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Abstract

Background: Despite the high prevalence of hepatitis C virus (HCV) among persons living with 

HIV (PWH), the prevalence of HCV screening, treatment, and sustained virologic response (SVR) 

is unknown. This study aims to characterize the continuum of HCV screening and treatment 

among PWH in HIV care.

Setting: Adult patients enrolled at 12 sites of the HIV Research Network located in 3 regions of 

the United States were included.

Methods: We examined the prevalence of HCV screening, HCV coinfection, direct-acting 

antiretroviral (DAA) treatment, and SVR-12 between 2014 and 2015. Multivariate logistic 

regression was performed to identify characteristics associated with outcomes, adjusted for site.

Results: Among 29,071 PWH (age 18–87, 74.8% male, 44.4% black), 77.9% were screened for 

HCV antibodies; 94.6% of those screened had a confirmatory HCV RNA viral load test. Among 

those tested, 61.1% were determined to have chronic HCV. We estimate that only 23.4% of those 

eligible for DAA were prescribed DAA, and only 17.8% of those eligible evidenced initiating 

DAA treatment. Those who initiated treatment achieved SVR-12 at a rate of 95.2%. Blacks and 

people who inject drugs (PWID) were more likely to be screened for HCV than whites or those 

with heterosexual risk. Persons older than 40 years, whites, Hispanics, and PWID [adjusted odds 

ratio (AOR) 8.70 (7.74 to 9.78)] were more likely to be coinfected than their counterparts. When 

examining treatment with DAA, persons older than 50 years, on antiretroviral therapy [AOR 2.27 
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(1.11 to 4.64)], with HIV-1 RNA <400 [AOR 2.67 (1.71 to 4.18)], and those with higher Fib-4 

scores were more likely to be treated with DAA.

Conclusions: Although rates of screening for HCV among PWH are high, screening remains far 

from comprehensive. Rates of SVR were high, consistent with previously published literature. 

Additional programs to improve screening and make treatment more widely available will help 

reduce the impact of HCV morbidity among PWH.
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INTRODUCTION

Hepatitis C virus (HCV) is the most common bloodborne pathogen in the United States. 

Approximately 2.7 million Americans are infected with HCV.1 Because of shared 

transmission routes, it is estimated that HCV coinfection among Americans infected with 

HIV is 15–30 times more prevalent than among the general population.2,3 Liver-related 

deaths among persons living with HIV (PWH) have markedly increased since the 

introduction of combination antiretroviral therapy (ART) in 19974 and have become a 

leading cause of death among PWH.5 Research suggests that the presence of HIV, regardless 

of ART treatment, advances the progression of the HCV and is associated with worse 

clinical outcomes.6–10

The introduction of direct-acting antiretroviral (DAA) treatment for HCV offers great 

potential for eliminating HCV, especially among persons with HIV. DAAs, introduced to US 

markets in 2014, have an excellent safety profile, are highly efficacious, and require a short 

course of treatment to achieve sustained virologic response (SVR).11 Data from clinical 

trials demonstrate that DAA-based therapy is as effective in HIV/ HCV-coinfected patients 

as in those with HCV monoinfection.12

Before the introduction of DAA therapy, it was estimated that only one percent of HIV/

HCV-coinfected patients were successfully treated and cured of HCV.13 Historically, barriers 

to treatment included low referral rates, low rates of treatment eligibility, and various 

patient- and provider-level biases.14 Despite the high prevalence of HIV/ HCV coinfection 

and the availability, safety, and efficacy of DAA drugs, there are limited data on the status of 

the HCV care continuum among HIV-coinfected patients spanning HCV screening, 

treatment uptake, and cure rates in large cohorts in the oral DAA era.

The objective of this study is to characterize the continuum of HCV screening and treatment 

among PWH during the first 2 years of DAA availability [January 1, 2014-December 31, 

2015: first, to describe and analyze the characteristics of PWH screened for HCV antibodies; 

second, to describe those who have chronic HIV/HCV coinfection; third, to characterize and 

analyze coinfected patients who were treated using DAA therapy; and finally, to analyze the 

characteristics of those who achieved sustained virologic response 12 weeks after 

completing DAA treatment (SVR-12)].
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METHODS

Study Sites and Population

The HIV Research Network (HIVRN) is a consortium of 18 clinics that provide primary and 

specialty care to persons with HIV in the United States.15 After deidentification, sites collect 

and send patient data and to a central coordinating center, where data are combined into a 

uniform database. Local institutional review boards approved the collection of data at each 

site, and the institutional review board of Johns Hopkins University approved the collection 

and analysis of these data. Data from 12 adult clinics (7 academic and 5 community-based) 

located in the Eastern (6), Southern (2), Midwestern (1), and Western (3) regions of the 

United States were included in analysis.

PWH seen at least once between January 1, 2014, and December 31, 2015, at HIVRN sites 

by an HIV provider were eligible for inclusion in this retrospective cohort study. Additional 

inclusion criteria included having at least 1 HIV viral load assessment (HIV-1 RNA) or at 

least 1 CD4 cell count during the study period. For outcomes of HCV antibody screening, 

HCV antibody-positivity, and HCV RNA viral load, historic data were assessed retroactively 

to January 1, 2004.

DAA intention-to-treat and DAA treatment analysis was limited to patients who had a 

confirmatory HCV RNA test and included patients who had HCV RNA viral load (HCV 

VL) above a detectable threshold at any time before 2016. In addition, only patients in care 

at HIVRN sites (N = 9) that provided and reported HCV treatment data were included in the 

DAA treatment and SVR analysis.

Intention-to-treat analysis included all patients who were prescribed DAA during the 2014 

and 2015 calendar years. A second treatment analysis was performed and only included 

those who were prescribed DAA and showed evidence of treatment initiation (HCV VL<500 

copies/mL), and a subsequent 122 patients were excluded from the second treatment 

analysis. Patients were included in SVR analysis only if they met the criteria above and had 

an HCV RNA drawn at least 12 weeks after DAA treatment stoppage; 96 patients were 

excluded from SVR analysis. Achievement of SVR-12 was defined as having an HCV RNA 

that was undetectable at least 12 weeks after completion of HCV treatment.16

Variable Definitions

Demographic and clinical characteristics (sex, race/ ethnicity, HIV transmission risk, and 

health care coverage) were recorded at the time of the first outpatient visit for each patient. 

Patients’ age was categorized as under 40 years, 40–49, 50–59, and 60 and older, as of 

January 1, 2014. Sex was defined as male, female, or transgender; other/unknown sex (N = 

3) were excluded from the study population. Race and ethnicity were categorized as black, 

white, Hispanic, and other/unknown. Self-reported primary HIV risk transmission factor was 

defined as heterosexual contact (HET), men who have sex with men (MSM), people with 

history of injection drug use (PWID), and other/unknown. Those with both sexual and 

PWID risk factors were categorized as PWID. Those with both MSM and HET were 

categorized as MSM. Health care coverage was categorized as public (Medicaid, Medicare, 

or both), private insurance, uninsured/Ryan White HIV/AIDS Program, and other/unknown.
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Baseline clinical factors were determined for all patients and refer to the first encounter of 

the study period (2014–2015). CD4 cell counts were categorized as <200, 200–349, 350–

499, and ≥500 cells/μL. HIV-1 RNA was categorized as detectable at >400 copies/mL or 

undetectable if less than or equal to 400 copies/mL. Dates of ART initiation and stoppage 

were recorded for each patient. ART therapy was recorded if a patient was prescribed ART 

at any time during the study period. For patients who were prescribed DAA therapy, clinical 

factors (ART, HIV RNA, CD4, and health care coverage) were again determined at the time 

of DAA prescription.

For HCV/HIV-coinfected patients, DAA therapy was defined as being prescribed any single 

or combination DAA regimen (including any of ledipasvir/sofosbuvir with and without 

ribavirin, simeprevir plus sofosbuvir with and without ribavirin, sofosbuvir plus ribavirin, or 

paritaprevir/ ritonavir/ombitasvir plus dasabuvir). Dates of DAA prescription and 

discontinuation were recorded for all patients prescribed DAA. Fibrosis was categorized 

using FIB-4 indexes as described by Sterling et al17 and was categorized as: low (< 1.45), 

moderate (1.45–3.25), and severe (>3.25) fibrosis.

Statistical Analysis

Descriptive analyses of demographic and clinical characteristics were performed separately 

among the different subpopulations of PWH in the cohort; those who were HCV antibody 

screened, those who were HCV antibody-positive, those with an HCV RNA above 

detectable threshold (≥50 copies/mL), those DAA-treated, and finally for SVR-12 outcomes 

among patients with adequate follow-up.

We then analyzed the association between each covariate and the HCV outcome using 

univariate and multivariate logistic regression analysis. For the outcomes of DAA treatment 

and SVR-12, our regressions used clinical characteristics at the time of DAA prescription. P 
values less than 0.05 were considered to be significant. Goodness of fit and area under the 

receiver operating characteristic curve (ROC) were calculated for each multivariate 

regression. All analysis was performed using STATA 14.2 (Stata Corporation, College 

Station, TX). Consistent with HIVRN authorship rules, all regressions are adjusted for the 

site of care to account for variations in practice patterns and demographic differences.

RESULTS

All Subjects

The sample population included 29,071 PWH, with a median age of 47 years [interquartile 

range (IQR) 37–54 years] as of January 1, 2014. The patients included were predominately 

male (74.8%), black (44.4%), and MSM (48.7%). A majority of patients had a CD4 cell 

count greater than 200 cells/mm3 (86.5%), were prescribed ART (95.5%), were HIV-virally 

suppressed (75.2%), and had public health care coverage (60.9%), at their first visit during 

the study period (Table 1).
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HCV Antibody Screening

Nearly 78% of PWH followed at HIVRN sites were screened for HCV antibodies (Fig. 1). 

The median age of the 22,632 patients screened was 47 years (IQR 37–54). Patients were 

predominantly male (76.0%), MSM (50.0%), prescribed ART (95.7%), had undetectable 

viral loads (74.3%), had CD4 counts greater than 200 cells/mm3 (85.9%), and had public 

health care coverage (62.8%) (Table 1). In multivariate regression (N = 29,071, ROC = 

0.75), PWID {adjusted odds ratio (AOR) 3.35 [95% confidence interval (CI): 2.95 to 3.80]} 

were more likely to be screened for HCV than those with heterosexual risk. After adjustment 

for other factors, whites [AOR 0.87 (0.80 to 0.94)] and Hispanics [AOR 0.81 (0.75 to 0.88)] 

were less likely to be HCV antibody screened than blacks. Persons older than 60 years 

[AOR 0.81 (0.73 to 0.91)] and persons with private insurance [AOR 0.73 (0.66 to 0.80)] 

were less likely to be screened for HCV than younger patients and those with public health 

care coverage (Table 3).

HIV/HCV Coinfection

Among those screened for HCV antibodies, 7447 (32.9%) were HCV Ab-positive. The 

median age for antibody-positive patients was 51 years (IQR 44–57) (Table 1). A majority of 

these patients were male (75.6%) and predominantly black (43.6%). More than one-third of 

antibody-positive patients were MSM (36.6%) while 31.3% were PWID. The majority of 

patients were prescribed ART (96.1%), had CD4 counts >200 cells/mL (84.1%), had 

undetectable HiV viral loads (78.4%), and had public health care coverage (72.4%) (Table 

1). In multivariate regression (N = 22,633, ROC = 0.76), factors associated with HCV 

antibody-positivity included PWID [AOR 8.70 (7.74 to 9.78)], male sex [AOR 1.24 (1.13 to 

1.36)], and age over 40, compared with heterosexuals, female sex, and younger age. Patients 

with private insurance were less likely to be antibody-positive [AOR 0.59 (0.54 to 0.66)] 

than those with public health care coverage (Table 3).

DAA Intention to Treat and DAA Treatment

Of those with positive HCV antibody tests, 7047 (94.6%) had a confirmatory HCV RNA test 

(Table 1). Of this subset, 4305 had an HCV RNA viral load above the detectable threshold 

and were considered eligible for treatment with DAA (Table 1). Because of data collection 

limitations, only 2179 (50.6%) were located at sites with available DAA treatment data and 

thus were eligible to be followed for treatment and SVR-12 (Table 2).

Of these patients, 509 (23.4%) were prescribed DAA therapy between January 1, 2014, and 

December 31, 2015. The median age of patients prescribed DAA was 55 years (IQR 51–59 

years). A majority of the DAA-treated patients were male (73.5%), black (67.6%), and 

PWID (57.6%). At the time of DAA prescription, a majority of patients were prescribed 

ART (86.1%), had a CD4 count above 200 cells/mm3 (91.2%), had an undetectable HIV 

viral load (96.7%), and had public health care coverage (85.5%). Nearly two-thirds (63.9%) 

of patients prescribed DAA had moderate to severe fibrosis (Table 2). In multivariate 

regression (N = 1,846, ROC = 0.79), older age was associated with intention to treat {ages 

50–59 years [AOR 2.08 (1.12 to 3.87)]; ≥60 years [AOR 2.11 (1.09 to 4.09)]}, as was 

undetectable HIV-1 RNA [AOR 2.52 (1.70 to 3.72)], prescription of ART [AOR 2.13 (1.13 

to 3.99)], and FIB-4 score that was moderate [AOR 1.74 (1.34 to 2.27)] or severe [AOR 2.30 
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(1.59 to 3.31)] (Table 3). Few differences were found among those prescribed DAA and 

those who evidenced DAA initiation. However, white and Hispanic patients were less likely 

to be prescribed DAA {white [AOR 0.56 (0.40 to 0.79)]; Hispanic [AOR 0.63 (0.41 to 

0.97)]} compared with black race, whereas all races were equally as likely to initiate DAA 

treatment.

Sustained Virologic Response at 12 Weeks

Of the 387 patients prescribed DAA, 291 had an HCV RNA viral load at least 12 weeks after 

DAA completion. Of these 291 patients, the median age was 55 years (IQR 51–60 years). A 

majority of patients were male (75.6%), black (68.7%), and PWΓD (59.1%). At the time of 

DAA treatment, a majority of patients were prescribed ART (86.3%), had CD4 counts above 

200 cells/mm3 (91.4%), had undetectable HΓV viral loads (97.9%), and had public health 

care coverage (85.9%) (Table 2).

Of the patients followed with sufficient follow-up for evaluation of SVR-12, 277 (95.2%) 

achieved SVR-12 (Fig. 2). There were no clinical or demographic factors significantly 

associated with SVR in multivariate regression (N = 225, ROC = 0.77).

DISCUSSION

This study has several important findings. First, although rates for screening for HCV are 

high, screening remains far from comprehensive among PWH, with more than 1 in 5 PWH 

engaged in HIV care not being screened. However, most persons (94.6%) with positive 

antibody tests had follow-up RNA testing. Second, among those with HCV coinfection, 

older persons, persons with moderate and severe fibrosis, persons being prescribed ART, and 

persons with undetectable HIV viral loads were more likely to be pre-scribed DAA therapy 

than younger patients and those with HIV viremia. Finally, rates of SVR among those 

followed through treatment end were high, consistent with previously published literature.
16,18,19

In our study, approximately 22% of patients were not appropriately screened for HCV and 

disparities existed, despite the Department of Health and Human Services’ (DHHS) 

recommendation for universal HCV screening among persons with HIV. Noticeably, a 

substantial portion of baby boomers (age 50–69) (20.6%) and a large number of patients 

with risk history of injection drug use (11.6%) were not screened for HCV. Efforts to screen 

all PWH should be intensified. Ideally, all PWH should be screened on entry to HIV care, 

with subsequent to annual screening for patients without HCV at baseline who have ongoing 

risk factors for contracting HCV.20–22

Consistent with previous work, we demonstrated that older patients with more advanced 

liver disease were more likely to be prescribed DAA therapy than younger HIV/HCV-

coinfected persons with less extensive disease. This likely represents the initial health care 

payer restrictions for accessing DAA during the study period.23 A majority of health care 

payer formularies listed strict requirements for the prescription of DAA, which focused on 

patients with severe fibrosis and/or cirrhosis. The pathology of chronic HCV results in liver 

damage over an extended period, which is directly correlated with patient age. Persons with 
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undetectable HIV-1 RNA were more than 2 times as likely to be prescribed DAA than 

persons with detectable HIV-1 RNA, while persons with CD4 counts less than 200 

cells/mm3 were less likely to be prescribed DAA. This may be indicative of a provider-level 

and/or systematic bias relating to medication adherence, AIDS status, and HIV-1 RNA viral 

load; providers may have been limiting care to “ideal patients” as determined by payers and 

government agencies.24,25 In addition, health beliefs, stigma and medication, and 

appointment adherence have been shown to be strongly associated with engagement in HCV 

care.26–28 However, these barriers were often seen before the era of DAA medications.29

Like others who have demonstrated high SVR rates with DAA, we found SVR in excess of 

90%.30,31 Because of the high success rate and relatively limited sample size, we found no 

clinical or demographic predictors associated with achieving SVR. This is consistent with 

other work previously done in HCV-HIV coinfection, reinforcing the concept of 

comprehensive screening and treatment.

This study has several important limitations. First, the HIVRN represents a sample of high-

volume HIV primary care clinics, which may not be representative of all clinics that care for 

HIV/HCV-coinfected patients. Within the consortium, however, DAA prescription data were 

not available or not able to be validated at all sites, resulting in a smaller sample size. In 

addition, because of reporting rules of the HIVRN, site-by-site variation cannot be reported. 

We attempted to assess for variation based on US Census Region and clinic type (academic 

medical center or communitybased); however, these corrections diminished the strength of 

logistic regression models for all outcomes.

Second, active illicit drug use, alcohol consumption, mental health comorbidities, and 

engagement in HCV care (referral to HCV providers and HCV appointment keeping 

behavior) have been key factors for exclusion of DAA treatment, both in clinical trials and 

health care payer formularies.27,28,32 We did not capture these factors, nor did we capture 

referrals for HCV treatment to either subspecialty clinics (hepatology) or infectious disease 

clinics within or not a HIV primary care system; we believe that the inclusion of this data 

would greatly improve the multivariate models. Finally, HCV management has changed 

since the advent of DAA, and further studies need to be conducted with the newer therapies 

available and lift of many insurance barriers for accessing newer DAA therapies.

In summary, this analysis demonstrated high rates of screening and successful treatment. 

However, gaps remain in screening and treatment of patients coinfected with HCV and HIV. 

Further work should be performed to better understand the barriers set by governments and 

individual insurers, both in the private and public managed care realms, in addition to the 

patient- and provider-perceived barriers to DAA completion.
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FIGURE 1. 
Proportion of PWH at all sites screened for HCV Ab, HCV Ab+, having confirmatory HCV 

viral load testing, and with chronic HCV infection.
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FIGURE 2. 
Proportion of PWH with chronic HCV infection at treating sites who were prescribed DAA, 

had evidence of DAA treatment, and who achieved SVR-12.
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