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Abstract

Background/Aims: Improving care and treatment for persons infected with hepatitis C virus 

(HCV) can reduce HCV-related morbidity and mortality. Our primary objective was to examine 

the HCV care continuum among patients receiving care at five Federally Qualified Health Centers 

(FQHCs) in Philadelphia, PA where a testing and linkage to care program had been established.

Methods: Among the five FQHCs, one served a homeless population, two served public housing 

residents, one served a majority Hispanic population, and the last, a “test and treat” site, also 

provided HCV treatment to patients. We analyzed data from electronic health records of patients 

tested for HCV antibody from 2012–2016 and calculated the percentage of patients across nine 

steps of the HCV care continuum ranging from diagnosis to cure. We further explored factors 

associated with successful patient navigation through two steps of the continuum using 

multivariable logistic regression.

Results: Of 885 chronically infected patients, 92.2% received their RNA positive result, 82.7% 

were referred to an HCV provider, 69.4% were medically evaluated by the provider, 55.3% 

underwent liver disease staging, 15.0% initiated treatment, 12.0% completed treatment, 8.7% were 
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assessed for sustained virologic response (SVR), and 8.0% achieved SVR. Regression results 

revealed that test and treat site patients were significantly more likely to be medically evaluated 

(aOR=2.76; 95% CI=1.82, 4.17) and undergo liver disease staging (aOR=1.92, 95% CI=1.02, 

2.86) than patients at the other FQHCs combined.

Conclusions: In this U.S. urban setting, over two-thirds of HCV-infected patients were linked to 

care. Although treatment uptake was low overall, it was highest at the test and treat site. Scaling up 

treatment services in HCV testing settings will be vital to improve the HCV care continuum.
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INTRODUCTION

Hepatitis C virus (HCV) infection, the most common chronic blood-borne infection in the 

United States, poses a growing public health concern. Based on national data for 2003–2010, 

approximately 3.2 million persons in the general U.S. non-institutionalized population were 

estimated to be infected with HCV [1]. Including populations typically excluded from 

national surveys such as those who are homeless and incarcerated, the number of persons 

with HCV infection was estimated to be as high as 3.5 million in 2013 [2]. Furthermore, 

from 2010 to 2016, reported cases of acute HCV infection in the United States have more 

than tripled [3].

HCV infection disproportionately affects persons born 1945–1965 (i.e., baby boomers), 

underserved populations, and persons who inject drugs (PWID) [2,4,5]. Cause for concern is 

two-fold. First, because infection with HCV is primarily asymptomatic, undiagnosed baby 

boomers are experiencing the downstream effects of the disease decades later. Recent 

analyses have revealed an increase in two critical HCV-related outcomes, cirrhosis and 

hepatocellular carcinoma [6,7]. Second, injection drug use (IDU), the predominant risk for 

HCV transmission, has increased in concert with the nation’s opioid epidemic [8]. 

Moreover, among persons successfully treated and cured, active drug injection poses a major 

risk of re-infection [9].

Since the development of direct acting antiviral drugs (DAAs) that offer curative treatment 

to persons diagnosed with HCV infection, several studies have identified important gaps in 

the HCV care continuum, that is the steps along the pathway from identifying persons with 

active infection through to cure. National estimates suggest that in 2013, among the 

estimated 3.2–3.5 million persons in the United States with chronic HCV infection, roughly 

50% were aware of their diagnosis, up to 38% were referred to an HCV provider, between 

20% and 27% received confirmatory HCV RNA testing, 17% underwent a liver biopsy, but 

only 7%−16% were treated, and less than 10% achieved sustained virologic response (SVR) 

(i.e., cure) [10,11].

While more recent data among select populations suggest improvements in the HCV care 

continuum, results vary. For example, among chronically infected formerly incarcerated 

individuals in one study, 57% were referred to an HCV provider, but only 36% were 
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medically evaluated and only 10% initiated treatment [12]. A study among homeless 

veterans found that those who were homeless were more likely to be identified and 

medically evaluated by an HCV provider, but were less likely to initiate HCV treatment, 

compared to veterans who were not homeless [13]. Better outcomes were found among 

opioid users undergoing substance abuse treatment, in which 71% of persons with chronic 

HCV infection initiated treatment [14]. In addition, a study in a Baltimore sexually 

transmitted infections clinic found high linkage to care rates among persons who were 

referred to offsite specialists, with the assistance of patient navigation [15].

With the development of more effective curative treatments for HCV infection, progress 

toward the goal of eliminating hepatitis C as a public health threat by 2030 could be 

achieved by improving the care continuum for persons with chronic HCV infection [16]. To 

add to our understanding of care and treatment among underserved populations, we 

examined the HCV care continuum for patients engaged in care in one major urban center in 

the United States. We also sought to identify factors associated with successful navigation of 

these patients through two key steps (medical evaluation by a provider and liver disease 

staging) of the HCV care continuum. These two steps were selected because we had 

sufficient numbers of patients at each to conduct our analyses and previous data have shown 

that each step is a critical drop off point for patients in the care continuum [10,11]. At the 

same time, each step is an important point for staff intervention (e.g., patient navigation) to 

prevent drop off.

MATERIALS AND METHODS

In October 2012, the National Nurse-Led Care Consortium (NNCC), a membership 

organization that advances nurse-led care, collaborated with its parent company Public 

Health Management Corporation (PHMC), which runs a health network of five Federally 

Qualified Health Centers (FQHCs) in Philadelphia, PA, to implement universal one-time 

HCV testing and linkage to care in the FQHCs. The testing and linkage to care project 

employed a previously reported model that included strategies such as medical assistant-

initiated testing of patients aged 18 years or older and automated prompts for the provider in 

the electronic health record [17]. The project also utilized HCV reflex testing technology, in 

which the laboratory automatically conducted HCV RNA testing on all specimens that were 

seropositive for HCV antibody. Universal HIV testing, performed annually, was added in 

September 2013 [18]. Each clinic provided medical care to a distinct patient population: 

Mary Howard Health Center treated an exclusively homeless population; Congreso Health 

Center served a Hispanic population; Rising Sun Health Center and Health Connection 

provided primary care to residents of nearby public housing facilities; and the PHMC Care 

Clinic provided primary care to all patients and specialty care to patients who were infected 

with HCV as well as those who were co-infected with HIV. The PHMC Care Clinic served 

as a “test and treat” site, which offered universal screening and employed primary care 

providers who were trained to treat both HCV and HIV infections. The other four FQHCs 

were distinct from the PHMC Care Clinic in that treatment was provided offsite.
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Data Collection

From October 2012 through June 2016, demographic and clinical data, including HCV 

antibody and RNA testing data, were collected from the electronic health records of patients 

from the five clinics, supplemented with more detailed chart review by a trained data 

abstractor. For patients with chronic HCV infection as determined by a positive HCV RNA 

test result during October 2012-June 2016, additional data on linkage to care and treatment 

outcomes were obtained, and data collection was extended through June 2017.

The HCV care continuum included the following nine steps: HCV RNA positive test result, 

receipt of HCV RNA positive test result, referral to a provider trained to treat HCV, medical 

evaluation by a provider trained to treat HCV, liver disease staging, initiation of HCV 

treatment, completion of HCV treatment, assessment of SVR, and achieving SVR (i.e., 

cure). Progress through the HCV care continuum was tracked three ways: retrospective chart 

review, reports from the Linkage to Care Coordinator and HCV Treatment Coordinator, or 

specialist consultation notes scanned into the patient chart. Documentation (ICD-9 or 

ICD-10 code for HCV) in the patient’s chart, either at the time of their HCV RNA test or at 

any visit after the HCV RNA test, was used to determine if a patient received their HCV 

RNA positive test result. In addition, progress reports in the patient chart were used to 

confirm that the patient received their HCV RNA test result.

Referrals to an HCV provider were made for all patients who received a positive HCV RNA 

test result. In our study, HCV providers were defined as primary care providers trained to 

treat HCV infection at the PHMC Care Clinic or specialists with a gastroenterology or 

hepatology practice affiliated with a Philadelphia hospital at the other four FQHCs. Thus, 

patients at the PHMC Care Clinic were referred to an onsite provider, while patients at the 

other four clinics were referred offsite to hospital-based practices that were typically close to 

the clinic, although in some cases, patients preferred to see a specialist closer to their home. 

All referrals were confirmed by progress notes in the electronic health record and location of 

the specialist practice was clearly labeled in the medical chart for patients referred offsite.

A review of the medical chart was used to determine if the patient was medically evaluated 

at the PHMC Care Clinic and also confirmed by progress notes in the electronic health 

record. Reports from the Linkage to Care Coordinator and specialist consultation notes were 

used to determine if a patient was evaluated by an offsite HCV provider. Specialist 

consultation notes were scanned into patient charts and used to identify the date of medical 

evaluation. Liver disease staging was assessed by liver fibrosis panel, liver biopsy, liver 

ultrasound, or Fibroscan, and indicated in the medical chart or consultation note. Although a 

liver ultrasound is not typically used for staging, it was performed on a small number of 

patients early in the study.

Treatment initiation, treatment completion, treatment outcome, and SVR data were obtained 

through retrospective chart review (extracted monthly) or from the HCV Treatment 

Coordinator (via weekly reports). Quantitative HCV RNA test results were automatically 

uploaded from the lab to the medical chart for patients treated onsite at the PHMC Care 

Clinic or reported in the consultation note that was scanned into the medical chart for 

patients treated offsite. In 2016, a list comprised of the names of patients who were referred 
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offsite, as documented in the electronic health record, was sent to each specialist practice. 

The specialist office was asked to provide dates of the patient’s first appointment, whether 

they attended, liver disease staging test result, and dates of treatment initiation, treatment 

completion, and SVR. SVR was defined as undetectable HCV RNA at least 3 months after 

treatment completion as indicated in the patient’s medical chart or the scanned consultation 

note. The IRB of the Public Health Management Company (PHMC) approved the study 

October 28, 2016; amended approval was granted February 7, 2017.

Statistical Analysis

Of all patients from the five FQHCs who tested positive for HCV antibody and were tested 

for HCV RNA, we calculated the percentage of those who were chronically infected at each 

of nine steps across the HCV care continuum. One important objective for this analysis was 

to see how our results would compare with previously reported estimates and whether we 

would find improvement in patient progression along the continuum. We further compared 

patients served at the test and treat site (PHMC Care Clinic) to those served at the other four 

clinics (test and linkage to care sites) combined across the HCV care continuum. We then 

performed multivariable logistic regression to identify factors associated with two steps 

along the HCV care continuum: (1) medical evaluation by an HCV provider among patients 

with a positive HCV RNA test result; and (2) liver disease staging among those medically 

evaluated by an HCV provider. A backward logistic regression approach was used to 

identify covariates for models, using the p-value cut point of <0.10. Additional covariates 

were included based on prior evidence of an association with our outcomes and included 

sex, birth cohort, race/ethnicity, whether the patient was seen at the PHMC Care Clinic or 

was a patient at one of the other FQHCs, whether the patient had a known history of 

injection drug use, incarceration, or homelessness, and year of diagnosis with chronic 

infection (i.e., positive HCV RNA test result). We used the variance inflation factor (VIF) 

cutoff value of 10 to indicate collinearity among covariates of interest. In our analyses, all 

VIF values were less than 2.0, suggesting no collinearity. Cases with missing values were 

excluded from the analysis. In addition, we calculated the percentage of patients treated 

within one year of their HCV RNA positive test and compared these patients to those treated 

more than one year after their HCV RNA positive test by year of follow-up (2012–2016). 

Finally, we calculated the cumulative number of patients treated by treatment outcome 

(assessed for SVR and achieved SVR) and year of follow-up (2012–2017). All statistical 

analyses were performed in Stata 14.2 (College Station, Texas; 2015).

RESULTS

Patient Characteristics and HCV Testing

Among 25,853 patients visiting the five FQHCs between October 1, 2012 and June 30, 

2016, a total of 14,790 (57.2%) unique patients were tested for HCV antibody, of which 

8.9% (n=1,323) patients tested positive (Table 1). Of these, 96.1% (n=1,272) were tested for 

HCV RNA and 66.9% (n=885) were positive indicating chronic infection, for an overall 

prevalence of 6.0% of those tested for HCV antibody. By clinic, HCV antibody prevalence 

was highest among patients from the Mary Howard Health Center (15.0%) and the PHMC 

Care Clinic (17.8%). This same pattern was found among patients with chronic HCV 
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infection and was 11.1% at the Mary Howard Health Center and 12.5% at the PHMC Care 

Clinic. Although all clinics had higher numbers of non-Hispanic black compared to non-

Hispanic white and Hispanic patients, the highest prevalence of HCV antibody and chronic 

infection was observed among non-Hispanic white patients (26.9% and 18.5%, 

respectively). Compared with females, males had a higher prevalence of HCV antibody and 

chronic infection, though little difference was found between patients born from 1945–1965 

and those born in other years.

The proportion of patients who tested HCV antibody positive and received confirmatory 

HCV RNA testing was over 94% at each clinic (see footnote, Table 1). However, the 

prevalence of HCV RNA among patients testing antibody positive varied across the health 

centers. For example, 70.3% and 73.8% of HCV antibody positive patients tested HCV RNA 

positive at the PMHC Care Clinic and Mary Howard Health Center, respectively, compared 

with the Congreso Health Center where only 45.4% of those who had a positive HCV 

antibody test result also had a positive HCV RNA test result (Table 1).

HCV Care Continuum

The HCV care continuum is summarized in the Figure. Of the 885 patients chronically 

infected with HCV, 92.2% received their RNA positive result, 82.7% were referred to an 

HCV provider, and an HCV provider medically evaluated 69.4%. In addition, of the total 

number chronically infected patients, 55.3% underwent liver disease staging, 15.0% initiated 

treatment, 12.0% completed treatment, 8.7% were assessed for SVR, and 8.0% achieved 

SVR (i.e., cure).

Progression along the HCV care continuum was most successful for patients treated by 

primary care providers at the PHMC Care Clinic (Table 2). Of the 448 chronically infected 

PHMC Care Clinic patients, 80.8% were medically evaluated by an HCV provider, 

compared with 57.7% of patients at the other four clinics combined. In addition, of 

chronically infected patients who underwent liver disease staging, 67.4% of the PHMC Care 

Clinic patients initiated treatment compared with 42.8% of patients at the other four clinics. 

Further, of patients who were chronically infected, 13.4% of patients seen at the PHMC 

Care Clinic achieved SVR, while only 2.5% of patients achieved SVR at the other four 

clinics combined. Notably, across all five clinics, we identified 33 chronically infected 

patients who were prescribed treatment, but there was no documentation that these patients 

were treated.

Multivariable Results

In addition to progression of patients along the care continuum, we wanted to assess whether 

certain factors facilitated successful navigation through two of the steps. Results from 

multivariable regression analyses demonstrated that patients from the PHMC Care Clinic 

(adjusted odds ratio [aOR]=2.76; 95% CI=1.82, 4.17) vs. patients at the other four clinics 

and persons born 1945–1965 (aOR=1.76; 95% CI=1.17, 2.62) vs. those born in other years 

were significantly more likely to be medically evaluated (Table 3). However, patients who 

were tested during July 2014-June 2015 (aOR=0.45; 95% CI=0.22, 0.89) and July 2015-

June 2016 (aOR=0.46; 95% CI=0.23, 0.92) were significantly less likely to be medically 
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evaluated than those who were tested during October 2012-June 2013. Among those 

medically evaluated by an HCV provider, PHMC Care Clinic patients (aOR=1.92; 95% 

CI=1.02, 2.86) were significantly more likely than patients at the other four clinics to 

undergo liver disease staging. In addition, patients who were tested during July 2013-June 

2014 (aOR=0.30; 95% CI=0.12–0.71) were significantly less likely to undergo liver disease 

staging than those who were tested during October 2012-June 2013.

Treatment Initiation and Outcomes by Year of Follow-up

Table 4 shows the cumulative number of chronically infected patients who initiated 

treatment and their outcomes each year from 2012–2016. Over the four-year study period, 

we found an increase in the percentage of patients (from 5.4% to 12.8%) who initiated 

treatment within 1 year of their first positive HCV RNA test. While the absolute number of 

chronically infected patients served at the five clinics who initiated and completed treatment 

approximately doubled each year, the number of chronically infected patients in need of 

treatment increased six-fold from June 2013 (n=112) to June 2017 (n=795). Among patients 

who initiated treatment, completion rates were more than 84% across all time periods and 

achievement of SVR among those who were assessed for SVR increased over time from 

75% in the first time-year to 100% in the most recent time-year.

DISCUSSION

The purpose of our study was to evaluate the HCV care continuum among patients engaged 

in care at five FQHCs and determine factors associated with successful navigation through 

the HCV care continuum after implementation of an HCV testing and linkage to care 

program. We found that more than two-thirds of patients diagnosed with chronic HCV 

infection were successfully linked to care, signaling major improvements for this step in the 

continuum compared with previous reports [10,11]. In fact, our current results show 

improvement over those found in prior year analyses of the same patient population [17,18]. 

Although we found that almost 70% of patients with chronic HCV infection were seen by an 

HCV provider and over one-half of these patients underwent liver disease staging, treatment 

uptake remained low. Among the 885 chronically infected patients, only 12% of patients 

completed treatment and only 8% of patients achieved SVR by the end of June 2017. One 

possible reason for the low treatment uptake is that medical providers did not submit prior 

authorization for patients who did not meet treatment eligibility criteria from the insurance 

companies, which typically required a diagnosis of advanced fibrosis. Another reason could 

be that some patients were prescribed treatment, but then denied treatment by the insurance 

company. As previously mentioned, we identified 33 chronically infected patients who were 

prescribed treatment, but we had no documentation that these patients were treated. It is 

certainly possible that some or all of these patients were denied treatment by their insurer. 

When patients did complete treatment, 94% of those assessed were cured, highlighting the 

importance of linking HCV-infected patients to appropriate treatment.

So how might we explain our results? We demonstrated significant differences in successful 

patient navigation through steps of the HCV care continuum by clinic. Consistently, the best 

linkage to care and treatment outcomes were found at the health network’s test and treat site, 
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the PHMC Care Clinic. Results from our multivariable analysis confirmed our bivariate 

results; PHMC Care Clinic patients were significantly more likely to be evaluated by an 

HCV provider and to undergo liver disease staging than patients at the other four clinics 

combined. Our multivariable results further revealed that patients who were tested in later 

years were significantly less likely to be evaluated by an HCV provider and to undergo liver 

disease staging than those tested in the first year (October 2012-June 2013). It is unclear 

how to interpret these findings as we would expect patients tested in later years to be more 

likely to be evaluated and assessed for treatment than those tested in earlier years. One 

possible explanation is that more than four years of data may be required to determine 

whether this is an anomaly or whether such a trend would hold. Another possible reason for 

these findings could be missing data primarily from the FQHCs that had to refer patients 

offsite for treatment.

Despite this finding, our results overall suggest that building the capacity of primary care 

providers to treat HCV infection in a setting where routine HCV testing has been 

implemented can substantially improve the HCV care continuum. Primary advantages 

include treatment by a trusted medical provider and bypassing steps of the HCV care 

continuum that could require multiple clinic visits. For example, patients at the PHMC Care 

Clinic were able to be tested for both HCV antibody and HCV RNA, and if found to be 

chronically infected had the opportunity to discuss the results with a provider and be 

assessed for treatment at the same appointment. Providing on-site HCV care and treatment is 

particularly important for patients from underserved populations who may be reluctant to 

seek care or may encounter structural barriers that impede their ability to see a specialist, 

such as not having transportation or a flexible work schedule [19,20]. It is also noteworthy 

that reflex testing was performed at all five FQHCs which resulted in an average of more 

than 96% of patients who tested positive for HCV antibody to be tested for HCV RNA at the 

same time. This proportion is in sharp contrast to estimates reported from one national study 

that found only 20%−23% of persons with chronic HCV infection underwent confirmatory 

HCV RNA testing, and in another national study only 27% had a confirmatory HCV RNA 

test [10,11]. A study that examined the HCV continuum of care among residents in 

Philadelphia found that only 22% of persons who tested positive for HCV antibody received 

confirmatory HCV RNA testing [21].

Nonetheless, barriers to treatment remain. While the number of patients treated, and their 

outcomes improved consistently over time, the overall number of patients treated among 

those eligible for treatment was lower (15.3%) than expected, though similar to those seen 

nationally and locally during the time that direct acting agents went to market in early 2014 

[10,11,21]. The reasons for this are many, but one major barrier to treatment in Philadelphia 

and elsewhere has been the high cost of DAAs. Also, in 2014, insurance companies required 

a sobriety window of up to a year for persons seeking treatment. While this requirement has 

subsequently been eliminated in Pennsylvania, other restrictions remain. For example, the 

Pennsylvania state government recently approved treatment for all patients with HCV 

infection, regardless of fibrosis stage for those on Medicaid. However, managed care 

organizations (MCOs) and fee for service (FFS) care still require documentation of liver 

damage [22].
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It was encouraging that the absolute number of patients who were treated increased each 

year. From October 2012 through June 2013, only 4 patients initiated and completed 

treatment and 3 achieved SVR. However, by July 2015-June 2016, 64 patients initiated 

treatment, 54 completed treatment, 42 were assessed for SVR, and 39 achieved SVR by the 

end of data collection. We also found an increase in the number of patients treated within a 

year of testing. This increase is not surprising since DAAs were not widely available in 2013 

and even in 2014. The improvement in the number of patients initiating treatment and the 

higher cure rates can certainly be attributed in part to the simplification of treatment and the 

efficacy of the new medications [23,24,25]. We expect to see continued improvement as new 

therapeutics with even shorter treatment duration are released [26,27,28,29].

Our study is not without limitations. The results might not generalize to other settings, as 

testing was not completed for all patients visiting the FQHCs likely due to various structural 

factors such as time constraints. Moreover, the patient population served in these urban 

FQHCs may differ from other patient populations, including those served by other FQHCs. 

We also saw variability across the five FQHCs in the prevalence of chronic infection (HCV 

RNA positive) among patients who were HCV antibody positive. Given that the percentage 

of HCV antibody positive patients who received HCV RNA confirmatory testing was greater 

than 94% at each FQHC, it is unlikely that this variation is due to missing data. It is more 

likely reflective of the positive predictive value of the HCV antibody test, which generally 

performs better among populations with a high prevalence of HCV infection compared to 

those with a low prevalence [30].

Another limitation is that we did not have information on the outcome for roughly 25% of 

the patients who completed treatment. We worked closely with specialist offices to try and 

remedy the problem for patients seen and treated offsite. We believe a combination of factors 

contributed to this situation, including that treatment for some patients was not assessed by 

the clinic; the provider did not receive a record of it; or in some cases patients who 

completed treatment did not return to be assessed for SVR. Consequently, the number of 

patients achieving SVR is likely higher than what was reported.

Further, because the clinics served populations at increased risk of HCV infection (e.g. 

persons who inject drugs), it is possible that some chronically infected patients identified 

through the testing program were infected recently and subsequently cleared the virus. 

Although the testing protocol did not require repeat HCV RNA testing for chronically 

infected patients, some patients were tested more than once, however the findings did not 

reveal any discordant RNA results or suspected acute cases of HCV infection among these 

patients. Finally, barriers to treatment in our patient population and setting might not be the 

same as those in other U.S. cities, as insurance plans and regulations vary across states and 

jurisdictions.

In summary, our results show that the best linkage to care results, from diagnosis to cure, 

were among patients at the PHMC Care Clinic, which was the network’s test and treat site. 

Although the percentage of patients initiating treatment in these clinics was low overall, the 

HCV care landscape is improving and treatment uptake has increased. Scaling up treatment 

services in settings where HCV testing is offered may help to improve the HCV care 
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continuum. Expanding the capacity of primary care providers to treat is feasible given the 

simplicity of treatment and the availability of supportive resources during training and 

treatment. In fact, as of April 2016, providers at the Mary Howard Health Center and the 

Health Connection began treating patients diagnosed with chronic HCV infection, creating 

two additional test and treat sites in the health network. Since the training, an onsite primary 

care provider trained to treat HCV has evaluated 54 patients from these two clinics, 49 were 

assessed for HCV treatment, and three initiated treatment.
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Figure. 
Hepatitis C virus (HCV) care continuum for patients with chronic HCV infection at five 

Federally Qualified Health Centers, Philadelphia PA, 2012–2016.
*Sustained virologic response
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