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ABSTRACT

Introduction: Suffolk County, located in East-
ern Long Island, has been an epicenter for the
opioid epidemic in New York State, yet no
studies have examined hepatitis C virus (HCV)
prevalence in this population. Additionally, few
studies have assessed barriers for linkage to care
(LTC) to HCV treatment in people who inject
drugs (PWID), a high-risk HCV cohort. We

aimed to determine prevalence of HCV infec-
tion in a suburban medical center and to assess
risk factors associated with LTC in HCV-positive
baby boomers and young PWID.
Methods: A retrospective chart review was car-
ried out on adult patients with ICD-9/10 diag-
nostic codes for HCV from January 2016 to
December 2018 at Stony Brook Medicine. Data
collected included sociodemographics, RNA
serostatus, LTC, health insurance, employment,
past medical or psychiatric history, and sub-
stance or injection drug use.
Results: Overall, 27,049 individuals were
screened for HCV and 1017 were HCV seropos-
itive (3.8%), 437 (42.9%) were HCV RNA-posi-
tive and 153 (40.6%) achieved LTC. In
multivariate analysis, living with cirrhosis was
associated with a positive LTC. Medicaid or
Medicare insurance was associated with a neg-
ative LTC. Intravenous drug users were more
likely to be young and have concomitant poly-
substance use and psychiatric disease. A bimo-
dal distribution of HCV-positives is present in
our population.
Conclusion: Those with liver cirrhosis are more
likely to achieve LTC, as are those with private
insurance. Public health efforts to promote
awareness of HCV and to facilitate access to
treatment among PWID are needed.
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INTRODUCTION

Hepatitis C virus (HCV) is the etiology of the
most common bloodborne infection in the Uni-
ted States (US) [1] and can lead to significant co-
morbidities such as cirrhosis and hepatocellular
carcinoma [2]. Deaths from HCV between 2003
and 2013 surpassed those from 60 other nation-
ally notifiable infectious conditions, including
those from human immunodeficiency virus
(HIV) [3]. HCV burden of cases in the US is esti-
mated at 5 million, many of whom are asymp-
tomatic and unaware they are infected [4].

It has been identified that baby boomers—
those born between 1945 and 1965—constitute
approximately three-quarters of all HCV anti-
body-positive cases. This finding led to the
institution of a grade B recommendation by the
United States Preventive Services Task Force for
a one-time HCV screening of all baby boomers
[5], and the enactment of the Hepatitis Testing
Law in New York State [6]. However, recent
reports indicate a rising prevalence of HCV in
persons who inject drugs (PWID) among
younger, non-urban populations [7, 8].

Numerous studies in nonurban areas have
identified injection drug use as the most com-
mon risk factor for HCV transmission [9–11]
and that a longer duration of injection drug use
is associated with higher infection risk [12]. In
Massachusetts, the distribution of HCV by age
was found to have drastically changed from a
unimodal model focused on baby boomers to
bimodal with an additional peak centered on
young persons in their 20s or 30s [13]. Thus, not
only is HCV becoming more common in PWID
but also in persons born after 1965.

While several studies have concluded PWID
and young adults are associated with a higher
risk of HCV infection in nonurban areas, to our
knowledge, there are far fewer studies that
assess the barriers to linkage to care (LTC) in
these particular cohorts. The majority of studies
reporting on LTC focus on baby boomers and
often conclude risk factors to primarily be lack
of insurance and being of certain races or eth-
nicities [14–18]. As Stony Brook Medicine (SBM)
is the only tertiary medical center in suburban
Suffolk County, New York (NY) [19] and serves a

population of approximately 1.6 million per-
sons, we aimed to: (1) determine the prevalence
of HCV in the SBM cohort; (2) identify risk
factors for LTC in both the baby boomer cohort
and those born in other years; and (3) identify
specific risk factors within the PWID cohort.

METHODS

Study Design

A retrospective study was designed to identify
cases of HCV diagnosed at SBM between Jan-
uary 1, 2016 and December 31, 2018. SBM
comprises a 603-bed tertiary care hospital, a
125-bed hospital in Southampton, as well as
over 90 community-based healthcare settings
throughout Suffolk County, NY. The electronic
health system primarily used for both inpatient
and outpatient care is the Cerner Electronic
Health Record System (EHRS) (Cerner, Kansas
City, MO, USA).

Search Criteria

The total number of patients tested were
extracted from SBM inpatient, emergency
department, and outpatient clinic visits with
the assistance of Stony Brook Information
Technology services. HCV antibody-positives
were identified via EHRS search with diagnostic
codes ICD-9: 070.54 (Chronic hepatitis C with-
out mention of hepatic coma) and ICD-10:
B18.2 (Chronic viral hepatitis C).

Case Definitions

Eligible patients for this study included those
(1) 18 years and older, and (2) diagnosed with a
positive HCV antibody test. Baby boomer was
defined as birth year between 1945 and 1965.
LTC requires a positive RNA result and was
defined as attending an outpatient appoint-
ment in which the physician addressed HCV
management. Patients incapable of LTC inclu-
ded RNA-positives who declined LTC, were
deceased/terminally ill, or were determined to
already be in care (a known diagnosis already
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following with a physician specifically for the
disease). The adjusted LTC subtracts those
incapable of LTC from the denominator.

Data Collection

The following data were obtained from each
patient’s chart: date of admission or outpatient
encounter, age, gender, race, ethnicity, place of
birth, zip code of residence, insurance, marital
status, occupational status, injection drug use/
history of substance use, psychiatric disease,
hepatitis B virus and HIV serostatus, number of
comorbid medical conditions, liver function,
radiologic imaging, stage of fibrosis, and HCV
genotype. Race/ethnicity were collected from
the EHRS and were self-reported by the patient
upon presentation to SBM. Race was divided
into the following categories: Native American
or Alaska native, Asian, black or African Amer-
ican, native Hawaiian or other Pacific Islander,
white, or other/declined to specify. Possible
ethnicities were Hispanic and non-Hispanic.
Data were collected and stored on a shared
network drive with password protection.

Statistical Analysis

Univariate and multivariate analyses were used
for the RNA-positive population only, with
linkage to care as the outcome variable. Addi-
tionally, univariate and multivariate analyses
were conducted for RNA-positive PWID, with IV
drug use as the outcome variable. Odds ratios
(OR) and confidence intervals (CI) were calcu-
lated for the above analyses. A map of HCV
antibody-positive cases was created using
Tableau Software (Seattle, WA, USA) to visualize
geographic clusters of HCV by zip code, adjus-
ted for population density by zip code accord-
ing to 2010 national census data. A p value
of B 0.05 was considered statistically significant
for all tests. Data were analyzed with SAS v.9.4
(SAS Institute, Cary, NC, USA).

Compliance with Ethics Guidelines

This project was reviewed and approved by the
Institutional Review Board (IRB) at SBM, IRB

#1033821, who waived the requirement for
informed consent. This study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments. As data were
collected utilizing a retrospective chart review
and placed into a deidentified patient database,
harm was minimized and patient consent for
study participation was therefore not obtained.

RESULTS

Demographics

The median age of the total population
(n = 1017) was 59 years, of which 604 (59.4%)
were male and 788 (81.5%) were Caucasian
(Table 1). Medicaid (350; 35.7%) and Medicare
(348; 35.5%) were the two commonest insur-
ance types. Baby boomers composed of 61.8%
(628 cases), while 338 persons were born after
1965 (33.2%) and 51 born before 1945 (5.0%).
Of the 338 persons born after 1965, 176 (52.1%)
were 35 years or younger and 118 (67.0%) of
those were PWID. A bimodal distribution with
two peaks was created from all antibody-posi-
tive cases, one peak centered on baby boomers
and the other on young adults (Fig. 1).

Clinical-Epidemiological Features

A total of 27,119 patients were tested for HCV
between 2016 and 2018. Of these, 1017 had a
positive antibody test for HCV for a seropreva-
lence of 3.8%, 437 (42.9%) tested RNA-positive
(HCV RNA prevalence of 1.6%) (60 patients
were incapable of LTC for a total of 377 cases
included in our analysis), 153 (40.6%) were LTC
and 53 (34.6%) were started on direct acting
antiretroviral (DAA) therapy (Fig. 2a). An RNA
test was not completed for 88 antibody-posi-
tives. The median length of time for LTC was
57 days (IQR: 26–126).

Regarding only the PWID population born
after 1965, there were 187 HCV antibody-posi-
tives and 126 (75.4%) RNA-positives (18 cases
who were incapable of LTC for a total of 108
cases included in our analysis). Of the RNA-
positives, 30 (27.8%) were LTC and 12 (40.0%)
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were started on DAA therapy (Fig. 2b). Twenty
individuals did not have an RNA test con-
ducted. Regarding this cohort, the median
length of time for LTC was 40.5 days (IQR
27.25–136.5).

Risk Factors

The HCV antibody- and RNA-positive popula-
tion was assessed for risk factors to LTC. In a
multivariate analysis among RNA-positive cases
only, excluding people incapable of LTC, when
controlling for polysubstance use, cirrhosis,
chronic kidney disease, marital status, primary

care physician, and being a baby boomer, those
who had Medicare (OR 0.29, CI 0.13–0.63,
p = 0.002) or Medicaid (0.45, CI 0.22–0.90,
p = 0.02) had lower odds of LTC than those with
private insurance. Conversely, those who had
cirrhosis (OR 2.87, CI 1.41–5.84, p = 0.004) had
higher odds of LTC than those with no cirrhosis
(Table 2).

HCV-positive RNA cases were further strati-
fied among those born after 1965. When com-
paring PWID (187 total HCV antibody cases)
and non-PWID (79 total HCV antibody cases),
several significant risk factors were found
(Table 3). A multivariate analysis of PWID born

Table 1 Demographic characteristics of those who were HCV antibody-positive as well as the subgroup of RNA-positives
who presented to SBM between 2016 and 2018

Characteristics Count (%) Count (%)
n = 1017 (total population) n = 437 (RNA 1 only)

Age

Median (IQR) 59 (22) 56 (28)

Gender

Male 604 (59.39) 265 (60.64)

Female 413 (40.61) 172 (39.36)

Racea

White 788 (81.49) 329 (79.28)

Black 103 (10.65) 56 (13.49)

Asian 22 (2.28) 8 (1.93)

Other 54 (5.58) 22 (5.30)

Ethnicitya

Non-Hispanic 872 (91.79) 373 (91.87)

Hispanic 78 (8.21) 33 (8.13)

Insurancea

Private 205 (20.92) 73 (17.18)

Medicare 348 (35.51) 131 (30.82)

Medicaid 350 (35.71) 190 (44.71)

Self-pay 69 (7.04) 30 (7.06)

V.A 8 (0.82) 1 (0.24)

a Sum may not equal total due to missing data

420 Infect Dis Ther (2019) 8:417–428



after 1965, after controlling for number of
comorbidities, race, ethnicity, insurance,
tobacco use, polysubstance use, marital status,
psychiatric disease, and primary care physician
found that older age (OR 0.92, CI 0.86–0.98,

p = 0.01) and being African American (OR 0.09,
CI 0.01–0.60, p = 0.01) were associated with
lower odds of IV drug use (Table 3). Conversely,
polysubstance use (OR 73.13, CI 13.09–408.51,
p\0.0001) and psychiatric disease (OR 2.79, CI

Fig. 1 Bimodal distribution of HCV antibody-positives presenting to Stony Brook Medicine between 2016 and 2018

Fig. 2 a HCV Care Cascade at Stony Brook Medicine for
all HCV antibody (Ab)-positives between 2016 and 2018.
b HCV Care Cascade at Stony Brook Medicine for all

HCV antibody (Ab)-positives who identified as PWID
between 2016 and 2018
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1.09–7.15, p = 0.03) had higher odds of IV drug
use.

‘‘Hot spots’’ or High Incidence Areas
of HCV Cases

Zip codes for every HCV antibody-positive case
were mapped in order to assess the high inci-
dence areas of HCV on Long Island (Fig. 3), and
were population adjusted according to 2010
national census data. The locations of Stony
Brook University Hospital (SBUH) and
Southampton Hospital (SHH) are indicated on
the map. The most populous zip code for HCV-
positive antibody is located approximately 50
miles east of Stony Brook University Hospital.
Other populous zip codes are located in central
and southern Suffolk County, NY.

DISCUSSION

The HCV RNA prevalence (1.6%) found in this
study is approximately 1.7 times higher than
the estimated national prevalence of 0.93%,
and 2.1 times higher than the estimated New
York State (NYS) prevalence of 0.75% [20]. HCV
was most commonly found among baby
boomers; however, among non-boomers, the
most common HCV-positives were young (less
than 35 years), white, non-Hispanics. These
findings mirror a new trend of HCV acquisition
among young (adolescents and young adults,
aged 15–24), white, non-Hispanics living in
urban, suburban and rural locations [21]. Addi-
tionally, the high HCV prevalence in Suffolk
County coincides with its high opioid burden
(opioid overdose deaths, non-fatal ED visits and

Table 2 Multivariate analysis of factors associated with linkage to care (LTC) among HCV antibody- and RNA-positive
individuals presenting to SBM

n = 308 Probability of linking to care p value
OR (CI)

Insurance

Medicare vs. private 0.29 (0.13–0.63) 0.002

Medicaid vs. private 0.45 (0.22–0.90) 0.024

Self-pay vs. private 0.70 (0.22–2.29) 0.559

Polysubstance use

Yes vs. no 0.60 (0.29–1.23) 0.160

Cirrhosis

Yes vs. no 2.87 (1.41–5.84) 0.004

Chronic kidney disease

Yes vs. no 1.55 (0.84–2.89) 0.163

Marital status

Single vs. married/domestic partner 1.33 (0.70–2.51) 0.385

Divorced/separated vs. married/domestic partner 0.81 (0.35–1.89) 0.629

Widowed vs. married/domestic partner 0.67 (0.23–1.95) 0.466

Primary care physician

Yes vs. no 1.54 (0.85–2.76) 0.152

Baby boomer

Yes vs. no 1.17 (0.65–2.10) 0.599
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hospital discharges involving opioid use disor-
der), ranking in the top quartile of all counties
in NYS [22].

When HCV cases were graphed by age of
diagnosis and gender, we found a bimodal dis-
tribution with baby boomers and young adults
as the two major cohorts. The baby boomers
show a higher amount of male cases, while
females and males are in similar numbers in the

younger cohort. Although data from this study
support HCV affecting equal numbers of males
and females, female PWID may be more
exposed to HCV due to riskier injection drug
practices [23]. Current and future public health
awareness efforts should address female injec-
tion drug practices.

Our HCV care cascade mirrors the national
HCV care continuum, where the largest gaps in

Table 3 Multivariate sub-analysis of factors associated with intravenous drug use among HCV antibody and RNA-positive
PWID at Stony Brook Medicine between 2016 and 2018

n = 202 Probability of IV drug use OR (CI) P value

Age 0.92 (0.86–0.98) 0.01

Number of comorbidities

C 4 vs.\ 4 2.22 (0.46–10.66) 0.32

Race

Black vs. white 0.09 (0.01–0.60) 0.01

Asian vs. white \ 0.001 (\ 0.001–[ 999.9) 0.99

Other vs. white 0.54 (0.02–19.07) 0.74

Ethnicity

Hispanic vs. non-Hispanic 0.27 (0.02–4.10) 0.35

Insurance

Medicare vs. private 1.21 (0.17–8.48) 0.85

Medicaid vs. private 1.76 (0.51–6.11) 0.37

Self-pay vs. private 0.57 (0.06–5.79) 0.63

Tobacco

Yes vs. no 0.83 (0.28–2.08) 0.68

Polysubstance use

Yes vs. no 73.13 (13.09–408.51) \ 0.0001

Marital status

Married/domestic partner vs. single 0.34 (0.10–1.14) 0.08

Divorced/separated vs. single 0.53 (0.09–3.13) 0.49

Widowed vs. single [ 999.9 (\ 0.001–[ 999.9) 0.99

Psychiatric disease

Yes vs. no 2.79 (1.09–7.15) 0.03

Primary care physician

Yes vs. no 0.61 (0.25–1.52) 0.29
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care occur first between HCV RNA confirmatory
testing and attendance at first appointment
(LTC), then between LTC and initiation of
direct acting antiviral (DAA) therapy. LTC was
40.6% in our study, lower than other integrated
health systems that utilize best practice inter-
ventions and patient navigators [14, 15, 17, 18].
We found that 34.6% of those LTC began DAA
therapy, which is higher than in some studies
[24–26] but not others [27]. Whether this rate
was due to our patients linking early or that
greater than 90% of our patients had insurance
is unclear. However, it must be noted that due
to our low LTC, there was not a large cohort to
assess for initiation or completion of DAA
therapy. Among PWID, 27.8% achieved LTC,
lower than reported elsewhere [27, 28]. How-
ever, 40% were started on DAA therapy, which
is higher than that found in other reports [27].

Our length of time from diagnosis to date of
LTC was comparatively shorter than LTC time-
lines reported elsewhere [26, 29]. Studies indi-
cate that most individuals achieve LTC within
the first 6 months of diagnosis [30], and the
majority of our LTC occurred within this time
frame. This LTC timeline may simply be tran-
sient during the time period observed. Further
stratification of the length of time until LTC

may explain this occurrence by indicating the
LTC time frames for different cohorts, perhaps
by age, insurance type, or drug use.

In our multivariate analysis of all HCV and
RNA-positives, being a baby boomer and having
a diagnosis of cirrhosis is associated with higher
odds of LTC. Baby boomers overall have limited
knowledge about the necessity of HCV screen-
ing [31]. Thus, like carrying a diagnosis of cir-
rhosis and chronic kidney disease
(multimorbidity domains), once diagnosed
with HCV they may be more motivated to
attend an appointment with a specialist to seek
care due to perception of illness in the setting of
other age-related comorbidities. This multi-
morbidity hypothesis has been stated in a pre-
vious study [29]. In contrast, polysubstance use
was not associated with decreased LTC. Previous
studies in suburban locations have identified
young injection drug users as associated with
decreased linkage to care [8]. However, our
multivariate analysis did not substratify injec-
tion drug use and its association with LTC.
Having Medicaid as an insurance carrier was
found to be associated with decreased LTC, a
finding reported in multiple studies
[24, 29, 32, 33]. According to NYS Medicaid law
in March 2018, in an attempt to increase access

Fig. 3 HCV antibody-positives between 2016 and 2018 living in Suffolk County, NY, mapped by zip code. Stony Brook
University Hospital (SBUH) and Southampton Hospital (SHH) are indicated on the map

424 Infect Dis Ther (2019) 8:417–428



to HCV treatment, there is no longer a
requirement to be an HCV-experienced provi-
der in order to treat patients [34]. This law aims
to increase the number of programs meant to
connect New York residents in high-risk com-
munities with comprehensive HCV prevention,
screening, and treatment. Thus, our decreased
LTC is a failure of the care cascade, rather than
of public policy.

In a multivariate analysis of those born after
1965, PWID were significantly more likely to be
younger, white, and have concomitant poly-
substance and psychiatric disease. Although we
did not assess for LTC in this subpopulation,
there is reason to believe that this is a vulnera-
ble population with which the healthcare
community would have difficulty with con-
necting to DAA therapy. Previous studies show
that barriers to LTC and treatment include lack
of trust with healthcare providers [35], mis-
conceptions regarding treatment adherence [36]
as well as higher rates of depression and psy-
chiatric illness [37]. Injection drug use is also a
common reason for treatment deferral due to
factors such as deteriorating financial status,
decline in personal health status, less access to
healthcare resources, and higher financial bur-
den [38]. However, a recent investigation in
rural Kentucky found that PWID achieved LTC
in their community (59%) but were not access-
ing subsequent treatment [39]. According to a
survey of HCV prescribers at the American
Association for the Study of Liver Diseases
(AASLD) Liver Meeting in 2014, only 15% of
clinicians stated they would treat an active
PWID (last injection within 30 days) with DAAs,
citing reinfection and cost as the most impact-
ful concerns [40]. However, AASLD guidelines
from 2018 explicitly state ‘‘recent or active [in-
jection drug use] should not be seen as an
absolute contraindication to HCV therapy. […]
Scaling up HCV treatment in persons who inject
drugs is necessary to positively impact the HCV
epidemic in the US [41].’’ Further interventions
are clearly needed to decrease the stigma sur-
rounding treatment of this population.

Analysis of zip codes of HCV-positive
patients shows numerous hot spots of HCV
infection, with the most populous zip code
located in Eastern Long Island, approximately

50 miles from Stony Brook Hospital. To our
knowledge, these are the first data demonstrat-
ing the presence of clusters of HCV antibody-
positive individuals in Suffolk County, NY. The
distant eastern zip code cluster is a compelling
finding, given that the other most populous zip
codes are in close proximity to SBM. With fur-
ther expansion of SBM to eastern Long Island
through Stony Brook Southampton Hospital,
Southampton, NY, the results may vary in
location or by cohort as more results from
eastern Suffolk County will be collected.

Suffolk County, and possibly the rest of Long
Island, is facing an HCV epidemic; detection of
HCV RNA prevalence was 1.7 times higher than
the national average and 2.1 times higher than
the previously reported state average. As the
majority of non-boomers (55.3%) were known
PWID, it is vital to initiate timely interventions
to both decrease the spread of HCV and increase
the LTC for those already affected by the dis-
ease. It has been shown that harm reduction
interventions, early detection and treatment,
and special attention to social barriers may all
help in drastically reducing the number of HCV
infections in this cohort [42, 43]. We suggest
point of care testing for HCV antibody with
reflex RNA as well as prompt linkage to care to
start DAA with the assistance of patient navi-
gators and concomitant referral to substance
use treatment centers.

Our study had a few limitations. First, our
study was a retrospective chart review. As a
result, we did not have longitudinal informa-
tion to determine how many patients have
achieved a sustained virologic response. Second,
although our time to appointment is much less
than national data, which may be because the
majority of our population was insured, and
thus may not be generalizable to urban or rural
areas where the proportion of uninsured may be
higher.

CONCLUSION

In conclusion, a higher prevalence of HCV was
found in Suffolk County than other locations in
New York State and we have identified a new
cohort of young HCV-positives who are less
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likely to be linked to care compared with their
older counterparts. Further interventions are
urgently needed to increase the linkage to care
in this younger population in order to prevent
long-term health sequelae and to reduce the risk
of HCV transmission.
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