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Abstract

In Italy, an estimated 13 000-15 000 people have undiagnosed HIV, and in 2020, 60% of new diagnoses were late-
stage (CD4 < 350 cells/mm?). In hospitals, including emergency departments (EDs), testing is largely limited to
indicator-condition-guided testing (IC), with written consent universally required. We developed a closed-cohort
hybrid decision tree-Markov model to compare health economic values of two HIV testing strategies in the ED:
(1) universal opt-out and (2) IC (Italian standard of care). Data sources included healthcare costs and HIV public
health data, obtained from national reports and published studies. A lifetime time horizon and a National Health
Service perspective were used. Primary outcomes were life years, quality-adjusted life years (QALYs), and costs.
Universal opt-out testing resulted in better health outcomes at higher costs. For every 10000 individuals attend-
ing ED, opt-out testing resulted in 15.78 additional new HIV diagnoses and 14.47 more people linked to HIV care
compared with IC. Prevalence threshold analysis demonstrated that opt-out testing was cost-effective compared
to IC when the HIV prevalence was 0.25% or higher, assuming a willingness-to-pay threshold of €30 000/QALY.
Universal opt-out HIV testing in the ED could be a cost-effective way to increase the number of new HIV
diagnoses and improve HIV health outcomes in Italy. The model may underestimate the full benefits of this
strategy as our model did not consider disengaged patients or transmissions averted. Further research using real-
world data is needed to verify our findings.

Introduction

Treatment for human immunodeficiency virus (HIV) has
improved to the point where people living with HIV (PLWH)
who are on antiretroviral therapy (ART) with an undetectable viral
load have a normal life expectancy and cannot transmit the virus [1].
However, late diagnosis of PLWH (CD4 < 350 cells/mm?) is associ-
ated with higher morbidity and mortality, a greater risk of transmis-
sion and increased healthcare costs [2, 3].

In Italy, the annual number of new diagnoses has been declining
since 2012, but the proportion of late diagnoses has increased, reach-
ing 60% in 2020—10% higher than the European average [4]. While
sex between men remains the primary transmission route, the pro-
portion of late-stage diagnoses is higher among self-reported het-
erosexual people, particularly men over 40 [4]. The proportion of
new cases among young people (ages 25-39) has decreased, while
cases among people over 50 have increased [4].

In Italy, at the time of writing, written consent is required for HIV
testing (i.e. opt-in) except for antenatal screening, which is opt-out
(i.e. all individuals are screened unless the patient declines/opts out)
[5]. HIV testing in routine healthcare settings including emergency
departments (EDs), and inpatient units, is largely limited (and incon-
sistently implemented) to individuals presenting with HIV-indicator
conditions [6-8]. With an estimated 13 000-15 000 undiagnosed HIV

cases in Italy and high late-stage diagnoses, innovative testing strat-
egies are needed to make progress towards achieving the UNAIDS
HIV target of diagnosing 95% of PLWH [4, 9].

EDs are a key touch point with the healthcare system for margi-
nalized groups and people who may not routinely use sexual health
services [10]. The European Centre for Disease Prevention and
Control (ECDC) guidance in 2010 mentions ED HIV testing within
broader testing strategies, particularly in high-prevalence settings
[11]. However, such strategies have not been widely adopted into
national guidelines [11, 12], except recently for England, where
blood-borne virus (BBV) opt-out testing in EDs covering high-
prevalence areas has been part of the national action plan since
2022 [13]. Opt-out testing results in higher uptake than opt-in strat-
egies for BBV testing in EDs [10]. The cost-effectiveness of opt-out
testing increases in populations with high incidence, test acceptance
rates, and large proportions of individuals unaware of their infection
[14]. Recent studies from England, Ireland, and Portugal have dem-
onstrated the real-world clinical effectiveness (increased number of
diagnoses and patients linked to care) of universal opt-out ED
testing strategies in medium/high-prevalence regions [15-18].
Furthermore, evidence from England suggests that this strategy is
more effective for diagnosing heterosexuals and black minority eth-
nic individuals than traditional client-initiated testing [13, 15]. In
Italy, a formal legal review of HIV testing legislation (requiring
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written patient consent) is currently underway. This study aimed to
contribute to the informed national dialogue by evaluating the po-
tential health economic value of introducing a universal opt-out
HIV testing strategy in EDs in Italy.

Methods

A closed-cohort hybrid decision tree-Markov model was developed
in Excel® 2021 (Microsoft, Redmond, WA) to compare two ED-
based HIV testing strategies: (1) universal opt-out testing versus (2)
indicator-condition guided testing (IC), the current standard of care
(SoC) in Italy.

The opt-out testing algorithm simulated in the model was based
on recent real-world evidence studies [15-18]. The natural history of
disease element was based on prior modelling studies of ART treat-
ment [19, 20] and practice informed by clinical guidelines [21].
Italian clinical experts verified the model’s design to ensure its val-
idity and accuracy for current and expected clinical practice in Italy.

The model simulated a cohort of 10000 ED attendees who
required a blood test as part of their ED visit. The model used a
lifetime time horizon and took the perspective of the Italian
National Health Service. The model’s primary outcomes were the
incremental total life years, QALYs, costs, and costs-per-QALY.
Future health benefits and costs were discounted by 3% annually
according to Italian Medicines Agency guidelines [22].

The study was conducted and reported using the CHEERS check-
list [23]. An ethics review was not sought as all data were publicly
available, and no patient-identifying data were used.

Model design

The model used a decision tree structure to characterize the out-
comes following the initial ED visit and a Markov model to charac-
terize the longer-term outcomes for individuals simulated in the
model [19].

Initial ED visit: universal opt-out HIV testing

The steps involved in universal opt-out HIV testing simulated in the
model were informed by real-world examples from other countries
[16, 17] and are present in Fig. 1A. Initially, an automated electronic
patient record (EPR) system triggers an HIV-1 test request for all
adult ED attendees requiring a blood test. If the patient does not
opt-out, their blood sample is tested using a fourth-generation anti-
body/antigen test followed by a Western blot confirmatory test
in accordance with Italian diagnostic guidelines. With sensitivity
and specificity exceeding 99%, the model considers these tests as
100% accurate [24]. Individuals who test negative (screening or
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confirmatory) are excluded from the model beyond this point.
Individuals who test positive are categorized into new or prior diag-
noses. The model assumes that everyone newly diagnosed is then
linked to HIV care (LTC) which comprises four steps: (1) test result
notification, (2) initial consultation scheduling, (3) initial treatment
consultation, and (4) ART initiation. The model did not consider
changes in clinical management for individuals previously
diagnosed.

Initial ED visit: IC testing

The model assumes that people attending the ED with an HIV-
indicator condition (an opportunistic infection, OI) are tested for
HIV. The proportion of attendees with an OI was calculated using
monthly event probabilities among HIV-positive individuals
(see Supplementary Material S1). The model assumed the same
diagnostic testing and LTC protocols for IC testing as for universal
opt-out testing.

Long-term outcomes

In line with ART treatment modelling studies, the health states used
in the Markov model were based on both ART regimen and im-
munologic status [19]. Five treatment states were simulated: oft-
treatment, three active ART states (representing 1st, 2nd, and 3rd
line treatment regimens), and a salvage ART regimen state. Each of
the five treatment states had four CD4 substates (<200, 200-<350,
350-<500, and >500 cells/mm?>) (Fig. 1B). Death was the absorbing
state. The Markov model used a one-month cycle length. A treat-
ment algorithm was implemented to manage assignment to ART
regimens across treatment lines based on reasons for discontinu-
ation (Supplementary Fig. S1). For both testing strategies, the initial
treatment assignments of the modelled cohort were determined by
testing and LTC outcomes from the initial ED visit: (1) new diag-
nosis, LTC: on ART; (2) new diagnosis, not LTC: off-treatment; (3)
undiagnosed, off-treatment. After entering a treatment state, indi-
viduals progress through the CD4 states and improve, remain stable,
or decline. The rate of transition between CD4 states was governed
by treatment-related transition probabilities. Virological response
rates (<50 copies/ml) were incorporated into ART regimen discon-
tinuation probabilities. Individuals not receiving treatment were
assumed to experience continuous immunological decline. All indi-
viduals, regardless of state, were assumed to be at some risk of Ols
(Supplementary Material S1 provides further details). QALY esti-
mates were based on utility values for each CD4 state and utility
decrements for OI events.
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Figure 1. Universal opt-out ED testing algorithm decision tree (A) and Markov model schematic (B). Abbreviations: Ab/Ag: antibody/
antigen; ART: antiretroviral therapy; HIV: human immunodeficiency virus; LTC: linked to care; LTFU: lost to follow-up.
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Model inputs
Initial ED visit

There is no systematic HIV testing in EDs in Italy, and there were
no data on HIV prevalence among ED attendees in Italy. Thus,
evidence from other European studies, confirmed with Italian
authors for suitability, was used to inform the input variables for
the universal opt-out testing strategy and the cohort’s HIV preva-
lence. The main analysis reported here predominantly used data
from a Portuguese study [17], the largest currently published study
on universal opt-out ED HIV testing in Europe (252153 ED visits).
It evaluated the impact of a three-year automated EPR-based screen-
ing programme in the ED in a medium-high HIV prevalence setting
(0.52%). The programme used a sophisticated EPR algorithm to
automatically exclude previously diagnosed individuals. This study
was selected to inform the primary analysis as it was considered the
most complete published evaluation. A secondary analysis was run
using data from a service evaluation [16] which assessed the nine-
month implementation of a routine opt-out ED BBV testing pro-
gramme in a medium prevalence setting in England (representing
112479 ED visits and an HIV prevalence of 0.41%). As well as HIV
prevalence, the proportion of new diagnoses among positive cases
and the opt-out rate differed between these two studies, the latter
likely due to different ERP models.

The costs for the ED visit included HIV testing costs and LTC,
covering both administrative time and treatment consultation. All
inputs used for the ED visit are present in Table 1.

Baseline characteristics. Characteristics (age and CD4 count) of
PLWH presenting to EDs in Italy are unknown. Therefore, national-
level data were used from the Istituto Superiore di Sanitd report on
HIV diagnoses & AIDS cases. In 2022, the mean age of people with a
new HIV diagnosis was 45.8 years, and 58.1% had CD4 < 350 cells/mm
(as measured at point of entry to HIV care) [3, 4].

Long-term outcomes

Disease and treatment outcomes. Mean CD4 count change values
and cause-specific discontinuation probabilities associated with
each regimen are provided in Supplementary Table S2. The ART
1 regimen outcome profile was based on ART regimens used for 1st
line management of treatment naive PLWH in Italy. Specifically,
outcome data for individual ART regimens were weighted by their
relative market share, which was informed by Italian national-level
data. Outcomes of ART regimens were based on clinical trial report-
ing. Outcome data for the ART 2, 3, and salvage treatment states
were derived from established technology appraisals [27]. For the
no-treatment state, a continual decline in CD4 count was modelled.
See Supplementary Material S2 for further explanation and sour-
ces used.

Background HIV testing. For both testing strategies, the model
assumes that if someone with HIV does not initiate treatment short-
ly after their ED visit (they are either undiagnosed or diagnosed but
not LTC) they can subsequently be diagnosed and start treatment.
The probability that they will subsequently be tested for HIV
(referred to as background HIV testing) was based on a combination
of the annual probability that they test (informed using data from
the Piemonte region [28] in the absence of data from Italy) and the
probability of an OI event (dependent on CD4 health state)
informed by d’Arminio Monforte et al. [25] (Supplementary
Table S9).

Opportunistic infections, mortality, and utilities. Ol event probabil-
ities were derived by aetiology, CD4 state, and time since treatment
initiation [25] (Supplementary Table S5).
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Health state-specific mortality probabilities were determined
using Italian general population mortality data combined with
CD4 count-standardized mortality ratios (Supplementary Table S6).

Supplementary Table S7 provides the utilities used for each CD4
state and the OI event utility decrements.

Costs. Supplementary Table S8 summarizes long-term outcomes
costs, including ART costs by treatment line, outpatient services,
non-ART medication, hospitalizations, and end-of-life care. All
costs were inflated to 2022 using the Consumer Price Index for
health goods [29]. ART costs were estimated from Italy’s regimen
market share data. In line with prior modelling studies for Italy [30],
individual ART drug treatment costs were obtained from the latest
(2021) Lombardy report on HIV/AIDS care [31]. The treatment
naive market share data were used to estimate ART 1 regimen pro-
file costs, while the switch share data, representative of 2nd line
treatment, were used for ART 2 and ART 3 regimen profiles.
Salvage treatment line regimen profiles were estimated relative to
the ART 1 profile. On- and off-treatment states assumed profiles for
undetectable (<50 copies/ml) and detectable viral loads (=50 cop-
ies/ml), respectively. Only hospitalization, end-of-life care, and non-
highly active ART costs were considered for the off-treatment state.
OI event costs were assumed to be captured within the hospitaliza-
tion costs. End-of-life care costs were added in the last three months
before death. Background HIV testing and LTC costs in the Markov
model are the same as those in the ED visit

Scenario analyses

Given the significant data gaps, several scenarios were assessed using
the primary input profile (i.e. informed Vaz-Pinto et al. [17]).
Supplementary Table S10 contains further details.

(1) A threshold analysis was conducted to determine the minimum
HIV prevalence at which universal opt-out testing would be
cost-effective compared to IC testing. ED HIV prevalence values
ranging from 0.15% to 1.20% were assessed, drawing on data
from similar interventions in Europe and Canada (sources
detailed in Supplementary Table S11).

(2) Analyses assessing the impact of different patient characteristics
(i.e. age and CD4 count at diagnosis).

(3) A scenario where IC testing was based on OI events only (i.e. did
not include testing for other reasons).

(4) A scenario using a lower rate of LTC following diagnosis
(58.00% compared to 91.67% in the main analysis) informed
by opt-out BBV testing in 34 EDs in high HIV prevalence areas
in England [18].

Sensitivity analyses

One-way sensitivity analyses were performed to evaluate how
changes in input values affect the results and to identify the most
influential parameters. Individual parameters or parameter groups
were varied by +20% deviation from the mean. The primary input
profile was used for sensitivity analyses [17].

Results

Primary analysis

When HIV prevalence among ED attendees was 0.52%, as informed
by Vaz-Pinto et al. [17], for every 10 000 attendees, universal opt-out
testing resulted in 15.78 additional new HIV diagnoses (15.99 vs.
0.21) and 14.47 more individuals linked to care (14.66 vs. 0.19).
Universal opt-out testing resulted in increased life years and
QALYs at a higher cost than IC testing and the ICER for the uni-
versal opt-out testing was €24 680/QALY.
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Table 1. Model input parameters used for the initial ED visit

Inputs used in primary analysis

Parameter group Parameter Value Source
Prevalence and participation HIV prevalence in ED attendees 0.52% Vaz-Pinto et al. [17]
Percentage of HIV-positive people undiagnosed at start of 34.67%
ED attendance
Number of HIV-positive people undiagnosed at start of 17.99 Calculated: 10000 x 0.52% x 34.67%
ED attendance
Percentage of people tested during ED visit in universal opt-out 88.89% Vaz-Pinto et al. [17]
testing strategy
Percentage of people tested during ED visit in indicator-condition 1.16%? D'Arminio Monforte et al. [25]
guided testing
Percentage of people with new HIV diagnosis who are then linked 91.67%" Smout et al. [16]
to HIV care (including treatment initiation)
Inputs used in secondary analysis
Parameter group Parameter Value Source
Prevalence and participation HIV prevalence in ED attendees 0.41% Smout et al. [16]
Percentage of HIV-positive people undiagnosed at start of 17.14% Smout et al. [16]
ED attendance
Number of HIV-positive people undiagnosed at start of 7.09 Calculated: 10000 x 0.41% x 17.14%
ED attendance
Percentage of people tested during ED visit in universal opt-out 60.05% Smout et al. [16]
testing strategy
Percentage of people tested during ED visit in indicator-condition 1.16%° D'Arminio Monforte et al. [25]
guided testing
Percentage of people with new HIV diagnosis who are then linked 91.67% Smout et al. [16]
to HIV care (including treatment initiation)
Inputs used in primary and secondary analyses
Parameter group Parameter Value Source
Costs (for year 2022) Fourth generation Ab/Ag HIV test [Screening] 22.70€ Lombardia Nomenclatore Tariffario
Western blot test [Confirmatory] 100.29€ 2022 [26]
Supplementary Table S1 includes healthcare costs associated See Supplementary Table S1
with nurse time and linkage to HIV care
Profile of HIV positive ED Baseline age (years) 45.83¢ ISS, 2022 HIV and AIDS case diagnosis
presenters Proportion female 20.90% report—National level profile [4]
Baseline CD4 cell count (cells/mm?) proportional distribution
<200 40.65% ISS, 2022 HIV and AIDS case diagnosis
200-<350 17.49% report—National level profile [4]
350-<500 17.16%
>500 24.70%

a: A percentage of undiagnosed HIV-positive individuals were assumed to present with Ols and to undergo indicator-condition testing.
The percentage of individuals presenting with Ols was based on AIDS event risks derived from d'Arminio Monforte et al. [25].

b: The percentage of patients initiating treatment was based on Smout 2022 [16] reporting as these data were not available from the Vaz-
Pinto 2022 [17] study—91.67% of new diagnoses initiated treatment within six months.

c: Derived by weighting mid-point of reported age categories by associated n values.

Abbreviations: Ab: antibody; Ag: antigen; ART: antiretroviral therapy; ED: emergency department; HIV: human immunodeficiency virus;

LTC: linkage to care; Ol: opportunistic infection.

Secondary analysis

In the secondary analysis, when data inputs were informed by
Smout et al. [16], at an HIV prevalence of 0.41%, for every 10000
people presenting to the ED, universal opt-out testing resulted in
4.18 additional new diagnoses (4.26 vs. 0.08) and 3.83 more indi-
viduals LTC (3.90 vs. 0.08) compared with IC testing. In this ana-
lysis, the ICER was €32 220/QALY. HIV threshold analysis indicates
that universal opt-out ED testing would be cost-effective (assuming
a willingness-to-pay [WTP] threshold of €30000/QALY) for this
profile when the HIV prevalence is 0.51% or higher.

The total life years, QALYs, costs, and cost-per-QALY for the
primary and secondary analysis are present in Table 2.

Scenario analyses

The HIV prevalence threshold analysis (scenario analysis 1) dem-
onstrated that universal opt-out ED testing is cost-effective above a

prevalence of 0.25%, assuming WTP €30 000/QALY (Fig. 2). Opt-
out ED testing was cost-effective for both earlier and later identifi-
cation profiles (scenario analysis 2), and the value of opt-out testing
was greater if SoC (the comparator) only comprised OI event IC
testing (scenario analysis 3). Opt-out ED testing remained cost-
effective (WTP threshold: €30000/QALY) even when using the
lower LTC parameter of 58.00% (scenario analysis 4).

See Supplementary Material S5 for complete results of scenarios 2—4.

Sensitivity analyses

The input variables with the most impact on cost-effectiveness were
related to the natural history of HIV and treatment outcomes.
Model predictions were generally robust to the evaluated variations,
with only small changes in the ICER observed. Only the low value
for the CD4 state utilities sensitivity was no longer cost-effective
(Supplementary Fig. S2).
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Table 2. Discounted, per-patient summary results for individuals presenting to an Italian ED with undiagnosed HIV for primary and

secondary analysis

Primary results (Vaz-Pinto profile)

Secondary results (Smout profile)

SoC (indicator Universal opt-out Incremental SoC (indicator Universal Incremental
condition) testing condition) opt-out testing
Life years 13.93 16.64 2.71 13.93 15.75 1.82
QALYs 10.76 13.10 2.34 10.76 12.33 1.57
Total costs 128467€ 186315€ 57 847€ 128471€ 179 169€ 50 698€
Cost-per-QALY - - 24 680€ - - 32220¢€

Abbreviations: ED: emergency department; HIV: human immunodeficiency virus; QALY: quality-adjusted life year.
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Figure 2. Incremental cost-effectiveness ratio (per-QALY) estimates for alternative ED HIV prevalence levels. Abbreviations: ED: emergency
department; HIV: human immunodeficiency virus; ICER: incremental cost-effectiveness ratio; QALY: quality-adjusted life year.

Discussion

Main findings

The findings indicate that universal opt-out testing for HIV in
Italian EDs would be cost-effective. In the primary analysis, univer-
sal opt-out ED testing resulted in 15.78 additional new diagnoses for
10000 people presenting to the ED and was cost-effective with an
ICER of €24 680/QALY. With poorer outcomes reported for late-
stage presentation, early diagnosis and intervention are imperative
for achieving optimal outcomes for PLWH. Universal opt-out ED
testing was associated with life-year gains and higher QALYs com-
pared to IC testing, due to an increased number of diagnoses and
patients linked to care.

The secondary analysis, based on Smout et al., yielded fewer add-
itional new diagnoses (4.18 for every 10000 people), with the ICER
slightly exceeding the €30000/QALY threshold. This discrepancy
could be attributed to differences in the implementation of opt-
out ED screening and the HIV prevalence in their respective pop-
ulations (0.52% vs. 0.41%). A key difference in implementation was
the algorithm used for automatically excluding HIV-positive indi-
viduals who had been recently tested. The English screening used a
less sophisticated EPR system than Portugal’s, which led to some
unnecessary testing and associated costs. When assessing the poten-
tial impact of opt-out ED HIV testing in Italy, it is important to
recognize that its effectiveness increases with the automation of the
ordering systems used [10].

HIV prevalence is a key determinant of the cost-effectiveness of ED
screening [14]. HIV prevalence in Italian EDs is largely unknown and
expected to vary by and within regions (e.g. urban vs. rural areas) [4],

similar to most countries. The prevalence threshold analysis demon-
strated that universal opt-out ED testing is cost-effective above an
HIV prevalence of 0.25% (WTP threshold of €30 000/QALY), close to
the 0.2% HIV prevalence threshold in which routine ED testing is
recommended in the UK by NICE [32]. This threshold can be used to
guide decision-making at regional and local levels, given Italy’s
decentralized healthcare investment decisions.

Scenario analysis 2 indicates that universal opt-out screening
would be cost-effective for both earlier and later identification pro-
files. The findings remained robust across other scenarios assessed.

Findings in the context of literature

A systematic review of IC testing for HIV across seven Western
countries indicates that this approach leads to missed opportunities
for early HIV diagnosis [33]. A recent Spanish study found that
47.8% of HIV cases were missed through this IC guided testing
strategy [34]. These findings emphasize the need for alternative
strategies, such as universal opt-out testing, to reduce late-stage
diagnoses which result in poorer outcomes and increased healthcare
costs [3, 32]. In the UK, first-year healthcare costs for late diagnosis
are double compared to timely diagnosis [32].

HIV infections in older individuals remain undiagnosed for lon-
ger, leading to more advanced disease and opportunistic infection
[3]. This may be because they perceive themselves as less at risk for
HIV and seek testing less frequently than younger people [3, 35].

ED testing offers the benefit of reaching a broader population
beyond those accessing sexual health services. In Italy, late-stage
diagnoses are most common among self-reported heterosexual
males over 40 [4], a group less likely to participate in current testing
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approaches which are largely client-initiated and mainly target men
who have sex with men [6]. Evidence from other settings suggests
that implementing universal ED testing could help reduce the stigma
associated with HIV testing [10, 16].

Strengths and limitations

This study is the first to estimate the potential health economic value
of universal opt-out HIV testing in EDs in Italy. It provides an HIV
prevalence threshold above which universal testing could be cost-
effective if model assumptions are reflective of the Italian setting.
The study also identifies key data gaps in Italy, which can guide
future data collection and inform subsequent analyses. The findings
can help prioritize areas for data collection such as local HIV preva-
lence, effectiveness and sustainability of best practices, stakeholder
and patient opinion, and current testing rates. Due to key data gaps,
some input variables were based on other European studies. Real-
world data on ED HIV prevalence and ED opt-out testing outcomes
in Italy would be essential for validating the model’s parameters.

A scenario analysis addressed the uncertainty regarding current
HIV testing rates in Italy, confirming that the intervention remains
cost-effective under different SoC testing rates.

Importantly, our model likely underestimates the benefits of uni-
versal opt-out testing in Italy. Firstly, it assumes that all individuals
previously diagnosed are already engaged in HIV care, thereby not
accounting for the benefits of re-engaging individuals who may be
disengaged [10, 16]. Secondly, the model did not capture the poten-
tial impact of reduced onward transmission which may reduce fu-
ture HIV incidence, prevalence, and associated healthcare costs.
Lastly, due to uncertainties in the model parameters, it only
accounts for direct healthcare costs; incorporating societal costs
may increase the cost-effectiveness of this strategy.

Future research and policy implications

This study highlights the potential value of universal opt-out HIV
testing in EDs in Italy and can inform national discussions on opti-
mizing testing strategies. For stakeholders to fully consider this ap-
proach, further research is needed to understand its acceptability
and feasibility in Italy. The ongoing review of HIV testing consent
legislation presents an opportunity for our findings to inform dis-
cussions on opt-out testing.

While this study focused on the cost-effectiveness of opt-out test-
ing, it does not address the practical aspects of implementation
within Italian EDs. We also acknowledge that increased testing
will require novel linkage to care pathways to manage an increased
number of diagnoses. Considering the current resources and infra-
structure, further research should explore the necessary changes for
successful integration of this screening into clinical practice.
Moreover, a real-world implementation study of opt-out testing is
needed to determine opt-out testing outcomes in Italy and re-assess
its cost-effectiveness as new data becomes available. Additionally,
both combined opt-out screening and linkage to care and modelling
the cost-effectiveness of simultaneous screening for multiple BBVs
such as HIV, hepatitis B and C should be a public health priority.
BBV screening in the ED setting has successfully been implemented
in other European countries [13, 36] and may increase cost-
effectiveness compared HIV opt-out testing alone [37-39].

Conclusions

Universal opt-out ED testing could be a cost-effective strategy to in-
crease the number of new HIV diagnoses and improve HIV health
outcomes in Italy. The full benefit is likely underestimated as the model
did not consider averted transmissions or re-engagement in the care of
people previously diagnosed with HIV. Further real-world epidemio-
logic and implementation research is needed to verify the findings.
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Key points

o Exceptionally high proportion of late-stage HIV diagnoses
(~10% higher than the European average) remains a critical
challenge in Italy, contributing to higher morbidity, mortality,
and healthcare costs.

o This study suggests that universal opt-out HIV testing in
Italian EDs could be a cost-effective strategy to increase new
HIV diagnoses and improve health outcomes.

e Our health economic model may underestimate the full
benefits of this intervention as it does not consider
transmissions averted or the re-engagement of individuals
previously diagnosed with HIV but not in care.

e Our findings could inform regional and national discussions
on adopting novel HIV testing strategies in Italy.

o Further Italian epidemiological and real-world
implementation data are needed to validate these findings and
guide policy decisions.
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