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ABSTRACT

OBJECTIVES: Improved knowledge of hepatitis C virus (HCV) screening, linkage to care, and treatment is needed among nonspecialist medical
professionals to combat the HCV epidemic. The authors sought to implement and analyze the impact of an HCV curriculum for primary care pro-
fessionals (PCPs) across the state of Vermont, USA.

METHODS: This investigation was a retrospective analysis of uptake of a Vermont HCV educational curriculum and its impact on HCV direct-act-
ing antiviral (DAA) prescribing rates within the state before and after the study period. The curriculum was delivered online and in-person over 2
years from 2019 to 2020. The primary outcome was health care professional performance on a pre- and post-curriculum short-term knowledge
assessment exam. The secondary outcome was assessing the number of unique healthcare professionals within a single payor database pre-
scribing DAA treatment for HCV in Vermont before and after the study intervention, from January 1, 2017 until December 1, 2021.

RESULTS: There were 31 unique respondents on the pre- and post-intervention examinations, which represented 9% of known participants.
Respondents included physicians (n= 15), nurse practitioners (n= 8), and nurses (n=8). Pre- and post-intervention knowledge scores increased
significantly across all provider groups, from 3.2 (SD 0.6) to 4.5 (SD 0.4) 1 to 5 scale (P= .01). The total number of unique HCV DAA therapy
prescribers decreased over the study period, from 17 in 2017 to 9 in 2021.

CONCLUSIONS: A Vermont statewide HCV curriculum for PCPs was successful at increasing short-term HCV-related knowledge. However, this
did not obviously translate to an increase in new professionals treating HCV.
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Introduction
Hepatitis C virus (HCV) infection continues to be a large

public health burden.1 More than 185 million people are

infected with HCV globally, 4 million of whom live within

the USA, and it remains a leading cause of cirrhosis, liver

cancer, and liver transplantation nationally.2 After a steady

decline in new infections over the previous two decades, the

incidence of HCV has rapidly risen since 2011. In particular,

rural areas are seeing an especially steep rise in new HCV

cases, with by some estimates twice the incidence of new

HCV infections compared to urban areas.3 In Vermont, a

rural northeastern state, the prevalence of HCV was estimated

to be 1.45% in 2010, decreasing to 0.41 to 0.70 by 2016.4–6

This epidemic has been linked to the explosive increase in injec-

tion drug use, with the prevalence of HCV among younger

persons aged 20 to 39 years old and women of child-bearing

age increasingly significantly in recent years.7 Additionally,

there has been an increase in newly reported HCV among

those who are 60 and older, so-called baby boomers, attribut-

able to national screening efforts.8 Thus, the burden of HCV

infection cuts across a wide swath of patients. A striking

feature of chronic HCV is the absence of symptoms, and if

not diagnosed and treated, infected individuals are at risk for

progressive liver disease and premature death.9

Once HCV is diagnosed, however, successful treatment

with direct-acting antivirals (DAAs) reduces disease-related

morbidity and mortality.9 DAA treatment is straightforward

and highly effective; nearly all patients with chronic infection

can be cured with 8 to 12 weeks of once-daily oral therapy

with minimal side-effects.10 However, data suggest that fewer

than 10% of HCV-infected patients nationally are appropri-

ately diagnosed, linked to HCV professionals, and given cura-

tive therapy.11 Thus, the key to eradication of HCV infection is

improved screening, diagnosis, and linkage to treatment. Rural

areas face additional challenges related to a lack of medical pro-

fessionals with expertise in HCV recognition, treatment, and

engagement.3,12

Given the rapidly changing HCV landscape, there is cur-

rently a significant national HCV knowledge deficit.13,14

There is an unmet need for efficient strategies for HCV screen-

ing, diagnosis, and treatment within primary care professionals

(PCPs).15 Additionally, there is increasing data that treatment

of uncomplicated HCV by PCPs may result in increased

patient retention in care than with subspecialists, with patients

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without

further permission provided the original work is attributed as specified on the SAGE and Open Access page (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Journal of Medical Education and
Curricular Development
Volume 10: 1–6
© The Author(s) 2023
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/23821205231184362

https://orcid.org/0000-0001-7038-1353
mailto:
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/23821205231184362


more likely to achieve HCV cure.16–18 Thus, educating and

training PCPs on HCV care, particularly in rural areas with a

dearth of specialists, is a critical step in the eradication of

HCV.19

We sought to enact a Vermont statewide curriculum for

PCPs on HCV diagnosis, workup, linkage to care, and treat-

ment. We created a free, open-access, online curriculum per-

taining to HCV care specifically in Vermont, which was then

widely disseminated to PCPs.20 We also traveled throughout

the state and gave didactic sessions on HCV both in-person

and remotely. We hypothesized that we would be able to

show improved HCV knowledge among healthcare profes-

sionals throughout the state, and that this would increase

HCV treatment across Vermont.

Methods
Study Design

This investigation was a retrospective analysis of uptake of a

Vermont HCV educational curriculum and its impact on

DAA treatment within the state. Our work was supported by

the Vermont Department of Public Health and the Vermont

Viral Hepatitis Taskforce.

Study Setting and Population

Location. This was a statewide intervention within Vermont,

which is a small state in the northeast United States with a

population of 623 989 (49th rank nationally), a median house-

hold income of $57 513 (28th rank nationally), and where

61.1% of the population lives in a rural area (second rank

nationally).21

Description of the curriculum. The curriculum was designed by

the authors, who are Hepatology (SL) and Infectious

Diseases (AH) specialists at the University of Vermont

Medical Center, Burlington, VT, USA with experience in

treating HCV, and took place in 2019 to 2020. The curriculum

consisted of four free and open-access online modules; (1)

HCV basics, (2) screening for HCV, (3) care for patients

who screen positive for HCV, and (4) linkage to care and

HCV treatment basics.20 The curriculum was designed for

practicing healthcare professionals at the physician, nurse prac-

titioner, physician assistant, and registered nurse levels to learn

how to appropriately identify and move toward treatment

patients with HCV, and was structured around the HCV

guidelines.10 The HCV basics module included information

on the epidemiology, structure and pathogenesis, hepatopathic

effects, and natural history and consequences of HCV and

HCV infection. The screening for HCV module covered who

should be screened, why screening for HCV is important, bar-

riers to HCV screening and how to address them, and how to

appropriately screen for HCV. The post-screening Process

module covered what to do after a positive HCV screen, screen-

ing for co-infections, and how to accurately assess hepatic fibro-

sis. The linkage to care and HCV treatment basics module

covered who should be treated for HCV, the basics of HCV

DAA regimens, what testing is needed during and after treat-

ment, how to test for HCV cure, and what to tell patients after

HCV cure has been achieved. Continuing Medical Education

credits were made available for professionals completing the

curriculum. The curriculum was distributed to healthcare pro-

fessionals via three mechanisms: (1) the Vermont Viral

Hepatitis Taskforce, which comprises about 30 multidisciplin-

ary professionals representing every county of Vermont; (2)

OneCare Vermont, which is the state-wide accountable care

organization; and (3) didactic presentations by the authors,

both in person and remotely, to locations throughout the state.

HCV education assessment survey. To test short-term HCV

knowledge, we developed a 40-question multiple choice exam-

ination administered at baseline and after completion of the

curriculum. These examination questions were created by the

authors and not externally validated, though designed to test

basic HCV knowledge. Qualitative comments were also cap-

tured in the post-intervention exam. In parallel, we submitted

to participating health professionals a questionnaire, using

Likert-style questions from 1 to 5, that sought to determine

the utility of the curriculum and the extent to which it would

change their HCV management. Only health professionals in

Vermont were eligible to participate. Other than CME credit

that was made available for completing the curriculum, there

was no explicit incentive to complete the survey.

Outcomes

The primary outcome was health care professional (MD, NP,

PA, RN) performance on a pre- and post-curriculum short-

term knowledge assessment exam. The secondary outcome

was assessing the number of unique healthcare professionals

prescribing DAA treatment for HCV in Vermont before and

after the study intervention. We obtained data from Vermont

BlueCross/BlueShield (BC/BS), the largest private health

insurance provider in Vermont, on the number of DAA pre-

scribers per Vermont zip code per year from January 1, 2017

until December 1, 2021.

Statistical Analysis

For the primary outcome, pre- and post-test performance was

compared with paired t-tests. A P-value of <.05 was deemed

to be significant. Because of low overall values, analysis of stat-

istical significance on the secondary outcome was not per-

formed and results are presented descriptively.
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Results
Results of the primary outcome are shown in Table 1. There

were 342 unique website hits during the study period, of

whom 31 unique respondents completed the pre- and post-

intervention examinations (9.1%). Respondents included phy-

sicians, nurse practitioners, and nurses; there were no physician

assistant respondents. Pre- and post-intervention knowledge

scores for each of the 4 modules increased significantly for

each participant degree type. Across all provider groups, the

educational intervention was felt to be helpful (4.7 [SD 0.3]

score on a 1 to 5 scale with 5 representing “very helpful”) and
likely to change management (4.6 [SD 0.3] score on 1 to 5

scale with 5 representing “very likely”). Sample qualitative com-

ments on the curriculum are shown in Table 2.

Results of the secondary outcome, the number of unique

professionals prescribing HCV DAA therapy per year per

Vermont County to BC/BS patients, are shown in Table 3.

Table 1. Results of pre- and post-intervention examinations.

NUMBER OF

RESPONDENTS

INTERVENTION WAS

HELPFUL (SD)a
LIKELY TO CHANGE

MANAGEMENT (SD)b
PRE-INTERVENTION

KNOWLEDGE SCORE (SD)c
POST-INTERVENTION

KNOWLEDGE SCORE (SD)d
P VALUE

Module 1: HCV basics

Physician
(MD/DO)

13 4.5 (0.3) 4.3 (0.4) 4.5 (0.8) 4.9 (0.3) .05

Nurse
Practitioner
(NP)

7 4.9 (0.2) 4.8 (0.2) 3.1 (1.1) 4.9 (0.3) .01

Registered
Nurse (RN)

7 4.8 (0.3) 4.7 (0.3) 3.6 (0.9) 4.6 (0.4) .01

Total 27 4.7 (0.3) 4.6 (0.3) 3.8 (0.9) 4.8 (0.3) .01

Module 2: Screening for HCV

MD/DO 14 4.6 (0.2) 4.5 (0.3) 4.2 (0.2) 4.8 (0.2) .02

NP 7 4.8 (0.2) 4.8 (0.3) 3.6 (0.9) 4.3 (0.4) .01

RN 8 4.7 (0.3) 4.7 (0.3) 3.8 (0.9) 4.6 (0.4) .01

Total 29 4.7 (0.2) 4.6 (0.3) 3.9 (0.5) 4.6 (0.3) .01

Module 3: Care for patients who screen HCV positive

MD/DO 14 4.7 (0.3) 4.5 (0.5) 4.1(0.4) 4.64 (0.3) .03

NP 7 4.8 (0.4) 4.7 (0.4) 3.0 (1.0) 4.0 (0.5) .02

RN 8 4.9 (0.3) 4.7 (0.4) 3.4 (0.4) 4.4 (0.4) .02

Total 29 4.8 (0.3) 4.6 (0.4) 3.5 (0.6) 4.3 (0.4) .01

Module 4: Linkage to care and treatment basics

MD/DO 15 4.7 (0.4) 4.7 (0.4) 3.7 (0.7) 4.7 (0.3) .01

NP 8 4.7 (0.6) 4.8 (0.6) 3.0 (0.5)) 4.5 (0.5) .01

RN 8 4.8 (0.4) 4.6 (0.4) 2.9 (0.6) 4.4 (0.4) .01

Total 31 4.7 (0.4) 4.7 (0.4) 3.2 (0.6) 4.5 (0.4) .01

aResponse from 1 to 5 (1= very unhelpful; 5= very helpful) on whether the educational intervention was helpful to the medical practice of the respondent.
bResponse from 1 to 5 (1= very unhelpful; 5= very helpful) on whether the educational intervention was likely change the respondent’s management patients with HCV
infection.
cThe pre-intervention score was graded 0 to 5, with 5 being the highest possible score.
dThe post-intervention score was graded 0 to 5, with 5 being the highest possible score.

Table 2. Sample qualitative responses from respondents on the
educational intervention.

This module will help me treat HCV infected patients

Nice supplement to the HCV guidelines website

Helped me understand that more of my patients should be getting
treatment

I work in a methadone clinic and many of our patients have HCV
and are not on treatment. This helped me think about how we can
get them access to HCV treatment

Hale et al 3
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The total number of unique HCV DAA therapy prescribers

decreased over the study period, from 17 in 2017 to 9 in 2021.

Discussion
In this study, we have assessed the impact of an internet-based

curriculum on health professional knowledge about HCV and

the extent to which it influenced treatment of this disease. An

internet-based curriculum has distinct advantages in a largely

rural state like Vermont, since a preponderance of its health pro-

fessionals are located at considerable distances from centers in

which in-person learning can be delivered. In addition, it pro-

vides educational opportunities at times that do not conflict

with clinical responsibilities. Moreover, the curriculum design

permits timely revisions in response to evolving updates in

HCV management, which would not be possible in a static

lecture format. The success of this curriculum is supported by

the improvement in short-term HCV knowledge scores across

a broad spectrum of responding health professionals, particularly

among nurses and nurse practitioners, who completed the

program. More importantly, they suggest that the curriculum

would likely change their management of HCV.

Despite these positive findings, the impact of the curriculum

on HCV treatment was less clear. Based upon our analysis of a

subset of patients with BC/BS health plan coverage, neither the

number of DAA prescriptions nor the number of individual

DAA prescribers increased after the curriculum was launched.

This finding must be interpreted with caution, however.

First, the data are confined to HCV treatment, and they do

not capture the extent to which HCV screening or specialty

referral changed during the study period. Second, not all

HCV patients in Vermont have health coverage through BC/

BS, and it is possible that the trajectory of DAA prescriptions

issued for HCV patients with other forms of health coverage

was distinct. Because patients with lower socioeconomic

status may be higher risk for HCV acquisition, this is a signifi-

cant limitation of our data.9 Third, the post-curriculum study

period coincided with the emergence of the COVID-19 pan-

demic, and this could have had an unexpected influence on pat-

terns of HCV management during this time. This is supported

by observations in multiple studies, which have shown

decreased rates of HCV treatment during the COVID-19

era.22,23 While the prevalence of HCV in Vermont appeared

to be decreasing from 2010 to 2016, it is unclear at this time

what impact the COVID-19 pandemic had on Vermont’s
HCV prevalence.4–6 Clearly, additional information and

study beyond the COVID-19 emergency would be required

to address the relation between curriculum availability and the

scope of HCV treatment in Vermont. Fourth, prior authors

have demonstrated the complexity of HCV screening and

care, and the need to engage primary care physicians; a highly

successful curriculum may require a multifaceted approach.24,25

Several additional points and limitations merit comment.

Although we recorded 342 unique website hits during the

study period, we do not know how many of these completed

the curriculum but did not take the assessment test. Our pro-

portion of users who completed the pre- and post-tests were

low. Rather, our analysis of the educational value of the HCV

curriculum was confined to the 31 health professionals who

completed the questionnaire and examination, and we do not

know what impact it may have had on others who may have

viewed it but did not respond. There were statistically signifi-

cant short-term educational gains across this group, but the

low number of respondents precluded an analysis of its

impact according to health professional type (eg, physician,

nurse practitioner) or location (eg, rural vs nonrural). There

was not a power analysis performed, though we were able to

show statistically significant short-term educational gains. An

additional caveat is that our HCV knowledge assessment exam-

inations pre- and post-intervention were not externally vali-

dated and do not assess for long-term retention. To address

these issues would require revision of the website to foster

greater participant interaction while connected, improved

tracking of participants, and to seek strategies to engage parti-

cipants subsequently for educational re-assessment. A method

of tracking long-term educational and HCV DAA prescribing

practices would be valuable. This would be worthy of study in

the future.

Conclusion
Treatment of HCV is a public health priority, though there is a

significant gap between patients who need treatment and the

number of prescribers who treat HCV. This is particularly true

in rural areas like Vermont. Educational websites hold the

promise to expand HCV knowledge among health professionals.

The experience we describe here supports this concept. Additional

studies will be needed to clarify what interventions are necessary to

translate this knowledge to fill a persistent and pervasive care gap,

in order to effectively combat the HCV epidemic.
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