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Abstract

Abstract Background Hepatitis C virus (HCV) infection is the most common bloodborne infection in the U.S. However, only a
small proportion of persons are treated and cured. Previous research has not characterized sociodemographic characteristics of
who receives treatment. We examined predictors of undetectable for HCV in Orange County, the sixth largest county in the
United States, where HCV is the most commonly reported infection. Methods: From 2014 to 2020, we acquired public health
surveillance data from 91,165 HCV antibody-positive care encounters from the California Reportable Disease Information
Exchange (CalREDIE). We used a time-to-event proportional hazards framework to estimate individual and area-level correlates
of time-to-HCV undetectable viral load among HCV + individuals. Results: Older adults (>65 years) showed an increased hazard
of undetectable viral load relative to younger adults (HR = 2.00). In addition, residents of census tracts with greater enrollment in
health insurance showed a greater likelihood of undetectable viral load (HR = 1.36). The moderating effect of higher tract median
household income and higher tract levels of health insurance were more likely to have undetectable viral load and was statistically
significant. Conclusion: In a large urban county, HCV antibody-positive older adults appear much more likely to show undetect-
able viral load compared to younger adults. Residents in areas with higher quartiles of health insurance enrollment have an
increased likelihood of undetectable viral load. The extent to which constraints impede HCV care requires further investigation,
including follow-up studies on health insurance type to test the relationship of health insurance type to undetectable viral load.
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initiation, and treatment completion.® > With successful treat-
ment leading to a sustained virologic response (SVR) with the
virus remaining undetectable 12 weeks post-treatment comple-
tion.* '3 Although generally accepted as the standard of care,
the care cascade may vary by treatment facility and clinician.
This cascade is crucial because it identifies where patients can
drop out of HCV care and assists public health practitioners in
defining denominators for analysis using the number of patients
in that part of the care cascade.

Diagnosis of HCV is imperative for patients to receive care.
To diagnose HCV infection, patients must complete antibody
testing and a subsequent viral load test to confirm viremia or
chronic infection. Active infection of HCV is only confirmed
using a viral load test.'* The recommended diagnosis procedure
begins with an HCV antibody enzyme-linked immune absorbed
assay (ELISA) test with a follow-up RNA viral load test with
viremic patients referred to treatment.'>'¢

A viable cure for HCV is available. In 2014, the Food and
Drug Administration (FDA) approved the first wave of Direct
Acting Antivirals (DAAs), curing the disease in as few as
eight weeks with a likelihood of reinfection post-SVR.'*!'7—2*
Numerous studies have shown that these DAAs are over 95%
% effective ®!7-21-23-26

Although DAA medications are effective, their cost (ranging
from $24,000 to $100,000) is a barrier to utilization, preventing
infected individuals from seeking treatment.”’ " Insurance
coverage of these medications should be examined to under-
stand their independent and multiplicative effect on attaining
an undetectable viral load.

Orange County, California, is the sixth most populous county
in the U.S. with a population of 3.3 million.*" The morbidity and
mortality from hepatitis C infection in Orange County is substan-
tially greater than any other infectious disease in the last decade
(excluding the recent COVID-19 pandemic.)'**?

Despite the availability of effective treatment, it remains
unclear what fraction of Orange County, California (O.C.)
with an antibody-positive test, the sociodemographic determi-
nants of who ultimately receives treatment are not well-
characterized due to gaps in surveillance data. Other studies
have not examined undetectable viral load using public health
surveillance data in the U.S. and have only examined effective-
ness of point of care testing on viral load.>*~’

To better understand the infection rates in O.C. and how it
relates to HCV testing, we examine the relationship between
the individual (age, gender, out of state status) and area-level
factors (census-tract level median income and insurance cover-
age) and the likelihood of an undetectable viral load for HCV.

Methods and Data Sources

Study Population

Participants in this dataset included 23,950 HCV antibody pos-
itive patients (and 91,165 patient encounters) in the (California
Reportable Disease Information Exchange) CalREDIE infec-
tious disease report database.

Sampling and Sampling Procedure

This dataset was a convenience sample compiled from all HCV
antibody positive case reports assigned to O.C., California from
January first, 2014, to March first, 2020.'? Each person was
counted individually and each test result categorized a as a dif-
ferent encounter. Out of the 159 to 140 total encounters, 91,365
were able to be joined to census tracts and 91,165 had no
missing variables. that could be joined using census tract infor-
mation to American Community Survey 2017 data. A sample
diagram can be found in appendix A.

Sample Size Determination

This dataset was compiled from all hepatitis C antibody positive
results from CalREDIE from 2014 to March first, 2020. All
HCYV viral load tests, regardless of the result, are reported to
CalREDIE. Power calculations were conducted and there was
an appropriate sample size to perform this analysis with 0.80
power according to the statistical software.*®

Data Collection Procedure

Data were extracted through CalREDIE’s data warehouse for
all those who tested antibody positive for hepatitis C

3 This research received approval from the Institutional
Review Boards of the University of California, Irvine protocol
H.S. # 2019-548 and the O.C. Health Care Agency (OCHCA)

Data Analysis

The dependent, or time-to-event variable is an undetectable
viral load. An undetectable viral load was classified as having
less than 20 copies/ml on a PCR RNA viral load test.*’ A sen-
sitivity analysis was conducted with different viral load cut-offs
to determine an undetectable viral load that could lead to sus-
tained virologic response or natural clearing of HCV infection*’
We measured history of HCV infection by extracting data from
the CalREDIE database for patients assigned to the OCHCA
who tested positive using a HCV antibody test; cases with
addresses outside of California were designated out of state.
We specified a Cox proportional hazard model, and the time
period for evidence of undetectable viral load was by year. This
regression uses time over multiple individual encounters per
person to control for it in analysis and helps to see what the
hazard of an event (in this case, whether an undetectable viral
load) will happen.*! The hazard function, in this case, is the
“risk”” of having an undetectable viral load at time £.***' In this
dataset, there were 23,950 people with 91,165 total encounters
as panel data. The unit of analysis is by person. The proportional
hazards assumption using Schoenfeld residuals was not met so
we cannot assume that the hazards are the same for every individ-
ual in this regression,*® however these results are still insightful
and can be used to better target public health interventions.
Independent variables at the individual level included age,
gender, and in/out of state status. The coding for gender was
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categorical as collected (male, female, or unknown) and
recoded into binary, male, or female. Age was divided into
10-year age groups after the age of 19 also as binary (65 and
younger and over 65 years of age).'” Due to 80% of missing
race/ethnicity data in this dataset, we did not examine this
covariate in these analyses.

Observations with census tract information were joined with
data from the 2017 American Community Survey (ACS) (n=
23,950 or 73%). The 2017 ACS was used as it was the most
recent ACS 5-year estimate conducted at the time of analysis.
This matching allowed us to examine the role of median house-
hold income and % of residents with health insurance with an

Table 1. Sociodemographic and Descriptive Characteristics of
Individuals with HCV Antibody Positive Encounters Encounters in
Orange County, California from 2014 to 2020 n=23,950.

Gender (coded as binary) N Percent
Female 9788 40.87
Male 14,048 58.66
Missing 114 0.48
Total 23,950 100

Ever tested with an out-of-state address? N Percent
Never tested with an out of state address 23,532 98.25
(California)

Ever tested with an out of state address 418 1.75
Total 23,950 100
Undetectable Viral Load (VL tested with <20 N Percent

copies per ml)

Detected Viral Load 23,691 98.92
Undetectable Viral Load 259 1.08
Total 23,950 100

Age group 10 years N Percent
<I8 194 0.8l
18 to 19 166 0.69
20 to 29 2907 12.14
30 to 39 2806 11.72
40 to 49 3293 13.75
50 to 59 6364 26.57
60 to 69 5708 23.83
70 to 79 1835 7.66
80+ 677 2.83
Total 23,950 100

Under 65 19,048 79.53
65 and over 4902 20.47
Total 23,950 100

Year a person was first tested N Percent

2014 3150 13.15

2015 5095 21.27

2016 3544 14.8

2017 3940 16.45

2018 3915 16.35

2019 3556 14.85

2020 750 3.13

Total 23,950 100

Data up to March I, 2020

undetectable HCV viral load. Health insurance was further
divided into % with private health insurance, % with no
health insurance, and government health insurance (state or
federal, Medicaid or Medicare.)** These data were aggregated
into quartiles to be consistent with the literature and to better
understand the wealth as distributed.*® Data were analyzed
using Stata version 13 (StataCorp, College Station, TX).

Results

The mean age was 52.47 years (£ 15.20, min: 0, maximum of
119) (Table 1). Participants were mostly male (58.66%), and
20.47% of participants were over 65 years. California residents

Table 2. Multivariable Cox Proportional Hazard Regressions with
Selected Covariates of an Undetectable Viral Load among Antibody
Positive Encounters in Orange County, California.

Adjusted Cumulative
Hazard Ratio (95% ClI)

Gender (coded as binary)

Female Reference

Male 0.93 (0.86-1.01)
State of residence

In California Reference

Out of State
10 year age group

0.65 (0.45-0.95)

<I8 Reference

18to 19 0.86 (0.32-2.32)

20 to 29 0.99 (0.47-2.11)

30 to 39 1.35 (0.63-2.86)

40 to 49 1.67 (0.79-3.53)

50 to 59 2.03 (0.97-4.28)

60 to 69 2.28 (1.08-4.80)

70 to 79 2.89 (1.37-6.12)

80 + 2.39 (1.10-5.19)
Estimated median household income by

quartile at the census tract level (n=

91,356)

QI =%$31,029 to $53,014 Reference

Q2 $53,015 to $63,339
Q3 $63,340 to $83,289

0.78 (0.67-0.90)
0.87 (0.74-1.02)

Q4 $83,290 to $250,000 0.94 (0.78-1.12)
Percent health insurance at the census
tract level by quartile
Ql=71.3% to 82.0% Reference
Q2=282.1% to 87.7% 1.02 (0.90-1.16)
Q3=87.8%to 92.1% 1.05 (0.92-1.20)
Q4=92.2% to 100% 1.36 (1.19-1.57)
Percent with government health
insurance at the census tract level (n=
91,365)
Ql=11.1%to 28.6% Reference

Q2=28.6% to 36.8%
Q3=36.9%to 45.1%
Q4=45.2% to 89.4%

0.85 (0.77-0.95)
0.76 (0.66-0.88)
0.56 (0.47-0.66)
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Nelson-Aalen cumulative hazard estimate of undetectable viral load of HCV AB+ individuals in Orange County
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Figure |. Multiple Cox regression curve of an undetectable hepatitis C viral load.

comprised 98.25% of the sample and the remaining 1.83% were
out of state. A total of 259 individual patients (1.08%) showed
an undetectable viral load at any time between 2014 and 2020.

Adults over 65 were more likely to have an undetectable
viral load relative to younger adults (HR =1.60 [1.47-1.756])
(Table 2, hazard curve in Figure 1). In addition, in/out of
state residence does affect an undetectable viral load making
the hazard lower (HR=0.65 95% Confidence Interval
[0.45-0.95].

Residents of census tracts with the highest percentage of any
health insurance coverage were more likely to have an undetect-
able viral load (HR =1.36, 95% CI [1.09-1.70]). Patients in
tracts with higher quartiles of government health insurance
were less likely to have an undetectable viral load. The fourth
quartile of % health insurance (over 92% coverage compared
to quartile 1) HR =1.36 (1.19-1.57) and all quartiles of % on
government health insurance compared to quartile 1 were less
likely to have an undetectable viral load. In general, persons
residing in census tracts with a higher percentage of public
health insurance showed reduced HRs of receiving treatment.

An interaction term between median income and health
insurance was significant (Table 3)

When holding quartile of income constant, increasing the
quartile of insurance increased the HR of an undetectable
viral load. Quartile 4 compared to quartile 1 had the highest
HR of 9.75.

Multivariable Cox Proportional Hazard
Models Stratified by Patients Over 65

Given the discovered difference in treatment rates by those over
65 compared to younger patients and the strong relationship
between retirement age and health insurance type, we con-
ducted a stratified post hoc analysis for those aged 65 and
younger (n=74,136) and those over 65 (n=17,029 in
Table 4, hazard curves in Figure 2). Among older adults, a
greater proportion of public health insurance at the census
tract corresponds with an increased probability of that patient
having an undetectable viral load.

Discussion

This study examined over a seven-year period with 91,165 care
encounters of 23,950 patients in the sixth largest county in the
U.S., approximately 97% of patients who have HCV virus anti-
bodies do not indicate undetectable viral load indicating a lack
of HCV treatment or spontaneous clearance. Those who lived in
census tracts with higher quartiles of private health insurance,
and those over the age of 65, had higher odds of an undetectable
viral load with 34% patients not being tested at all for viral load.
Taken together, findings indicate an alarming level of potential
under-diagnosis and linkage to care for detected HCV antibody-
positive cases. These results indicate financial and health



Goodman et al. 5

Table 3. Multivariable Cox Proportional Hazard Model with ACS Variables with and Without Interaction Term among Antibody Positive
Encounters in Orange County, California.

Model | (base model no Model 2 (interaction by quartiles of health

interaction) insurance and median income)
Adjusted Cumulative Hazard
Ratio (95% ClI) Adjusted Cumulative Hazard Ratio (95% ClI)
Gender (coded as binary)
Female Reference Reference
Male 0.93 (0.86-1.01) 0.91 (0.80-1.03)
State of residence
In California Reference Reference
Out of State 0.65 (0.45-0.95) 0.75 (0.67-1.73)
Age groups
<I8 Reference
18to 19 0.86 (0.32-2.32) 0.38 (0.09-1.59)
20 to 29 0.99 (0.47-2.11) 0.55 (0.22-1.37)
30 to 39 1.35 (0.63-2.86) 0.80 (0.32-1.96)
40 to 49 1.67 (0.79-3.53) 0.80 (0.33-1.97)
50 to 59 2.03 (0.97-4.28) 1.06 (0.44-2.56)
60 to 69 2.28 (1.08-4.80) 1.18 (0.49-2.86)
70 to 79 2.89 (1.37-6.12) 1.99 (0.81-4.85)
80 + 2.39 (1.10-5.19) 1.74 (0.69-4.39)
Estimated median household income by quartile at the
census tract level (n=91,356)
QI $31,029 to 53,015 Reference Reference
Q2 $53,016 to $63,339 0.78 (0.67-0.90) 1.02 (0.71-1.46)
Q3 $63,340 to $83,289 0.87 (0.74-1.02) 0.83 (0.50-1.36)
Q4 $83,290 to $250,000 0.94 (0.78-1.12) 0.44 (0.14-1.42)
Percent health insurance at the census tract level by
quartile
QI =70.8% to 82.1% Reference Reference
Q2=82.2% to 87.7% 1.02 (0.90-1.16) 0.53 (0.34-0.83)
Q3=87.8%to 92.1% 1.05 (0.92-1.20) 1.23 (0.79-1.90)
Q4=92.2% to 100% 1.36 (1.19-1.57) 1.46 (0.98-2.18)
Percent with government health insurance at the census
tract level (n=91,365)
QI =13.9% to 28.5% Reference Reference

Q2=128.6% to 36.8%
Q3=36.9% to 45.1%
Q4=45.2% to 89.4%
Interaction between median income and % government
health insurance by quartile
Q2 $53,016 to $63,339*Q2=82.2% to 87.7%
Q2 $53,016 to $63,339*Q3 =87.8% to 92.1%
Q2 $53,016 to $63,339*Q4=92.2% to 100%
Q3 $63,340 to $83,289%Q2=82.2% to 87.7%
Q3 $63,340 to $83,289*Q3 =87.8% to 92.1%
Q3 $63,340 to $83,289*Q4 =92.2% to 100%
Q4 $83,290 to $250,000¥Q2 =82.2% to 87.7%
Q4 $83,290 to $250,000¥Q3 =87.8% to 92.1%
Q4 $83,290 to $250,000¥Q4 =92.2% to 100%
Observations

0.85 (0.77-0.95)
0.76 (0.66-0.88)
0.56 (0.47-0.66)

91,165

0.88 (0.79-0.98)
0.84 (0.73-0.96)
0.59 (0.50-0.70)

1.22 (0.89-1.68)
126 (0.89-1.79)
2.48 (1.30-2.75)
1.06 (0.72-1.55)
130 (0.87-1.95)
1.88 (0.97-3.65)
0.43 (0.26-0.72)
0.52 (0.36-0.75)
1.02 (0.56-1.89)
91,165

insurance barriers to diagnosis that impede patients’ ability to  results from a study that found that universal screening identi-
be linked to care. fied that those younger than the 1945 to 1965 birth cohort com-

These findings imply inadequate screening for those 65 and  prised nearly 48% of all HCV cases in four large metropolitan
younger compared to their older counterparts.** This confirmed emergency departments.*
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Table 4. Stratified Cumulative Hazard Ratios of an Undetectable
Viral Load among HCV Antibody Positive Encounters in Orange
County, California.

Over 65

Adjusted
Cumulative Hazard
Ratio (95% ClI)

Younger than 65
Adjusted
Cumulative Hazard
Ratio (95% ClI)

Gender (coded as
binary)
Female
Male
State of residence
California
Out of state
Estimated median

household income
(from 2017 ACS data)

QI =$31,029 to
$53,014

Q2 $53,015 to
$63,339

Q3 $63,340 to
$83,289

Q4 $83,290 to
$250,000

Quartiles of percent
insurance
Q1 =71.3% to 82.0%
Q2=282.1% to 87.7%
Q3=87.8%to 92.1%
Q4=92.2% to 100%
Quartiles of percent
government health
insurance
Ql=11.1% to 28.6%
Q2=28.6% to 36.8%
Q3=36.9% to 45.1%
Q4=45.2% to 89.4%
Observations

Reference
0.88 (0.80-0.97)

Reference
0.31 (0.20-0.50)

Reference
0.95 (0.81-1.13)
0.93 (0.77-1.12)
1.02 (0.83-1.27)

Reference
1.12 (0.97-1.29)
1.08 (0.93-1.26)
1.40 (1.19-1.66)

Reference

0.93 (0.82-1.06)

0.88 (0.75-1.04)

0.67 (0.55-0.81)
74,136

Reference
1.07 (0.92-1.23)

Reference
2.85 (1.56-5.18)

Reference

0.97 (0.74-1.28)

1.20 (0.91-1.58)
1.50 (1.14-1.97)
Reference

0.73 (0.89-0.89)
0.63 (0.82-0.82)
0.39 (0.55-0.55)

Reference
0.48 (0.36-0.66)
0.79 (0.57-1.08)
0.74 (0.52-1.05)

17,029

Those in census tracts with lower insurance coverage are less
likely to have undetectable viral load. In a study of 38,025
persons in sites across the United States, Ditah and colleagues
found that those who did not continue HCV follow-up care
were less likely to have health care insurance.*® Our work
builds upon that of Ditah and colleagues and covers a period
after DAA approval. If others replicate our work using
individual-level data on health insurance type, this financial
barrier to treatment requires significant policy attention and
amelioration.

*TOur study with a large sample size, in a large geographical
area allows health practitioners to identify gaps in the care
cascade and where some patients may still have infections.

The current study has policy implications, including bridging
the gaps for poor insurance coverage negatively impacting care.
Persons living with HCV need appropriate health insurance for
those uninsured to help initiate treatment. Connections to care

with more expansive insurance plans could be implemented
using peer navigators and specialty pharmacies to target those
ages 65 and younger and lower income.*® Scientists must
conduct further research to identify patients who fall out of the
care cascade and better target interventions to link patients to care.

Limitations

Some of the limitations related to using surveillance data for
secondary analysis. The missing covariates in surveillance
data do not capture or indicate information relevant to HCV
infection such as risk factors (eg, race, employment), occupa-
tion, individual insurance providers, persons in incarceration
settings or risk behaviors such as injection drug use or those
without homes. We are also unable to determine comorbidities
such as HIV, hepatitis B infection, or other disease using these
data. We cannot examine in this dataset if these groups with
increased vulnerability have an increased risk of contracting
HCV.>*® Those with less access to health care and lower
incomes are less likely to have an undetectable viral load, wid-
ening the gap of those who are unable to pay for expensive
DAA medications. The inability to categorize and analyze
these populations may lead to an underestimation of socioeco-
nomic characteristics on likelihood of undetectable viral load.

Another limitation is the incomplete nature of public health
surveillance data with missing values on individual covariates.
We do not have accurate race/ethnicity data for these HCV
cases, as 80% are missing. Regarding lab tests, we only know
if individuals are viremic if they have tested for viral load, and
we cannot verify if undetectable viral load was due to spontane-
ous clearance or treatment. We could not use these cases in the
analysis because they had a missing address or failed to
geocode. In addition, census tract-level information does not nec-
essarily reflect the status of individuals living in that tract. Also,
viremic, out-of-state patients may have returned to their home
state for treatment, which we cannot capture in this dataset.

Finally, O.C. is a popular tourism destination for substance
abuse rehabilitation in the U.S. This dataset may not reflect
the burden of HCV in other settings such as homeless encamp-
ments and incarceration facilities.*> Our results only reflect an
undetectable HCV viral load from one county in California.
They may not be generalizable to other locations in the state
or the United States as a whole. Despite this limitation, the
size of O.C.’s population (> 3 million) indicates that these
results have public health implications for this community
and counties of similar size and demographics.

Conclusion

In an era of effective treatment, the overwhelming HCV anti-
body positive patients OC do not have a detectable HCV
viral load and are potentially infectious. Only 1% of all
persons with HCV positive antibody tests had an undetectable
viral load from 2014 to the beginning of 2020, which indicates
a lack of HCV diagnosis and treatment initiation. Disparities in
insurance coverage illustrate the potential for severe inequity in
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Figure 2. Multiple Cox regression stratified by age coded as binary (65 and under, and over 65) of an undetectable hepatitis C viral load.

treatment. The USPSTF updated their guidelines in 2020, rec-
ommending universal HCV screening for all people ages 18
to 79.°° Universal HCV screening and viral load testing will
help increase care and treatment initiation. Ensuring that
health insurance will cover treatment costs and connecting
persons living with HCV to appropriate treatment and treatment
completion are top priorities. Subsequent work in this area
would benefit from understanding the structural, socioeco-
nomic, and cost barriers to achieving this successful care
cascade.
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Appendix A: Sample Diagram

See Figure 3.

HCV AB+ encounters
reported to CalREDIE from
January 1st 2010-March 1,

2020 n=159,140

\

\

Before 2014
excluded
n=5,378

HCV AB+ encounters
reported to CalREDIE from
January 1st 2014-March 1,

2020 n=153,762

—

HCV AB+ encounters Data n=62,937

Unable to be
joined to
Census Tract

reported to CalREDIE from
January 1st 2014-March 1,
2020 That were able to be

reported to CalREDIE from

joined to census tracts n= Dropped from
91,365 regression due
+—> to missing
HCV AB+ encounters Variables
n=200

January 1st 2014-March 1,
2020 That were able to be
joined to census tracts and
had no missing variables
n=91,165

Figure 3. Sample inclusion and exclusion diagram for included care
encounters among HCV+ individuals in Orange County, California

from 2014 to March |, 2020.
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