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BACKGROUND: Birth cohort screening is recommended
for hepatitis C virus (HCV) and underserved populations
are disproportionally affected by HCV. Little is known
about the influence of race on the HCV care continuum
in this population.
OBJECTIVE: To assess the cascade of HCV care in a large
racially diverse and underserved birth cohort.
DESIGN: Retrospective cohort study using electronic
medical record data abstracted until August 31, 2017.
PATIENTS: 34,810 patients bornbetween1945 and 1965
engaged in primary care between October 1, 2014, and
October 31, 2016, within the safety-net clinics of the San
Francisco Health Network.
MAINMEASURES:Rate of hepatitis C testing, hepatitis C
treatment, and response to therapy.
RESULTS: Cohort characteristics were as follows: medi-
an age 59 years, 57.6%male, 25.5%White (20.6% Black,
17.7%Latino, 33.0%Asian/Pacific Islander (API), 2% oth-
er), and 32.6% preferred a non-English language. 99.7%
had an HCV test (95.4% HCV antibody, 4.3% HCVRNA
alone). Among HCVantibody-positive patients (N = 4587),
22.9% were not tested for confirmatory HCVRNA. Among
viremic patients (N = 3673), 20.8% initiated HCV therapy,
90.6% achieved sustained virologic response (SVR) and
8.1% did not have a SVR test. HCV screening and treat-
ment were highest in APIs (98.7 and 34.7% respectively;
p < 0.001). Blacks had the highest chronic HCV rate
(22.2%; p < 0.001). Latinos had the lowest SVR rate
(81.3%; p = 0.01). On multivariable analysis, API race (vs
White, OR 1.20; p = 0.001), presence of HIV co-infection
(OR 1.58; p = 0.02), presence of chronic kidney disease
(OR0.47;p < 0.001), English (vs non-English) as preferred
language (OR 0.54; p = 0.002), ALT (OR 0.39 per doubling;
p < 0.001), and HCVRNA (OR 0.83 per 10-fold increase;
p < 0.001) were associated with HCV treatment.
CONCLUSIONS: Despite near-universal screening, gaps
in active HCV confirmation, treatment, and verification of
cure were identified and influenced by race. Tailored in-
terventions to engage and treat diverse and underserved
populations with HCV infection are needed.
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Abbreviations
AASLD American Association for the Study of Liver Diseases
ALT Alanine aminotransferase
API Asian/Pacific Islander
CKD Chronic kidney disease
DAA Direct-acting antivirals
HBV Hepatitis B virus
HBsAg Hepatitis B surface antigen
HBsAb Hepatitis B surface antibody
HCV Hepatitis C virus
HCVAb Hepatitis C antibody
HIV Human immunodeficiency virus
IDSA Infectious Diseases Society of America
IQR Interquartile range
SVR Sustained virologic response
ZSFG Zuckerberg San Francisco General
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INTRODUCTION

Hepatitis C virus (HCV) infection affects over 3.5 million
Americans and untreated HCV is associated with increased
mortality, loss of productivity, and healthcare costs,1,2

whereas HCV viral eradication with treatment improves
health.3–5 Adult patients in the 1945–1965 birth cohort
account for nearly 75% of HCV cases in the USA6,7 and
are at increased risk of mortality and hepatocellular carci-
noma.6,8 Consequently, in 2012 and 2013, the Centers for
Disease Control and the U.S. Preventive Services Task
Force recommended one-time birth cohort HCV screening
irrespective of risk factors to improve identification of
chronic HCV cases.9,10

HCV screening in the birth cohort is cost-effective when
patients with chronic HCV are successfully linked to treat-
ment11,12 and can prevent up to 121,000 deaths among those
undiagnosed.13 Furthermore, the ASCEND study recently
described the important role primary care providers can play
in improving rates of HCV treatment and cure.14 However,
despite availability of safe and effective direct-acting antiviral
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(DAA) treatments, linkage to HCV treatment remains subop-
timal.15 Thus, improving HCV treatment uptake is critical to
reducing the burden of disease.
The American Association for the Study of Liver Disease

and Infectious Disease Society of America (AASLD-IDSA)
recent guidelines identified access to HCV therapy, lack of
provider and patient education, competing priorities, and loss
to follow-up as potential barriers to HCV treatment initia-
tion.16 Furthermore, these barriers to care are exacerbated by
underserved and socioeconomically disadvantaged patient sta-
tus. While the introduction of the Affordable Care Act has
resulted in a higher proportion of public insurance among
underserved populations, patients with Medicaid coverage
are still less likely to receive HCV treatment compared to
other types of insurance.17 Moreover, HCV screening, preva-
lence, and treatment rates may vary significantly by race and
gender,18,19 and minorities, who are also disproportionately
represented among the underserved, are less likely to be
screened, referred to specialty care, or receive HCV treat-
ment.20 We hypothesized that the cascade of HCV care may
vary across underserved racial groups. In this study, we aimed
to describe the overall birth cohort screening rates and to
evaluate the influence of race on the cascade of HCV care in
the DAA era, within a large, underserved, and urban birth
cohort engaged in primary care.

METHODS

Patient Population

This is a retrospective review of electronic medical records of
birth cohort patients engaged in care within 12 adult primary
care clinics of the San Francisco Health Network (SFHN)
within the San Francisco Department of Public Health.21

Patients born between January 1, 1945, to December 31,
1965, with at least one primary care visit between October 1,
2014, and October 31, 2016, were included in the study. In the
SFHN, patients have access to HCV care either through in-
surance or the Healthy San Francisco program (a health access
program available to uninsured San Francisco County resi-
dents). Patients have access to HCV medications through
insurance or from pharmaceutical company patient assistance
programs if uninsured or underinsured, and HCV treatment is
provided in primary care clinics or by referral to liver or
infectious disease clinics. This study was approved by the
University of California San Francisco Committee on Human
Research.

Data Extraction

Demographic data and laboratory values including alanine
aminotransferase (ALT), platelets, creatinine, HIV testing
(HIV antibody, viral load), hepatitis B testing (HBsAg,
HBsAb), hepatitis C testing (HCV antibody, HCVRNA [Ab-
bott Real Time PCR Assay©, lower limit of detection < 12 IU/

mL], genotype), and prescription of HCV treatment were
extracted. Race was categorized as White, Black, Latino,
Asian/Pacific Islander (API), and other race. Records of pa-
tients who had received HCV therapy by either documentation
of DAA prescription or those without documented prescrip-
tion but an undetectable HCVRNA after a previously detect-
able level were further evaluated by individual chart review for
confirmation of receipt of HCV therapy and virologic re-
sponse rates until August 31, 2017. Sustained virologic re-
sponse (SVR) to HCV therapy was defined as nondetectable
HCV viral load (HCVRNA) 12 weeks after completion of
treatment. Cirrhosis was defined as fibrosis-4 (FIB-4) score >
3.25 based on FIB − 4 = (age[years] × AST[U/L])/(PLT[109/
L]x (ALT[U/L])0.5).22

Statistical Analysis

Descriptive statistics of HCV testing, diagnosis, and cascade
of HCV care were used to obtain frequency (%) for categorical
variables andmedian (interquartile range, IQR) for continuous
variables. Chi-square test was used for categorical variables,
while Kruskal-Wallis test was used for continuous variables to
compare baseline patient characteristics, HCV status, linkage
to treatment, and SVR status by race. To address the high
proportion of missing values for some variables (e.g., chronic
kidney disease (CKD) and HIV), multiple imputation tech-
nique23 followed by logistic regression modeling was used
when assessing factors associated with HCV treatment initia-
tion. We used the Stata Bmi impute mvn^ command to make
50 imputed datasets for all variables included in the model that
had missing values, then used the Bmi estimate^ prefix when
fitting the multivariable logistic regression model that includ-
ed all the variables. Logistic regression modeling was used to
assess factors associated with lack of confirmatory HCVRNA
testing and lack of SVR testing, after adjusting for birth year
category, race, and gender. For the analysis of rates of SVR
and lack of SVR testing, patients who did not have documen-
tation of HCV prescription but were identified as having
received HCV therapy through chart review based on
HCVRNA levels (N = 38) presented a potential for bias be-
cause the HCVRNA test used for this ascertainment was also
used to determine the outcome measures (i.e., SVR or receipt
of a SVR test). However, because this subset of patients had
lower rates of SVR testing, they were retained in these anal-
yses. In all analyses, statistical significance was designated at
p value of < 0.05 (2-sided). Analyses were done using Stata 15
statistical software, Stata Corp LP, College Station, TX.

RESULTS

A total of 34,810 birth cohort patients were identified and
included in the study, of whom 99.7% had evidence of HCV
screening; 95.4% (N = 33,213) had a HCVantibody (HCVAb)
test and another 4.3% (N = 1484) had a HCVRNA test without
a HCVAb test. Overall, 13.8% (N = 4587) were HCVAb
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positive. Among HCVAb-positive patients, 61.6% (N = 2827)
were viremic and 22.9% (N = 1052) did not receive confirma-
tory HCVRNA testing, resulting in an overall chronic HCV
rate of 10.6% (N = 3673). The presence of CKD (OR 2.24,
95% CI 1.84–2.73; p < 0.001) and absence of HIV (OR 6.15,
95% CI 3.94–9.62; p < 0.001) were associated with lack of
confirmatory HCVRNA testing when adjusted for birth year,
race, and gender (Supplemental Table 1).

HCV Screening by Race in the Birth Cohort

The rate of HCVAb screening was highest among API patients
(98.7%), followed by Latinos (96.5%), other race (95.5%),
Whites (92.8%), and Blacks (92.4%) (overall p < 0.001). The
proportion of HCVAb positivity was highest among Blacks
(27.8%) and Whites (22.9%) compared to other racial groups
(other race 11%, Latinos 8.8%, and APIs 2%; overall
p < 0.001). The rate of chronic HCV also varied by race as
follows: 22.2% in Blacks, 15.9% in Whites, 6.9% in Latinos,
1.7% in APIs, and 7.4% in other race (overall p < 0.001).
Table 1 describes patient characteristics overall and by HCV
status.
Among those with chronic HCV, a higher proportion of

Blacks, APIs, and other race were born before 1950, and more

Blacks had CKD than other races (Table 2). Latinos had a
higher median ALT level and a higher proportion of low
platelets and cirrhosis. APIs had a higher proportion of women
and HBV co-infection, but a lower proportion of HIV co-
infection. APIs, Latinos, and other race had lower proportions
of English as their preferred language. With respect to differ-
ences in viral characteristics, the majority of Blacks had HCV
genotype 1, and genotype 6 was more prevalent among APIs.
Genotype distribution ranged more widely among other racial
groups.

Factors Associated with HCV Treatment
Initiation

HCV treatment was initiated in 20.8% (N = 762) of patients
with chronic HCV by August 31, 2017. The rate of HCV
treatment initiation varied by race (overall p < 0.001) (Fig. 1a).
Although APIs had the highest rate of treatment initiation at
34.7% and Blacks had the lowest rate at 18.8%, there was an
increase over time in the number of patients receiving therapy
irrespective of race (Fig. 1b). On univariate analysis, birth years
1950–1954, API race, and HIV co-infection were associated
with a greater likelihood of treatment initiation, while English as
the preferred language, CKD, cirrhosis, higher ALT levels, and

Table 1 Baseline Characteristics of Entire Cohort and by HCV Status

Characteristic Entire cohort HCV status unknown* HCV positive HCV negative p value†

N = 34,810 N = 1165 N = 3673 N = 29,972

Age (median, IQR) 59 (55–64) 59 (55–63) 60 (55–64) 59 (55–64) < 0.001
Birth year (n, %)
1960–1965 11,832 (34.0) 380 (32.6) 1077 (29.3) 10,375 (34.6) < 0.001
1955–1959 9748 (28.0) 346 (29.7) 1107 (30.1) 8295 (27.7)
1950–1954 8402 (24.1) 305 (26.2) 1002 (27.3) 7095 (23.7)
1945–1949 4828 (13.9) 134 (11.5) 487 (13.3) 4207 (14.0)

Race (n, %)
White 8869 (25.5) 483 (41.5) 1400 (38.1) 6986 (23.3) < 0.001
Black 7159 (20.6) 453 (38.9) 1584 (43.1) 5122 (17.1)
Latino 6162 (17.7) 131 (11.3) 426 (11.6) 5605 (18.7)
Asian/PI 11,501 (33.0) 58 (5.0) 190 (5.2) 11,253 (37.6)
Other 692 (2.0) 21 (1.8) 51 (1.4) 620 (2.1)
Missing 427 (1.2) 19 (1.6) 22 (0.6) 386 (1.3)

Gender (n, %)
Male 20,058 (57.6) 864 (74.2) 2685 (73.1) 16,509 (55.1) < 0.001
Female 14,752 (42.4) 301 (25.8) 988 (26.9) 13,463 (44.9)

English as preferred language (n, %)
Yes 19,510 (56.1) 807 (69.3) 3049 (83.0) 15,654 (52.2) < 0.001
No 11,349 (32.6) 42 (3.6) 185 (5.0) 11,122 (37.1)
Missing 3951 (11.4) 316 (27.1) 439 (12.0) 3196 (10.7)

CKD (n, %)
Present 4575 (13.1) 235 (20.2) 749 (20.4) 3591 (12.0) < 0.001
Absent 21,018 (60.4) 376 (32.3) 2912 (79.3) 17,730 (59.2)
Missing 9217 (26.5) 554 (47.6) 12 (0.3) 8651 (28.9)

HBV co-infection (n, %)
Positive 1398 (4.0) 22 (1.9) 53 (1.4) 1323 (4.4) < 0.001
Negative 30,579 (87.9) 958 (82.2) 3386 (92.2) 26,235 (87.5)
Missing 2833 (8.1) 185 (15.9) 234 (6.4) 2414 (8.1)

HIV co-infection (n, %)
Positive 1202 (3.5) 26 (2.2) 590 (16.1) 586 (2.0) < 0.001
Negative 24,281 (69.8) 762 (65.4) 2903 (79.0) 20,616 (68.8)
Missing 9327 (26.8) 377 (32.4) 180 (4.9) 8770 (29.3)

*HCV status based on HCVRNA testing. Unknown defined as lack of antibody or confirmatory HCVRNA testing. †p value for HCV status, considered
statistically significant if < 0.05. CKD, chronic kidney disease, defined as eGFR ≤ 60 mL/min/1.73 m2. HBV co-infection, hepatitis B virus, defined as
hepatitis B surface antigen positive. HCV, hepatitis C virus. HIV co-infection, human immunodeficiency virus, defined as the presence of HIV antibody.
PI, Pacific Islander
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higher HCVRNA levels were associated with lower rates of
treatment initiation (Table 3). On multivariable analysis, API
race compared toWhite race (OR 1.20, 95% CI 1.08–1.33; p =
0.001) and the presence of HIV co-infection (OR 1.58, 95% CI
1.07–2.34; p = 0.02) were associated with higher odds of initi-
ating HCV treatment. On the other hand, CKD (OR 0.47, 95%
CI 0.37–0.60; p < 0.001), higher ALT levels (OR 0.39, 95% CI
0.35–0.44 for every doubling of ALT value; p < 0.001), and
higher HCVRNA levels (OR 0.83, 95% CI 0.80–0.87 for every
10-fold increase in HCVRNA value; p < 0.001) were associ-
ated with a lower likelihood of HCV treatment initiation.
Interestingly, patients with English as their preferred lan-
guage were less likely to receive HCV treatment than
those who preferred a non-English language (OR 0.54,
95% CI 0.36–0.79; p = 0.002).

Factors Associated with SVR
Figure 2 shows the cascade of HCV care for those screened for
HCV. By the end of the study period, 91.9% (N = 700) of those
who had initiated treatment were due for SVR. Of these, 634
(90.6%) patients achieved SVR, 9 patients (1.3%) did not
achieve SVR, and 57 patients (8.1%) did not have an available
SVR blood test to assess SVR status. SVR rate was lowest
among Latinos at 81.3% compared to other races (Blacks
90.8%, Whites 92.2%, APIs 95.2%, and other race 100%;
overall p = 0.01). Among patients who had SVR blood test
results (N = 643), SVR rate was 98.6% (634/643). Among the
nine patients who did not achieve SVR, the median age was
63 years (IQR 58–65 years), 77.8% were male, 55.6% were
Latino, and 77.8% had genotype 1 infection. Two patients
were co-infected with HIV, three had cirrhosis, and five had
low platelet counts prior to initiation of HCV therapy.

Table 2 Baseline Characteristics of Chronic HCV Patients Categorized by Race

Characteristic* All White Black Latino Asian/PI Other p
value†

N = 3673 N = 1400 N = 1584 N = 426 N = 190 N = 51

Birth year (n, %)
1960–1965 1077 (29.3) 471 (33.6) 364 (23.0) 162 (38.0) 54 (28.4) 19 (37.3) < 0.001
1955–1959 1107 (30.1) 434 (31.0) 477 (30.1) 120 (28.2) 58 (30.5) 9 (17.7)
1950–1954 1002 (27.3) 333 (23.8) 507 (32.0) 100 (23.5) 45 (23.7) 13 (25.5)
1945–1949 487 (13.3) 162 (11.6) 236 (14.9) 44 (10.3) 33 (17.4) 10 (19.6)

Gender (n, %)
Male 2685 (73.1) 1035 (73.9) 1158 (73.1) 339 (79.6) 96 (50.5) 37 (72.6) < 0.001
Female 988 (26.9) 365 (26.1) 426 (26.9) 87 (20.4) 94 (49.5) 14 (27.5)

English as preferred language (n, %)
Yes 3049 (83.0) 1210 (86.4) 1382 (87.3) 305 (71.6) 105 (55.3) 39 (76.5) < 0.001
No 185 (5.0) 25 (1.8) 9 (0.6) 76 (17.8) 70 (36.8) 5 (9.8)
Missing 439 (12.0) 165 (11.8) 193 (12.2) 45 (10.6) 15 (7.9) 7 (13.7)

CKD (n, %)
Yes 749 (20.4) 199 (14.2) 446 (28.2) 63 (14.8) 29 (15.3) 7 (13.7) < 0.001
No 2912 (79.3) 1196 (85.4) 1132 (71.5) 363 (85.2) 160 (84.2) 44 (86.3)
Missing 12 (0.3) 5 (0.4) 6 (0.4) 0 (0.0) 1 (0.5) 0 (0.0)

HBV co-infection (n, %)
Yes 53 (1.4) 15 (1.1) 22 (1.4) 3 (0.7) 11 (5.8) 1 (2.0) < 0.001
No 3386 (92.2) 1276 (91.1) 1475 (93.1) 401 (94.1) 168 (88.4) 47 (92.2)
Missing 234 (6.4) 109 (7.8) 87 (5.5) 22 (5.2) 11 (5.8) 3 (5.9)

HIV co-infection (n, %)
Yes 590 (16.1) 248 (17.7) 266 (16.8) 48 (11.3) 15 (7.9) 9 (17.7) 0.001
No 2903 (79.0) 1071 (76.5) 1265 (79.9) 360 (84.5) 154 (81.1) 36 (70.6)
Missing 180 (4.9) 81 (5.8) 53 (3.4) 18 (4.2) 21 (11.1) 6 (11.8)

HCV genotype (n, %)
1 1891 (51.5) 622 (44.4) 918 (58.0) 226 (53.1) 95 (50.0) 16 (31.4) < 0.001
2 200 (5.5) 101 (7.2) 41 (2.6) 33 (7.8) 20 (10.5) 4 (7.8)
3 241 (6.6) 145 (10.4) 30 (1.9) 48 (11.3) 11 (5.8) 6 (11.8)
4 29 (0.7) 8 (0.6) 17 (1.1) 1 (0.2) 2 (1.0) 1 (2.0)
6 11 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 10 (5.3) 1 (2.0)
Mixed 3 (0.1) 2 (0.1) 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)
Missing 1298 (35.3) 522 (37.3) 577 (36.4) 118 (27.7) 52 (27.4) 23 (45.1)

Log10 HCVRNA (median, IQR)
(IU/mL)

6.06 (5.48–
6.46)

6.03 (5.40–
6.46)

6.09 (5.54–
6.48)

5.91 (5.32–
6.38)

6.13 (5.59–
6.54)

5.86 (5.07–
6.30)

< 0.001

ALT (median, IQR) (U/L) 38 (24–63) 38 (24–66) 37 (25–57) 42 (25–76) 38 (21–69) 31 (19–80) 0.001
Low platelets (n, %) (< 150 × 103/uL)
Yes 732 (19.9) 302 (21.6) 239 (15.1) 129 (30.3) 41 (21.6) 13 (25.5) < 0.001
No 2926 (79.7) 1094 (78.1) 1338 (84.5) 295 (69.3) 148 (77.9) 37 (72.6)
Missing 15 (0.4) 4 (0.3) 7 (0.4) 2 (0.5) 1 (0.5) 1 (2.0)

FIB-4 score
< 1.45 1109 (30.2) 446 (31.9) 486 (30.7) 109 (25.6) 47 (24.7) 14 (27.5) < 0.001
1.45–3.25 1641 (44.7) 595 (42.5) 764 (48.2) 165 (38.7) 95 (50.0) 18 (35.3)
> 3.25 860 (23.4) 332 (23.7) 315 (19.9) 139 (32.6) 47 (24.7) 16 (31.4)
Missing 63 (1.7) 27 (1.9) 19 (1.2) 13 (3.1) 1 (0.5) 3 (5.9)

*Missing data: 22 for race, 4 for HCVRNA, 8 for ALT. †p value considered statistically significant if < 0.05. ALT, alanine aminotransferase. CKD,
chronic kidney disease, defined as eGFR ≤ 60 mL/min/1.73 m2. FIB-4, fibrosis-4 score. HBV co-infection, hepatitis B virus, defined as hepatitis B
surface antigen positive. HCV, hepatitis C virus. HIV co-infection, human immunodeficiency virus, defined as the presence of HIV antibody. PI, Pacific
Islander
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Factors Associated with Lack of SVR Testing

Among the 57 patients who did not have SVR testing done
following completion of therapy, the absence of HIV co-
infection was associated with lack of SVR testing (OR 2.51,
95% CI 1.11–5.64; p = 0.03) on unadjusted analysis (Table 4).
On multivariable analysis, in addition to absence of HIV co-
infection (OR 2.82, 95% CI 1.21–6.54; p = 0.02), birth year
1960–1965 was also independently associated (OR 3.25, 95%
CI 1.04–10.1 compared to birth year 1945–1949; p = 0.04)
with lack of SVR testing. The odds of not receiving SVR
testing increased with later birth years. There was no statisti-
cally significant association of race with lack of SVR testing,
but Latinos appeared to have higher odds of lacking SVR
testing compared to Whites (OR 1.90, 95% CI 0.87–4.16;
p = 0.11).

DISCUSSION

This is the first study to evaluate HCV screening and the
association of race on linkage to HCV DAA treatment and
cure in a large underserved and ethnically diverse birth cohort
engaged in primary care. In this cohort, we observed a near-
universal rate of HCV screening, but nearly a quarter of
HCVAb-positive patients did not receive confirmation of ac-
tive HCV infection with HCVRNA testing. The rate of HCV
screening and chronic HCV also varied by race. While HCV
screening increased in this cohort over time, APIs in particular
had the highest rates of screening and treatment initiation since
the introduction of the birth cohort testing recommendation. In
addition, Blacks had the highest rate of chronic HCV infection
among racial groups. Despite an over 90% rate of HCV cure
among treated patients (98.6% among those with SVR

Figure 1 Treatment initiation among chronic HCV patients. a Percentage of patients initiated on HCV treatment categorized by race (overall
p < 0.001). b Frequency of HCV treatment by race over time. HCV, hepatitis C virus.
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testing), similar to other studies, there was a significant gap in
treatment initiation observed in this population.
In our study, nearly 100% of birth cohort patients engaged

in care were screened with antibody testing for HCV, a screen-
ing rate significantly higher than the 21–64% reported in other
populations also engaged in care.24–26 Differences in practice
setting and their established screening protocols (e.g., jail,
primary care clinics, integrated care systems), as well as the
higher rates of HCV risk factors observed in the underserved
that may translate into heightened awareness of HCV among
patients and providers,27–29 may have contributed to the wide
range of reported screening rates. Interestingly, with the intro-
duction of the birth cohort recommendations, we observed the
greatest rise in HCV screening and treatment among APIs,
which may be attributed to lower rates of traditional HCV risk
factors observed in this population. Indeed, in a study by Kin
et al., 68.5% of HCV-infected APIs lacked traditional risk

factors and instead other factors such as acupuncture were
independently associated with HCV infection.30 Thus, the
implementation of birth cohort testing appears to have im-
proved HCV identification and potential linkage to therapy
among populations who may have otherwise been excluded
by risk-based HCV screening.
The rate of chronic HCV (11%) in our cohort was similar to

rates reported in other healthcare settings,31,32 and the propor-
tion initiated on therapy (21%) was slightly higher than the
18% reported from large integrated healthcare organizations
caring for patients with predominantly private insurance
(62%).33 Thus, despite the challenges of caring for under-
served patients who face higher rates of mental illness34 and
substance use,27 we achieved comparable linkage to treatment,
suggesting the feasibility of treatment uptake in this popula-
tion. This may reflect expanded access to HCV medications
through Medicaid or drug companies’ compassionate use

Table 3 Factors Associated with HCV Treatment Initiation in Univariate (Unadjusted) and Multivariable (Adjusted) Analyses (N = 762)

Characteristic Unadjusted OR
(95% CI)

p value† Adjusted OR*
(95% CI)

p value†

Birth year
1960–1965 1.00 (Ref) N/A 1.00 (Ref) N/A
1955–1959 1.13 (0.92–1.39) 0.25 1.05 (0.83–1.32) 0.69
1950–1954 1.27 (1.03–1.57) 0.03 1.20 (0.95–1.52) 0.13
1945–1949 0.97 (0.74–1.27) 0.80 0.86 (0.63–1.16) 0.33

Race
White 1.00 (Ref) N/A 1.00 (Ref) N/A
Black 0.92 (0.77–1.20) 0.35 1.02 (0.92–1.13) 0.66
Latino 1.22 (0.94–1.58) 0.14 1.06 (0.95–1.17) 0.30
Asian/PI 2.05 (1.48–2.84) < 0.001 1.20 (1.08–1.33) 0.001
Other 1.18 (0.61–2.28) 0.62 0.97 (0.83–1.12) 0.65

Male 0.87 (0.73–1.04) 0.14 1.11 (0.91–1.36) 0.32
English as preferred language 0.41 (0.30–0.56) < 0.001 0.54 (0.36–0.79) 0.002
CKD 0.58 (0.47–0.71) < 0.001 0.47 (0.37–0.60) < 0.001
HBV co-infection 0.89 (0.44–1.78) 0.74 0.59 (0.27–1.29) 0.18
HIV co-infection 1.48 (1.05–2.08) 0.02 1.58 (1.07–2.34) 0.02
Cirrhosis 0.66 (0.54–0.81) < 0.001 1.10 (0.87–1.39) 0.43
Log2 ALT 0.39 (0.35–0.43) < 0.001 0.39 (0.35–0.44) < 0.001
Log10 HCVRNA 0.83 (0.80–0.86) < 0.001 0.83 (0.80–0.87) < 0.001

*The adjusted OR column shows results for a single multivariable model that included all the variables listed in the table. Thus, each variable is
adjusted for all the others shown. †p value considered statistically significant if < 0.05. ALT, alanine aminotransferase. CKD, chronic kidney disease.
Cirrhosis, defined as FIB-4 > 3.25. HBV co-infection, hepatitis B virus, defined as hepatitis B surface antigen positive. HCV, hepatitis C virus. HIV co-
infection, human immunodeficiency virus, defined as the presence of HIV antibody. PI, Pacific Islander

Figure 2 Cascade of HCV care. Number of HCV screened patients at each step of the HCV care pathway. Chronic HCV defined as detectable
HCVRNA. HCV, hepatitis C virus. SVR, sustained virologic response.
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programs, and the expansion of HCV treatment to primary
care settings. Moreover, integrated patient-centered interven-
tions such as direct access to formal HCV education classes
through the liver clinic in our system has already been shown
to improve patient knowledge and HCV care coordina-
tion.35,36 Importantly, patient factors also influenced treatment
initiation. Although Blacks had the lowest rate of treatment
initiation, Black race was not independently associated with
therapy. On the other hand, API race and HIV co-infection
were predictive of linkage to HCV therapy. The reason for
increased uptake of therapy among APIs is unclear, but may
be related to higher rates of testing that specifically occurred in
this cohort during the study period. Furthermore, English
language was associated with decreased treatment. The impact
of language on access to and initiation of HCV treatment is
unknown. Our finding may be related to unmeasured factors
or potential for ascertainment bias inherent to medical record
data collection. In a smaller Canadian study of 725 Canada-
born and 185 immigrant patients with universal access to
healthcare, language barrier was not associated with HCV
treatment initiation.37 Additional studies are needed to explore
the relationship between language and HCV treatment uptake.
Overall, about 91% of our treated patients had documented

SVR, a rate consistent with real-world data showing SVR rates
of greater than 95% with use of DAA therapies.28,38 Latinos
however had the lowest SVR rate among racial groups and
more than half of the nine patients who did not achieve SVR
were Latino. A real-world study of veterans has also shown
that Latinos had increased rates of treatment failure in the
DAA era.39 Although in our cohort correlations of treatment
failure could not be assessed due to a low number of events, a
higher proportion of Latinos had cirrhosis, which may have
influenced treatment response.
The proportion of patients without documented SVR testing

to confirm cure following treatment was relatively low, but we

identified the absence of HIV co-infection and younger age as
factors associated with lack of SVR testing. This may be
related to a higher rate of engagement in primary care among
HIV/HCV co-infected patients40 and older patients. Therefore,
ongoing engagement in medical care along with emphasis on
the importance of confirmatory SVR testing especially in the
younger birth cohort patients will be critical to enhancing
documentation of HCV treatment response in this population.
While this study was limited by its retrospective design and

the risk of misclassification and ascertainment bias inherent to
self-reported race and use of medical record data to document
language and treatment initiation, our large cohort size and
racial diversity enabled us to study the role of race on the HCV
care continuum in a traditionally underscreened and
undertreated population at risk for HCV health disparities.
Since the population accessed was engaged in primary care,
our results are not generalizable to all underserved popula-
tions. Specifically, we were unable to evaluate those not
already engaged in care, who remain an important group at
risk for lacking linkage to HCV care, limiting our ability to
make recommendations regarding interventions to address the
unique needs of that population. To minimize misclassifica-
tion, all data related to the receipt of HCV therapy was
assessed by individual chart review to confirm HCV treatment
initiation and response in the viremic cohort.
In conclusion, the introduction of the HCV birth cohort

testing recommendation appears to have impacted rates of
HCV testing in the underserved, with higher rates of testing
and treatment initiation in APIs compared to other races.
However, despite near universal HCVAb testing and high rates
of cure with therapy in this large racially diverse underserved
birth cohort, significant gaps in confirmation of active HCV
infection with viral load testing and linkage to therapy were
identified. Thus, HCV testing and awareness alone are insuf-
ficient to address the burden of HCV disease in this

Table 4 Multivariable Analysis of Factors Associated with Lack of SVR Testing (N = 57)

Characteristic Unadjusted OR (95% CI) p value† Adjusted OR* (95% CI) p value†

Birth year
2003 1945–1949 1.00 (Ref) N/A 1.00 (Ref) N/A
1950–1954 1.56 (0.51–4.82) 0.44 1.48 (0.47–4.62) 0.50
1955–1959 1.52 (0.49–4.68) 0.47 1.71 (0.54–5.36) 0.36
1960–1965 2.69 (0.89–8.12) 0.08 3.25 (1.04–10.1) 0.04

Race
White 1.00 (Ref) N/A 1.00 (Ref) N/A
Black 1.08 (0.57–2.05) 0.80 1.34 (0.69–2.60) 0.39
Latino 1.95 (0.93–4.09) 0.08 1.90 (0.87–4.16) 0.11
Asian/PI 0.63 (0.18–2.20) 0.47 0.76 (0.20–2.87) 0.68
Other 0.00 N/A 0.00 N/A

Male 1.26 (0.67–2.36) 0.47 1.21 (0.63–2.32) 0.58
English as preferred language 1.54 (0.54–4.39) 0.42 1.93 (0.59–6.26) 0.28
CKD 0.37 (0.13–1.04) 0.06 0.44 (0.15–1.26) 0.13
HIV co-infection
Presence 1.00 (Ref) N/A 1.00 (Ref) N/A
Absence 2.51 (1.11–5.64) 0.03 2.82 (1.21–6.54) 0.02

Low platelets (< 150 × 103/uL) 1.11 (0.59–2.08) 0.75 1.22 (0.63–2.36) 0.55

*Adjusted for birth year, race, gender. †p value considered statistically significant if < 0.05. CKD, chronic kidney disease. HIV co-infection, human
immunodeficiency virus, defined as the presence of HIV antibody. PI, Pacific Islander. SVR, sustained virologic response
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population. Consequently, as opportunities for HCV treatment
expand to primary care settings, prioritizing interventions to
address these gaps in care are critical to eradicating HCV in the
underserved population. Potential clinical care recommendations
include the following: (1) establishing culturally appropriate
patient education with emphasis on HCV confirmation, treat-
ment, and documentation of cure; (2) broad dissemination of
HCVclinical guidelines and cultivating positive attitudes towards
HCV care among providers and interprofessional teams (e.g.,
social workers, health educators) caring for the underserved; (3)
enhanced use and integration of existing safety-net resources to
address potential barriers to receipt and completion of HCV
testing and therapy (e.g., use of health navigators, mental health
and substance use services, transportation services, access to
interpreters, access to insurance and patient assistance programs);
(4) increasing HCV treaters; and (5) establishing practice-based
quality metrics for the HCV care continuum.

Prior Presentations: A poster based on an earlier version of this
paper was previously presented at Digestive Disease Week in
May 2017.
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