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Introduction: There is no widely accepted testing approach for hepatitis C virus infection in cor-
rectional 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 with cur-
rent 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 index. 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 (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 propor-
tion 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.
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INTRODUCTION

epatitis 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 popula-
tion, and individuals in the criminal justice system account
for approximately 30% of the total U.S. HCV burden.”’
Among prisons with routine testing, HCV seroprevalence
has been reported to be as high as 41%.™" Despite such
high seroprevalence there is no widely accepted approach
for HCV testing in U.S. correctional settings. Facilities
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offering testing often follow a risk-based approach and
surveys have shown that approximately 40% of state
prison facilities test for HCV routinely.” "

One of the current barriers to expanding HCV testing
in correctional settings is the cost of direct acting antivi-
rals (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.'’ Identifying and
treating HCV in correctional settings, however, could
likely play an important role in the national strategy to
eliminate HCV transmission."" Since first approved in
2013, the price of HCV DAAs has decreased signifi-
cantly.'” Even without treatment, receiving a diagnosis
of HCV might lead to behavior modifications that
reduce transmission, but the data are mixed.'> At this
time, however, little is known about the yield of different
HCV 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 pris-
ons 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 individu-
als at prison entry. The WADOC data are used to com-
pare routine opt-out with 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 Control
and Prevention guidance for routine one-time testing of all indi-
viduals born between 1945 and 1965,'* as well as targeted testing
for individuals who have a history of any drug use (risk-based test-
ing); and (2) routine opt-out testing for all incarcerated individu-
als 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 test-
ing. The Boston University Medical Center IRB and WADOC
Research Review Committee approved the study.

Study Population

The WADOC includes 12 facilities housing almost 16,000
inmates; 28,000 individuals enter the system yearly."” Approxi-
mately half of yearly entries to the system are re-admissions. The
mean length of stay is 2215 months for women and =25 months
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for men. In 2010, the WADOC implemented routine opt-out lab-
oratory-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.

Measures

The yield of risk-based and routine HCV testing was characterized
in terms of both the proportion of seropositive tests among indi-
viduals 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 ami-
notransferase (AST) to platelet ratio (APRI) using the most sensi-
tive 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.'®"” The distribution of fibrosis stages was described using
each of the three estimation techniques, and the burden of moder-
ate 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 been uploaded previously
into WADOCs centralized computer database by the contracted
laboratory. 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 sentenc-
ing for a drug-related offense. HCV-related laboratory informa-
tion included HCV antibody and RNA tests, liver function tests,
and complete blood count, including platelet counts.

HCYV antibody status was stratified by history of drug use. The fol-
lowing formula was used to calculate APRI scores: ([(AST {U/L}/AST
upper limit of normal {IU/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 cor-
responded 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.”” 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."® F-4 is also a noninvasive measurement of hepatic
fibrosis calculated using the following formula'®: (age [years] x AST
level [U/L])/(platelets [10°/L] x alanine aminotransferase [U/L])'/z.
A value 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 con-
firming advanced disease.

Statistical Analysis
First, descriptive statistics were used to compare the HCV sero-
positivity proportion among individuals tested. The cohort was



10 Assoumou et al / Am ] Prev Med 2019;56(1):8—16

stratified by age and gender, and means and SDs were used to
determine 95% Cls. Chi-square tests were used to compare cate-
gories and f-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 between 1945 and
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 infec-
tion 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, ver-
sion 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 (n=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% were black/African American,
13% were Hispanic/Latino, 5% were American Indian/
Alaska Native, 3% were Asian/Pacific Islander, and 1%
were other (Table 1). Of those who met inclusion crite-
ria, 4,921 (20%) had reactive HCV antibody testing.
HCV seropositive individuals were older (mean age
41 vs 35 years, p<0.001) and had a higher proportion of
identified drug use (51% vs 38%, p<0.001) (Table 1),
and shorter median sentence duration than those with-
out HCV (12.57 vs 12.77 months, p<0.007). Of those
with reactive HCV serology, 2,403 (49%) had confirma-
tory 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 addi-
tion, 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 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 rou-
tine 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 composed mainly of indi-
viduals 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 I,
available online). This was more than three times the
seropositivity proportion of 20% for the overall popu-
lation. 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 Indi-
ans/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 percen-
tages of people categorized as having at least moderate
liver disease (stage F2 or greater, 22% vs 23%, respec-
tively). By contrast, using 0.5 as the lower APRI
threshold led to 40% being classified as having stage
F2 or greater (Appendix Table 1, available online).
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 thresh-
old 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
workup for disease staging (Appendix Table 1, avail-
able online). 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 dif-
ferences, although the cohort was 86% men, women
had a higher proportion of reactive HCV testing com-
pared 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 bivari-
ate comparison.

DISCUSSION

Although HCV seropositivity was high among individu-
als 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. Tar-
geted HCV testing missed the majority of cases. The
number needed to test when moving from targeted to
routine testing (one to three vs 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."”

From a public health perspective, the data pre-
sented here add to existing evidence supporting the
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Figure 1. Study flow diagram.
HCV, hepatitis C virus.

implementation of routine testing of all individuals
when entering prison. If coupled with HCV treat-
ment, 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
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when individuals are released.”’ Efforts to target
HCV testing in this setting would miss many cases
and diminish the public health impact of 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.
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Table 1. Baseline Characteristics of Entrants to Washington State Department of Corrections Prisons Between 2012 and

2016
Reactive HCV Nonreactive
Characteristics antibody HCV antibody p-value
Full cohort with HCV testing (n=24,567)
Overall, n (%) 4,921 (20) 19,646 (80) —
Age, years, M (SD) 41 (11) 35 (10) <0.001
Men, n (%) 4,006 (81) 17,109 (87) <0.001
History of drug use,’ n (%) 2,523 (51) 7,502 (38) <0.001
Race/ethnicity, n (%) 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
and 1965 with HCV testing (n=3,084)
Overall, n (%) 1,367 (44) 1,717 (56) —
Age, years, M (SD) 55 (4) 55 (5) 0.88
Male, n (%) 1,199 (88) 1,487 (87) 0.13
History of drug use, n (%) 652 (48) 543 (31) 0.22
Individuals born after 1945—1965
with HCV testing (n=21,483)
Overall, n (%) 3,554 (17) 17,929 (83) —
Age, years, M (SD) 37 (8) 32(8) 0.017
Male, n (%) 2,807 (79) 15,622 (87) 0.39
History of drug use, n (%) 1,878 (53) 6,961 (39) <0.001
Men with HCV testing (n=21,115)
Overall, n (%) 4,006 (19) 17,109 (81) —
Age, years, M (SD) 42 (11) 35 (10) <0.001
History of drug use, n (%) 1,964 (49) 6,286 (37) <0.001
Women with HCV testing (n=3,452)
Overall, n (%) 915 (27) 2,537 (73) —
Age, years, M (SD) 39 (10) 35 (10) <0.001
History of drug use, n (%) 566 (62) 1,216 (48) <0.001

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

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

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
HCYV infection in prisons, prior to the advent of DAAs,
HCV RNA was tested mainly in individuals being con-
sidered for treatment. Approximately one fifth of indi-
viduals 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 thresh-
old values. Given the typical long interval between HCV

infection and the time at which HCV-infected individu-
als begin experiencing complications, many of the bene-
fits of HCV treatment in prisons would accrue in the
community. Payers, such as Medicare and Medicaid,
would avoid future spending related to liver complica-
tions after prison release. Correctional systems would
bear the brunt of the costs because routine HCV testing
in prisons could generate a large obligation for correc-
tional 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

www.ajpmonline.org
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Figure 2. Proportion of hepatitis C virus (HCV) antibody seropositivity among entrants to Washington State Department of Correc-

tions (2012—-2016) by birth cohort and history of drug use.

Note: This figure shows that the prevalence of HCV was highest among individuals in the birth cohort born between 1945 and 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% Cl of the mean.

budget.'” Routine testing at prison intake with treatment
of all infected individuals requires a substantial commit-
ment of additional resources to correctional health
systems.

This study provides new information about the epide-
miology of HCV infection in correctional settings. For
example, American Indians/Alaska Natives are dispropor-
tionally impacted by HCV.”" 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 pro-
portion of reactive HCV testing among incarcerated
women compared with men.”” This has been attributed to
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the frequent history of injection drug use and commercial
sex work among incarcerated women.”* Although women
appear to have a higher proportion of reactive HCV test-
ing, studies have shown that women are more likely to
clear the infection.”’ 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 noninvasive 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.'® Although
raising the threshold for labeling a patient as having
advanced disease likely limits the treatment burden for a
system, this approach also likely leads to additional
spending on staging.
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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.
Note: This figure shows that most of the cases with reactive HCV testing were outside of the birth cohort born between 1945 and 1965. It also shows

that many individuals with reactive testing did not have an identified history of drug use.

Limitations

Among the limitations to this study, the single-state
system and retrospective design could impact gener-
alizability. It is uncertain how well these findings gen-
eralize 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 simi-
lar to other studies.*” The current findings are differ-
ent from those of a study at the Wisconsin
Department of Corrections,”* which found that a tar-
geted 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 identify only 58% of cases diag-
nosed with routine testing. Therefore, this targeted
approach would miss almost half of all HCV cases.
The current study had access to only 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 test-
ing 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 on which targeted testing would be based,
regardless of the accuracy.

www.ajpmonline.org
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CONCLUSIONS

In one mid-sized U.S. state prison system, routine opt-
out testing identified a substantial number of HCV cases
that would have been missed by targeted testing. Almost
one quarter of individuals with chronic HCV had signifi-
cant liver fibrosis and thus a more urgent need for treat-
ment to prevent complications. As this study determines
the population-level health benefits of routine HCV test-
ing 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 down-
stream outcomes after testing, on treatment for preven-
tion during the DAA era, and on the cost associated
with implementing different HCV testing approaches.
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