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Background. The hospital-led interventions yielding the best hepatitis C virus (HCV) testing and treatment uptake are poorly
understood.

Methods. We searched Medline, Embase, and Cochrane databases for studies assessing outcomes of hospital-led interventions
for HCV antibody or RNA testing uptake, linkage to care, or direct-acting antiviral commencement compared with usual care, a
historical comparator, or control group. We systematically reviewed hospital-led interventions delivered in inpatient units,
outpatient clinics, or emergency departments. Random-effects meta-analysis estimated pooled odds ratios [pORs] measuring
associations between interventions and outcomes. Subgroup analyses explored outcomes by intervention type.

Results. A total of 7872 abstracts were screened with 23 studies included. Twelve studies (222 868 participants) reported antibody
testing uptake, 5 (n = 4987) reported RNA testing uptake, 7 (n = 3185) reported linkage to care, and 4 (n = 1344) reported treatment
commencement. Hospital-led interventions were associated with increased antibody testing uptake (pOR, 5.83 [95% confidence
interval {CI}, 2.49-13.61]; I> = 99.9%), RNA testing uptake (pOR, 10.65 [95% CI, 1.70-66.50]; ?=97.9%), and linkage to care
(pOR, 1.75 [95% CI, 1.10-2.79]; I = 79.9%) when data were pooled and assessed against comparators. Automated opt-out testing
(5 studies: pOR, 16.13 [95% CI, 3.35-77.66]), reflex RNA testing (4 studies: pOR, 25.04 [95% CI, 3.63-172.7]), and care
coordination and financial incentives (4 studies: pOR, 2.73 [95% CI, 1.85-4.03]) showed the greatest increases in antibody and

RNA testing uptake and linkage to care, respectively. No intervention increased uptake at all care cascade steps.

Conclusions. Automated antibody and reflex RNA testing increase HCV testing uptake in hospitals but have limited impact on
linkage to treatment. Other interventions promoting linkage must be explored.
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Global hepatitis C virus (HCV) elimination requires more peo-
ple living with hepatitis C to be diagnosed, progress through the
care cascade, and complete curative direct-acting antiviral
(DAA) treatment [1, 2]. Hospitals have opportunities to engage
patients at all steps of the hepatitis C care cascade. In many
countries, people living with or at increased risk of HCV
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infection are overrepresented in emergency department (ED)
presentations [3, 4] and all-cause hospitalizations [5].
Systematic reviews show higher HCV seroprevalence among
ED attendees than in the general population [6-8]. Frequent,
prolonged hospitalizations are common among people who in-
ject drugs, who are at increased risk of HCV infection and
therefore present opportunities for diagnosis, linkage to care,
and treatment commencement [9].

Despite the burden of infection, hospitals are missing oppor-
tunities to diagnose and treat HCV in patients. Studies explor-
ing this suggest that many people engaged in hospital care do
not receive HCV antibody testing despite having identified
risk factors [10, 11]. Among those testing antibody positive,
many fail to receive RNA testing to confirm the diagnosis
[10]. Patients diagnosed with HCV in hospital are seldom suc-
cessfully referred to attend appointments with health profes-
sionals who can treat it, partly because hepatitis is rarely the
primary cause for their presentation [12]. DAA commence-
ment while hospitalized is also uncommon [10].
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Simple, effective, and efficient interventions are needed to
maximize HCV testing, diagnosis, and treatment in hospitals.
Currently, the hospital-led interventions yielding the best testing
and treatment uptake are poorly understood. Despite reviews of
interventions in community settings [13], no systematic reviews
have exclusively assessed the effects of hospital-led interventions
on uptake at different steps of the hepatitis C care cascade. This
review explores hospital-led interventions to compare the impact
of different intervention types on HCV testing, linkage to care,
and treatment commencement.

METHODS

Search Strategy and Study Selection

The systematic review and meta-analysis were conducted in ac-
cordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [14]. The re-
view protocol was registered prospectively (PROSPERO regis-
tration number CRD42019146569).

Scientific literature was searched using Medline, Embase,
and the Cochrane Database of Systematic Reviews. Embase in-
cluded conference abstracts. Multiple search terms related to
HCV, interventions, testing, linkage or treatment outcomes,
and hospital settings were used (Supplementary Figure 1).
Results were limited to studies in English that were published
and conducted between 1 January 2014 and 21 June 2023 to
align with the period when DA As were available outside clinical
trials. Reference lists of retrieved studies were hand-searched to
identify additional studies.

Studies were eligible for inclusion in the systematic review
and meta-analysis if they:

1. Recruited adults engaged in hospital care at risk of or diag-
nosed with HCV. Studies with populations not receiving
hospital care at the time of the intervention, or only com-
prised of pregnant women, blood donors, transplant, trans-
fusion, or dialysis recipients, were excluded.

2. Assessed the association between a hospital-led intervention
and 1 or more of the following outcomes compared with
standard care, a historical comparator, or control group:

0 HCV antibody testing uptake;
0 HCV RNA testing uptake;
© Linkage to care for RNA-confirmed HCV cases; or

O HCV DAA treatment commencement.

3. Reported randomized controlled trials (RCTs) or non-
randomized studies except for dissertations and study
protocols.

Hospital-led interventions included those delivered to pa-
tients in inpatient units and outpatient clinics encompassing
all medical specialties including psychiatry and in EDs. In

outpatient clinics, specialist medical practitioners provide
care to patients in the hospital without the patient being admit-
ted. Studies in primary care, sexual health, drug treatment, or
community health services were excluded.

Using COVIDence [15], 2 reviewers (R. M. and C. S.) inde-
pendently screened abstracts and full text articles for eligibility,
then extracted data from eligible studies. Authors were contact-
ed for further information required for analysis and studies
were excluded if this information could not be obtained.
Conflicts in eligibility screening or data extraction were re-
solved by consensus or a third reviewer (J. S. D.).

Data Collection

Extracted data included patient population (eg, all patients,
birth cohort 1945-1965, injecting drug use history, human im-
munodeficiency virus (HIV) coinfected or multiple HCV risk
factors), hospital setting (inpatient unit, ED or outpatient clin-
ic), outcomes, and intervention and comparator arm descrip-
tions. In studies with multiple component interventions, a
primary intervention component was assigned to each out-
come reported and then categorized into intervention types
as defined in Table 1.

Defined Outcomes

HCYV antibody testing uptake was defined as the proportion of
people who received antibody testing out of the number eligi-
ble. In most studies, patients already having blood drawn
were eligible for testing if they had no existing HCV diagnosis
or positive antibody test in the prior year. Some studies only
tested patients with risk factor(s) for HCV (eg, birth cohort,
country of birth, or injecting drug use).

HCV RNA testing uptake was defined as the proportion of
people who received RNA testing out of the number eligible.
Eligibility criteria included a positive HCV antibody test and
no recent positive RNA test or chronic HCV diagnosis in all
studies except for one evaluating point of care RNA screening
uptake where all patients were eligible for testing [16].

Linkage to care was defined as the proportion of people with
an RNA-confirmed HCV diagnosis who attended an appoint-
ment with a DAA treatment prescriber within the study period.

Treatment commencement was defined as the proportion of
people who received a DAA prescription out of the number el-
igible for treatment. In most studies, treatment eligibility crite-
ria required a positive RNA test and no treatment within the
prior year.

Sustained virological response (SVR) was defined as the pro-
portion of people commencing DAAs who had undetectable
HCV RNA 12 weeks or more after treatment completion.
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Table 1. Hospital-Led Intervention Types

Intervention Type Definition

System-level interventions
Electronic health record interventions

Automated opt-out
screening

Electronic health record modifications that identify patients eligible for HCV testing and automate the addition of HCV antibody
testing to the patients’ blood pathology order forms. The clinician (and patient) must opt out of testing.

Medical chart reminders  Alerts or reminders within electronic or physical medical records of patient’s eligibility for HCV testing and recommendation to offer
testing. The clinician (and patient) must opt in to testing.
Testing-level interventions
Universal screening Testing all patients for HCV regardless of risk factors.
Bundled testing Requiring patients to be tested for HCV at the same time as being screened for other blood-borne viruses (eg, HIV).
Reflex RNA testing Laboratory-based testing strategy where blood samples positive for HCV antibodies are automatically tested for HCV RNA.
Health professional-level interventions

Clinician education Educational sessions and or resources provided to hospital health professionals on subjects including HCV screening criteria and

processes, referral pathways, and treatment options.
Patient-level interventions
Care coordination An intervention delivered by hospital staff (eg, nursing, allied health, or clerical staff) to help newly diagnosed patients with 1 or
more aspects of navigating linkage to care and treatment commencement for HCV. Includes at least 1 of the following: referring
patients to treatment, helping patients schedule and or attend appointments for treatment, counseling and educating patients
regarding HCV testing results.
Financial incentives for
patients

Peer support

Hospital patients receive cash, fuel voucher, or gift voucher during their attendance at hospital appointments including for HCV care
or commencement of treatment.

Structured peer mentor support program where mentors previously successfully treated for HCV regularly meet the “mentees”
who are newly diagnosed with HCV to discuss and understand potential barriers to treatment success. Program comprised an

initial face-to-face meeting with regular ongoing phone communication including check-in points before, during, and after

treatment.
Motivational interviewing

A nurse-administered intervention focused on identifying barriers to commencing treatment among HCV-diagnosed patients and

building behavioral and motivational skills to address these barriers.

Abbreviations: HCV, hepatitis C virus; HIV, human immunodeficiency virus.

Data Analysis

Studies were included in meta-analyses for specific outcomes if
numerator and denominator data for the outcome were report-
ed in both the intervention and comparator arms.

Primary Analyses. All analyses were conducted using Stata
software (version 17.0). For each study, we calculated odds ra-
tios (ORs) and corresponding 95% confidence intervals (CIs)
from the reported numbers of eligible participants with and
without each outcome in intervention and comparator arms.
These ORs represented the association between receiving the
intervention and the respective outcome in the corresponding
study. We calculated separate ORs for each intervention in
studies that assessed outcomes from 2 different interventions.
Random-effects meta-analyses estimated pooled ORs of the as-
sociation between study intervention and each outcome with
SVR explored as a secondary outcome for treatment com-
mencement studies. Heterogeneity across studies was mea-
sured using the I* statistic.

Subgroup Analyses. For each outcome, primary subgroup anal-
yses stratifying pooled OR by intervention type were conducted
if >1 study was identified exploring the association between an
intervention type and the outcome.

Secondary subgroup analyses stratifying pooled OR by publica-
tion year, country, setting, and patient population were also
conducted for each outcome.

Sensitivity Analyses. We conducted sensitivity analyses for
studies assessing antibody testing uptake exploring the impact
of omitting the 2 studies with OR exceeding 15 on the overall
association between intervention and outcome. Secondary sub-
group analyses stratifying pooled OR by publication year,
country, setting, and patient population were also repeated
for studies assessing antibody testing uptake after omitting
the 2 studies with OR exceeding 15.

Risk of Bias Analyses. 'Two reviewers (R. M. and C. S.) indepen-
dently assessed risk of bias for each study using the revised
Cochrane Collaboration Risk of Bias tool (RoB2) [17] for ran-
domized studies, and the Risk of Bias in Nonrandomized
Studies of Interventions (ROBINS-I) tool [18] for nonrandom-
ized studies. Conflicts were resolved by consensus or a third re-
viewer (J. S. D.). Funnel plots assessed for publication bias.

RESULTS

Summary of Included Studies
Overall, 9487 records were identified with 7872 unique ab-
stracts screened after removing duplicates, and 295 full text
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References from databases/registers
(n=9487)
(as m = 9439 studies)

A"

References removed (n = 1565)

Duplicates identified manually (n = 171)
Duplicates identified by Covidence (n = 1394)

Studies screened (n = 7874) >

Studies excluded (n = 7579)

V)

Studies sought for retrieval (n = 295) 4[

)

Studies assessed for eligibility (n = 295)

Studies not retrieved (n = 0)

Studies excluded (n=272)

No comparator (n=113)

Wrong setting (n = 66)

Conference abstract insufficient data (n=32)
No intervention described (n = 20)

Wrong study design (n=12)

Wrong outcomes or insufficient outcome
data (n=17)

Wrong patient population (n = 10)

Full text article not in English (n =2)

Studies included in review and
meta-analysis (n = 23)

Figure 1. Flowchart of search results and study selection process.

studies assessed for eligibility (Figure 1). Twenty-three studies
met criteria for inclusion in the review (Table 2).

Studies were from 19 journal articles and 4 conference ab-
stracts. Four studies were RCTs, and 19 were nonrandomized

studies. Most studies were conducted in single centers (n=19)
with all from high-income countries including 19 from the
United States, 2 from the United Kingdom, and 1 from Taiwan.
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Table 2. Summary of Included Studies

First Author Patient
(Publication Year) Country  Study Design  Setting  Population Outcome(s) Intervention(s) Comparator(s) Total Participants, No.
Cave (2022) [19] us Nonrandomized ED All Antibody test Bundled HCV testing alone 9317 (antibody testing)
uptake, linkage to testing® 1008 (linkage)
care
Cave (2022) [19] us Nonrandomized ED All Antibody test Universal Targeted HCV and 21027 (antibody testing)
uptake, linkage to screening® HIV testing 1071 (linkage)
care
Fitch (2017) [20] us Nonrandomized OP Birth cohort  Antibody test uptake Automated No alert or 9933
1945-1965 opt-out automation
screening
Ford (2021) [21] us Nonrandomized ED All RNA test uptake Reflex RNA No reflex RNA 1391
testing® testing
Fortunato (2019)? us Nonrandomized [P All Linkage to care Care Phone-based care 146
[22] coordination coordination
(in person)
Genova (2022)% [23] US Nonrandomized OP All Antibody test uptake Medical chart No medical chart 5638
reminders reminders
Geretti (2018) [16] UK Nonrandomized ED All RNA test uptake Bundled testing HCV testing alone 814
(POC) (POC)
Hsu (2020)? [24] us Nonrandomized ED All Linkage to care Universal Targeted screening 41
screening
Huang (2021) [25] ~ Taiwan Nonrandomized OP All RNA test uptake, Reflex RNA No reflex RNA 1521 (RNA testing)
treatment testing, testing, 1045 (treatment)
commencement care No care
coordination coordination
Lee (2020) [26] us Nonrandomized OP All Linkage to care Financial No financial 243
incentives for incentives
patients
Manteuffel (2022)  US Nonrandomized ED Multiple HCV  RNA test uptake, Reflex RNA No reflex RNA 748 (RNA testing)
[27] risk factors linkage to care testing® testing 315 (linkage)
Marks (2021) [28]  US Nonrandomized [P Injecting drug Antibody test uptake Medical chart No medical chart 394
use history reminders reminders
Mehta (2022) [29] US RCT IP Birth cohort  Antibody test uptake Automated Medical chart 7634
1945-1965 opt-out reminder, no
screening automated testing
Northrup (2022) [30] US Nonrandomized [P Multiple HCV ~ Antibody test uptake Health provider No health provider 190
risk factors education education
Qji (2023) [31] us Nonrandomized [P All Antibody test uptake Health provider No health provider 173
education education
Schechter-Perkins  US Nonrandomized ED All RNA test uptake, Reflex RNA Opt-in reflex RNA 513 (RNA testing)
(2018) [32] linkage to care testing®, testing, No care 295 (linkage)
care coordination
coordination
Smout (2022) [33] UK Nonrandomized ED All Antibody test uptake Automated No automated 50131
opt-out testing
screening®
Starbird (2020) [34] US RCT OoP HIV Linkage to care, Care One appointment 66 (linkage), 24
coinfected treatment coordination reminder and HCV (treatment
commencement, patient information ~ commencement), 12
SVR brochure (SVR; 4 = intervention; 8
= comparator®)
Wang (2018)* [35]  US Nonrandomized ED Multiple HCV  Antibody test uptake Automated No automated 14451
risk factors opt-out testing
screening®
Ward (2019) [36] us RCT OP Multiple HCV  Treatment Financial Nurse-led 90
risk factors commencement, incentives for multidisciplinary
SVR patients case management
Ward (2019) [36] us RCT OoP Multiple HCV  Treatment Peer support Nurse-led 90
risk factors commencement, multidisciplinary
SVR case management
Wasti (2019) [37] us Nonrandomized ED All Antibody test uptake Universal Targeted screening 7841
[
screening
Weiss (2017) [38]  US RCT OP HIV Treatment Motivational Attention control 53
coinfected commencement interviewing
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Table 2. Continued

First Author Patient
(Publication Year) Country  Study Design  Setting  Population Outcome(s) Intervention(s) Comparator(s) Total Participants, No.
White (2018) [39] us Nonrandomized ED All Antibody testing Automated Nurse-ordered 40862
uptake opt-out screening
screening®
Yeboah- Korang us Nonrandomized OP Birth cohort  Antibody testing Medical chart No medical chart 55277
(2018) [40] 1945-1965 uptake reminders reminders

Abbreviations: ED, emergency department; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IP, inpatient unit; OP, outpatient clinic; POC, point of care; RCT, randomized controlled

trial; SVR, sustained virological response; UK, United Kingdom; US, United States.
@Conference abstract.

bTesting delivered to patients already undergoing venipuncture as part of care.

Imervention

Comparator
Study (n) (nN)
Automated opt-out screening
Fitch 2017 1700/56578 854/4355
Wang 2022 1858/26815 314/11 838
White 2018 6972/10 887 2008/20 975
Mehta 2022 225713220 1679/4405
Smout 2022 16 425028 178 67/21 853
Subtotal (I-squared = 99.9%, P < .001)
Bundled testing
Cave 2022 1830/4859 3038/4858 *
Subtots! (I-squared = a, P=h) o
Medical chart reminders
Yebosh-Kgrang 2018 5451/45 188 69/10 0BQ
Marks 2021 2521271 108/123
Genova 2022 857/2538 661/3100
Subtotal (l-squared =90.5%, P < .001)
Universal screening
Wasti 2019 753/8501 68/1340
Cave 2022 12224/16 288 1830/4858
Subtotal (I-squaered = 95.3%, P < .001)
Hesith provider education
Northrup 2022 a7ris 4472
Oji 2023 23112 481

Subtotal (l-squared =0.0%. P> .05)

Overall (l-squared = 90.9%, P < .001)

%
OR (85% CI) Weight
T
]
i
]
* ! 1.80(1.84, 1.97) 787
i
1 * 108.36 (94,81, 126.14) 788
i
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1
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H
1
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H
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]
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H
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]
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1
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i
]
1
;
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]
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1
3.39(1.84.6.24) 15.70
i
1
]
1
H
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—— R — 7.77 (2.64.22.88) 6800
—_— 3.68(1.21, 11.20) 804
<> 5.41(2.49, 11.74) 12.63
i
<> 5.83(2.49, 13.61) 100.00
1
]
i
H
I | I

Figure 2. Forest plot examining association between intervention type and hepatitis C antibody testing uptake. Weights are from random-effects analysis. °# not calcu-
lated as too few studies for pooled analysis. ®No Pvalue calculated as # was not calculated. Abbreviations: Cl, confidence interval; OR, odds ratio.

Nine studies were conducted in EDs, 9 in outpatient clinics,
and 5 in inpatient units. More than half of the included studies
(n=13) examined all adults engaged in hospital care. The oth-
ers only examined patient populations with 1 or more risk fac-
tors for HCV including birth cohort 1945-1965, HIV
coinfection, history of substance use including injecting drug

use, or mixed populations with several risk factors for HCV
(Table 2). Most studies (n = 18) had interventions with multi-
ple components. No study examined the impact of 1 interven-
tion across all 4 HCV care cascade outcomes.
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Intervention Comparator

%

Study (n/N) (n/N) OR (95% CI) Weight
Reflex RNA testing
Schechter-Perkins 2015 493/504 sg ¥ S R S 35.85 (8.46, 151.97) 1962
Manteuffel 2022 2701323 233425 - | 4.20(2.96, 5.96) 2216
Huang 2020 125125 1134/1396 45.03 (2.79, 726 .67) 1475
Ford 2021 1225(1340  6/51 —_— 79.89(33.37,19127) 2126
Sublotal (I-squared = 93.3%, P < .001) <:> 2504 (363,17279) 7778
Bundled testing
7 ——
Geretti 2018 113/363 211/451 0.51(.39,.69) 2222
Subtotal (l-squared =a, P=b) O 0.51(.39, .69) 2222
Overall {l-squared = 97.9%, P < .001) ___\—L,’-\_/_ 10.65 (1.70, 66.50) 100.00
T I T T
1 1 11 100 000

Figure 3. Forest plot examining the association between intervention type and hepatitis C RNA testing uptake. Weights are from random-effects analysis. * not calculated
as too few studies for pooled analysis. ®No P value calculated as # was not calculated. *Comparison data cited in Cunningham et al [13], not primary study publication.

Abbreviations: Cl, confidence interval; OR, odds ratio.

Primary Analyses

HCYV Antibody Testing Uptake. Twelve studies (assessing 13 in-
terventions and 5 intervention types) with a total of 222 868
participants reported HCV antibody testing uptake. Overall,
these interventions were associated with an increase in anti-
body testing uptake when data were pooled and assessed
against comparators (pooled OR, 5.83 [95% confidence interval
[CI], 2.49-13.61]); however, heterogeneity across studies was
high (I* = 99.9%, P < .001) (Figure 2).

HCV RNA Testing Uptake. Five studies with a total of 4987 par-
ticipants reported HCV RNA testing uptake. Overall, the inter-
ventions were associated with an increase in RNA testing
uptake when data were pooled and assessed against compara-
tors (pooled OR, 10.65 [95% CI, 1.70-66.50]), with high hetero-
geneity across studies (PP=97.9%, P < .001) (Figure 3).

Linkage to Care. Seven studies (assessing 8 interventions) with
a total of 3185 participants reported linkage to care. Overall, the
interventions were associated with an increase in linkage to
care when data were pooled and assessed against comparators
(7 studies: pooled OR, 1.75 [95% CI, 1.10-2.79]); however, het-
erogeneity was high (I’ =79.9, P <.001) (Figure 4).

Treatment Commencement and SVR. Four studies (assessing 5
interventions) with a total of 1344 participants reported treat-
ment commencement. Overall, the interventions were associat-
ed with no changes to treatment commencement when data

were pooled and assessed against comparators (pooled OR,
1.06 [95% ClI, .35-3.25]); however, heterogeneity across studies
was high (I* = 84.9, P <.001) (Figure 5).

Only 2 studies (assessing 3 interventions) with a total of 146
participants reported SVR; therefore, pooled meta-analysis
was not performed for this outcome. In 1 study, all patients re-
ceiving care coordination who commenced treatment achieved
SVR, so ORs and CIs could not be calculated. In the other
study, financial incentives and peer support had no effect on
SVR compared to standard care (OR, 0.85 [95% CI, .07-6.45]
and 0.93 [95% CI, .08-7.11], respectively).

Primary Subgroup Analyses.

HCV Antibody Testing Uptake. Subgroup analyses exploring differ-
ences in antibody testing uptake by intervention type showed that
automated opt-out testing had the greatest impact on uptake (5
studies: pooled OR, 16.13 [95% CI, 3.35-77.66]), followed by cli-
nician education (2 studies: pooled OR, 5.41 [95% CI, 2.49-11.74])
and universal screening (2 studies: pooled OR, 3.39 [95% CI, 1.84-
2.64]). Automated opt-out testing was associated with increased
antibody testing uptake in studies from ED [18-20], inpatient
[21], and outpatient settings [22]. Medical chart reminders had
no impact on antibody testing uptake in pooled analyses (3 stud-
ies: pooled OR, 4.13 [95% CI, .49-35.21]). One study examined
bundled testing, finding a potential association with reduced anti-
body testing uptake (OR, 0.35 [95% CI, .32-.38]).
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Intervention Comparator %

Study (n/N) (niN) OR (95% CI) Weight

Patient-level interventions

Lee 2020 104/149 43194 B 2.21(1.30, 3.78) 15.92
Starbird 2020 16/34 3132 ] 2.67 (.94, 7.59) 9.99
Schechter-Perkins 2018 66/292 03 * 2.06 (.10, 40.29) 218
Fortunato 2019 5071 28175 = 4.00 (2.00, 7.95) 13.95
Subtotal (I-squared = 0.0%, P> .058) O 273 (1.85, 4.03) 4204
Testing-level interventions

Cave 2022 2621742 911329 ; 1.43(1.07, 1.90) 13.74

——
Hsu 2020 3234 r i 21.33 (2.69, 165.93) 4.05
| —m—
Cave 2022 91/329 211/679 = i 0.85(.63, 1.13) 18.65
Manteuffel 2022 461170 45/145 ) ; 0.82(.51,1.34) 16.50
—_—
Sublotal (I-squared = 30.6%, P <.001) | 1.19(71,1.98) 57.96
<
Overall (l-squared = 79.9%, P < .001) é 1.75(1.10,2.79) 100.00
T T T T
1 1 10 100 1000

Figure 4. Forest plot examining the association between intervention type and linkage to hepatitis C care. *Comparison data cited in Cunningham et al [13], not primary
study publication. Abbreviations: Cl, confidence interval; OR, odds ratio.

Intervention Comparator o

Study (n/N) (nN) OR (95% Cl) Weight
Care coordination |

Starbird 2020  4/34 8/32 | 0.40 (11, 1.49) 18.04

—_—

Huang 2020 83/97 908/948 | 0.26 (.14, .50) 2223
Subtotal (l-squared = 0.0%, P > .05) <> 0.28 (.16, 51) 40.27
Motivational interviewing

Weiss 2017 15128 6/25 | ’ 3.65 (1.12, 11.90) 18.95
Subtotal (I-squared = a, P=b) <:> 365(1.12,11.90) 1895
Financial incentives for patients |

Ward 2019 41/54 24/36 1 - 1.58 (62, 4.01) 2059
Subtotal (l-squared =a, P=b) <:> 1.58 (.62, 4.01) 20.59
Peer support |

Ward 2019 45/54 24/36 | 2.50 (.92, 6.77) 20.18
Subtotal (l-squared=a., p=b) O 2.50 (.92, 6.77) 20.18
Overall (l-squared = 84 9%, P < .001) <> 1.06 (.35, 3.25) 100.00

a 1 10 100 1000

Figure 5. Forest plot examining the association between intervention type and treatment commencement. Weights are from random-effects analysis. 2/ not calculated as
too few studies for pooled analysis. °No P value calculated as 7 was not calculated. Abbreviations: Cl, confidence interval; OR, odds ratio.

HCV RNA Testing Uptake. Reflex RNA testing was the only inter- intervention type. Across 4 studies, reflex RNA testing was
vention type with sufficient data to be pooled for subgroup  found to be associated with increased RNA test uptake com-
analyses exploring differences in RNA testing uptake by  pared to nonreflexive testing (pooled OR, 25.04 [95% CI,
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3.63-172.79]). One study explored bundled HCV and HIV
point of care testing and found that it was associated with lower
RNA test uptake compared to HCV point of care testing alone
(OR, 0.51 [95% CI, .39-.69]).

Linkage to Care. 'Two categories of interventions (patient-level
interventions and testing-level interventions) had sufficient
data for pooled primary subgroup analyses exploring differences
in linkage to care by intervention type. Patient-level interven-
tions including care coordination and financial incentives were
associated with significantly increased linkage to care relative
to comparators in pooled analyses (4 studies: pooled OR,
2.73 [95% CI, 1.85-4.03]). Testing-level interventions including
universal screening, reflex RNA testing, and bundled testing
were not associated with increased linkage in pooled analyses
(4 studies: pooled OR, 1.19 [95% CI, .71-1.98]).

Treatment Commencement and SVR. Primary Subgroup analyses
by intervention type could not be conducted for treatment
commencement or SVR outcomes due to insufficient data.

Secondary Subgroup Analyses. Forest plots showing secondary
subgroup analyses are reported in the Supplementary Material.

Sensitivity Analyses. Sensitivity analyses for studies reporting
antibody testing uptake showed an attenuated but statistically
significant association between intervention and uptake after
omitting the 2 studies with OR exceeding 15 (pooled OR,
2.37 [95% CI, 1.32-4.27]), with persistently high heterogeneity
(I* =99.7%, P <.001).

Secondary subgroup analyses found that antibody testing up-
take was higher in studies conducted within inpatient (pooled
OR, 3.51 [95% CI, 2.26-5.46]) compared to outpatient settings
(pooled OR, 1.83 [95% CI, 1.70-1.97]) in analyses that omitted
studies with OR exceeding 15.

Risk of Bias Analyses. Among randomized studies, the overall
risk of bias was assessed as having some concerns primarily re-
lated to randomization processes and deviations from intended
interventions in the study reporting HCV antibody testing up-
take, 2 of 3 reporting treatment commencement, and 1 of 2 re-
porting SVR (see Supplementary Material). The other RCTs
had low risk of bias.

The overall risk of bias was serious in most of the nonrandom-
ized studies due to uncontrolled confounding including for 10
of 11 studies (91%) and 4 of 5 (80%) reporting antibody and
RNA testing uptake, respectively; 5 of 6 (83%) reporting linkage
to care; and 1 (100%) reporting treatment commencement (see
Supplementary Material). The other studies had moderate risk
of bias. Funnel plots showed no clear evidence of publication
bias in either direction within the limits of the heterogeneous
studies included.

DISCUSSION

To our knowledge, this is the first systematic review and meta-
analysis exclusively of hospital-led interventions to increase
HCV testing, linkage to care, and treatment. Other reviews
have predominantly examined primary or community health-
care [13] and drug and alcohol treatment settings [41-43], or
predated DAA treatment [44].

Our review found that interventions at the system level in-
creased HCV testing uptake, while those at the patient level in-
cluding care coordination and financial incentives increased
linkage to care. Interventions associated with increased HCV
testing uptake did not appear to increase linkage to care or
treatment commencement, and no single intervention type in-
creased uptake at all HCV care cascade steps.

Automated opt-out testing delivered through electronic
health record modifications had the most impact on HCV an-
tibody testing uptake. Clinician education and universal
screening had the next greatest impact, while medical chart re-
minders had no impact.

Primary studies in ED and inpatient settings from other
systematic reviews have also shown increased HCV antibody
testing uptake with opt-out automated testing [8, 29, 45],
even in contexts with preexisting medical chart reminders
[29, 45]. A systematic review predominantly of primary
care- and community health-delivered interventions also
showed that automated opt-out testing was associated with
increased HCV antibody testing uptake [13]. However, in
contrast to our review, they found increased testing uptake
in association with medical chart reminders but no effect of
universal screening.

Automated opt-out testing likely improves uptake through
streamlining and simplifying testing processes. Universal
screening may be more important in normalizing testing
and increasing its acceptability and uptake in hospitals where
the patient is likely unknown to the clinician [8, 46-48].
Medical chart reminders may have less impact on testing
uptake in hospital because hospital clinicians may be more
susceptible to “alert fatigue” and ignore the testing recom-
mendations compared to primary and community care coun-
terparts [49-51].

Reflex RNA testing clearly increased RNA testing uptake in
our systematic review, confirming findings in different contexts
[13, 45, 52] and supporting World Health Organization recom-
mendations [53]. By simultaneously testing for HCV antibody
and RNA, the patient can receive both test results during 1 hos-
pital encounter, mitigating the risks of loss to follow-up associ-
ated with nonreflexive testing. In hospitals, reflex RNA testing
can quickly diagnose HCV in all patients and is especially use-
ful to capture vulnerable people disproportionately affected by
yet underdiagnosed with HCV [42, 54, 55] who might other-
wise be lost to follow-up [56].
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Our meta-analysis found that testing-level interventions, in-
cluding universal screening, reflex RNA testing, and bundled
testing, collectively made no difference to linkage to HCV
care. These testing-level interventions were mostly delivered in
ED settings. Patient-level interventions including care coordina-
tion and financial incentives increased linkage in inpatient and
outpatient settings in our review, consistent with findings in pri-
mary care and community health studies [13]. Linkage to care
failure following ED-based HCV testing is common [8, 57], par-
ticularly among people with comorbid psychiatric disorders,
with substance use, or who are homeless [57, 58]. Inpatient units
and outpatient clinics offering greater continuity of patient care
than EDs typically show superior linkage [59-61].

Few published studies exist exploring hospital-led interven-
tions to increase HCV treatment commencement. An RCT
published outside our search publication date criterion showed
faster HCV treatment uptake and superior completion among
people with a history of injecting drug use who were receiving
HCV treatment while inpatients, compared to standard outpa-
tient care [62]. This is consistent with studies in psychiatric in-
patient wards showing excellent outcomes from inpatient HCV
treatment among people with comorbid mental health condi-
tions [60], who may be considered too complicated for HCV
treatment in other healthcare settings.

Our review had limitations. First, most studies were single
center and exclusively from high-income countries, predomi-
nantly the United States. Hence, review findings may have lim-
ited generalizability beyond these contexts. Since low-income
countries have the highest prevalence of undiagnosed and un-
treated HCV [63], further research to examine interventions
that optimally increase testing and treatment in these hospital
contexts is essential.

Second, studies had high statistical heterogeneity likely due
to the highly variable comparators, populations, and interven-
tions assessed by the included studies. Third, among the predom-
inantly nonrandomized studies reviewed, many were at serious
risk of bias, primarily due to uncontrolled confounding and un-
balanced cointerventions. The latter related to the interventions
in most studies having multiple components. Even though the
intervention type was defined from a primary intervention com-
ponent, other components may still have affected outcomes as
cointerventions and could not be adjusted for in analyses.

Finally, there were not enough studies in our review to iden-
tify the most effective intervention types in specific hospital set-
tings and populations and to disentangle possible effects of
setting on outcomes according to intervention type.

Our review has implications for research, policy, and clinical
practice. Given that no single hospital-led intervention in-
creased HCV antibody and RNA testing uptake, linkage to
care, and treatment commencement, multifaceted interven-
tions targeting hospital, clinician, and patient are necessary to
progress from HCV treatment

patients testing to

commencement. Electronic health record modifications that
automate HCV antibody and reflex RNA testing together
show great potential to increase testing uptake in hospitals in
ED, inpatient, and outpatient contexts. Complementary
patient-level interventions are also needed to facilitate linkage
to HCV care and treatment commencement, otherwise in-
creased testing will not translate to increased treatment.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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