health Services. RPW and DWS conceived of the study and participated in its
design and coordination. All authors read and approved the final manuscript.
Ethics approval and consent to participate
This research was reviewed and approved by the Tulane University Human
Research Protection Program Institutional Review Board, the University of
Wisconsin Health Sciences Institutional Review Board and WI DOC Research
Review Committee.

Hochstatter et al. Health and Justice (2017) 5:10

Competing interests
None of the authors have any competing interests in this manuscript.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.
Author details
1
Department of Medicine, University of Wisconsin School of Medicine and
Public Health, 1685 Highland Ave, Madison, WI 53705, USA. 2Wisconsin
Department of Health Services, Division of Public Health, AIDS/HIV Program,
1 W Wilson St, Madison, WI 53703, USA. 3State of Wisconsin Department of
Corrections, Bureau of Health Services, 3099 E Washington Ave, Madison, WI
53704, USA. 4Tulane University School of Public Health and Tropical
Medicine, 1440 Canal Street, New Orleans, LA 70112, USA.
Received: 27 July 2017 Accepted: 16 October 2017

References
American Association for the Study of Liver Diseases and the Infectious
Diseases Society of America (2017). HCV guidance: Recommendations for
testing, managing, and treating hepatitis C. http://www.hcvguidelines.
org/sites/default/files/full-guidance-pdf/HCVGuidance_April_12_2017_b.
pdf. Accessed 11 Sept 2017.
Bourgi, K, Brar, I, Baker-Genaw, K. (2016). Health disparities in hepatitis C
screening and linkage to Care at an Integrated Health System in Southeast
Michigan. PLoS One, 11(8), e0161241. doi:10.1371/journal.pone.0161241.
Centers for Disease Control and Prevention (2016a). Hepatitis C FAQs for the
public. https://www.cdc.gov/hepatitis/hcv/cfaq.htm. Accessed 18 July 2017.
Centers for Disease Control and Prevention (2016b). People born between 1945–
1965 & hepatitis C. https://www.cdc.gov/hepatitis/populations/1945-1965.
htm. Accessed 18 July 2017.
Denniston, MM, Jiles, RB, Drobeniuc, J, Klevens, RM, Ward, JW, McQuillan, GM,
Holmberg, SD. (2014). Chronic hepatitis C virus infection in the United States,
National Health and nutrition examination survey 2003 to 2010. Annals of
Internal Medicine, 160(5), 293–300. doi:10.7326/m13-1133.
Denniston, MM, Klevens, RM, McQuillan, GM, Jiles, RB. (2012). Awareness of
infection, knowledge, of hepatits C, and medical follow-up among
individuals testing positive for hepatitis C: National Health and nutrition
examination survey 2001-2008. Journal of Hepatology, 55(6), 1652–1661.
doi:10.1002/hep.25556.
Diamond, PM, Wang, EW, Holzer III, CE, Thomas, C, des Anges, C. (2001). The
prevalence of mental illness in prison. Administration and Policy in Mental
Health, 29, 21–40.
Dixon, LB, Holoshitz, Y, Nossel, I. (2016). Treatment engagement of individuals
experiencing mental illness: Review and update. World Psychiatry, 15(1), 13–
20. doi:10.1002/wps.20306.
Fazel, S, Yoon, IA, Hayes, AJ. (2017). Substance use disorders in prisoners: An
updated systematic review and meta-regression analysis in recently
incarcerated med and women. Addiction, 112(10), 1725–1739. https://doi.org/
10.1111/add.13877.
Harris, M, & Rhodes, T. (2013). Hepatitis C treatment access and uptake for people
who inject drugs: A review mapping the role of social factors. Harm Reduct J,
10, 7. https://doi.org/10.1186/1477-7517-10-7.
He, T, Li, K, Roberts, MS, Spaulding, AC, Ayer, T, Grefenstette, JJ, Chhatwal, J.
(2016). Prevention of hepatitis C by screening and treatment in U.S. prisons.
Annals of Internal Medicine, 164(2), 84–92. https://doi.org/10.7326/m15-0617.
Hochstatter, KR, Hull, SJ, Stockman, LJ, Stephens, LK, Olson-Streed, HK, Ehlenbach,
WJ, … Westergaard, RP. (2017). Using database linkages to monitor the
continuum of care for hepatitis C virus among syringe exchange clients:
Experience from a pilot intervention. The International Journal on Drug Policy,
42, 22–25. doi:10.1016/j.drugpo.2016.12.006.
James D. J., & Glaze L. E.: Mental health problems of prison and jail inmates.
Bureau of Justice Statistics Special Report, NCJ 213600. Washington, DC
Department of Justice, 2006. https://www.bjs.gov/content/pub/pdf/
mhppji.pdf
Kramer, JR, Kanwal, F, Richardson, P, Mei, M, El-Serag, HB. (2012). Gaps
in the achievement of effectiveness of HCV treatment in national
VA practice. Journal of Hepatology, 56(2), 320–325. doi:10.1016/j.jhep.
2011.05.032.

Page 10 of 10

Liu, S, Watcha, D, Holodniy, M, Goldhaber-Fiebert, JD. (2014). Sofosbuvir-based
treatment regimens for chronic, genotype 1 hepatitis C virus infection in U.S.
incarcerated populations: A cost-effectiveness analysis. Annals of Internal
Medicine, 161(8), 546–553. doi:10.7326/m14-0602.
Manns, MP, McHutchison, JG, Gordon, SC, Rustgi, VK, Shiffman, M, Reindollar, R,
… Albrecht, JK. (2001). Peginterferon alfa-2b plus ribavirin compared with
interferon alfa-2b plus ribavirin for initial treatment of chronic hepatitis C: A
randomised trial. Lancet, 358(9286), 958–965.
Moorjani, H, Koenigsmann, C, Kim, MJ, Spaulding, AC. (2015). Prisoners treated for
hepatitis C with protease inhibitor, New York, USA, 2012. Emerging Infectious
Diseases, 21(1), 186–188. doi:10.3201/eid2101.141025.
Moorman, AC, Gordon, SC, Rupp, LB, Spradling, PR, Teshale, EH, Lu, M, …
Holmberg, SD. (2013). Baseline characteristics and mortality among people in
Care for Chronic Viral Hepatitis: The chronic hepatitis cohort study. Clinical
Infectious Diseases, 56(1), 40–50 doi:10.1093/cid/cis815.
National Commission on Correctional Health Care: The health status of soon-tobe-released inmates: A report to congress. Chicago, National Commission on
correctional health care, 2002
Rebeiro, P, Althoff, KN, Buchacz, K, Gill, J, Horberg, M, Krentz, H, … Gange, SJ.
(2013). Retention among north American HIV-infected persons in clinical
care, 2000-2008. Journal of Acquired Immune Deficiency Syndromes, 62(3), 356–
362. doi:10.1097/QAI.0b013e31827f578a.
Rice, JP, Burnett, D, Tsotsis, H, Lindstrom, MJ, Cornett, DD, Voermans, P, … Lucey,
MR. (2012). Comparison of hepatitis C virus treatment between incarcerated
and community patients. Journal of Hepatology, 56(4), 1252–1260.
doi:10.1002/hep.25770.
Spaulding, AC, Weinbaum, CM, Lau, DT, Sterling, R, Seeff, LB, Margolis, HS,
Hoofnagle, JH. (2006). A framework for management of hepatitis C in prisons.
Annals of Internal Medicine, 144(10), 762–769.
Spradling, PR, Rupp, L, Moorman, AC, Lu, M, Teshale, EH, Gordon, SC, …
Holmberg, SD. (2012). Hepatitis B and C virus infection among 1.2 million
persons with access to care: Factors associated with testing and infection
prevalence. Clin Infec Dis, 55(8), 1047–1055 doi:10.1093/cid/cis616.
State of Wisconsin Department of Corrections. (2017a). Performance
measurement series. Inmate Profile, 2016 https://doc.wi.gov/Documents/
DataResearch/DataAndReports/2016InmateProfile.pdf. Accessed 18 July 2017.
State of Wisconsin Department of Corrections (2017b). Drug Offender Prison
Admission Trends (2000–2016). Office of the Secretary research and policy
unit https://doc.wi.gov/Documents/DataResearch/DataAndReports/
DrugOffenderPrisonAdmissions2000to2016.pdf. Accessed 18 July 2017.
Stockman, LJ, Greer, J, Holzmacher, R, Dittmann, B, Hoftiezer, SA, Alsum, LE, …
Vergeront, JM. (2016). Performance of risk-based and birth-cohort strategies
for identifying hepatitis C virus infection among people entering prison,
Wisconsin, 2014. Public Health Reports, 131(4), 544–551. doi:10.1177/
0033354916662212.
Teplin, LA, Abram, KM, McClelland, GM. (1996). Prevalence of psychiatric disorders
among incarcerated women, I: Pretrial jail detainees. Archives of General
Psychiatry, 53, 505–512.
Varan, AK, Mercer, DW, Stein, MS, Spaulding, AC. (2014). Hepatitis C
seroprevalence among prison inmates since 2001: Still high but declining.
Public Health Reports, 129(2), 187–195. https://doi.org/10.1177/
003335491412900213.
Viner, K, Kuncio, D, Newbern, EC, Johnson, CC. (2015). The continuum of hepatitis C
testing and care. Journal of Hepatology, 61(3), 783–789. doi:10.1002/hep.27584.
Wisconsin State Legislature (2016). Chapter 252: Communicable diseaes. http://
docs.legis.wisconsin.gov/statutes/statutes/252.pdf. Accessed 20 July 2017.
Yoshida, EM, Sulkowski, MS, Gane, EJ, Herring, RW, Ratziu, V, Ding, X, … Lawitz, E.
(2015). Concordance of sustained virologic response 4, 12, and 24 weeks
post-treatment with sofosbuvir-containing regimens for hepatitis C virus.
Journal of Hepatology, 61(1), 41–45. doi:10.1002/hep.27366.
Zeremski, M, Zibbell, JE, Martinez, AD, Kritz, S, Smith, BD, Talal, AH. (2013).
Hepatitis C virus control among persons who inject drugs requires
overcoming barriers to care. World Journal of Gastroenterology, 19(44), 7846–
7851. doi:10.3748/wjg.v19.i44.7846.

