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Abstract
Acute hepatitis C virus (HCV) infection is underdiagnosed because most patients are
asymptomatic. The majority of new infections occur among people who inject drugs (PWID),
many of whom have a history of incarceration. In a previous pilot study, we identified
symptomatic HCV cases, mainly among Caucasian inmates. We designed a cross-sectional study
to evaluate whether risk factor-based screening of newly incarcerated inmates would enhance
identification of asymptomatic acute HCV infection and elucidate any demographic shifts in HCV
acquisition. From October 2006-March 2008, 6,342 inmates underwent health assessments and
3470 inmates (55%) were screened. The racial distribution was as follows: African-American
24.0%, Caucasian 49.5%, Hispanic 22.2%. One hundred seventy-one inmates (4.9%) were
classified as high-risk. After further evaluation, 35 (20.5%) were diagnosed with acute HCV with
a mean age of 29 years; 62.9% were female and 91% were Caucasian. No African-Americans
were diagnosed with acute HCV. Our case-finding rate was 1.9 patients/month nearly a three-fold
increase compared to our historical control period with a higher proportion of asymptomatic cases.
We estimate a prevalence of ~1.0% [95% CI 0.7%–1.4%] of acute HCV infections among newly
incarcerated inmates. Conclusions: Within the correctional system, systematic screening based on
risk factors successfully identifies acute HCV infection among PWID, including asymptomatic
patients. Our data also reflect changing nationwide patterns of injection drug use that vary by age,
ethnicity, and race, leading to a marked reduction of acute HCV infections among African-
Americans as compared to non-Hispanic whites. The nationwide implementation of this simple
low-cost strategy in prison-based settings could identify more than 7,000 acute HCV infections
among PWID and provide insight into changing epidemiologic trends and facilitate appropriate
therapeutic and preventive interventions.
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Introduction
Most people who inject drugs (PWID) acquire hepatitis C virus (HCV) infection within the
first years of unsafe injection practices (1, 2). National surveillance data demonstrate that
PWIDs account for 46% of symptomatic acute HCV infections in the United States (3).
However, recognition of newly acquired infection is uncommon since the majority of
patients are asymptomatic. An additional barrier to HCV diagnosis among PWID is the
sporadic and fragmented nature of their healthcare (4, 5).

From an epidemiologic and interventional viewpoint, the correctional system is an
appropriate sentinel site to assess both chronic and acute HCV infections among PWID. The
seroprevalence rates of chronic HCV infection among incarcerated populations range from
25 to 41 percent, approximately 20-fold higher than in the community (6, 7). Many inmates
in state prisons are also at risk for acute infection; in one survey, 57 percent acknowledged
using drugs in the month prior to their incarceration (6). Since the majority of inmates are
released into the community within two years of sentencing, a meaningful impact on public
health could be made through focused preventive and therapeutic measures within this hard-
to-reach patient population (8). Yet, many correctional medical programs do not screen for
HCV infection among persons at risk, despite surveillance recommendations by the Centers
for Disease Control and Prevention (CDC) and the Institute of Medicine (9, 10).

In a prior pilot project, we identified 21 inmates with acute HCV infection over a 30–month
period, the majority referred for symptomatic disease (11). Since most newly-infected
persons have minimal symptoms, these cases likely represented the “tip of the iceberg” (12).
Furthermore, most of these patients were Caucasian, although African-Americans made up
approximately 25% of the prison population (13). We postulated that underdiagnosis of
acute HCV infection in other racial/ethnic groups could be related to differences in injection
drug use (IDU), lower rates of symptomatic disease, or poorer utilization of health care (11).
Motivated by these pilot data, our objective was to determine whether active case finding,
using a low-cost screening intervention for high-risk behaviors, would enhance
identification of asymptomatic acute HCV infection among newly incarcerated PWID in a
“real-life” setting, where health care resources are limited. Moreover, we aimed to elucidate
the racial/ethnic profile of those at risk for acute HCV.

Methods
Study sites

This study was performed at two separate facilities: Massachusetts Correctional Institute
(MCI)-Concord for male inmates and MCI-Framingham for female inmates. All admitted
prisoners who underwent a medical evaluation were eligible for screening. Self-reported
race/ethnicity data were collected upon incarceration.

Screening strategy
We designed a two-minute questionnaire focused on history of high-risk exposures and prior
HCV serologic testing. From October 2006 to March 2008, healthcare providers from the
University of Massachusetts correctional health program incorporated this screening tool as
part of intake medical evaluations, after a brief educational seminar regarding the potential
individual and public health benefits of identifying acute HCV.
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To limit the burden on healthcare providers, the screening questionnaire was comprised of
only six questions (Figure 1). The first two addressed whether the inmate had prior HCV
serologic testing. If the subject self-reported a history of a positive HCV test, the individual
was considered likely to have past infection and was referred to the medical service. If the
subject reported no prior testing, unknown status, or prior HCV seronegativity, additional
questions were posed regarding new behavioral risk factors within 12 months prior to
incarceration (initiation of IDU, sharing of needles/paraphernalia (14). If the patient denied
risk factors for HCV acquisition, he/she was classified as low-risk. If he/she reported recent
initiation of IDU and/or sharing of needles or paraphernalia, the patient was classified as
“high-risk.” In addition, inmates who were initially diagnosed with HCV during the current
incarceration, or who had new seroconversion, were considered high-risk for acute infection.

In-depth evaluation of high-risk individuals
Inmates identified as “high-risk” underwent in-depth interviews with the study personnel,
either a registered nurse or an infectious disease specialist. Historical data were collected in
the following domains: (1) symptoms consistent with hepatitis (right-sided quadrant pain,
nausea, vomiting, fatigue, jaundice, dark urine, and loss of appetite), (2) specific risk
behaviors, and (3) temporal changes in behaviors. If the inmate reported recent HCV testing,
medical records were requested after permission was granted. In order to evaluate elevations
in aminotransferases, the inmate was also asked about alcohol intake prior to incarceration.

In addition, we performed laboratory testing including alanine aminotransferase (ALT),
HCV antibody (EIA 2.0, Abbott Laboratories), HCV RNA levels (bDNA, Chiron), HIV
antibody (Genetic Systems HIV-1 Western Blot, BioRad or OraQuick ADVANCE rapid
antibody test, OraSure Technologies), and hepatitis A virus (HAV) and hepatitis B virus
(HBV) serologies (ie, HAV total antibody, HBV core antibody, HBV surface antigen, HBV
surface antibody). High-risk inmates were immunized for hepatitis A and B, as needed.

Definitions of HCV infection
Patients were categorized according to their probability of having acute viral hepatitis using
two parallel approaches as previously reported (Figure 2) (15). We utilized an ALT level
>7x upper limit of normal (ULN) as our diagnostic threshold, as defined by the CDC (16).
Patients with recent onset of high risk-taking behaviors were categorized in terms of
probability of acute HCV infection as follows: a) HCV seronegative patients with viremia at
baseline and subsequent seroconversion had “definite” acute HCV; b) patients who were
HCV-seropositive with a documented seronegative status within six months and an ALT>7x
ULN also had “definite” acute HCV; c) those without documentation of prior testing within
6 months who were HCV-seropositive with detectable HCV-RNA and ALT>7x ULN had
“probable” HCV infection; d) those without documentation of prior testing within 6 months
who were HCV-seropositive with detectable HCV-RNA and ALT<7x ULN had “possible”
HCV infection.

In our second approach, we performed serial monitoring of HCV RNA to assess for
virologic fluctuations (>1 log) and low-level viremia (<100,000 copies/mL) and/or
clearance, which are highly suggestive of acute infection. In this “dynamic” model, patients
with recent onset of high risk-taking behaviors were categorized in terms of probability of
acute HCV infection as follows: a) patients who had spontaneous clearance were classified
as having “definite” acute HCV infection b) patients with HCV-RNA fluctuations >1 log
were defined as “high probability”; c) patients with HCV-RNA fluctuations <1 log were
classified as “moderate probability” or “low probability” based on whether their peak ALT
was greater or less than 7x ULN; d) patients with any single HCV-RNA level <105 IU/ml
were defined as having “high probability” of acute infection. All patients diagnosed with
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acute HCV did not have any evidence of recent hepatitis A or hepatitis B infections. All
those diagnosed with acute HCV infection became candidates for antiviral therapy, as
previously reported (17).

A diagnosis of past infection was based on patient self-report, a high-risk period that
exceeded 12 months prior to screening, or a confirmed history of HCV (through medical
records or past laboratory testing). Spontaneous clearance was defined as a non-detectable
HCV RNA level, as determined by a molecular assay (Versant HCV RNA v3.0 assay
bDNA; Bayer Diagnostics, lower limit of detection <615 IU/ml) on two occasions at least 4
weeks apart, or on a single occasion after a prior positive HCV RNA level, without any
treatment intervention.

Historical control period
From November 2001 to May 2004, we provided educational seminars on acute HCV
infection and requested that all medical providers, within the eighteen sites of the
Massachusetts Department of Corrections (DOC) refer any patient with symptoms of
hepatitis or significant aminotransferase elevations. During this historical control period, 21
inmates were diagnosed with acute HCV infection, the majority had symptomatic disease
(67 percent) (11). Risk factor-based screening was not performed.

Data analysis
During the risk factor-based screening period, we measured the rates of identification of past
versus acute HCV infection by dividing the number of cases by the number of months. We
subsequently compared demographic and clinical features of individuals with acute HCV
infection during this timeframe to those identified during the historical control period (11).
Fisher’s exact test was used to generate relative risks or odds ratios for categorical variables;
student’s t test was used when necessary to compare continuous variables. The prevalence of
acute HCV was calculated by dividing the number of cases by the number of individuals
screened; a modified Wald methodology was used for calculation of the confidence interval
of a proportion. GraphPad Prism-4 (GraphPad Software, San Diego, CA) was utilized for
analysis.

Ethical issues
The protocol was approved a priori by the Human Research Review Committee of Lemuel
Shattuck Hospital, which includes a prisoner advocate. University of Massachusetts
Correctional Health approved the use of the screening form during the inmate intake
examination as part of standard medical care. Those with suspected acute HCV infection
gave written informed consent for an ongoing parallel immunology/virology study (18).

Role of the Funding Source
Funding for this study was provided by the National Institutes of Health/National Institute of
Allergy and Infectious Diseases (Hepatitis C Cooperative Center U19 AI066345 to GML
and AYK, K23 AI054379 to AYK, Harvard University Center for AIDS Research P30
AI060354). The sponsors had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; and preparation, review, or approval of
the manuscript.
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Results
Classification of screening forms

During an 18-month period, 6,034 men and 6,263 women were admitted to MCI-Concord
and MCI-Framingham, respectively. Of these 12,297 inmates, 6,342 (52%) underwent
health assessments within seven days of admission and 3470 inmates (55%) were screened
(Figure 3). Primary reasons for lack of screening were understaffing, provider turnover, and
unavailable forms during the medical intake; 22 male inmates (0.6%) refused screening
while none of the women refused. Overall, 4.9% were classified as high risk, 68.9% were
low risk, and 23.2% self-reported past HCV infection (Table 1). Women were more likely
than men to self-report a past positive HCV infection (OR 4.1, 95% CI 3.4–4.8) and more
women than men were classified in the high-risk category for acute infection (OR 3.6, 95%
CI 2.6–5.0).

Investigation of high-risk individuals
Our systematic screening efforts identified 171 high-risk men and women (9.5 persons/
month). Further evaluation of these individuals led to a diagnosis of acute HCV infection in
35 patients (Figure 3) (15). Using the total number of inmates who were classified as high-
risk as the denominator (n=171), the minimum prevalence of acute HCV was 20.5% [95%
CI 0.14 to 0.26] (Figure 3). Among high-risk individuals, rates of acute HCV infection were
similar between males (21.7%) and females (19.8%), suggesting that high-risk classification
had a similar positive predictive value, regardless of gender. Using the total screened as the
denominator (n=3470), the prevalence of acute HCV among newly incarcerated inmates was
1.0% [95% CI 0.7%–1.4%].

Thirty-three high-risk individuals were released prior to testing. Of the 138 high-risk
inmates who did undergo laboratory testing, 50 were HCV seropositive, but could not be
classified as having acute infection for the following reasons: a) the history of risk behavior
exceeded 12 months, prior HCV seropositivity was documented, or HCV RNA was
undetectable (n=29) or b) the inmate was released prior to an in-depth interview (n=21),
including one inmate with an ALT>7xULN (Figure 3). These incomplete cases were not
included in our estimates for acute HCV seroprevalence.

Demographics and risk factors for HCV acquisition
The high-risk classification was significantly more prevalent among Caucasians than their
African-American counterparts (OR=16, 95% CI: 6.5–39.1). To determine if the racial
distribution of cases was due to differential application of the screening strategy, we
ascertained race and ethnicity of 3395 of 3470 (97.8%) screened individuals (Table 1).
African-Americans constituted 32.0% of all male inmates screened, but only 0.6% of those
classified as “high risk.” African-American females represented 9.6% of those screened, but
only 2.3% of those classified as “high risk” (Table 1).

Thirty of 35 patients with acute HCV infection stated that their high-risk behavior included
sharing needles for the first time or sharing with a new partner, while 5 of 35 patients
disclosed that they shared other drug paraphernalia (i.e. cookers, cotton), a known risk for
HCV transmission (19).

Comparison of screening and historical control periods
Prior to implementation of the screening questionnaire, we identified 21 individuals with
acute HCV infection over a 30-month period from multiple healthcare sites within the
Massachusetts DOC; the average rate of identification of HCV infection by referral alone
was 0.7 cases/month (11). In contrast, the current screening effort yielded 35 cases over an
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18-month period from only two sites within this same institutional system; this average rate
of 1.94 cases/month represented nearly a three-fold increase in our case-finding rate. Most
importantly, acute cases identified through screening were twice as likely to be
asymptomatic (48.6%) compared to those identified during the historical control period
(33.3%; relative risk 2.0, p=0.09) (12).

Age and demographic distribution of self-reported HCV among recently incarcerated
inmates

Inmates who self-reported a positive test for HCV were classified as having past infection,
per the algorithm described in the methods. We observed that similar racial/ethnicity trends
noted for acute HCV infection also applied to a past history of HCV. While African-
Americans made up 23.0% of all inmates screened under 30 years of age, they only
comprised 4.2% of those self-reporting past HCV infection; by contrast non-Hispanic
Caucasians made up 48.2% of inmates screened under 30 years of age, but comprised 78.2%
of those with past infection.

In Figure 4, we report the distribution of self-reported HCV by age, stratified by gender (A)
and race (B). Only the age distribution of the African-Americans inmates resembled the
expected shape from National Health and Nutritional Examination Survey (NHANES) data
(20); in contrast, the age distribution of the other groups reflected the 2011 Massachusetts
Department of Public Health (DPH) report showing an increase in confirmed HCV cases
among Caucasians (21). The CDC estimates that approximately three-fourths of community
patients living with chronic HCV in the US were born within the birth cohort ranging from
1945 to 1965 (20). However, within the prison population, only 31.9% of the inmates who
reported past HCV infection were born within this birth cohort while 67.3% percent were
born after 1965 and 0.8% were born before 1945. The age distribution of self-reported HCV
would suggest that baby-boomer targeted screening in this incarcerated setting would only
capture 27.3% and 28.8% of infections among non-Hispanic Caucasians and Hispanics,
respectively, while finding 66% of infections among African-Americans (Figure 5).

DISCUSSION
The correctional system provides a window into the enormity of the HCV epidemic with a
unique opportunity to target PWID, who comprise a significant proportion of inmates (22)
Using simple historical questions applied systematically, we identified approximately 1 case
of acute HCV infection for every 100 persons screened, including asymptomatic patients.
Previously a large CDC-sponsored surveillance study of symptomatic acute HCV infection
demonstrated that 72% of patients had a history of incarceration (3). Given that 739,132
individuals were newly incarcerated in prisons nationwide in 2008 (23), 7,000 new
diagnoses of acute HCV infection could potentially be identified if screening strategies were
systematically adopted.

Correctional systems can serve as sentinel sites for monitoring epidemiologic trends among
PWID as they pass between prison walls and the communities where they live. As in our
pilot study (11), we continued to find high rates of acute HCV infection primarily among
young Caucasian men and women. These trends were not explained by inadequate sampling
of other racial/ethnic groups. Our results are also consistent with several lines of national
and local epidemiologic data that demonstrate changing racial trends in HCV acquisition.
Recently published data by the CDC indicate that acute hepatitis C infection occurs more
often in non-Hispanic whites than blacks (0.27 per 100,000 versus 0.11 per 100,000
population, respectively) (24). The Massachusetts DPH also reported a significant increase
in HCV cases among white adolescents and young adults who reported IDU (21). These data
reflect changing nationwide patterns of IDU that vary by age, ethnicity, and race, including a
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marked reduction of acute HCV infections among African-Americans as compared to non-
Hispanic whites (25–29). The underpinning of these racial/ethnic trends should be explored
to inform future prevention efforts (30).

In addition, we noted higher rates of discovery of acute and self-reported HCV among
females compared to males, consistent with epidemiologic surveys by Massachusetts DPH
from community-based surveillance; a 2011 report on newly-acquired HCV demonstrated
that 58% of the cases <25 years of age occurred among women. Furthermore, a blinded
Massachusetts DPH serosurvey conducted in 2000 within the same institutions also noted
higher HCV seroprevalence rates among women compared to men (44% vs. 27%,
respectively) (31), as observed in other prison cohorts (32, 33). Explanations for gender
differences were not elucidated by our study, but are likely influenced by the dominant
reasons for incarceration (e.g., drug-related offenses and prostitution among women vs.
more violent offenses among men) (34, 35).

In 2006, the CDC discontinued its 25-year long surveillance system for acute HCV owing to
low numbers of new symptomatic cases and a lack of resources to expand community-based
testing sites (3). However, we have demonstrated that a real-life intervention targeted within
correctional settings is feasible and has great potential for case identification among PWID,
including asymptomatic individuals(36, 37). This streamlined questionnaire meets the
mandate to seek and find HCV within difficult-to-reach populations, voiced by the CDC and
the Institute of Medicine (6, 10). Furthermore, although some suggest that the incidence of
cases had declined through 2006 (36), it has been difficult to fully capture trends among
PWID due to their fragmented care. Moreover, new epidemics of HCV reported in young
Caucasian drug-initiates (21, 29) likely render the CDC’s estimate of acute infections as
conservative. A jail or prison-based surveillance system may help to elucidate the true
burden of new infections among PWID (3, 22).

Our questionnaire enhanced the case-finding rate compared to a historical control period
(11) including the identification of asymptomatic patients, who are less likely to
spontaneously clear viremia (38). Identification of such individuals is particularly important
since early treatment leads to high rates of sustained virologic clearance (39) and may
decrease the risk of transmission to others upon release to the community. We, and others,
have previously demonstrated that antiviral treatment for acute HCV infection is feasible
and as successful in the correctional setting as it is in the community (17, 40). Although
treatment efficacy rates for chronic HCV genotype-1 infection are now improved with the
addition of specifically-targeted antiviral agents (41), these are at increased cost and toxicity
compared to therapeutic interventions for acute infection (39). In addition to therapy, the
structured environment of the prison system offers numerous opportunities for mental health
assessments, HIV testing and counseling regarding prevention, hepatitis A and B
immunizations and harm reduction programs to decrease risk of re-infection (6, 30, 42).
These interventions were well-received with over 90 percent acceptance (data not shown).

The age distribution of patients with self-reported HCV infection in our prison population is
distinct from that seen in the 1998–2008 NHANES survey (20). Persons born from 1945 to
1965 accounted for over three-fourths of all HCV-infected patients living in the United
States; males were twice as likely to be infected as females and African-Americans
exhibited the highest seroprevalence rates (20). In stark contrast, 68 percent of inmates with
self-reported HCV infection were born outside this time period. Although we did not have
laboratory confirmation of these past HCV infections, one study found that the predictive
value of self-reported anti-HCV seropositivity among PWID was 94%, lending credence to
our findings (5). Thus, our observations suggest that risk-factor based screening of
incarcerated adults, in addition to community screening of those born in the birth cohort,
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would be effective complementary strategies for national HCV testing and treatment
initiatives.

Our findings may be influenced by several limitations. Firstly, initial screening was not
performed by trained research staff, which enhances the probability of errors. Secondly, only
~28% of all newly incarcerated inmates were screened; however, the racial/ethnic
distribution of those screened was similar to the overall population. Importantly, we have
likely underestimated the true prevalence of acute HCV for several reasons: (1) high-risk
inmates who did not undergo complete evaluation were not included as potential cases, even
if they had abnormal aminotransferases. (2) inmates may have underreported IDU due to
stigma, fears of recrimination or loss of confidentiality (43), (3) inmates may have
incorrectly reported their HCV serostatus, and (4) inmates already found to be seropositive
would have been classified as having past infection, but may, in fact, have been recently
infected or reinfected (44). We also could not determine the prevalence of acute HCV
among low-risk individuals due to limitations in resources.

Our real-life screening approach should be validated in additional healthcare settings, such
as emergency rooms, opiate substitution clinics, detoxification clinics, needle exchange
programs, and other correctional facilities. As one modeling study suggests, this risk factor-
based screening approach might also be cost-effective in finding new diagnoses (45).
Implementation of screening protocols for acute HCV in high-risk populations represents a
promising component of a comprehensive nationwide strategy for HCV prevention and
surveillance (10). Furthermore, identification of those with chronic HCV infection in the
prison setting would provide a golden opportunity for evaluating liver disease and providing
therapeutic interventions (22).
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Figure 1. Schema for determining risk for acute HCV infection
Inmates who self-reported a history of HCV seropositivity were considered to have past
infection
HCV: hepatitis C virus
IDU: injection drug use
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Figure 2. Two parallel approaches for diagnosis of acute HCV infection
ALT: alanine aminotransferase test
CDC: Centers for Disease Control and Prevention
HCV: hepatitis C virus
ULN: upper limit of normal
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Figure 3. Flow of patients, classified by screening status
Ab: antibody
HCV: hepatitis C virus
MCI: Massachusetts Correctional Institute
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Figure 4. Distribution of self-reported HCV cases among Massachusetts inmates by age group,
stratified by gender (A) and race/ethnicity (B)
HCV: hepatitis C virus
NH: non-Hispanic
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Figure 5. Percentage of inmates reporting past HCV infection, by age cohort, stratified by race
HCV: Hepatitis C virus
NH: non-Hispanic
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