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A B S T R A C T
Objectives: We aimed to evaluate the cost-effectiveness of offering once-off birth cohort testing for hepatitis C virus (HCV) to
people in Ireland born between 1965 and 1985, the cohort with the highest reported prevalence of undiagnosed chronic HCV
infection.
Methods: Systematic and opportunistic HCV birth cohort testing programs, implemented over a 4-year timeframe, were
compared with the current practice of population risk-based testing only in a closed-cohort decision tree and Markov
model hybrid over a lifetime time horizon. Outcomes were expressed in quality-adjusted life-years (QALYs). Costs were
presented from the health system’s perspective in 2020 euro (V). Uncertainty was assessed via deterministic, probabilistic,
scenario, and threshold analyses.
Results: In the base case, systematic testing yielded the largest cost and health beneﬁts, followed by opportunistic testing and
risk-based testing. Compared with risk-based testing, the incremental cost-effectiveness ratio for opportunistic testing was
V14 586 (95% conﬁdence interval V4185-V33 527) per QALY gained. Compared with opportunistic testing, the
incremental cost-effectiveness ratio for systematic testing was V16 827 (95% conﬁdence interval V5106-V38 843) per
QALY gained. These ﬁndings were robust across a range of sensitivity analyses.
Conclusions: Both systematic and opportunistic birth cohort testing would be considered an efﬁcient use of resources, but
systematic testing was the optimal strategy at willingness-to-pay threshold values typically used in Ireland. Although costeffective, any decision to introduce birth cohort testing for HCV (in Ireland or elsewhere) must be balanced with
considerations regarding the feasibility and budget impact of implementing a national testing program given high initial
costs and resource use.
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Introduction
First identiﬁed in 1989, hepatitis C virus (HCV) is a blood-borne
virus that primarily affects the liver and commonly causes progressive liver disease.1 Of those infected with HCV, it is estimated
that 55% to 85% subsequently develop chronic HCV infection.2-6
Worldwide, it is estimated that 58 million people could have
chronic HCV infection,1,7,8 with an annual global incidence of 1.75
million new HCV infections estimated in 2015.9 Without treatment, chronic HCV infection can progress slowly without any signs
or symptoms and can lead to liver ﬁbrosis, cirrhosis, and hepatocellular carcinoma (HCC), and patients may ultimately require
liver transplantation (LT).3,10 More than 20 to 30 years, it is estimated that 10% to 20% of people with chronic HCV infection will
experience complications, including decompensated cirrhosis
(DCC) and HCC.11-19 Chronic HCV infection is the leading cause of
HCC (the second leading cause of cancer-related mortality

worldwide)20 and, until recently, the main indication for LT in
Western countries.21,22 It is estimated that HCC will occur in up to
13% of people with liver cirrhosis over a 5-year period.11,23 Chronic
HCV infection is also associated with the occurrence of extrahepatic manifestations, the most common of which are depression
and diabetes, which negatively affect quality of life and increase
healthcare expenditure.24,25
In 2016, the World Health Assembly endorsed the Global
Health Sector Strategy that established the goal of viral hepatitis
elimination by 2030.15,26 With the availability of safe and effective
therapies, there is now a genuine opportunity to achieve elimination by identifying and treating those that are currently undiagnosed.9,27,28 Nevertheless, modeled projections have suggested
that many high-income countries are struggling to achieve elimination targets.29 As per international guidelines, risk-based
criteria (presented in Appendix 1 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2022.05.010) are primarily
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used to identify populations in Ireland with known risk factors
(such as recipients of contaminated blood products, people who
inject drugs, people who are incarcerated).28,30,31 The World
Health Organization has also recommended birth cohort testing—
to screen subpopulations with a disproportionately high prevalence of HCV and HCV-related morbidity—in countries with a
lower overall prevalence.3 Crucially, this approach can augment
existing risk-based strategies given that it does not require previous risk ascertainment.
In 2017, an Irish National Clinical Guideline conditionally recommended birth cohort testing for people born between 1965 and
1985, subject to the outcome of a full health technology assessment (ie, an economic assessment of the costs and beneﬁts of
introducing birth cohort testing).31 This cohort, now aged 36 to 56
years and representing approximately 40% of the adult population,
was identiﬁed on the basis of a disproportionately high prevalence
of HCV relative to the rest of the Irish general population.32
Although current evidence is insufﬁcient to identify the precise
reasons as to why prevalence is highest in this cohort, it is likely a
combination of factors such as history of injection drug use, other
risk behaviors, receipt of contaminated blood products before the
introduction of routine screening, and other contributing factors.
From the budget holder’s perspective, the costs of screening up
to 40% of the total adult population in Ireland would be substantial, but early intervention could also result in healthcare
savings from prevention of the long-term consequences of chronic
HCV infection. Therefore, an economic evaluation is necessary to
assess whether such an investment would represent value for
money. We recently conducted a systematic review of costeffectiveness of published economic evaluations that examined
the cost-effectiveness of introducing birth cohort testing in a
number of countries including Canada, Korea, the United
Kingdom, the United States, and other European countries.33 The
international evidence generally supports the potential costeffectiveness of birth cohort testing.33 Nonetheless, jurisdictionspeciﬁc economic evaluations are needed to account for population- and health system–speciﬁc characteristics (such as the
prevalence of undiagnosed HCV infection, the incidence of risk
factors, access to and costs of treatment) given the signiﬁcant
investment required for its implementation.
We aimed to examine the cost-effectiveness of birth cohort
testing for HCV compared with the current risk-based screening
approach, with a view to informing national decision making in
Ireland regarding its potential introduction.34 An economic evaluation of birth cohort testing was not conducted as part of the
development process for the Irish National Clinical Guideline. If
implemented, it is anticipated that all people in Ireland born between 1965 and 1985 would be eligible to undergo HCV screening
and treatment in the public healthcare system free at the point of
delivery.

Methods
Overview
A cost-utility analysis (CUA) was undertaken, the primary
outcomes of which were the incremental cost-effectiveness ratio
(ICER), expressed as the cost per quality-adjusted life-year
(QALY) gained, and the incremental net monetary beneﬁt
(INMB). Willingness-to-pay (WTP) thresholds of V20 000 and
V45 000 were adopted as reference points for interpreting costeffectiveness.35 The perspective of the publicly funded health
and social care system, the Health Service Executive (HSE), was
adopted. Costs and outcomes were estimated over a lifetime time
horizon and discounted at a rate of 4% in accordance with Irish
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national health technology assessment guidelines.35 The CUA
was undertaken in Microsoft Ofﬁce Excel 2013 (Microsoft, Redmond, WA) and R Studio version 4.0.2 (RStudio, PBC, Boston,
MA). All data and analyses were reviewed by an experienced
economic modeler. Model parameters and structural assumptions were reviewed by an expert advisory group comprising
clinical, methodological, and patient representatives (Health
technology assessment of birth cohort testing for hepatitis C
Expert Advisory Group, Personal Communication, 2021). Uncertainty was assessed via deterministic, probabilistic, scenario, and
threshold analysis.

Modeled Alternatives
The CUA considered 2 alternative birth cohort testing strategies relative to the current practice of risk-based testing. The ﬁrst
was a systematic, population-based testing program whereby
members of the 1965 to 1985 birth cohort would be systematically
invited to attend general practice (primary) care to undergo HCV
testing.36 The second was an opportunistic birth cohort testing
program that would be offered to people attending general
practice care for another purpose. A staggered implementation
was assumed, whereby testing would be sequentially offered to
the birth cohort over a 4-year period (see Appendix 2 in
Supplemental Materials found at https://doi.org/10.1016/
j.jval.2022.05.010 for details), to manage the impact on general
practice and laboratory services.

Model Structure and Disease Progression
A closed-cohort decision tree and Markov model hybrid was
used to track the 1965 to 1985 birth cohort from the outset of the
simulation until death. The decision tree (Appendix 3 in Supplemental Materials found at https://doi.org/10.1016/j.jval.2022.05.01
0) estimated the number and costs of patients tested and identiﬁed for treatment. The Markov model (Fig. 1) simulated the natural progression of disease for patients with chronic HCV infection
and estimated the costs and consequences of patient outcomes.
External validation was performed by replicating the inputs and
outputs from published studies.37,38
At the outset of each simulation, patients with chronic HCV
infection were distributed across the liver ﬁbrosis health states
(F0-F4), informed by the ﬁbrosis status of people born in 1965 to
1985 and registered with the national treatment registry during
2018 to 2019 before receiving treatment.39 Disease progression
between the ﬁbrosis health states F0 and F4 was estimated by
meta-analysis of studies in community settings.5,40-43
The development of HCV-related sequelae without treatment
(ie, DCC, HCC, and LT) was estimated by calibrating the model
against the observed incidence of HCC and LT cases in Ireland (see
Appendix 4 in Supplemental Materials found at https://doi.org/
10.1016/j.jval.2022.05.010).44-48 With treatment, patients may
achieve a sustained virological response (SVR) thereby eliminating
HCV from the body and preventing further disease progression.
Nevertheless, those who develop compensated cirrhosis before
successful treatment have an ongoing risk of developing DCC and
HCC.49-51 There is also an elevated risk of liver-related mortality
after the development of DCC and HCC (National Cancer Registry
Ireland. Personal Communication. 2019),13,52,53 but this signiﬁcantly reduces 1 year after LT.37,54 Patients could experience allcause mortality at any time during the model.55
A 6-month cycle length was used to facilitate the staggered
implementation, with annual transition probabilities converted to
6-month probabilities.56 A full list of model parameters is
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Figure 1. Model schematic. *Patients can die at any stage in the model.
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presented in Appendix 5 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2022.05.010.

Testing, Linkage to Care, and Treatment
It was assumed that a general practitioner (GP) or GP practice
nurse would draw a blood sample from screening program participants. Samples would be sent to a central laboratory for
screening for antibodies to HCV (anti-HCV). If anti-HCV is detected, thereby indicating previous exposure to HCV, evidence for
active HCV infection would be sought by reﬂex antigen testing.
The accuracy of these tests was based on published literature reviews.57,58 Given that historical exposure to HCV is suspected
among the 1965 to 1985 birth cohort (rather than known recent or
ongoing risky behaviors), it was assumed that no false negatives
would result from a lack of production of detectable antibodies
due to recent exposure and that the detection of antigen would
reﬂect chronic rather than acute infection that may subsequently
resolve.59-61 It was recognized that a small proportion of the birth
cohort could overlap with other risk groups, but it was assumed
that those at risk would be detected by current practice.
The uptake of systematic testing was based on that observed
for the national colorectal screening program.62 The uptake of
opportunistic testing was based on GP utilization rates in
Ireland.63 In each modeled strategy, patients could be identiﬁed
through risk-based testing (ie, background testing) or their HCVrelated disease could progress to symptomatic presentation (ie,
post-F4), at which point their diagnosis is known and they
become ineligible for birth cohort testing. The rates of background
testing from a UK study were used for the reported age bands,50
coupled with assumptions that there is reduced testing in older
age groups. These rates were applied to Irish population data by
age band and then adjusted to reﬂect the total annual number of
HCV tests performed in Ireland, based on available data.39,64
Patients are offered a ﬁrst-line direct-acting antiviral (DAA)
regimen and if they do not achieve an SVR can be retreated with a
second-line DAA regimen. If retreatment is not successful, the
model assumes that the patient follows the natural course of
disease. Treatment effectiveness was estimated by meta-analysis

of the SVR rates for DAA therapies recommended in Ireland, as
reported by a previously published systematic review.3,65,66 The
pooled SVR rates were then weighted by the estimated HCV genotype distribution in the undiagnosed population (C. De Gascun.
Personal communication; National Virus Reference Laboratory;
2019).

HCV Prevalence
The prevalence of HCV in Ireland was previously estimated
using 2015 data.32 For this analysis, the current prevalence of HCV
in the birth cohort was estimated by updating the study’s estimates and adjusting for diagnoses, incidence, and mortality in the
years from 2016 to 2021.64,67,68

Utilities and QALYs
QALYs were generated by weighting the projected life-years by
relevant utility scores over the modeled time horizon. Baseline
utilities of the general Irish population were derived from a
representative sample of EQ-5D-5L survey data.69,70 Diseasespeciﬁc utilities were derived from EQ-5D-3L survey data
collected in an observational study of HCV patients (N = 270)
treated in Ireland.71,72 A short-term disutility multiplier was used
to reﬂect the anxiety and stress associated with a false-positive
diagnosis of chronic HCV infection.45,73,74 It was assumed that
these patients would be identiﬁed by baseline ribonucleic acid
testing at clinical follow-up thus incurring no further utility
decrements.

Costs
The costs of setting up and running a systematic testing program were estimated based on the resource requirements of the
business case of the national diabetic retinopathy program (Health
technology assessment of birth cohort testing for hepatitis C
Expert Advisory Group, Personal Communication, 2021). Salary
costs, adjusted for pay-related costs as per national economic
guidelines,35 were estimated from HSE salary scales.75 The cost of
a public awareness campaign to support implementation included
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Table 1. Base case results over lifetime time horizon.
Age
group

1981-1985
(36-40
years)

1976-1980
(41-45
years)

1971-1975
(46-50
years)

1965-1970
(51-56
years)

Overall (3656 years)

Strategy

Total (per patient)
Costs (95% CI)

Incremental (per patient)
QALYs (95% CI)

Costs
(95% CI)

ICER
(95% CI)

INMB
(95% CI) at
V20 000 per
QALY

-

-

-

QALYs (95% CI)

No BC testing

V13 256 (V8974-V19 075)

Opportunistic
BC testing

V19 672 (V13 571-V29 769) 6.25 (5.78-6.70)

V6417
(V2174-V15 475)

0.18 (0.09-0.31)

V38 348
(V10 356-V105 002)

2V2720
(2V12 037 to V2345)

Systematic BC
testing

V23 680 (V15 635-V39 125) 6.36 (5.90-6.79)

V4008
(V1363-V9665)

0.10 (0.05-0.17)

V41 702
(V11 653-V112 377)

2V1920
(2V7724 to V1142)

No BC testing

V13 756 (V9087-V19 964)

-

-

-

Opportunistic
BC testing

V15 758 (V11 160-V22 017) 5.77 (5.33-6.17)

V2002
(2V24-V5852)

0.20 (0.10-0.32)

V11 179
(2V131 to V36 310)

V1984
(2V2204 to V5488)

Systematic BC
testing

V16 952 (V12 038-V24 287) 5.88 (5.45-6.27)

V1194
(2V31 to V3570)

0.11 (0.06-0.18)

V11 767
(2V245 to V38 592)

V1042
(2V1495 to V2981)

No BC testing

V13 886 (V9005-V20 538)

-

-

-

-

Opportunistic
BC testing

V14 992 (V10 730-V20 771) 5.36 (4.94-5.75)

V1106
(2V484 to V3185)

0.22 (0.10-0.36)

V5807
(2V2016 to V19 311)

V3241
(V102-V6775)

Systematic BC
testing

V15 485 (V11 339-V21 225) 5.45 (5.04-5.83)

V493
(2V230 to V1527)

0.09 (0.05-0.15)

V6127
(2V2307 to V21 089)

V1324
(2V69 to V2788)

No BC testing

V14 534 (V9295-V21 903)

-

-

-

-

Opportunistic
BC testing

V15 828 (V11 166-V22 122) 4.88 (4.44-5.27)

V1295
(2V506 to V3557)

0.21 (0.10-0.35)

V7084
(2V2044 to V22 559)

V2913
(2V321 to V6572)

Systematic BC
testing

V16 452 (V11 875-V22 536) 4.98 (4.56-5.36)

V623
(2V273 to V1830)

0.10 (0.05-0.16)

V7077
(2V2390 to V23 792)

V1388
(2V235 to V3108)

No BC testing

V55 432 (V37 349-V79 366) 21.45 (19.67-23.10)

-

-

-

-

Opportunistic
BC testing

V66 250 (V49 243-V88 193) 22.26 (20.65-23.75)

V10 819
(V3948-V21 378)

0.81 (0.40-1.31)

V14 586
(V4185-V33 527)

V5417
(2V7375 to V18 107)

Systematic BC
testing

V72 569 (V54 784-V95 924) 22.67 (21.09-24.14)

V6318
(V2355-V12 553)

0.41 (0.21-0.64)

V16 827
(V5106-V38 843)

V1833
(2V5406 to V8257)

6.07 (5.55-6.55)

-

5.57 (5.08-6.01)

-

5.14 (4.66-5.58)

4.67 (4.16-5.11)

BC indicates birth cohort; CI, conﬁdence interval; ICER, incremental cost-effectiveness ratio; INMB, incremental net monetary beneﬁt; QALY, quality-adjusted life-year.

the costs of qualitative research, creative development, focus
testing, and media dissemination (Health technology assessment
of birth cohort testing for hepatitis C Expert Advisory Group,
Personal Communication, 2021).
For systematic birth cohort testing, it was assumed that patients explicitly visit their GP to receive HCV testing and the GP
visit is reimbursed by the HSE. For opportunistic birth cohort
testing, it was assumed that people already attending their GP for
another purpose are invited to return on a future date to have
blood drawn for HCV testing, with the subsequent appointment
reimbursed. The cost of a GP consultation was based on the opportunity cost of the GP’s time, estimated as a function of the
annual number of GP visits in Ireland and the total income used to
fund GP and other health services.76 The costs of the diagnostic
tests needed to provide a diagnosis of chronic HCV infection were
based on published estimates (Health technology assessment of
birth cohort testing for hepatitis C Expert Advisory Group, Personal Communication, 2021).31 It was assumed that patients who
receive an erroneous screening result would incur the cost of an
outpatient department visit and baseline ribonucleic acid test, but
would not incur subsequent health state or treatment costs
(Health technology assessment of birth cohort testing for hepatitis
C Expert Advisory Group, Personal Communication, 2021).31,77,78
Regarding model-based events, it was assumed that patients
with undiagnosed chronic HCV infection would not accrue health
state costs until they were identiﬁed by testing or became
symptomatic, at which point their HCV diagnosis becomes known.
Accordingly, people became ineligible for testing upon symptomatic presentation and followed the natural course of disease

incurring costs for clinical workup, treatment, and management.
Health state costs were based on an Irish microcosting study of
ambulatory healthcare utilization for chronic HCV infection.78 The
reimbursement of ﬁrst- and second-line DAA therapies in Ireland
is subject to an annual national procurement process. These prices
were provided by the respective manufacturers. Nevertheless, the
unit costs are not presented given their commercial sensitivity. All
costs are reported in 2020 Irish euro (V).

Sensitivity Analysis
Monte Carlo simulation using 10 000 iterations was undertaken
to assess parameter uncertainty. Subgroup analysis was conducted
according to the age bands of the birth cohort. Deterministic
sensitivity and scenario analyses were undertaken to assess structural uncertainty. The range of scenario analyses undertaken is
presented in Appendix 6 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2022.05.010. The base case, scenario,
and subgroup analyses each comprised fully probabilistic analyses.
We also conducted univariate and bivariate threshold analyses,
with prevalence and testing uptake rates arbitrarily varied to
investigate their potential inﬂuence on the estimated ICERs.

Results
Base Case Analysis
The estimated number of cases of undiagnosed chronic HCV
infection in the 1965 to 1985 birth cohort was 11 799 (95%
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Figure 2. Cost-effectiveness plane.

HCV indicates hepatitis C virus; QALY, quality-adjusted life-year; WTP, willingness to pay.

conﬁdence interval [CI] 7772-16 649). The introduction of birth
cohort testing (whether systematic or opportunistic) would lead
to increased costs and beneﬁts compared with current practice.
Systematic testing yielded the largest beneﬁt of the modeled
strategies (see Table 1).
Compared with risk-based testing, opportunistic testing would
lead to an overall incremental beneﬁt of 0.81 QALYs (95% CI 0.401.31) at an incremental cost of V10 819 (95% CI V3948-V21 378).
The ICER and INMB (at the V20 000 WTP threshold) were V14 586
(95% CI V4185-V33 527) per QALY and V5417 (95% CI 2V7375 to
V18 107), respectively. Compared with opportunistic testing, the
incremental beneﬁts and costs of systematic testing were 0.41
QALYs (95% CI 0.21-0.64) and V6318 (95% CI V2355-V12 553),
respectively. The ICER was V16 827 (95% CI V5106-V38 843) per
QALY, with an INMB of V1833 (95% CI 2V5406 to V8257) at the
V20 000 WTP threshold. Average cost-effectiveness ratios
comparing systematic birth cohort testing with risk-based testing
are presented in Appendix 7 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2022.05.010. From Figures 2 and 3, it
can be seen that systematic birth cohort testing was most likely to
be the optimal strategy at WTP thresholds of V20 000 (P = .73)
and V45 000 (P = .99).

Subgroup Analysis
Imprecision in the ICERs was widest for the 1981 to 1985
subgroup (36-40 years old). Compared with risk-based testing, the
ICER for opportunistic testing was V38 348 (95% CI V10 356-V105
002) in the 1981 to 1985 subgroup. Compared with opportunistic
testing, the ICER for systematic testing was V41 702 (95% CI V11
653-V112 377). In this age group, risk-based testing was the most
likely option to be cost-effective (P = .79) at a V20 000 WTP
threshold, whereas systematic testing was most likely to be
optimal (P = .68) at a V45 000 WTP threshold. The ICERs for the
remaining subgroups were below the V20 000 WTP threshold,

with probabilities of 0.85, 0.97, and 0.95 estimated for systematic
testing in the 1976 to 1980, 1971 to 1975, and 1965 to 1970 subgroups, respectively (see Appendices 8 and 9 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2022.05.010). In
these age groups, the ICERs for systematic testing were estimated
at V11 767 (95% CI 2V245 to V38 592), V6127 (95% CI 2V2307 to
V21 089), and V7077 (95% CI 2V2390 to V23 792) compared with
opportunistic testing, respectively.

Deterministic Sensitivity Analysis
The ICERs were most sensitive to variation in the F4-to-DCC
transition probability. The ICERs were also sensitive to changes in
the utility derived from SVR, the prevalence of undiagnosed
chronic HCV infection, and the costs of DCC. The 20 parameters
that, when set at their upper and lower bounds, resulted in the
largest change in the ICER are presented in Figure 4A,B. The
variation in the ICERs was ,11% for all other parameters.

Scenario Analysis
See Appendix 6 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2022.05.010 for detailed results and interpretation of the scenario analyses. Brieﬂy, reversing the sequence of the
staggered implementation, using reduced ﬁbrosis progression
rates and unit costs of the DCC, HCC, and LT health states all led to
inﬂated overall ICERs, but birth cohort testing remained costeffective in each of these scenarios. Testing was more likely to
be cost-effective if ﬁbrosis progression was more advanced in the
undiagnosed birth cohort. This ﬁnding reﬂects that undiagnosed
cases will soon become symptomatic and incur the substantial
healthcare costs associated with DCC, HCC, and LT. Therefore,
immediate intervention would generate substantial cost savings
through prevention of long-term HCV-related sequelae. Each of
the estimated ICERs reduced when differential discounting rates
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Figure 3. Cost-effectiveness acceptability curve.
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were applied to costs and beneﬁts. Finally, the ICERs increased
marginally when costs of twice-yearly HCC surveillance were
included, but birth cohort testing remained cost-effective.

Threshold Analysis
The univariate analyses indicated that birth cohort testing
would be cost-effective at a testing uptake rate above 10% or
prevalence rate above 0.5%, ceteris paribus. When a positive correlation was assumed between these parameters in the bivariate
analysis, there was a clear trend in favor of a higher prevalence
and testing uptake (see Appendix 10 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2022.05.010).

Discussion
We conducted a CUA to inform decision making in Ireland
regarding the potential introduction of a national screening program in which all people born between 1965 and 1985 would be
offered once-off screening for HCV.34 We modeled systematic and
opportunistic testing programs as competing alternatives relative
to the current practice of risk-based testing. Our analysis found
that implementation of systematic birth cohort testing over a 4year period would be cost-effective at a WTP threshold of V20
000 (0.73 probability of being cost-effective). Notably nevertheless, the subgroup analysis revealed that testing the youngest
group within this cohort (ie, people born 1981-1985) would only
be cost-effective at a WTP threshold of V45 000 (the upper bound
of the WTP range used in Ireland; 0.67 probability of being costeffective). This ﬁnding was expected given that the prevalence
of chronic HCV was lowest in this subgroup (0.27% vs 0.95% in the
others) and the current rate of background screening in this age

group is higher than in the other subgroups. Overall, these ﬁndings were robust across a range of sensitivity and scenario analyses and are in line with the results of previous studies.33
A 2018 study found that 7 of 51 high-income countries had
recommended general population (eg, birth cohort) testing independent of HCV risk factor status.79 Nevertheless, other than in
Japan and the United States,44,80-83 the extent to which these
recommendations have been implemented is unclear.84,85 Our
analysis identiﬁed several factors that should be carefully examined by policy makers considering the introduction of birth cohort
testing in Ireland and elsewhere. First, the potential structure
adopted by a birth cohort testing program should be central to
decision making given its direct impact on program participation
and costs. A systematic population-based structure, formally
organized by the health service, could be adopted to ensure that
all members of the target cohort are invited to attend a healthcare
appointment speciﬁcally for the purpose of undergoing HCV
testing. Although there is only limited direct evidence of the
comparative effectiveness of systematic and opportunistic testing
programs, a systematic structure is likely to maximize equity of
access, acceptability, and testing uptake in addition to establishing
in-built mechanisms for quality assurance and evaluation of program performance.36,86,87 The implementation of a systematic
program via general practice in Ireland would require a substantial
upfront investment, but our CUA found that this would be a costeffective use of resources. In other countries, a systematic program
implemented via dedicated community clinics or mobile testing
units could also be considered, but in Ireland this would be
associated with additional setup costs given a lack of existing
infrastructure.
The costs of a testing program may be limited where HCV
testing can be offered to the target population through an existing
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Figure 4. Results of deterministic sensitivity analysis. (A) Opportunistic birth cohort testing versus no birth cohort testing. (B) Systematic
birth cohort testing versus opportunistic birth cohort testing.

CC indicates compensated cirrhosis; CI, conﬁdence interval; DAA, direct-acting antiviral; DCC, decompensated cirrhosis; F, ﬁbrosis stage; HCC, hepatocellular carcinoma;
SVR, sustained virological response.

healthcare appointment. In the United Kingdom, adding HCV
testing to the National Health Service health check, offered once
every 5 years to people aged 40 to 74 years to assess their risk of
heart disease, diabetes, kidney disease, and stroke, was found to
be cost-effective by a 2019 economic evaluation.50,88 Similar
general health screening programs also exist in Korea and
Japan,44,89 but there is no comparable health screen in many other
countries, including Ireland. As such, an opportunistic testing
program would likely comprise offering HCV testing to people
already attending their GP for another reason. Patients who opt in
to the testing program would then be required to return for a
subsequent appointment to undergo HCV testing. Such an
approach would be challenging from the GP’s perspective and
would run the risk of missing a proportion of the target cohort
(particularly in countries where GP care is not universally free at
the point of access), could potentially increase the risk of patient
drop-off between healthcare attendances, and could prove problematic for evaluation of program performance.36,90
We identiﬁed 3 further sources of decision uncertainty arising
from our analysis. First, given the slow and latent progression of
HCV-related disease, it is inevitably challenging to derive accurate
estimates of the prevalence of undiagnosed HCV infection. Many
European countries currently lack robust epidemiological data to
support monitoring progress toward HCV elimination.91 In
Ireland, the best source of prevalence data is a 2017

cross-sectional study.32 Although representative of the general
population, the study’s estimates are imprecise due to the small
number of observed chronic HCV infections (n = 33 of 3795
samples). The study also provided evidence of regional variation in
prevalence, with most HCV cases emanating from the east of
Ireland, which includes Dublin, the largest population center. As
has been the case in France and Spain,92,93 further research could
be considered to provide nationally representative prevalence
information, but such a study would need to be of a suitable scale
to allow identiﬁcation of sufﬁcient HCV cases and adequately account for potential geographical bias. Such challenges have also
recently been highlighted in the context of severe acute respiratory syndrome coronavirus 2.94 Our CUA showed that although
prevalence is important, the ﬁnding that birth cohort testing was
cost-effective withstood low prevalence rates. Given that HCV
prevalence in Europe and the United States ranges between 0.5%
and 1.5%,95,96 this suggests that our ﬁndings could be applicable to
other high-income countries.
Second, the introduction of birth cohort testing could have
substantial capacity implications across the clinical pathway,
particularly in terms of primary care and laboratory testing, where
there is potential for the health service utilization generated by
birth cohort testing to displace other care.34 The health system’s
capacity to implement birth cohort testing, in addition to both the
cost and cost-effectiveness of testing, will be directly inﬂuenced
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Figure 4. Continued.

by the uptake rate of testing. Although the uptake rate was
derived from data observed during the implementation of an
existing national screening program and is in line with that of
previous studies,62,84,93 these data are of limited applicability due
to differences in population demographics, diagnostic samples
and tests, disease outcomes, and the once-off nature of birth
cohort testing. The threshold analysis demonstrated that low
levels of testing uptake would affect the cost-effectiveness of birth
cohort testing, but we believe that the uptake rate modeled in the
base case represents a conservative estimate given that modeled
by previous studies.33 From the decision maker’s perspective, the
main concern regarding the uptake rate of testing will be in
relation to the potential budget impact of birth cohort testing. This
uncertainty could be further addressed by surveying a representative sample of the 1965 to 1985 birth cohort.
Third, there are clear logistical issues associated with the use of
reﬂex testing (ie, if a sample tests anti-HCV antibody positive, the
same sample is then used to verify chronic HCV infection) that
should be considered. To enable reﬂex testing, venous blood
samples must undergo centrifugation, freezing, and cold-chain
storage within 6 to 24 hours after phlebotomy to ensure that
sample degradation is prevented.28,58 This is logistically complex
to organize and may not always be feasible. Dried blood spots,
widely used in the context of national newborn bloodspot
screening programs, could be used to overcome these issues,28,90,97 but further research is needed to evaluate their use as
part of a national screening program.34 Consideration could be
given to an initial pilot program that addresses concerns regarding
the feasibility of reﬂex testing, including the potential use of dried

blood spots. Reﬂex testing reduces the potential drop-off from
repeated healthcare attendance90 and mitigates the stress and
anxiety caused by a positive anti-HCV diagnosis in those whose
infection has resolved and who are therefore not at risk of HCVrelated disease sequelae.98
Our analysis had a number of limitations. First, the CUA was
based on a closed-cohort model. Nevertheless, we believe that the
additional complexity and data requirements for a dynamic
transmission model were unwarranted given the low incidence of
HCV and conﬂicting evidence regarding the incidence of reinfection,68,99-102 with the most at-risk populations captured by existing screening pathways.31 Second, it was assumed that people
accepting the invitation to attend their GP practice for HCV testing
will in fact attend and complete the blood draw. In reality, some
people may decline the offer of testing after consultation with
their GP. In those cases, the cost of the GP visit accrues without the
potential beneﬁt of HCV detection, thereby reducing the costeffectiveness of the systematic program. Nevertheless, it is anticipated that, of those who consult with their GP, the vast majority
will consent to testing84,103 and that participation will be positively inﬂuenced by the use of a comprehensive public awareness
campaign. Third, our analysis did not account for the potential
beneﬁts that may occur from a reduction in the incidence of
extrahepatic manifestations associated with chronic HCV infection
(eg, non-Hodgkin’s lymphoma and renal dysfunction).3,10,104-107
Recent studies have also indicated that, owing to the regenerative potential of the liver, early provision of DAA therapy to patients with chronic HCV infection before they accumulate
irreversible liver damage can reduce the demand for LT and
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expand the pool of potential organ donors.108,109 We believe that
these exclusions are consistent with a conservative approach and
reinforce the strength of the CUA’s ﬁnding that birth cohort
testing would be cost-effective. Finally, in instances where Irishspeciﬁc parameter data were not readily available, efforts were
made to ensure that the data adopted were appropriate and
generalizable to the Irish population.

Conclusions
Our study found that once-off birth cohort testing of people
born between 1965 and 1985 would be cost-effective and significantly improve Ireland’s chances of achieving its HCV elimination
targets. Nevertheless, any decision to introduce birth cohort
testing for HCV in Ireland must be balanced with considerations
regarding the feasibility, opportunity cost, and budget impact of
implementing a national testing program. These challenges will be
applicable to other countries considering the adoption of birth
cohort testing.
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