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SCREENING FOR HEPATITIS C VIRUS AMONG ADOLESCENTS AND
EMERGING ADULTS IN FEDERALLY QUALIFIED HEALTH CENTERS
IN THE UNITED STATES, 2012-2017

RACHEL LEE EPSTEIN

ABSTRACT
Introduction: Despite rising hepatitis C virus (HCV) incidence in the United
States in recent years among young adults, little data describe HCV testing in
youth. My objective was to characterize the HCV care cascade in adolescents
and emerging adults in a large US sample and to describe the association
between diagnosed substance use disorders (SUDs) and HCV testing.
Methods: In this retrospective cohort study, | describe HCV care cascade
outcomes for youth 13-21 years old seen at least once from 1/2012-9/2017 at
an OCHIN-participating federally qualified health center. Using electronic health
record data, | analyzed odds of HCV testing by number of concurrent diagnosed
SUDs associated with HCV risk (those associated with injection or intranasal
use: opioids, amphetamines, and cocaine).
Results: Among 269,124 youth who met inclusion criteria, (54.7% female, 62.5%
non-white, mean age [SD] at testing 18.5 [2.2] years), 6812 (2.5%) were tested
for HCV antibody, 122/6812 (1.8%) of those tested were anti-HCV positive, and
of anti-HCV positive youth, 75.4% had additional diagnostic testing. Only 1 had
documented HCV treatment. Each additional HCV risk-associated SUD was

associated with higher odds of HCV testing, particularly in younger (OR 9.12,

\



95% CI 6.78, 12.4 in 13-15 year-olds, and OR 8.37, 95% CI 7.48, 9.36 in 16-18
year-olds) compared with older youth (OR 3.9, 95% CI 3.59, 4.24 in 19-21 year-

olds).

Conclusion: This study highlights important gaps in recommended HCV testing
during the current opioid crisis. As the first step in the care cascade, addressing

missed testing opportunities is critical for reducing hepatitis C burden.
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Objectives:

1. To characterize the hepatitis C virus (HCV) care cascade in a large
national sample of adolescents and emerging adults 13—21 years old seen
in an OCHIN-participating federally qualified health center.

2. To determine the association between diagnosed substance use
disorders, namely opioid, amphetamine and cocaine use, and screening

for HCV antibody in this cohort.

Hypotheses:

1. Substantial loss to follow-up will be observed at each step in the cascade.

2. Adolescents and emerging adults who have substance use disorders, in
particular opioid, amphetamine, and cocaine use disorders, those most
commonly injected or used intra-nasally, will be more likely to have been

screened for HCV antibody.

Background:

Although the co-occurring opioid and hepatitis C virus (HCV) epidemics in
the United States (U.S.) have most notably affected young adults 18—-39 years
old, overdose deaths and self-reported substance use have also increased
sharply in adolescents (13—19 year-olds).”°2¢ However, HCV incidence in
adolescents has not been well-described to date. The prevalence of HCV among

individuals admitted to children’s hospitals across the U.S. has risen over the



past decade, particularly in adolescents with diagnosed substance use
disorders.® Overall HCV testing has also increased in both adults and children in
recent years, although based upon national and statewide laboratory reporting
data, these levels still fall far short of guideline-recommended screening for both
adults and children.#1215-17.28 The United States Department of Health and
Human Services National Viral Hepatitis Action Plan has set forth respectable
goals for HCV elimination over the next few decades,?’ but in order to meet these
goals, significant ramp up of testing, linkage, and treatment must be
accomplished. Community health centers represent a key venue in the cascade
to cure for HCV in general adult populations, and could serve an important role in
screening adolescents and children, but few studies examine outpatient HCV
screening and linkage practices in pediatrics.?81214.18.20.29 Additionally, to my
knowledge, no published studies in the era of the current opioid crisis have

specifically described adolescent HCV screening practices.

National guidelines recommend HCV screening for any adult or child, who
is currently injecting or has in the past injected drugs (and less strongly
recommend screening if any past or current intranasal drug use).11%23 HCV
screening is also recommended for individuals with certain medical conditions
(such as long-term hemodialysis, human immunodeficiency virus [HIV] infection),
receipt of an unregulated tattoo, incarceration, and anyone who has had
exposure to a potentially HCV-infected source via healthcare or other
percutaneous or mucous membrane exposure, organ transplant, blood

2



transfusion, long-term sexual partner, or mother with HCV.1123 Additionally, for
adults, birth cohort screening has been recommended since 2012 for individuals
born between 1945-1965 due to the high HCV prevalence noted in this age
group.?! Studies examining uptake of birth cohort screening have shown
increased screening rates following the 2012 and 2013 Centers for Disease
Control and Prevention (CDC) and United States Preventative Services Task
Force recommendations.*61222 However, even with rapid uptake of the
recommendations, fewer than 50% of eligible birth-cohort individuals across the
country have been HCV-tested.??> Multiple studies have also demonstrated
geographic variation of birth-cohort screening and increased rates of HCV

screening in African American and Hispanic adults®822,

Investigations into HCV prevalence and screening rates in the outpatient
setting for other risk-factor groups are more limited. Mayer and colleagues
examined HCV prevalence and provider perceptions about individual screening
rates and barriers among a multi-state community health center (CHC) cohort.*8
They report estimated clinic HCV prevalence rates (among all ages combined) of
0.1-3.7% for individual CHCs with an overall prevalence of 1.0%. Although 81%
of providers reported regularly screening individuals with injection drug use for
HCV, only 44.4% reported screening for HCV in individuals in the 1945-1965
birth cohort. In pediatrics, one study conducted in the 1990s revealed low
prevalence of HCV in a Boston adolescent outpatient population (0.1%) and
several in that era describe higher prevalence (approximately 2%) among

3



incarcerated youths.310.14.19.24 More recent studies demonstrate that routine
screening of all 15-30 year-olds is predicted to be cost-effective when
prevalence of injection drug use in a community is at least 0.59% (a level below
estimates from national survey data),2’ and showed increased linkage to care for
18-30 year-olds compared with older adults.?® Furthermore, individuals under
age 30 are those most likely to transmit HCV and therefore should be central in
elimination efforts.3® However, to my knowledge, no studies describe adolescent
HCV screening, prevalence or care cascade outcomes during the current opioid

crisis.

In this analysis, | therefore aim to characterize the HCV care cascade for
adolescents and emerging adults, aged 13-21 years old, in a large, diverse,
national sample of federally qualified health centers (FQHCSs). My primary aim is
to describe the proportion of youth tested for HCV in this cohort and to determine
the association between the primary exposure, an identified substance use
disorder (opioid, amphetamine, or cocaine use disorder) (SUD) that is potentially
associated with direct HCV risk through injection or intranasal drug use, and the
primary outcome, proportion HCV-tested, adjusting for demographic factors: age,
sex, and race/ethnicity. As a secondary aim, | will describe the association
between identified substance use disorders and HCV seropositivity, in other

words, exposure to HCV.

My hypotheses are 1) that screening rates for HCV in 13-21 year olds in

US FQHCs are low with substantial loss-to-follow-up at each step of the care
4



cascade and 2) that opioid, amphetamine, and cocaine use disorders diagnoses
predict a higher odds of screening, but with persistent gaps remaining in youth
with this recorded risk. Injection drug use is the risk factor noted most frequently
in acute reported cases of HCV.20.26 | isolate this age group (13-21 year-olds) as
it represents the population most likely to be seen by pediatricians and most
likely to be HCV-tested for an injection drug-related risk factor. Children HCV-
tested before the age of 13 are more likely screened for either evidence of
perinatal HCV transmission or other (non-injection-related) blood or bodily fluid
exposures. In youth 13-21 years old, however, with rising prevalence of
substance use, testing for HCV is likely to represent screening in the presence of
a recognized substance-related risk factor.”? In fact, in a recent study of patients
admitted to children’s hospitals in the US with diagnosed HCV infection,
diagnosed SUDs increased from co-occurring in 25% of children with diagnosed
HCV in 2006 to 41% of children with HCV in 2012.° In this study, | will use
International Classification of Diseases, 9" and 10™ edition (ICD-9/10) codes for
substance use disorders, primarily those for opioid, amphetamine, and cocaine
use, as a proxy for risk of injection or intranasal drug use, as these are
substances that can be injected or used intra-nasally in various forms. Not all
individuals with a diagnosed opioid, amphetamine or cocaine use disorder inject
or intra-nasally use drugs, but these disorders do indicate that an individual is at
higher risk of potential injection or intranasal drug use. Additionally, ICD-9/10

codes for substance use and dependence have been shown to have high



sensitivity (albeit poorer specificity) for detecting injection drug use.!3

Design and Methods:

Study Population

OCHIN, formerly the Oregon Community Health Information Network prior
to its expansion across many states and health systems, is a subset of the
Accelerating Data Value Across a National Community Health Center Network
(ADVANCE) cohort. OCHIN is a multisite, electronic health record (EHR) based
data registry, that at the time of our data procurement in September 2017,
included 549 individual FQHCs (98 health systems) across 19 states (Alaska,
California, Colorado, Florida, Georgia, Indiana, Massachusetts, Michigan,
Minnesota, Montana, Nevada, New Mexico, North Carolina, Ohio, Oregon,
Texas, Utah, Wisconsin, and Washington). Of the more than 2 million individual
patients across the U.S. included in this cohort, 28% are under 19 years old, and
66% have either public insurance or are uninsured. For this analysis, we
requested and analyzed data for all individuals with at least one visit to a
participating OCHIN FQHC between January 1%, 2012 and March 31%t, 2017,

who were 13-21 years old at study end.
Data Collection

As an EHR-based cohort, data is retrospectively abstracted from the

clinical data input into the OCHIN EHRSs, and de-identified by the OCHIN team.
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Substance use disorders are determined by ICD-9/10 codes for substance abuse
or dependence entered into the EHR, and include alcohol, amphetamines,
barbiturates, cannabis, cocaine, hallucinogens, and opioid abuse or dependence
(Supplementary Table 1). | combined codes for dependence and abuse for each
individual substance and categorized them jointly as the particular substance use
disorder. Race/ethnicity and sex are abstracted directly from the EHR. Year of
birth is included for all individuals, and dates for all laboratory values and visit
dates are de-identified to a date within a similar time period. HCV antibody (anti-
HCV), nucleic acid (RNA), and genotype as well as HIV antibody and RNA
results are directly obtained from the EHR as well as ICD-9/10 codes for HCV
(Supplementary Table 1) with associated de-identified first date of diagnosis.
Finally, pharmacy records from the EHR for all HCV therapies with dates of
initiation and completion were obtained as well. All individuals included in the
dataset have complete data for each variable; anyone missing key demographic
variables was excluded by OCHIN prior to data abstraction. For substance use
variables, anyone without recorded substance use in the social history or by ICD-

9/10 code for a SUD is considered not to have an identified SUD.

For HCV-tested individuals only (n=6812), each visit date and the
insurance type (public, private, or self-pay) at the time of visit is also available as

is HIV testing occurring over the study period.



Measures

Outcomes: The primary outcome was the proportion of youth in the cohort
who were screened at least once for HCV over the study period. To isolate
incident HCV screening from prevalent HCV diagnoses already made in the
cohort, | excluded individuals with an HCV diagnosis by ICD-9/10 code that pre-
dates (occurs prior to the exact date of) any HCV Ab testing occurring during the
study period. Excluding these individuals yielded a study population size of
N=269,124. An HCV screening event was defined by the presence of a
completed HCV Ab test in the EHR. The secondary outcome will be positive HCV

antibody testing.

Primary Exposure: The primary exposure, diagnosed opioid, amphetamine
or cocaine use disorders, were determined by either ICD-9/10 coding for use or
dependence as described above or by presence of substance use listed in the
social history of the EHR. Each SUD was examined individually for independent
effects on HCV testing in univariate analysis, however for the primary
multivariable analysis, to account for collinearity between multiple SUDs and to
account for the number of co-existing SUDs, | categorized individuals by the
combined number of SUDs present that could be associated with injection or
intranasal route (opioid, amphetamine, and cocaine use). This categorical
variable has a range of 0—3, with 3 representing individuals with diagnosed

opioid, amphetamine and cocaine use disorders, 2 representing youth with any



combination of 2 of these diagnoses, 1 indicating a single diagnosis, and zero

indicating none of these diagnoses identified.

Care Cascade:

Cascade of care outcomes are be described as follows:

1. HCV tested (completed HCV antibody)

2. HCV seropositive (positive HCV antibody testing)

3. HCV RNA-tested (HCV RNA testing completed)

4. HCV viremic (HCV RNA positive)

5. HCV genotype completed

6. HCV treatment initiated (determined by HCV medication start date)

7. HCV treatment completed (determined by HCV medication stop date)
8. Sustained viral remission (cure, demonstrated by negative HCV RNA

at least 12 weeks after completion of HCV treatment)

Each cascade outcome is conditional on the prior cascade outcome; in
other words, all those with an HCV genotype completed are eligible for HCV
treatment. This will exclude individuals who may have completed earlier cascade
steps in other care locations or prior to study start, but will allow for clear

categorization of individuals along the care cascade.

Potential Confounders: Year of birth was converted to age and examined
along with race/ethnicity and sex as potential confounders of the association

between diagnosed SUD and HCV testing and seropositivity. | categorized age



as 13-15 years, 16-18 years, or 19-21 years at study end as younger and older
age groups may be approached differently by clinicians in determining risk

factors, addressing testing, and considering the possibility of HCV treatment.

Analysis:

Cascade of care: Descriptive statistics were used to describe the cascade
of care outcomes and the overall cohort, showing the proportion of participants

receiving HCV screening, evaluation, and treatment over the study period.

Factors associated with screening: Again, using descriptive statistics, |
describe the population HCV-screened and HCV seropositive by demographics,
and single and combined SUDs. | then employed multivariable logistic regression
analysis to explore factors associated with HCV testing (primary outcome),
namely the number of identified substance use disorders (primary exposure),
adjusting for potential confounders: race/ethnicity, age, and sex. Variables
causing at least a ten percent change in estimate of odds of HCV screening to
the univariate odds ratio were selected step-wise for inclusion in the multivariable
model, and two-way interaction terms were evaluated as well, with stratified
analysis completed in the case of significant interactions. For my original
objectives, | considered evaluating each SUD individually, or opioid use disorder
primarily; however, given significant associations and interactions between each
individual SUD, as they are not mutually exclusive, and as shown, many

individuals had polysubstance use, in order to isolate the effect of specifically the
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SUDs associated with potential HCV risk, | therefore categorized the number of
these SUDs occurring together. Institutional Review Board approval was
obtained from Boston Medical Center, with exempt status given the fully de-
identified data set. All analyses were performed using SAS version 9.4 (Cary,

North Carolina).

Results:

In total, 269,287 individuals age 13-21 years old at study end (2017)
visited an OCHIN FQHC from January 2012 through September 2017 (Figure 1).
Excluding 163 with evidence of HCV by ICD-9/10 coding preceding any HCV
testing observed, 269,124 met inclusion criteria and were analyzed; 147,198
(54.7%) were female, 101,014 (37.5%) white non-Hispanic, 47,476 (17.6%)
Black non-Hispanic, 90,203 (33.5%) Hispanic, and 30,431 (11.3%) other race
(Alaskan Native, American Indian, Asian, Native Hawaiian, other Pacific Islander,
or no race reported) (Table 1). Altogether, 23,237 youth (8.6%) had a diagnosed
substance use disorder (SUD), with cannabis use disorder being most common
(20,058, 7.4%). Eight hundred seventy-five (0.3%) had a diagnosed opioid use
disorder, 1738 (0.6%) a diagnosed amphetamine use disorder, and 2204 (0.8%)
either a diagnosed opioid or amphetamine use disorder. By number of diagnosed
SUDs with potential for injection or intranasal use, 1830 (0.7%) had one of these

SUDs listed, 563 (0.2%) had two, and 180 (0.07%) had all three identified.
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HCV Care Cascade

Over the study period, 6812 (2.5%) individuals were tested for HCV (Table
2), and of those tested 122 (1.8%) were HCV seropositive (Table 3). Of the 122
seropositive, 92 (75.4%) had confirmatory HCV RNA testing completed, of
whom, 41 (44.6%) had positive HCV RNA, or in other words, evidence of chronic
HCV infection (Figure 2). Fifteen (36.6%) of those with evidence of chronic
infection had HCV genotype testing completed, and only one individual was
treated for HCV during the study period. This individual was treated in 2017, and
did have evidence of return for confirmation of cure (at least 12 weeks after
therapy completion) before the end of the study period, but did have negative

HCV RNA testing at 6 weeks into therapy (Figure 1).

HCV Testing by Diagnosed Substance Use

Of youth with diagnosed opioid use disorder, 311 (35.5%) were tested for
HCV, and of those, 33 (10.6%) were HCV seropositive (Tables 2—3). Similar
proportions of individuals with amphetamine and cocaine use disorder were also
tested for HCV (33.4% and 37.4%, respectively), and of those tested, 34 (5.9%)
youth with amphetamine use disorder and 11 (3.3%) with cocaine use were HCV
seropositive (Table 3). Of youth with all three of these SUDs diagnosed, 118

(65.6%) were HCV-tested.

Multivariable Analysis

Unadjusted analysis examining individual covariates and the primary

12



exposure (diagnosed SUDSs) revealed associations between each variable and
the primary outcome (HCV antibody testing). Older age, male sex, Black non-
Hispanic race, and individual SUDs were each associated with increased crude
odds of HCV testing (Table 2). For age, this trend increased from an unadjusted
odds ratio [OR] for HCV testing of 3.54 (95% confidence interval [95% CI] 3.21—
3.90) for 16—18-year-olds compared with 13—-15-year-olds, to an odds of HCV
testing of 6.86 (95% CI 6.24-7.52) for 18-21 year-olds compared with 13-15
year-olds. Opioid and amphetamine use were associated with the highest
univariate ORs for testing, 22.2 (19.3—-25.6) and 21.0 (18.9-23.3) respectively.
Examining associations between the number of diagnosed SUDs with potential
direct HCV risk and HCYV testing, the odds of HCV testing increased in a dose-

dependent manner with the number of diagnosed SUDs (Table 2).

Model building was conducted using the 10% change in estimate rule,
without including any variables a priori, and with the number of SUDs with
potential for direct HCV risk (amphetamine, cocaine, and opioids) as the primary
exposure. | first adjusted for age group given younger adolescents are likely
generally perceived to have fewer risk factors for HCV given less reported
substance use in these age groups.’ Adding this covariate indeed changed the
estimate of the OR for HCV testing by 12.5%, decreasing the OR from 6.15 (95%
Cl1 5.76, 6.56) unadjusted to 5.38 (5.05, 5.72) adjusted for age category (Table
4). | examined next race/ethnicity given reported bias in HCV testing in adults,
with higher testing rates in Black and Hispanic individuals, controlling for risk

13



factors.5822 Here | did not find a greater than 10% change in the odds of HCV
testing for individuals by additional potential injection or intranasal route SUDs.
Continuing stepwise selection by 10% change in estimates, sex did not meet
criteria for entry into the regression model either. Next, | checked for the two-way
interaction term between age category and ordinal number of potential injection
or intranasal route SUDs, and indeed this interaction term was significant and
increased the adjusted OR. Therefore, | decided to stratify by age to better
evaluate for potential effect measure modification at different age categories.
Repeating the 10% change in estimate rule with each age group, no additional
covariates (neither race/ethnicity nor sex) were selected for the model. The final
model, therefore, reflects age-stratification only (Table 5), and reveals higher
odds of HCV testing by additional SUD diagnoses in younger (OR 9.12, 95% ClI
6.78, 12.4 in 13-15-year-olds, and OR 8.37, 95% CI 7.48, 9.36 in 16—18-year-
olds) compared with older age categories (OR 3.9, 95% CI 3.59, 4.24 in 19-21-

year-olds).

Discussion:

In this large, national sample of youth seen at US FQHCs, 2.5% of youth
were tested for HCV, and 1.8% were HCV seropositive. Each SUD examined
was associated with increased screening for HCV, in particular opioid and
amphetamine use disorders and the presence of more than one diagnosed SUD

that is associated with potential HCV risk. Yet still only 22.9% of those with a

14



single SUD associated with potential HCV risk and only 65.6% of those with all
three diagnosed SUDs associated with potential HCV risk were tested for HCV
despite an HCV seroprevalence of 1.1-3.6% in individuals with any of these
SUDs HCV-tested, and of 11% in those with opioid use disorder in particular,

who were HCV-tested.

To our knowledge, this study is the first to provide estimates of outpatient
HCV testing rates specifically in youth 13-21 years of age amidst the opioid
epidemic. The only recent study to also examine this question, but across all
children younger than 19 years of age and in a large commercially insured
population, revealed a testing rate of less than 0.5%.%? Other seroprevalence
studies in youth were published prior to the current opioid epidemic or do not
distinguish youth from young adults.®2° More recent evidence exists for
increased HCV diagnoses among pediatric hospitalizations in the U.S. and
another among youth in Massachusetts.>2° Consistent with this recent data, this
study demonstrates substantial HCV test positivity in youth and emerging adults
at FQHCs across the U.S. With direct acting antivirals now available for youth as
young as 12 years old and increased linkage to care in 15-30 year-olds,
expanding testing programs for HCV in adolescents and emerging adults

represents a cost-effective strategy to initiating the cascade to cure.?52°

Testing in this cohort appropriately occurred more frequently in youth with
diagnosed SUDs, in particular opioid, amphetamine, and cocaine use disorders,

those most likely to be injected or used intranasally therefore associated with
15



direct risk of HCV acquisition. Individuals with co-occurring SUDs had higher
odds of being HCV-tested, but the identification of even one of these diagnoses
should prompt appropriate risk assessment and screening. Increased testing also
occurred for Black, Hispanic, and other race and for cannabis and alcohol use in
unadjusted analyses without corresponding associations with increased HCV
seropositivity. Although race/ethnicity was not found to confound the relationship
between number of diagnosed SUDs and HCV testing, Black non-Hispanic race
remained significantly associated with increased odds of HCV testing in all
models evaluated (data not shown). This raises concern for bias in testing
practices consistent with evidence in adult studies indicating increased testing
associated with Black and Hispanic race in the absence of other risk factors

compared to White non-Hispanics.525

Limitations and Strengths:

| was able to utilize a large dataset that should be representative of the
population seen at community health centers around the U.S. and is balanced in
regards to age, sex, and race/ethnicity. The sample size (with no missing data)
afforded power to find significant associations if they indeed exist, but also
increased the chance of determining significance where it may not represent true
findings. | therefore aimed to focus on associations with large effect sizes that
persisted even with adjustment for the demographics that likely have an effect on

the outcome based on provider biases in screening practices.
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Another strength of the study is the quality of data obtained. HCV
diagnoses and screening were determined directly from laboratory testing done
within the OCHIN EHR, as opposed to utilization of billing or diagnosis data
alone, which can be misrepresentative. The OCHIN FQHC sites, as primary care
venues, represent the primary location where HCV and HIV screening should be
occurring per guidelines. However, | was not able to capture any screening that
occurred elsewhere, such as in an emergency department, during inpatient
hospitalizations, at previous primary care locations outside the OCHIN FQHC
network, or at specialty offices not part of the participating FQHCs. Additionally,
as | only had laboratory testing completed during the study period, | may have
missed anyone screened just prior to the study period. However, given the five-
year time period captured and that youth were unlikely to be screened at an age
younger than 13 for substance use related-risk factors, and as observed,
occurred less frequently in younger age groups overall, it is likely few instances

of previous testing were missed.

Another important limitation is that | did not have visit data or person-time
contributed for those youth not screened for HCV over the study period. | could
not therefore adjust for the number of visits as a variable to in the primary
analysis or conduct a time-to-event analysis. Visit frequency and time followed
could be important confounders — individuals with fewer visits within the system
may be less engaged in healthcare, may not be continuing to pursue care within
the particular FQHC, and regardless provide fewer opportunities for screening to
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occur. These individuals could also be less likely to develop a relationship with a
healthcare provider and disclose a risk factor for HCV such as substance use.
Additionally, | did not have objective data such as toxicology screens, patient-
reported substance use outcomes, or variables to represent substance use in the
absence of ICD-9/10-coded abuse or dependence or social history
documentation. However, the aim of the analysis was not to determine the
likelihood of HCV screening by presence of substance use at all but rather by
identified substance use disorders. Furthermore, coding data does not
differentiate injection drug use from non-injection drug use disorders, and
therefore | am using opioid, amphetamine and cocaine use disorders as a proxy
for risk of injection (or intranasal use). Although not all individuals with these
diagnoses has ever injected, the diagnoses provide a measure of risk for
injection and therefore HCV risk. In addition, ICD-9/10 coding for SUDs likely
significantly underestimates the true burden of disease. In fact, the proportion of
youth in this sample with a diagnosed opioid or amphetamine use disorder
(0.8%) approximates the overall age-adjusted proportion of youth reporting ever
injection use (of any type) in the 2016 National Survey on Drug Use and Health
(0.7%).” Therefore, likely even fewer than 35.5% of individuals with any opioid
use or than the 22.9% with any of opioid, cocaine, or amphetamine use for

example, were HCV-tested.

Finally, additional information such as concurrent HIV testing, insurance
status or geographic information such as U.S. region would have been useful to
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evaluate as predictors of HCV screening, especially given geographic variation in
substance use patterns and demonstrated differences in HCV screening in adults
by region.*222 | unfortunately did not have access to these variables for
individuals not HCV-tested, however, or access to U.S. region on any individuals,
and therefore could not adjust for these factors. Future studies examining the
impact of region, HIV testing, and insurance status on HCV testing occurring in

youth could be very helpful.

Conclusion:

In this analysis, | aimed to describe HCV screening and linkage occurring
in youth 13—-21 years old in this large, national US FQHC population and to
determine factors that predict higher HCV screening rates to help identify where
additional education and policy change around testing and referral support may
be most beneficial. In the absence of prior studies demonstrating successes or
failures in HCV screening in adolescents, especially amidst the current opioid
and HCV syndemics, this study represents an area requiring heightened
attention. Although the presence of opioid, amphetamine and cocaine use
disorders were associated with increased HCV testing, still fewer than one third
of individuals with any of these identified risks for HCV were tested, highlighting a
need to improve screening programs in youth in order to achieve HCV

elimination goals.
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Table 1: Demographic characteristics, youth seen at a participating federally
gualified health center (FQHC), United States, 1/2012—-9/20172

- Total
Characteristic No. (%)
All 269,124
Age at Study End
13-15 years 78,427 (29.1)
16-18 years 92,353 (34.3)
19-21 years 98,344 (36.5)
Sex
Female 147,198 (54.7)
Male 121,926 (45.3)
Race
White Non-Hispanic 101,014 (37.5)
Black Non-Hispanic 47,476 (17.6)
Hispanic 90,203 (33.5)
Other/Not Reported® 30,431 (11.3)
Diagnosed Substance Use Disorders
(SUDs) associated with potential direct
HCV-Risk®
0 Diagnosed HCV-Risk SUDs 266,551 (99.0)
1 Diagnosed HCV-Risk SUD 1830 (0.7)
Amphetamines only 1070 (0.4)
Opioids only 391 (0.2)
Cocaine only 369 (0.1)
2 Diagnosed HCV-Risk SUDs 563 (0.2)
Amphetamine & Cocaine 259 (0.1)
Opioids & Amphetamine 229 (0.1)
Opioids & Cocaine 75 (0.03)
3 Diagnosed HCV-Risk SUDs 180 (0.07)
Substance Use By Agent®
Alcohol 1591 (0.6)
Amphetamine 1738 (0.6)
Barbiturate 52 (0.02)
Cannabis 20,058 (7.4)
Cocaine 883 (0.3)
Hallucinogen 70 (0.03)
Opioids 875 (0.3)

Abbreviations: FQHC, federally qualified health center, HCV hepatitis C virus,
SUD substance use disorder
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aFQHCs were located in the following states: Alaska, California, Colorado,
Florida, Georgia, Indiana, Massachusetts, Michigan, Minnesota, Montana,
Nevada, New Mexico, North Carolina, Ohio, Oregon, Texas, Utah, Wisconsin,
and Washington

b Other includes Alaskan Native, American Indian, Asian, Native Hawaiian, other
Pacific Islander, or no race reported

¢ Amphetamine, cocaine or opioid use disorders

dndividually listed SUD diagnoses are not mutually exclusive and include
individuals with multiple co-occurring SUD diagnoses
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Table 2: Association between HCV antibody testing and diagnosed substance
use disorders, youth seen at a participating federally qualified health center,
United States, 1/2012-9/2017, unadjusted analysis

o Teﬁgcil/for Unadjustgd Odds thio:
Characteristic Antibod HCV Antibody Testing
y (95% Cl)
No. (%)?
All 6812 (2.5) --
Age at Study End
13-15 years 509 (0.6) Ref
16-18 years 2085 (2.3) 3.54 (3.21, 3.90)
18-21 years 4218 (4.3) 6.86 (6.25, 7.52)
Sex
Female 3637 (2.5) Ref
Male 3175 (2.6) 1.06 (1.01, 1.11)
Race
White Non-Hispanic 2293 (2.3) Ref
Black Non-Hispanic 1743 (3.7) 1.64 (1.54, 1.75)
Hispanic 2077 (2.3) 1.02 (0.96, 1.08)
Other 699 (2.3) 1.01 (0.93, 1.10)
Diagnosed Substance Use
Disorders (SUDs) associated 6.15 (5.76, 6.56)°
with potential direct HCV-RiskP
0 Diagnosed HCV-Risk SUDs 6051 (2.3) Ref
1 Diagnosed HCV-Risk SUD 419 (22.9) 12.8 (11.4, 14.3)
2 Diagnosed HCV-Risk SUDs 224 (39.8) 28.4 (24.0, 33.7)
3 Diagnosed HCV-Risk SUDs 118 (65.6) 81.9 (60.2, 112)
Substance Use By Agent®
Alcohol 172 (10.8) 4.76 (4.06, 5.59)
Amphetamine 580 (33.4) 21.0 (18.9, 23.3)
Cannabis 1758 (8.8) 4.64 (4.38, 4.91)
Cocaine 330 (37.4) 24.1 (21.0, 27.7)
Opioid 311 (35.5) 22.2 (19.3, 25.6)

Abbreviations: HCV, hepatitis C virus, SUD, substance use disorder

a Denominator for HCV antibody testing percentage is all youth in the sample
with the individual characteristic (i.e. row percentages)

b Amphetamine, cocaine or opioid use disorders

¢ Using diagnosed HCV-Risk associated SUDs as a continuous variable (0-3)
dSubstance use disorder diagnoses are not mutually exclusive
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Table 3: Anti-HCV seropositivity with diagnosed substance use disorders, youth
seen at a participating federally qualified health center, United States, 1/2012—

9/2017
Characteristic Antl-ng.\/((; ;)as ltive
All 122 (1.8)
Age at Study End
13-15 years 6 (1.2)
16-18 years 22 (1.1)
18-21 years 94 (2.2)
Sex
Female 72 (2.0)
Male 50 (1.6)
Race
White Non-Hispanic 57 (2.5)
Black Non-Hispanic 19 (1.1)
Hispanic 28 (1.4)
Other 18 (2.6)
Diagnosed Substance Use
Disorders (SUDs) associated
with potential direct HCV-RiskP
0 Diagnosed HCV-Risk SUDs 68 (0.03)
1 Diagnosed HCV-Risk SUD 32 (1.8)
2 Diagnosed HCV-Risk SUDs 20 (3.6)
3 Diagnosed HCV-Risk SUDs 2(1.1)
Substance Use By Agent®
Alcohol 4 (2.3)
Amphetamine 34 (5.9)
Barbiturate 1(12.5)
Cannabis 36 (2.0)
Cocaine 11 (3.3)
Hallucinogen 1 (10.0)
Opioid 33 (10.6)

Abbreviations: HCV, hepatitis C virus, SUD, substance use disorder

a Denominator for anti-HCV seropositive is of all HCV antibody-tested youth with

the individual characteristic

b Amphetamine, cocaine or opioid use disorders
¢ Substance use disorder diagnoses are not mutually exclusive
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Table 4: Model-Building Process, Primary analysis

Variables in Model Odds 95% Change in
Ratio Confidence Odds Ratio
Estimate Interval Estimate by
adding selected
variable:

Crude OR for HCV Testing with primary
exposure: ordinal ‘injection’ risk (0—3 for
number of co-existing substance use
disorders (SUDs) that are associated
with injection or intranasal use and
therefore HCV risk)?

Adding Age Category (13-15 years, 16—

6.15 5.76, 6.56

18 years, 19-21 years at study end) 5.38 5.05, 5.72 12.5%
OR Estimate for HCV testing, adjusting

for injection risk category and age 5.38 5.05, 5.72

category

Adding Race/Ethnicity 5.75 5.40, 6.13 7.0%
OR Estimate for HCV testing, adjusting

for injection risk category and age 5.38 5.05, 5.72

category

Adding Sex 5.34 5.01, 5.68 8.0%
OR Estimate for HCV testing, adjusting 538

for injection risk category and age ' 5.05, 5.72

category

OR Estimate for HCV testing, with
injection risk category, age category, &
interaction term: age category * injection
risk®

9.18 6.79,12.4 81%

Abbreviations: HCV, hepatitis C virus, SUD, substance use disorder, OR odds
ratio

a Amphetamine, cocaine or opioid use disorders
b p-value for interaction term <0.001
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Table 5: Final models, association between HCV antibody testing and number of
diagnosed substance use disorders associated with HCV risk, youth seen at a
participating federally qualified health center, United States, 1/2012-9/2017

Stratum / Characteristic

Stratified Odds Ratio:
HCV Antibody
Testing®
(95% CI)

Age 13-15 years,
at Study End

Each Additional Substance
Use Disorder, Associated
with HCV Risk via Injection
or Intranasal Use?

9.12, (6.78, 12.4)

Age 16-18 years,
at Study End

Each Additional Substance
Use Disorder, Associated
with HCV Risk via Injection
or Intranasal Use?

8.37 (7.48, 9.36)

Age 19-21 years,
at Study End

Each Additional Substance
Use Disorder, Associated
with HCV Risk via Injection
or Intranasal Use?

3.9 (3.59, 4.24)

Abbreviations: HCV, hepatitis C virus

a Amphetamine, cocaine or opioid use disorders
b Unadjusted as no covariates met the 10% change in estimate criteria
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Supplementary Table 1: ICD-9/10 codes used for hepatitis C virus infection and
substance use disorders?

Hepatitis C Diagnoses ICD-9 Code  ICD-10 Code(s)
Acute hepatitis C, without hepatic coma 070.51 B17.10
Chronic hepatitis C, without hepatic coma 070.54 B18.2
Unspecified viral hepatitis C, without hepatic coma 070.70 B19.20

Substance Use Disorders

Drug dependence 304 F11, F12, F13,
F14, F15, F16,
F18, F19
Alcohol dependence 303 F10.2
Alcohol abuse 305 F10.1
Amphetamine dependence 304.4 F15.2
Amphetamine abuse 305.7 F15.1
Barbiturate dependence 304.1 F13.2
Cannabis dependence 304.3 F12.2
Cannabis abuse 305.2 F12.1
Cocaine dependence 304.2 F14.2
Cocaine abuse 305.6 F14.1
Hallucinogen dependence 304.5 F16.2
Hallucinogen abuse 305.3 F16.1
Opioid dependence 304.0 F11.2
Opioid abuse 305.5 F11.1

Abbreviations: ICD-9/10, International Classification of Diseases, 9th and 10th Edition

2 Abuse and dependence categories were combined to indicate an individual substance
use disorder, and ‘Any Substance Use’ denotes the presence of any of the listed codes.
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Figure 1: Study Flow Diagram

Total OCHIN FQHC Excluded 163 with Hepatitis C by ICD-9/10
population aged 13-21 . L .
. code diagnosis prior to any HCV antibody
in 9/2017 testing:
N = 269,287 ' . , ,
- 126 had Hepatitis C diagnosis but no
HCV labs at OCHIN
> - 28 had positive HCV antibody
testing that occurred after the
Eligible for HCV hepatitis C diagnosis date
Antibody Testing - 9 had negative HCV antibody testing
N = 269,124 after or concurrently with the
henatitis C diannonsis
v
HCV Antibody Testing
Completed
N = 6812 (2.5%) HCV Antibody Negative:
- 3 had a subsequent positive HCV
RNA (with no additional antibody
> testing)
v - 49 with HCV RNAs completed and
HCV Antibody Positive negative, unclear why ordered

N =122 (1.8%)

v

HCV RNA not tested
N = 30 (24.6%)

HCV RNA-tested
N =92 (75.4%)

v

v HCV RNA not detected
N =50 (54.3%)

HCV RNA-detected
N =42 (45.7%)

\ 4

v

Spontaneously cleared

Genotype Completed after initial positive HCV
N =15 (36.6%) RNA
N =1 (2.4%)

v

Treatment initiated (near study end,
negative HCV RNA at 6wks)
N =1 (6.7%)

Abbreviations: HCV, hepatitis C virus; FQHC, federally qualified health center; RNA,
ribonucleic acid: ICD-9/10. International Classification of Diseases. 9th and 10th Edition.
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Figure 2: Hepatitis C care cascade for youth 13—-21 years old seen at a participating FQHC, 1/2012-9/2017, United

States
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