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Abstract

Introduction: There is no widely accepted testing approach for hepatitis C virus infection in
correctional settings, and many U.S. prisons do not provide routine testing. The aim of this study
was to determine the most effective hepatitis C virus testing strategy in one U.S. state prison and
describe the population with reactive testing.

Methods: A retrospective analysis was performed using individuals entering the Washington
State prison system, which routinely offers hepatitis C virus testing, to compare routine opt-out to
current recommendations for risk-based and one-time testing for individuals born between 1945
and 1965. Additionally, liver fibrosis stage was characterized using aspartate aminotransferase to
platelet ratio index and Fibrosis-4. Analyses were conducted in 2017.

Results: Between 2012 and 2016, a total of 24,567 (83%) individuals were tested for the
hepatitis C virus antibody and 4,921 (20%) were reactive (test was positive). There were 2,403

Address correspondence to: Sabrina A. Assoumou, MD, MPH, Department of Medicine, Section of Infectious Diseases, Boston
University School of Medicine, Boston Medical Center, 801 Massachusetts Ave., Crosstown Center, 2nd Floor, Boston MA 02118.
sabrina.assoumou@bmc.org.

The content is solely the responsibility of the authors and does not necessarily represent the official views of the Centers for Disease
Control and Prevention or NIH.

No financial disclosures were reported by the authors of this paper.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Assoumou et al. Page 2

(49%) that had hepatitis C virus RNA testing with 1,727 (72%) showing chronic infection.
Reactive antibody was more prevalent in individuals born between 1945 and 1965 compared with
other years (44% vs 17%); however, most cases (72%) were outside of this cohort. Up to 35% of
positive reactive tests would be missed with testing targeted by birth cohort and risk behavior. Of
chronically infected individuals, 23% had at least moderate liver fibrosis.

Conclusions: Targeted testing in the Washington State prison system missed a substantial
proportion of hepatitis C virus cases; of those with reactive testing, a sizeable proportion of people
had at least moderate liver disease placing them at risk for complications. Routine testing at entry
should be considered by U.S. state prisons.

INTRODUCTION

Hepatitis C virus (HCV) infection is the most common blood-borne infection in the U.S.
HCV seroprevalence in correctional settings is estimated to be 13-fold higher than in the
general population, and individuals in the criminal justice system account for approximately
30% of the total U.S. HCV burden.23 Among prisons with routine testing HCV
seroprevalence has been reported to be as high as 41%.34 Despite such high seroprevalence
there is no widely accepted approach for HCV testing in U.S. correctional settings. Facilities
offering testing often follow a risk-based approach and surveys have shown that
approximately 40% of state prison facilities routinely test for HCV.5>-8

One of the current barriers to expanding HCV testing in correctional settings is the cost of
direct acting antivirals (DAAs). DAAs are very effective and have a cure rate greater than
95%, but they are expensive.>° A Rhode Island study estimated that treating all patients with
chronic HCV in Rhode Island prisons would require twice the overall healthcare budget.1°
Identifying and treating HCV in correctional settings, however, could likely play an
important role in the national strategy to eliminate HCV transmission.1! Since first approved
in 2013, the price of HCV DAAs has significantly decreased.12 Even without treatment,
receiving a diagnosis of HCV might lead to behavior modifications that reduce transmission,
but the data are mixed.13 At this time, however, little is known about the yield of different
HCYV testing strategies in U.S. state prisons and how many infected individuals would be
missed using a risk-targeted approach. In addition, the distribution of liver fibrosis and thus
the severity of liver disease within prisons have not been well described. Understanding the
clinical epidemiology of HCV in prisons is essential to making informed clinical and policy
decisions.

The Washington State Department of Corrections (WADOC) routinely offers HCV testing to
all individuals at prison entry. The WADOQOC data are used to compare routine opt-out to
targeted testing of individuals born from 1945 to 1965 and with a history of reported drug
use. The demographic and clinical characteristics of the individuals with reactive HCV
testing provided an estimate of the HCV burden.

METHODS

A de-identified data set of individuals who entered WADOC between 2012 and 2016 was
used to compare the yield of two HCV testing strategies: (1) current Centers for Disease
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Control and Prevention guidance for routine one-time testing of all individuals born between
1945 and 1965,14 as well as targeted testing for individuals who have a history of any drug
use (risk-based testing); and (2) routine opt-out testing for all incarcerated individuals
without effort to identify those at high-risk (routine testing) as recommended by the U.S.
Preventive Services Task Force. The proportion of HCV cases that would have been
identified by each strategy was compared and used to describe the demographic and clinical
characteristics of those identified with reactive HCV testing. The Boston University Medical
Center IRB and WADOC Research Review Committee approved the study.

Study Population

Measures

The WADOC includes 12 facilities housing almost 16,000 inmates; 8,000 individuals enter
the system yearly.1> Approximately half of yearly entries to the system are re-admissions.
The average length of stay is 215 months for women and 225 months for men. In 2010, the
WADOC implemented routine opt-out laboratory-based HCV testing along with HIV,
hepatitis B virus, and syphilis testing at medical intakes usually occurring within 14 days of
prison entry.

Inclusion criteria were as follows: (1) prison entry between January 1, 2012, and July 7,
2016; and (2) =14 days spent in prison.

The yield of risk-based and routine HCV testing was characterized in terms of both the
proportion of seropositive tests among individuals tested, and the counts of cases identified
and missed by risk-based testing. The demographic characteristics of those with and without
reactive HCV testing were compared. Liver fibrosis stage of individuals identified with
chronic HCV infection, defined as having a detectable HCV RNA, was described with three
approaches to estimate fibrosis stage: (1) the aspartate aminotransferase (AST) to platelet
ratio (APRI) using the most sensitive threshold for advanced liver disease, (2) APRI using a
more specific threshold for advanced liver disease currently in place at the WADOC, and (3)
the Fibrosis-4 (FIB-4) liver fibrosis index.16:17 The distribution of fibrosis stages was
described using each of the three estimation techniques, and the burden of moderate to
advanced liver fibrosis was compared using each approach. Finally, liver fibrosis stage was
evaluated according to ethnic/racial identity and gender.

A de-identified data set compiling information from the WADOC was obtained. All results
had previously been uploaded by the contracted laboratory into WADOC’s centralized
computer database. Data elements provided for this analysis included demographic
information, HCV-related laboratory values, reason for incarceration, sentence duration, and
reported history of any drug use. Drug use history was defined by self-report or sentencing
for a drug-related offense. HCV-related laboratory information included HCV antibody and
RNA tests, liver function tests, and complete blood count including platelet counts.

HCV antibody status was stratified by history of drug use. The following formula was used
to calculate APRI scores: ([(AST units per L/AST upper limit of normal international units
per L))/ [platelets 10%/L]) x 100. For the most sensitive APRI thresholds, scores <0.7 were
classified as normal or mild liver fibrosis (FO—F1); APRI scores between 0.7 and 1.0
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corresponded to moderate to severe liver fibrosis (F2—F3); and APRI scores >1.0 were
categorized as cirrhosis (F4) or the most advanced liver scarring. An APRI score >1.0 has a
sensitivity and specificity of 76% and 72%, respectively, for cirrhosis.1’ For APRI
calculations with more specific cut offs, <0.5 was used for FO-F1, 0.5-1.5 for F2-F3, and
>1.5 for F4. An APRI score >1.5 has a specificity of 95% for liver fibrosis.18 FIB-4 is also a
non-invasive measurement of hepatic fibrosis calculated using the following formula: (age in
years x AST level units per L)/(platelets 10%/L x alanine aminotransferase units per L) *2.16
Less than 1.45 was used for FO-F1, 1.45-3.25 for F2-F3, and >3.25 for F4. A threshold
value of <1.45 has a sensitivity of 74% and specificity of 80% for excluding advanced liver
fibrosis, whereas a threshold value of >3.25 has a specificity of 98% in confirming advanced
disease.

Statistical analysis

First, descriptive statistics were used to compare the HCV seropositivity proportion among
individuals tested. The cohort was stratified by age and gender, and means and SDs were
used to determine 95% Cls. Chi-square tests were used to compare categories and #tests for
means. The proportion of HCV-infected individuals who would have been missed with
targeted testing was determined. In this scenario, only those born 1945-1965 and individuals
with a history of drug use were included in the tested group. In all analyses, only the most
recent testing for individuals with multiple entries into prison over the time period of interest
was included. For individuals with chronic HCV infection and complete laboratory
information, liver fibrosis staging was estimated using APRI and FIB-4 scores, and fibrosis
staging was compared between different groups. Statistical analysis was performed in 2017
using SAS, version 9.4 and R Core Team, version R 3.4.3 (www.R-project.org/.).

RESULTS

There were 29,624 individuals either newly admitted or re-admitted to the prison within 4
years during the time period evaluated. Individuals (7=24,567, 83%) were tested for HCV at
prison entry (Figure 1). Individuals who were not tested were more likely to be younger
(mean age 25 vs 36 years, p <0.001) and without a history of identified drug use (35% vs
51%, p <0.001). The cohort for analysis was predominantly male (86%). Sixty-three percent
were white, 15% black/African American, 13% Hispanic/Latino, 5% American Indian/
Alaska Native, 3% Asian/Pacific Islander, and 1% other (Table 1). Of those who met
inclusion criteria, 4,921 (20%) had reactive HCV antibody testing. HCV seropositive
individuals were older (mean age 41 vs 35 years, £ <0.001) and had a higher proportion of
identified drug use (51% vs 38%, p <0.001; Table 1), and a shorter median sentence duration
than those without HCV (12.57 months vs 12.77 months, p <0.007). Of those with reactive
HCV serology, 2,403 (49%) had confirmatory HCV RNA performed, and of those 1,727
(72%) had chronic HCV infection (Figure 1).

The prevalence of HCV seropositivity was highest among individuals born between 1945
and 1965 (44%), and individuals with a history of identified drug use born after 1965 (53%;
Table 1 and Figure 2). In addition, individuals without a history of drug use made up almost
half of the identified cases during the time period of this study (Figure 3). Overall, combined
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risk-based and birth cohort testing would have missed 35% of total HCV seropositive cases
identified. Five individuals needed to be tested to identify an HCV case using routine testing,
whereas among those born between 1945 and 1965 only three individuals needed to be
tested. Among individuals with an identified history of drug use, four needed to be tested.

Although the cohort was mainly composed of individuals who self-identified as white, the
highest proportion of HCV antibody positivity (70%) was noted among black/African
Americans with birth years between 1950 and 1954 (Appendix Figure 1). This was more
than three times the seropositivity proportion of 20% for the overall population. In addition,
American Indians/Alaskan Natives made up only 5% of the cohort, but this population had
an HCV proportion as high as 60% in the birth cohort born between 1955 and 1959.
Furthermore, across most birth cohorts examined American Indians/Alaskan Natives had the
highest proportion of HCV seropositivity.

Among individuals with chronic HCV, 1,588 (92%) had the information necessary to
calculate an APRI or FIB-4 to estimate liver fibrosis stage. Using FIB-4 or an APRI
threshold of 0.7 resulted in similar percentages of people categorized as having at least
moderate liver disease (stage F2 or greater, 22% vs 23%, respectively). By contrast, using
0.5 as the lower APRI threshold led to 40% being classified as having stage F2 or greater
(Appendix Table 1). FIB-4 and APRI upper threshold of 1.5 led to a smaller proportion of
individuals categorized as having advanced liver disease compared with an APRI threshold
of 1.0 (4% and 6% vs 13%, respectively), but also led to a larger number who would be
considered to have moderate fibrosis that would require additional work-up for disease
staging (Appendix Table 1). In addition, among the 1,130 individuals with chronic HCV
born outside of the 1945-1965 birth cohort, 23% had at least F2 liver fibrosis staging using
an APRI threshold of 0.7. In terms of gender differences, although the cohort was 86% men,
women had a higher proportion of reactive HCV testing compared with men (27% vs 19%, p
<0.001); however, fewer women than men had significant liver fibrosis (stage F2 or greater,
13% vs 25%, p <0.002) in a bivariate comparison.

DISCUSSION

Although HCV seropositivity was high among individuals born between 1945 and 1965 and
among those with an identified history of drug use, a large number of cases were diagnosed
in patients without identified risk. Targeted HCV testing missed the majority of cases. The
number needed to test when moving from targeted to routine testing (one to three versus one
to five) remains small. This is in contrast to other infectious diseases, such as HIV, that
require testing a large number of incarcerated individuals to identify a single case.19

From a public health perspective, the data presented here adds to existing evidence
supporting the implementation of routine testing of all individuals when entering prison. If
coupled with HCV treatment, routine testing would identify and cure many cases, and
prevent a substantial burden of future liver disease. Simulation models have demonstrated
that curing HCV in correctional settings could also reduce the incidence of HCV
transmission in the community when individuals are released.20 Efforts to target HCV
testing in this setting would miss many cases and diminish the public health impact of
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screening this population. Nevertheless, implementing routine screening at prison intake
necessitates incorporating HCV testing as part of the workflow and establishing laboratory
protocols to efficiently provide test results. These steps are associated with some cost to the
prison system including follow-up of positive results.

It is notable that 51% of individuals with reactive HCV antibody testing did not have RNA
testing. Although there are current efforts to confirm chronic HCV infection in prisons, prior
to the advent of DAAs, HCV RNA was tested mainly in individuals being considered for
treatment. Approximately one fifth of individuals with chronic HCV had at least moderate
liver fibrosis placing them at risk for complications; however, the proportion labeled as
having early or advanced liver disease differs depending on the interpretation of threshold
values. Given the typical long interval between HCV infection and the time at which HCV-
infected individuals begin experiencing complications, many of the benefits of HCV
treatment in prisons would accrue in the community. Payers, such as Medicare and
Medicaid, would avoid future spending related to liver complications after prison release.
Correctional systems would bear the brunt of the costs because routine HCV testing in
prisons could generate a large obligation for correctional systems to pay for treatment of
newly diagnosed individuals.? Currently, even with price reductions over time, HCV
treatment remains expensive and given the high prevalence of HCV in prisons, it could
threaten to consume the majority of the available pharmaceutical budget.19 Routine testing
at prison intake with treatment of all infected individuals requires a substantial commitment
of additional resources to correctional health systems.

This study provides new information about the epidemiology of HCV infection in
correctional settings. For example, American Indians/Alaska Natives are disproportionally
impacted by HCV.2! Although this group made up only 5% of the cohort, it was the ethnic/
racial group with the highest proportion of reactive HCV across almost all birth cohorts
evaluated (60%). There is little previous information on HCV among American Indians/
Alaska Natives and this study provides valuable information on a group that has been
understudied. Seventy percent of black/African Americans born in the birth cohort between
1950 and 1954 had reactive HCV serology.

In terms of gender differences, there was a higher proportion of reactive HCV testing among
incarcerated women when compared with men.22 This has been attributed to the frequent
history of injection drug use and commercial sex work among incarcerated women.22
Although women appear to have a higher proportion of reactive HCV testing, studies have
shown that women are more likely to clear the infection.23 There was also a lower
proportion of advanced liver fibrosis among women.

This analysis also sheds new light on the implications of treatment restrictions based on liver
fibrosis stage and the method that correctional systems use to assess liver fibrosis. Many
correctional systems rely on APRI or FIB-4 indices either as the only or as the initial step for
disease staging. These non-invasive staging algorithms perform well in ruling out significant
fibrosis and ruling in advanced liver disease, but results falling in the mid-range typically
require additional evaluation.1® Although raising the threshold for labeling a patient as
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having advanced disease likely limits the treatment burden for a system, this approach also
likely leads to additional spending on staging.

Among the limitations to this study, the single state system and retrospective design could
impact generalizability. It is uncertain how well these findings generalize to other U.S.
prisons. Incarcerated populations vary greatly by state, given differences in state-level laws,
prosecutorial priorities, and sentence structures. This study demonstrates, however, that in at
least one state, routine testing for HCV in prison identifies many cases missed by targeted
testing. It is likely that other prisons not routinely testing for HCV are also missing a
substantial number of diagnoses. The HCV seropositivity proportion of 20% shown here is
similar to other studies.*® The current findings are different from that of a study at the
Wisconsin Department of Corrections.24 The latter found that a targeted approach using
history of injection drug use and history of liver disease identified 92% of cases. Using the
WADOC data set, a targeted approach including history of drugs use and elevated liver
function tests would only identify 58% of cases diagnosed with routine testing. Therefore,
this targeted approach would miss almost half of all HCV cases. The current study only had
access to the most recent HCV testing results. This might have impacted liver disease
staging at diagnosis; however, given that liver disease progression spans decades the impact
of this approach was probably limited. Furthermore, reasons were not available to explain
why HCV serology testing was not performed at entry for some individuals. In some cases,
individuals might have already been aware of their diagnosis. HCV RNA and liver fibrosis
staging were not performed in all cases. Furthermore, although the definition of identified
history of drug use presented here relied on self-identification and conviction on a drug-
related offense, it reflects the data by which targeted testing would be based regardless of the
accuracy.

CONCLUSIONS

In one mid-sized U.S. state prison system routine opt-out testing identifies a substantial
number of HCV cases that would have been missed by targeted testing. Almost a quarter of
individuals with chronic HCV had significant liver fibrosis and thus a more urgent need for
treatment to prevent complications. As this study determines the population-level health
benefits of routine HCV testing in prisons, the implied cost burden to correctional health
budgets is also uncovered. Testing and treating HCV in prisons would contribute toward the
U.S. national goal of HCV elimination,!! but doing so requires explicit public investment in
correctional health budgets. Even if prices fall significantly, an expansion of the workforce
including support staff will be necessary in many systems to adequately address the
epidemic in a timely manner. Future studies are needed on downstream outcomes after
testing, on treatment for prevention during the DAA era, and on the cost associated with
implementing different HCV testing approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study flow diagram.

HCYV, hepatitis C virus.
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Figure 2.
Proportion of hepatitis C virus (HCV) antibody seropositivity among entrants to Washington

State Department of Corrections (2012-2016) by birth cohort and history of drug use.
Notes: Proportion of hepatitis C virus (HCV) antibody seropositivity among entrants to
Washington State Department of Corrections (2012-2016) by birth cohort and history of
drug use. This figure shows that the prevalence of HCV was highest among individuals in
the birth cohort born between 1945-1965. It also shows that many individuals with reactive
HCV antibody did not have an identified history of drug use. The cohort was stratified by
age and history of drug use. Each birth cohort included 5 years, and the mean and variance
of seropositivity prevalence within each interval was calculated. Means and SDs were used
to determine 95% Cls. Each error bar is constructed using a 95% CI of the mean.
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Figure 3.

Number of hepatitis C virus (HCV) reactive individuals among entrants to Washington State
Department of Corrections Prisons (2012-2016) by birth cohort and history of drug use.
Notes: Number of hepatitis C virus (HCV) reactive individuals among entrants to
Washington State Department of Corrections Prisons (2012-2016) by birth cohort and
history of drug use. This figure shows that most of the cases with reactive HCV testing were
outside of the birth cohort born between 1945-1965. It also shows that many individuals
with reactive testing did not have an identified history of drug use.
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Baseline Characteristics of Entrants to Washington State Department of Corrections Prisons Between 2012—

2016
Characteristics Reactive HCV ~ Non-reactive  p-value
antibody HCV antibody
Full cohort with HCV testing (N=24,567)
Overall 4,921 (20) 19,646 (80)
N 4,921 19,646
Mean age (SD) 41 (11) 35 (10) <0.001
Men (%) 4,006 (81) 17,109 (87)  <0.001
History of drug useP 2,523 (51) 7,502 (38) <0.001
Race/Ethnicity 0.005
White 3,775 (77) 11,766 (60)
Black/African American 384 (8) 3,231 (16)
Hispanic/Latino 369 (7) 2,938 (15)
American Indian/Alaska Native 327 (7) 849 (4)
Asian/Pacific Islander 51 (1) 679 (3)
Other 16 194 (1)
Individuals born between 1945-1965 with HCV testing (N=3,084)
Overall 1367 (44) 1717 (56)
Mean age (SD) 55(4) 55(5) 0.88
N 1,367 1,717
Male 1,199 (88) 1,487 (87) 0.13
History of drug use 652 (48) 543 (31) 0.22
Individuals born after 1945-1965 with HCV testing (N=21,483)
Overall 3,554 (17) 17,929 (83)
Mean age (SD) 37 (8) 32 (8) 0.017
N 3,654 17,929
Male 2,807 (79) 15,622 (87) 0.39
History of drug use 1,878 (53) 6,961 (39) <0.001
Men with HCV testing (N=21,115)
Overall 4,006 (19) 17,109 (81)
Mean age (SD) 42 (11) 35 (10) <0.001
N 4,006 17,109
History of drug use 1,964 (49) 6,286 (37) <0.001
Women with HCV testing (N=3,452)
Overall 915 (27) 2,537 (73)
Mean age (SD) 39 (10) 35 (10) <0.001
N 915 2,537
History of drug use 566 (62) 1,216 (48) <0.001

Notes. Boldface indicates statistical significance (p<0.05). Proportions were rounded.

a .
Drug use determined by self-report or drug-related offense.
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HCV, hepatitis C virus.
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