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Abstract

Efforts to end the HIV and hepatitis C virus (HCV) epidemics begin with ascertainment of a person’s infection
status through screening. Despite its importance as a site of testing, missed opportunities for screening in the
Emergency Department (ED) are common. We describe the impact of implementing an individualized provider
feedback intervention on HIV and HCV testing in a quaternary ED. We conducted an interrupted time series
analysis to evaluate the impact of the intervention on weekly HIV and HCV screening in an observational
cohort of patients seeking care in the ED. The intervention included a physician champion individualized
feedback with peer comparisons to all providers in the ED and an existing HIV/HCV testing and response team.
Data were abstracted from the electronic medical record (EMR) for 30 weeks before, during, and after im-
plementing the intervention. We used Poisson regression analysis to estimate changes in the weekly counts and
rates of HIV and HCV testing. The incidence rate ratios (IRRs) of HIV testing were 1.94 [95% confidence
interval (CI) 1.85–2.04] and 1.38 (95% CI 1.31–1.45) times higher for the intervention and post-intervention
period compared with the pre-intervention period. The IRRs of HCV testing was 6.96 (95% CI 6.40–7.58) and
4.70 (95% CI 4.31–5.13) for the intervention and post-intervention periods. There were no meaningful dif-
ferences in demographic characteristics during the observation period. The intervention meaningfully increased
HIV and HCV testing volume and positive case detection, including testing in high-risk groups like young
adults and individuals without prior testing. Although diminished, the intervention effect sustained in the 30-
week period following implementation.
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Introduction

All efforts to end the HIV and hepatitis C virus (HCV)
epidemics begin with ascertainment of a person’s in-

fection status. Screening is the critical first step as HIV testing
provides potential entry into both the primary and secondary
HIV prevention cascades. Multiple federal, state, and local
jurisdiction plans for ending the HIV epidemic (EHE) have
been proposed, all with testing as a critical step. Many states,
including New York State, have laws requiring an offer of
routine HIV testing as part of medical care.1 Fewer states
have HCV testing laws; while New York was the first to pass
a law mandating an offer of HCV testing to individuals born
between 1945 and 1965, with recent guidelines suggesting
that wider routine testing is needed.2 Despite the significance
of routine screening for both HIV and HCV, missed oppor-
tunities for earlier diagnosis remain common throughout the
health care system.3–10

Urban emergency rooms are an important, and cost-
effective, location for HIV and HCV screening programs
because they serve as an access point for people who do not
have access to routine care and may be at heightened risk for
HIV. There are multiple barriers to effective implementation
in this complex and busy environment.11,12 Strategies like
EMR alerts (with and without hard stops), roving HIV testing
services, and triage and nursing testing offers have all been
attempted to increase screening in the Emergency Depart-
ment (ED) with variable success.7,13,14

In patients testing positive for HIV, linkage to care, suc-
cessful initiation of antiretroviral therapy, and achievement
of undetectable viral load status results in the inability to
sexually transmit the virus to others. For individuals testing
negative for HIV, sexual health screening and referral to ef-
fective, proven biomedical HIV prevention services, like
HIV pre-exposure prophylaxis, can reduce the risk of HIV
infection by 99%.15 While the ED is a cost-effective location
for HIV screening, and many ED providers feel that HIV
testing is a responsibility, location-specific barriers exist.
These include higher priority issues, time constraints, inad-
equate resources, burdensome consent processes, and con-
cerns about following up laboratory results and obtaining
follow-up visits for positive results.16 Enhancing ED HIV
testing requires addressing these specific barriers.

While less visible at the national level, many states have
similarly developed ending the HCV epidemic campaigns.
Ending the HCV epidemic through testing, linkage and
treatment has considerable potential since the advent of
direct-acting antiviral agents that can cure almost all cases of
HCV in 8 to 12 weeks. However, the critical first step remains
screening and identification of individuals living with HCV.
Recent United States Preventive Services Task Force
(USPTF) recommendations have broadened HCV screening
recommendations to include one-time HCV testing for adults
18–79 years of age as well as repeat periodic testing for
people with ongoing risk factors.2 While EDs have been
shown to be a cost-effective location for HCV screening,
there remain numerous barriers to the implementation of
HCV screening in the ED setting. Unlike HIV, where
screening in the ED is frequently required by law, fewer ED
providers recognize HCV screening as part of their scope of
practice or that EDs are an effective location for HCV
screening programs.17 Additional barriers to HCV screening

are similar to those noted for HIV screening above, and in-
clude arranging care engagement for positive results.17

Increasing HIV and HCV screening rates in EDs could
leverage clinicians’ overall motivation to provide care that
improves patient health, a Hippocratic tenet that is largely
reflected in studies that assess general attitudes regarding
HIV and HCV screening in a variety of clinical settings.
Various strategies to improve HIV and HCV screening rates
in high-value practices utilizing both audit, feedback and peer
comparisons have produced mixed results.18–22 Meta-
analysis of both manually and computer-generated reminders
delivered on paper lead to small-to-moderate increases in
quality outcomes.23,24 While a meta-analysis of audit and
feedback concluded that it leads to small improvements in
practice overall, with effectiveness dependent upon how the
feedback is provided.21 Combined interventions that com-
bine audit and feedback with other strategies have been
shown to increase adherence to infection prevention and
control guidelines.25

Feedback intervention theory (FIT), a hybrid theory which
integrates multiple behavioral theories to explain the effect of
feedback interventions on performance, can serve to inform
intervention development.26 FIT contains three processes
that affect an individual’s response to feedback; meta-tasks
that direct attention, focal tasks that aim to increase moti-
vation, and task details that aim to improve performance
through learning.26,27 Actionable feedback that is timely,
individualized, nonpunitive, and customizable have been
shown to increase performance.28–30

We describe the effect of implementing individualized
provider feedback, including peer comparisons, in the setting
of a physician champion and an HIV/HCV testing response
tea in a quaternary ED that had opt-out HIV screening and a
robust linkage to care program.

Methods

Study design and setting

Using an observational cohort, we conducted an inter-
rupted time series analysis to evaluate the impact of the in-
tervention on weekly HIV and HCV testing levels in two
related academic EDs (one academic and one community)
between March 1, 2018 and November 20, 2019. We chose to
combine both EDs as they were staffed from the same pro-
vider pool. We selected this study period because it included
a 30-week pre-implementation time, 30-week program im-
plementation time, and 30-week post-implementation time
period.

Intervention periods

Pre-Intervention. This project was part of hospital-wide
initiatives that focused upon improving HIV and HCV
testing, linkage to care, and treatment. For several years
before the individualized provider intervention, the ED
had an EMR ‘‘hard-stop’’ that required documentation
of an offer of HIV testing to all patients coming to the
ED, consistent with New York State law. During the pre-
intervention period, institutional HIV and HCV testing
dashboards were developed that provided the HIV/HCV
testing and response team with near real-time HIV and
HCV testing results. The HIV/HCV testing and response
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team was led by a care coordinator who followed up positive
cases and assigned them to care coordinators for contact and
linkage to care. Multiple clinical care members were avail-
able for consultation as needed.

Furthermore, during the pre-intervention period, an ED
physician champion was identified who met regularly with
the HIV/HCV testing and response team to design the in-
tervention and provided input on messaging. On September
19, 2018, the physician champion provided a single educa-
tional update to ED providers during their monthly faculty
meeting; this included information about the local epidemi-
ology, stressing the importance of HIV and HCV screening in
the ED, and an introduction to the upcoming proposed study.

Intervention. At the start of the intervention period, in-
dividualized feedback was sent to all clinical staff, such as
physicians, resident physicians, physician assistants, and
nurse practitioners, who could offer an HIV or HCV test in
the ED. Feedback to all providers consisted of an e-mail from
the physician champion with an attachment showing their
preceding 1- and 6-month individual and peer HIV and HCV
screening counts and rates, the overall HIV and HCV
screening rate for the prior month, and a target goal (‘‘Our
goal is to increase the overall ED screening rate to 70%’’). All
faculty physicians and physician assistants were also pro-
vided simultaneously an e-mail and a monthly text message
feedback on the performance. Monthly text messages were
sent on September 28th, October 30th, November 27th, De-
cember 27th, January 29th, February 26th, and March 28th.
Text messages included individual screening percentages and
peer comparisons. (‘‘Over the past month you screened X%
of your patients for HIV and X% for HCV compared with the
ED averages of Y% and Y%’’).

Post-intervention. The intervention was considered
complete on April 26th, 4 weeks after the final feedback was
sent. The HIV/HCV testing and response team remained in
place but there were no further educational sessions and
feedback provided by the physician champion and no chan-
ges to order sets or screening practices throughout the 18-
month study.

Data sources and linkage. Data were abstracted from the
EMR retrospectively for all patients with an ED visit from
March 1, 2018, through November 30, 2019. Data acquired
for each ED visit included patient demographics (age, sex at
birth, race and/or ethnicity, visit date, visit location), current
and historical HIV and HCV testing, and visit disposition.
Historical HIV and HCV testing were available back to 2012.
This study was approved by the Institutional Review Board
with a waiver of informed consent.

Outcomes. The primary outcome was the number of
patients receiving an HIV or HCV test during their ED visit
per week. Secondary outcomes included the percent of pa-
tients receiving an HIV or HCV test in the ED, percent of
patients screened for HIV and HCV since 2012, the number
of positive tests, and the positivity rate.

Statistical analysis. We conducted descriptive statistics
to summarize the demographic and clinical outcomes of the
sample. Time series analysis is a form of forecasting in which

past HIV and HCV testing data were modeled to make pre-
dictions about the future. We conducted a Poisson regression
analysis to estimate changes in the counts and weekly rate of
HIV and HCV testing.31,32 Poisson regression approximates
the binomial distribution because of the large sample size and
few independent predictors. Further, we examined the
weekly number of ER visits and did not observe any signif-
icant change in patient volume during the observation period.
We estimated the Newey–West standard errors to account for
autocorrelation and heteroskedasticity because of the corre-
lation between proximal observations. HIV and HCV
screening data were grouped into a time unit of 7 days. We
categorized the intervention into three intervention stages:
pre-intervention, during intervention, and post-intervention
as a dummy variable. The model also included a time variable
and an interaction between time and intervention period.

We used the following regression parameterization:

Yt ¼ b0þ b1 � X1tþ b2 � X2tþ b3 � X3tþ �t

Where,
Yt is the number of HIV or HCV tests in week t;
b0 is the number of HIV/HCV tests at the start of the time

series;
b1 is the trend (rate of change) in the number of weekly

HIV/HCV tests in the pre-intervention period;
X1t is a continuous variable indicating time in weeks at

time t from the start of the time series;
b2 is the change in the number of weekly HIV/HCV tests

immediately after the start of and during the intervention,
which represents the effect of the intervention;

X2t is a dummy variable coded 0 for the pre-intervention
period, 1 for the intervention period;

b3 is the change in the trend in the weekly number of
HIV/HCV tests during post-intervention phase compared
with the pre-intervention period, which represents any sus-
tained effect;

X3t is a dummy variable coded 0 for the pre-intervention
period, 1 for the post-intervention period; and �t is the error
term at time t.

Results

Overall, there were 215,622 ED encounters during the
study period; 70,568 in the pre-intervention period, 70,532 in
the intervention period, and 74,522 in the post-intervention
period. Most patients seen in the ED were over age 60 (23%),
female (56%), had another or unknown race or ethnicity
(76%), and seen at the academic medical center (68%). There
were no key differences in age, sex at birth, race/ethnicity,
hospital setting among the three time periods, or mean
number of patients seen weekly (Table 1).

Primary outcome

Overall, there were 11,562 HIV tests and 2410 HCV tests
performed during the study period. During the preinterven-
tion period, 2640 HIV and 268 HCV tests were performed,
compared with 5129 HIV and 1221 HCV tests during the
intervention period and 3793 HIV and 921 HCV tests during
the post-intervention period. Individuals tested for HIV were
more likely to be age 30–39 (26%), female (56%), seen in the
academic medical center (73%), and tested for the first time
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in our system (58%); these percentages were relatively con-
sistent in the pre, intervention, and post-time periods. In-
dividuals tested for HCV were more likely to be over 60 years
of age (28%), female (56%), seen in the academic medical
center (72%), and tested for the first time in our system
(63%); these percentages were relatively consistent in the
pre, intervention, and post-time periods. In the intervention
and post-intervention period, there were an additional 545
HIV and an additional 186 HCV tests among those 18–24, an
additional 1875 HIV tests, and 947 HCV tests among women
and an additional 2143 HIV and 1024 HCV tests among in-
dividuals without documentation of prior testing (Table 2).

Figures 1 and 2 show trends in HIV and HCV testing in the
pre, during, and post-intervention periods, respectively. HIV
testing levels were unchanged during the pre-intervention
period, increased during the intervention period, and de-
creased in the period immediately after, but did not return to
pre-intervention levels. HCV testing levels began increasing
during the pre-intervention, further increased in the interven-
tion period, and declined in the period immediately after but
did not return to pre-intervention levels. After adjusting for
weekly patient volume, the incidence rate of weekly HIV
testing during the intervention and post-intervention periods
increased by 1.94 [95% confidence interval (CI) 1.85–2.04]
and 1.38 (95% CI 1.31–1.45) folds compared with pre-
intervention period, respectively (Table 3). HCV testing rates
also increased by 6.96 (95% CI 6.40–7.58) and 4.70 (95% CI
4.31–5.13) folds compared with pre-intervention period, re-
spectively (Table 3). The interaction effects of weekly patient
volume and intervention period resulted in statistically unsta-
ble estimates, and those were removed from the final model.

Secondary outcomes

Across all ED patients, 3.8% of patients were screened for
HIV per week in the pre-intervention period; this increased to
7.3% during the intervention period and decreased to 5.1% in
the post-intervention period. In the pre-intervention period,
0.9% of ED patients were screened for HCV; this increased to
6.1% during the intervention period and decreased to 4.2% in
the post-intervention period. Overall, 41.80% of patients had
documented HIV testing and 33.46% had documented HCV
testing since 2012 in the pre-intervention period. This in-
creased to 44.04% for HIV and 37.87% for HCV during the
intervention period and decreased to 41.10% for HIV and
35.79% for HCV in the post-intervention period.

In the pre-intervention period, there were 25 patients di-
agnosed with HIV (0.96% positivity) and 46 with HCV (7.5%
positivity). During the intervention period, 35 patients were
diagnosed with HIV (0.69% positivity) and 121 with HCV
(2.8% positivity). In the post-intervention period, 33 patients
were diagnosed with HIV (0.91% positivity) and 105 were
diagnosed with HCV (3.5% positivity).

Discussion

This study provides information on HIV and HCV testing
in a busy urban ED before and after a FIT-informed HIV and
HCV testing intervention. The study demonstrates the ob-
jective of increasing HIV and HCV testing during the inter-
vention period. We observed an absolute increase in tests, an
increase in the number of patients screened for the first time
in our EMR, and an impressive increase in the number of
patients testing positive for HIV and HCV. We did not

Table 1. Demographics of Emergency Department Patients

Characteristic
Overall,

N = 215,622a
Pre,

N = 70,568a
Intervention,
N = 70,532a Post, N = 74,522a

Age category
18–24 27,563 (13%) 9225 (13%) 9151 (13%) 9187 (12%)
25–29 29,051 (13%) 9493 (13%) 9415 (13%) 10,143 (14%)
30–39 43,706 (20%) 14,213 (20%) 14,245 (20%) 15,248 (20%)
40–49 32,391 (15%) 10,474 (15%) 10,713 (15%) 11,204 (15%)
50–59 33,489 (16%) 11,273 (16%) 10,773 (15%) 11,443 (15%)
>60 49,422 (23%) 15,890 (23%) 16,235 (23%) 17,297 (23%)

Sex at birth
Female 121,245 (56%) 39,329 (56%) 40,241 (57%) 41,675 (56%)
Male 94,377 (44%) 31,239 (44%) 30,291 (43%) 32,847 (44%)

Ethnicity/race
Hispanic/Latino 26,442 (12%) 9227 (13%) 8692 (12%) 8523 (11%)
Non-Hispanic Black/African American 14,215 (6.6%) 4651 (6.6%) 4753 (6.7%) 4811 (6.5%)
Non-Hispanic White 11,583 (5.4%) 3775 (5.3%) 3820 (5.4%) 3988 (5.4%)
Other/unknown 163,382 (76%) 52,915 (75%) 53,267 (76%) 57,200 (77%)

Hospital setting
Academic 147,559 (68%) 48,131 (68%) 48,147 (68%) 51,281 (69%)
Community 68,063 (32%) 22,437 (32%) 22,385 (32%) 23,241 (31%)

Testing for the first time
Yes 122,694 (57%) 41,851 (60%) 39,901 (57%) 40,942 (55%)
No 91,736 (43%) 28,375 (40%) 30,174 (43%) 33,187 (45%)

Average patient visit by week 2396 2352 2351 2484

an (%).
Pre-intervention period: March 1, 2018 through September 26, 2018.
Intervention period: September 27, 2018 through April 24, 2019.
Post-intervention period: April 25, 2019 through November 20, 2019.
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FIG. 1. HIV testing during the pre-intervention, intervention, and post-intervention periods.

FIG. 2. HCV testing during the pre-intervention, intervention, and post-intervention periods. HCV, hepatitis C virus.
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observe an increase in percent of patients screened positive
during the intervention period compared with the pre-
intervention period. This may be attributed to HIV and HCV
risk ascertainment differences used by providers to offer a test,
resulting in those at highest risk being tested, rather than all
those who are in need of HIV and HCV testing. Although, some
effect was sustained immediately after implementation of the
intervention was removed, testing decreased significantly.

In considering the success of this intervention, numerous
design characteristics were deemed important. Surveys of
providers about HIV and HCV testing identified higher pri-
ority issues, time constraints, inadequate resources, and
concerns about following up laboratory results, and navi-
gating care engagement for patients who were identified as
positive.16,17 This intervention was designed in conjunction
with our physician champion to address each of these con-
cerns. The physician champion, a member of the ED, re-
viewed with providers the importance of testing for EtE goals
as well as the emerging data on rising local HCV rates,
highlighting the importance of this work and demonstrating
that it should be considered a priority.33 Secondarily, there
was an HIV/HCV testing and response team that took re-
sponsibility for following up all positive test results and ar-
ranging for linkage to care, reducing the amount of ED time
and resources dedicated to this often difficult task. This was
messaged to providers both during the physician champion
kick-off session and in notes left in the EMR for providers to
see confirming that the service did receive the positive result
and follow-up with the patient.

Further, this intervention was designed using FIT. The
monthly e-mails and text messages directed attention to the
meta-task of HIV and HCV testing regularly. Given that
laboratories are already frequently ordered in the ED, adding
additional laboratories does not require significant processing
and is thus more amenable to shifting focus and attention.
The individual feedback of both 1- and 6-month screening
rates can improve motivation by showing improvement over
time. Peer comparisons were also utilized having been shown
to enhance these interventions. Finally, by making this
feedback timely (monthly), non-punitive (not shared with
administration), and personalized, it was accepted by ED
staff, actionable with minimal additional effort, and under-
stood to be effective.

During this study, numerous providers were both surprised
by, and did not at first believe their personal testing rates were
so low. To address these concerns, a testing quality check
(QC) dashboard was developed and introduced in November

that allowed providers to see granular provider-specific
patient-level testing data, including HIV and HCV results.
This ability to review their own performance and understand
gaps in care appeared to reduce provider concerns regarding
overall accuracy of the feedback and likely further helped
drive adoption.

This study was performed in two Emergency Rooms as-
sociated with a single academic medical center using Emer-
gency Medicine staff working at both facilities. It is unclear if
this intervention would work as well in a non-urban ED with
lower rates of HIV and HCV, the nonacademic settings, or
nonemergency settings. All positive tests were new diagnosis
at the institution; however, we have no way of ensuring that
patients were not diagnosed at other facilities, and did not
disclose their diagnosis. However, we used the same defini-
tion in each time period to create comparable cohorts. We did
not disaggregate testing by type of provider since we did not
have sufficient power to examine provider-specific testing
effects. Therefore, it is unclear if the intervention worked the
same across provider groups (physicians, residents, nurse
practitioners, physician assistants) or if the intervention had a
differential effect by provider group, and if those providers
have a greater effect on our findings. Future studies should
consider evaluating at the provider level, as different provider
groups may require further individualized interventions.

We recognize that provider feedback and peer compari-
sons were provided in the context of a larger package of
supportive services, including the use of a testing dashboard,
testing service response team, and patient navigation. For the
purposes of this study, linkage to care was not a specific
outcome; however, a robust HIV and HCV linkage to care
service was available that provided follow-ups for all positive
results, scheduled appointments, and provided navigation
services to clients. Historically the HIV testing response team
has a greater than 98% linkage to care rate for individuals
testing positive for HIV. Robust follow-up, linkage, and
navigation services require significant resources and it is
unclear if the increase in HIV and HCV screening would have
been as large without these services.

Similarly, without the application of a novel information
technology intervention that allowed for testing and results
notification through a near ‘‘real-time’’ dashboard, as well
as the QC dashboard, providers may have lacked confidence
in the overall intervention. The study also benefited from a
physician champion, or popular opinion leader, to drive
dissemination and adoption. Finally, the intervention was in
place for only 30 weeks, and it is unclear if further fatigue

Table 3. Time Series Analysis of HIV & HCV Testing by Intervention Stage

HIV HCV

IRR 95% CI p IRR 95% CI p

Weekly visits 1.00 1.00–1.00 0.003 1.00 1.00–1.00 <0.001
Stage

Pre — —
Intervention 1.94 1.85–2.04 <0.001 6.96 6.40–7.58 <0.001
Post 1.38 1.31–1.45 <0.001 4.70 4.31–5.13 <0.001

CI, confidence interval; IRR, incidence rate ratio.
Pre, intervention period: March 1, 2018 through September 26, 2018.
Intervention period: September 27, 2018 through April 24, 2019.
Post, intervention period: April 25, 2019 through November 20, 2019.
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would have occurred had the intervention continued. The
study ended after 30 weeks post-intervention, while average
testing is up in the post-intervention period, the general
trend was a decline in testing and it is unclear if HIV and
HCV testing rates would have returned to baseline over
time.

In the setting of a HIV/HCV testing response team and a
physician champion, provider feedback and peer compari-
sons can significantly increase HIV and HCV testing, in-
cluding testing in high-risk groups, such as adolescents and
young adults, and individuals without prior testing. Further
study is needed to see if this process could be further auto-
mated, applied to additional settings and screenings, and if
post-intervention testing fatigue can be mitigated with in-
termittent feedback.
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