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Epidemiology of Hepatitis C Virus in Pennsylvania State
Prisons, 2004—2012: Limitations of 19451965 Birth
Cohort Screening in Correctional Settings

| Sarah Larney, PhD, Madeline K. Mahowald, BA, Nicholas Scharff, MD, Timothy P. Flanigan, MD, Curt G. Beckwith, MD, and Nickolas D. Zaller, PhD

HCV is the most common blood-borne viral
infection in the United States, with an estimated
4.1 million persons having been exposed to
the virus, and 3.2 million people, or about
1.3% of the population, having chronic HCV
infection.! Although overall HCV prevalence in
the United States is declining,” recently there
have been multiple reports of outbreaks among
young people, predominantly in suburban and
rural areas.*® The primary mode of HCV
transmission is injection drug use,® and as
aresult, HCV disproportionately affects people
in contact with the criminal justice system.” An
estimated 17.4% of US state prisoners were
HCV antibody positive (anti-HCV positive) in
2006, and perhaps 28.5% to 32.8% of the US
case burden was in contact with the criminal
justice system in that year.®

People may be infected with HCV for several
decades without symptoms. At least half of the
affected individuals in the United States are
unaware of their infection® and thus are unable
to receive treatment. Without treatment, HCV
infection can lead to cirrhosis, chronic liver
disease, and hepatocellular carcinoma.!®'* At
current treatment rates, HCV will kill nearly
380 000 people in the United States by 2030
and more than 1 million by 2060."

Until recently, the Centers for Disease Con-
trol and Prevention (CDC) recommended HCV
testing only for people with known or at high
risk for past or current HCV exposure, includ-
ing people who had ever injected drugs, who
had certain medical conditions, or who had
received blood transfusions or blood products
before HCV screening of such products be-
came routine."* In recognition of the urgent
need to diagnose and treat extant infections
and reduce HCV-related mortality, in 2012 the
CDC also recommended 1-time HCV testing
of all people born between 1945 and 1965.'
This birth cohort was selected on the basis of
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Objectives. We described hepatitis C virus antibody (anti-HCV) prevalence
in a state prison system and retrospectively evaluated the case-finding
performance of targeted testing of the 1945 to 1965 birth cohort in this
population.

Methods. We used observational data from universal testing of Pennsylvania
state prison entrants (June 2004-December 2012) to determine anti-HCV prev-
alence by birth cohort. We compared anti-HCV prevalence and the burden of
anti-HCV in the 1945 to 1965 birth cohort with that in all other birth years.

Results. Anti-HCV prevalence among 101727 adults entering prison was
18.1%. Prevalence was highest among those born from 1945 to 1965, but most
anti-HCV cases were in people born after 1965. Targeted testing of the 1945 to
1965 birth cohort would have identified a decreasing proportion of cases with
time.

Conclusions. HCV is endemic in correctional populations. Targeted testing of
the 1945 to 1965 birth cohort would produce a high yield of positive test results
but would identify only a minority of cases. We recommend universal anti-HCV
screening in correctional settings to allow for maximum case identification,
secondary prevention, and treatment of affected prisoners. (Am J Public Health.

findings from the National Health and Nutri-
tion Examination Survey (NHANES). NHANES
is an ongoing nationally representative survey
of the civilian, noninstitutionalized population.
NHANES data from 1999 to 2008 indicated
that 81.6% of anti-HCV—positive people in the
United States were born between 1945 and
1965.1% However, an acknowledged limitation
of the NHANES data in assessing the epidemi-
ology of HCV is the exclusion of incarcerated
people from the sample.' As such, it is unclear
how applicable the 1945 to 1965 birth cohort
screening recommendation may be for pris-
oner populations.

The Federal Bureau of Prisons now recom-
mends HCV antibody testing for all inmates
who request a test or report risk factors for
infection.'® This approach assumes that in-
mates will reliably report a history of injection
drug use, but concerns about self-incrimination
and confidentiality may prevent this disclosure.
Although 1 study has reported success in using
risk-based testing to identify acute HCV in an
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incarcerated population,'” that study did not
assess the proportion of all chronic HCV cases
identified by risk-based testing. Analysis of data
from a large representative sample of prison
entrants found that testing only those inmates
who reported injection drug use would have
identified 56% of anti-HCV—positive women and
just 35% of anti-HCV-positive men.'®

Given the high anti-HCV prevalence and
limited case-finding performance of risk-based
HCV screening in correctional settings, uni-
versal screening has been suggested as an
alternative approach.!® If, however, HCV in-
fection in the correctional population is con-
centrated in the 1945 to 1965 birth cohort,
targeting testing toward this group may be an
efficient and cost-effective approach to HCV
case finding2° Limited recent epidemiological
data on HCV prevalence in correctional settings
hamper evaluation of these different approaches
to HCV testing. We present data from universal
HCV screening on entry to state prisons in
Pennsylvania and consider the case-finding
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performance of the CDC 1945 to 1965 birth
cohort recommendation in this setting.

METHODS

Since 2003, the Pennsylvania Department
of Corrections has operated a comprehensive
HCV testing and treatment program. All state
prison entrants are tested for anti-HCV
unless they explicitly opt out. All prisoners,
regardless of test result, are provided with risk
reduction education and counseling. All pris-
oners with anti-HCV—positive test results are
offered hepatitis A and B vaccinations and viral
load testing, and those with confirmed infection
are evaluated for HCV therapy. Viral load
testing is not offered to inmates who will not
qualify for treatment because of sentence
length (i.e., too little time remaining to com-
plete treatment protocol) or medical contra-
indications.

Data for this study were provided by the
Pennsylvania Department of Corrections’ con-
tracted laboratory, Bio-Reference. The data
consisted of de-identified anti-HCV test results
and basic demographic information. Each re-
cord in the data set included a coded identifier
that remained consistent for repeated tests of
the same individual. Anti-HCV results were
recorded as positive, negative, or indetermi-
nate. Other variables available were inmate
sex, year of birth, and date of anti-HCV test.
Data on race and ethnicity were not available.
Data were for the period June 2004 to
December 2012. No major changes to relevant
policies or clinical practice were made during
this time.

Data Cleaning

The supplied data included 131 791 re-
cords for 101 727 participants imprisoned
between June 2004 and December 2012. We
deleted 1296 duplicate records that were
assumed to be data entry errors. Year of birth
was missing for 7783 participants. In addition,
when year of birth differed across admissions
for a single individual, or year of birth sug-
gested that the individual was younger than 17
years at the time of the anti-HCV test, we
assumed data entry errors and set the year of
birth to missing. The data set used for analysis
included 130 495 records for 101 727 par-
ticipants.
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We were unable to calculate a precise par-
ticipation rate (the proportion of all prison
entrants who were tested for anti-HCV) be-
cause of lack of data on the number of unique
individuals received to prisons during the
observation period. Instead, we estimated the
proportion of prison receptions in which an
anti-HCV test was conducted by dividing the
number of tests performed by the number of
prison receptions as reported separately by the
Pennsylvania Department of Corrections.?!

Data Analysis

We calculated sex-specific anti-HCV preva-
lence and 95% binomial confidence intervals
(ClIs) for the total time period (June 2004—
December 2012), for birth cohorts (prior to
1940, then 5-year birth cohorts from 1940 to
1995), and for several 3-year testing periods
(2004-2006, 2007-2009, and 2010-2012).
We then calculated the proportion of male
and female anti-HCV—positive cases in each
birth cohort and time period. Finally, we
compared anti-HCV prevalence and the
burden of anti-HCV—positive cases in the
CDC-nominated 1945 to 1965 birth cohort
with prevalence and burden in all other birth
years. This analysis was conducted for the total
observation time and the 3 periods specified
earlier. In all analyses, participants with multi-
ple entries to prison during the time period
under analysis were counted once to obtain the
denominator. Participants with at least 1 posi-
tive anti-HCV test result during the period
under analysis were counted as case partici-
pants. Participants with missing year of birth
were excluded from birth cohort analyses.

RESULTS

A blood sample was provided for anti-HCV
testing in 93% of prison receptions. Test
coverage increased from 76% of prison re-
ceptions in 2004 to 2006 to 97% in 2010 to
2012. Of 101 727 unique participants, 9.4%
(n=9534) were women. Year of birth was
missing for 13% (n=13 179) of the partici-
pants. Of the participants with complete
data (n= 88 548), the majority (55.9%;
n=49 480) were born since 1975 (range =
1911-1995). The median age at first test
during the observation period was 32 years
(range = 17-95 years).

Overall anti-HCV prevalence was 18.1%
(95% CI=17.9%, 18.4%); Table 1). Anti- HCV
prevalence was nearly twice as high among
women (31.3%; 95% CI=30.4%, 32.3%) as
among men (16.8%; 95% CI=16.5%, 17.0%;
relative risk=1.87; 95% CI=1.81, 1.93).
Overall, the highest anti-HCV prevalence was
observed among those born from 1950 to
1954 (44.7%; 95% CI=42.7%, 46.8%),
although among women, prevalence peaked
in the 1955 to 1959 birth cohort (44.7%;
95% CI=40.6%, 48.9%). Anti-HCV preva-
lence was less than 10% in men born since
1985 but exceeded 20% in women born in
these years.

Sex disparities were also apparent in
anti-HCV prevalence across the testing periods.
Among men, anti-HCV prevalence was 17.8%
(95% CI=17.2%, 18.5%) in 2004 to 2006,
decreasing to 14.8% (95% CI=14.4%,
15.1%) in 2010 to 2012. Among women,
however, anti-HCV prevalence was relatively
uniform across time, at 32.4% (95% CI=
30.5%, 34.3%) in 2004 to 2006 and 33.2%
(95% CI=231.7%, 34.6%) in 2010 to 2012.

The distribution of anti-HCV prevalence is
illustrated in Figure 1. Among men, the great-
est proportion of anti-HCV cases (17.1%) was
identified in the 1960 to 1964 birth cohort
and the adjacent 5-year birth cohorts (1955—
1959: 14.1%; 1965-1969: 13.6%); Figure
1a). A second peak was observed in the 1980
to 1984 birth cohort (14.2% of cases). Among
women, the largest proportion of anti-HCV
cases was seen in the 1980 to 1984 birth
cohort (20.8%); birth years 1960 to 1979
collectively accounted for more than half
(54.4%) of the female anti-HCV cases. Panels
b, ¢, and d of Figure 1 show that among
men and women, a greater proportion of
anti-HCV—positive cases were seen in more
recent birth cohorts in each successive time
period.

Among both men and women, anti-HCV
prevalence was higher in the 1945 to 1965
birth cohort than in all other birth years,

a finding consistent across time (Table 2).
Testing only this birth cohort would have
identified 44% of male and 29% of female
anti-HCV—positive inmates. The proportion of
positive cases that would be identified from
testing just this birth cohort is decreasing with
time; by 2010 to 2012, targeted testing of the
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1945 to 1965 birth cohort would have iden-
tified 33% of male anti-HCV—positive inmates
and 20% of female anti-HCV—positive inmates
(Table 2).

DISCUSSION

Anti-HCV prevalence was 18.1% in this
large sample of state prison entrants in Penn-
sylvania. Few recent data on anti-HCV preva-
lence exist in US correctional populations, but
this result is similar to an estimate of national
anti-HCV prevalence in prisons (17.4%)® and
substantially lower than that reported in some
states (e.g., 40% in New Mexico).?? Variation
among states likely reflects variation in the
prevalence of injection drug use outside prisons
as well as sentencing policies for drug offenses.
Women entering prison were almost twice as
likely as men entering prison to be anti-HCV
positive, a pattern that has been observed
elsewhere in the United States** and interna-
tionally” and can also be attributed to back-

ground prevalence of injection drug use.”
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TABLE 1-Total and Sex-Specific HCV Antibody (Anti-HCV) Prevalence Among Entrants to Pennsylvania State Prisons in 2004-2012, by Birth
Cohort and Test Period
All Persons Women Men
Variable No. Tested ~ No. Anti-HCV+ % Anti-HCV+ (95% CI) ~ No. Tested ~ No. Anti-HCV+ % Anti-HCV+ (95% Cl) ~ No. Tested ~ No. Anti-HCV+ % Anti-HCV+ (95% Cl)
Total 101727 18 454 18.1 (17.9, 18.4) 9534 2986 31.3 (30.4, 32.3) 92193 15 468 16.8 (16.5, 17.0)
Birth cohort®
<1940 258 29 11.2 (7.7, 15.7) 21 3 14.3 (3.0, 36.3) 237 26 11.0 (7.3, 15.7)
1940-1944 394 73 18.5 (14.8, 22.7) 21 5 23.8 (8.2, 47.2) 373 68 18.2 (14.4, 22.5)
1945-1949 1044 361 34.6 (31.7, 37.6) 83 28 33.7 (23.7, 44.9) 961 333 34.7 (31.6, 37.8)
1950-1954 2289 1024 44.7 (42.7, 46.8) 211 75 35.5 (29.1, 42.4) 2078 949 45.7 (43.5, 47.8)
1955-1959 5030 2097 41.7 (40.3, 43.1) 573 256 44.7 (40.6, 48.9) 4457 1841 41.3 (40.0, 42.8)
1960-1964 8406 2645 31.5 (30.5, 32.5) 1106 409 37.0 (34.1, 39.9) 7300 2236 30.6 (29.6, 31.7)
1965-1969 10100 2225 22.0 (21.2, 22.9) 1484 445 30.0 (27.7, 32.4) 8616 1780 20.7 (19.8, 21.5)
1970-1974 11547 1662 14.4 (13.8, 15.0) 1328 354 26.7 (24.3, 29.1) 10219 1308 12.8 (12.2, 13.5)
1975-1979 14 802 2101 14.2 (13.6, 14.8) 1395 384 275 (25.2, 30.0) 13 407 1717 12.8 (12.2, 13.4)
1980-1984 17 307 2466 14.2 (13.7, 14.8) 1799 608 33.8 (31.6, 36.0) 15508 1858 12.0 (11.5, 12.5)
1985-1989 13917 1194 6(8.1,9.1) 1131 320 28.3 (25.7, 31.0) 12 786 874 .8 (6.4, 7.3)
1990-1995 3454 140 1(34, 4.8) 198 40 20.2 (14.8, 26.5) 3256 100 .1(2.5, 3.7)
Test period
2004-2006 17604 3483 19.8 (19.2, 20.4) 2350 761 32.4 (30.5, 34.3) 15254 2722 17.8 (17.2, 18.5)
2007-2009 40178 7170 17.8 (17.5, 18.2) 3873 1143 29.5 (28.1, 31.0) 36305 6027 16.6 (162, 17.0)
2010-2012 42 477 7058 16.6 (16.3, 17.0) 4268 1415 33.2 (31.7, 34.6) 38209 5643 14.8 (14.4, 15.1)
Note. Cl = confidence interval.
®Year of birth missing for 13 179 participants.

Anti-HCV prevalence was highest among
those born in 1945 to 1965, as in the US
general population.'* In the general population,
it is estimated that this birth cohort accounts for
more than 80% of prevalent anti-HCV; in this
prisoner sample, however, the 1945 to 1965
birth cohort accounted for fewer than half of
male anti-HCV cases and fewer than one third
of female anti-HCV cases. Thus, although
targeted screening of this birth cohort in cor-
rectional settings would produce a high yield of
positive results, it would identify only a minor-
ity of the total HCV caseload. Furthermore, the
proportion of anti-HCV cases that would be
identified with targeted testing of the 1945 to
1965 birth cohort is decreasing with time. Our
findings suggest that female prisoners, espe-
cially those in more recent birth cohorts, would
be particularly poorly served by targeted test-
ing of the 1945 to 1965 birth cohort.

The CDC recommends screening of the
1945 to 1965 birth cohort in conjunction with
risk-based screening'* Because we did not
have data on HCV risk factors in our sample of

prison entrants, we were unable to assess the
case-finding performance of risk-based and
birth cohort screening combined. A combina-
tion of these approaches may successfully
identify most anti-HCV cases in correctional
settings; however, we do not consider this to be
likely. Most prisoners nationally are younger
than 40 years,24 outside the 1945 to 1965
birth cohort, and therefore would be tested
only on self-report of injection drug use or
other HCV risk factors. As the 1945 to 1965
birth cohort ages, they will constitute

a diminishing proportion of the correctional
population. In practice, a combined birth co-
hort and risk-based testing strategy in a cor-
rectional setting would closely resemble

a risk-based testing strategy, becoming more
so with time, and the poor case-finding per-
formance of risk-based testing has already

been shown.!®

Public Health Implications
In light of endemic anti-HCV in the prisoner
population and demonstrated limitations of
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Birth Cohort

targeted testing strategies (both risk based and
birth cohort), we recommend universal opt-out
screening as the most appropriate strategy for

FIGURE 1—Proportion of HCV antibody (anti-HCV)-positive entrants to Pennsylvania state prisons (2004-2012) in each birth cohort, by sex,
in (a) 2004-2012 (n =101 727), (b) 2004-2006 (n =17 604), (c) 2007-2009 (n =40 178), and (d) 2010-2012 (n =42 477).

TABLE 2—HCV Antibody (Anti-HCV) Prevalence and Percentage of Anti-HCV Cases in the 1945-1965 Birth Cohort and All Other Birth Years
(n =88 548) Among Entrants to Pennsylvania State Prisons in 2004-2012

HCV testing in correctional settings. Universal ~ here indicate the feasibility of this approach for
HIV screening is already recommended in HCV screening. Universal screening ensures
correctional settings, and the data presented  that the largest possible number of prevalent

1945-1965 Birth Cohort

All Other Birth Years

Sex and Time Period ~ No. Tested

No. Anti-HCV+ % Anti-HCV+ (95% CI) % of Anti-HCV+ Cases

No. Tested ~ No. Anti-HCV+ % Anti-HCV+ (95% Cl) % of Anti-HCV+ Cases

Male
2004-2006 4163
2007-2009 7850
2010-2012 6271
2004-2012 16 444
Female
2004-2006 751
2007-2009 1016
2010-2012 771
2004-2012 2261

1653 39.7 (38.2, 41.2) 61
2834 36.1 (35.0, 37.2) 47
1851 29.5 (28.4, 30.7) 33
5750 35.0 (342, 35.7) 44
311 41.4 (37.9, 45.0) a
377 37.1 (341, 40.2) 33
288 37.4 (339, 40.9) 20
851 37.6 (35.6, 40.0) 29

11091
28 455
31938
62 754

1599
2857
3497
7089

1069 9.6 (9.1, 10.2) 39
3193 11.2 (109, 11.6) 53
3792 11.9 (115, 12.2) 67
7340 11.7 (11.4, 12.0) 56

450 28.1 (259, 30.4) 59

766 26.8 (25.2, 28.5) 67
1127 322 (30.7, 33.8) 80
2076 29.3 (28.2, 30.4) 7

Note. Cl = confidence interval.
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infections is identified and allows for confir-
matory testing, secondary prevention, and
treatment of infected individuals. Screening can
be undertaken on reception to a correctional
setting, with repeat testing available on request
or as medically indicated during incarceration.

Given the concentration of the total HCV
caseload in correctional settings,'” universal
opt-out screening of incarcerated people with
follow-up testing and treatment has the poten-
tial to reduce general population prevalence of
this infection, analogous to HIV “treatment as
prevention” approaches.?® Furthermore, un-
like HIV therapy, HCV therapy can be curative
and is increasingly so with the advent of new
antiviral therapies.>” Direct-acting antiviral
agents have increased sustained viral response
rates and decreased the length of therapeutic
regimens in the treatment of some genotypes.>”
Interferon-free therapies with very high sus-
tained viral response rates and of 12 weeks’
duration are rapidly moving through the de-
velopment pipeline.?® Sentence length is often
a criterion for HCV treatment in prisons to
allow for treatment completion before release;
shorter therapeutic regimens will therefore in-
crease the pool of treatment-eligible pris-
oners.'® Although this has cost implications for
correctional authorities, screening and treat-
ment may ultimately be less costly than pro-
viding care for inmates with chronic liver
disease or in need of a liver transplant.?®
Further work assessing the cost-effectiveness of
universal screening and treatment in correc-
tional settings is needed. Given the potential
public health benefits of widespread HCV
treatment in prison, the feasibility of cost-
sharing arrangements between correctional
authorities and public health departments also
should be explored.

Limitations

As noted earlier, we did not have data on
HCV risk factors, which would have allowed
for evaluation of a combined risk-based and
birth cohort testing strategy in a correctional
population. We also lacked data on racial/
ethnic backgrounds of the participants. Recent
data suggest important racial/ethnic disparities
in incident HCV infections,'” and data on race/
ethnicity in our cohort would have allowed
further examination of these trends. Finally,
year of birth was missing for 13% of the
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participants, potentially introducing bias to our
birth cohort analyses. However, there was no
association between missing year of birth and
anti-HCV status (year of birth missing in 12.9%
of anti-HCV—-negative or equivocal cases and
13.2% of anti-HCV—positive cases; % =1.4;
P=2).

Conclusions

We observed extremely high anti-HCV
prevalence in a state prison population and
showed the limitations of applying a birth co-
hort recommendation that is suitable in the
general community to a correctional population.
Given the high prevalence of HCV exposure
and limitations of birth cohort and risk-based
testing in correctional populations, we recom-
mend universal anti-HCV screening of people
entering correctional facilities, with follow-up
testing and treatment of HCV infection. m
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