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% Check for updates Chagas disease (CD) is an emerging public health concern in Europe. In non-

endemic countries, congenital transmission is the main route of new infections.
Italy is the second-largest host country in Europe for Latin American migrants
and the prevalence of the disease is estimated around 3.5%. The aim is to
evaluate the cost-effectiveness of a congenital CD screening program in preg-
nant women at risk of infection living in Italy and their newborns. We conducted
a cost-effectiveness analysis from the perspective of the Italian National Health
Service, comparing a screening scenario with a no-screening scenario. A Baye-
sian decision tree model with a lifetime horizon was developed. In the base-case
analysis, the screening strategy yielded an incremental cost-effectiveness ratio
of €15,193 per quality-adjusted life year gained (95% CI: €14,885-€15,552), falling
well within the accepted cost-effectiveness threshold (€30,000-€50,000) in
Italy. Probabilistic sensitivity analysis confirmed the robustness of these find-
ings. Here we show that screening for congenital CD is a cost-effective strategy
that improves health outcomes and aligns with international public health
priorities. Our findings support the implementation of a national screening
program integrated within existing maternal care pathways, contributing to the
prevention of neglected tropical diseases and the promotion of migrant health.

Chagas disease (CD), caused by the protozoan Trypanosoma cruzi, is a
major emerging parasitic infection worldwide and particularly in Europe,
primarily driven by the increasing transnational migration’. Despite its
growing public health relevance, CD often remains underdiagnosed’ due
to limited clinical experience among healthcare providers, restricted
access to screening for at-risk populations, and the prolonged asymp-
tomatic course that characterizes many cases during the chronic phase.

While vector-borne transmission is restricted to endemic regions
of North, Central, and South America, non-vectorial transmission

routes, including organ and bone marrow transplantation, blood
transfusion, and congenital transmission, play a significant role in
sustaining CD in non-endemic areas®!. Among these, mother-to-child
transmission represents the primary infection route in non-endemic
countries®. The main biological determinant for congenital transmis-
sion is maternal parasitaemia, but other factors can be involved (e.g.,
strain of the parasite, placental factors, cellular immune response)**.

CD typically progresses through two main phases. The acute
phase is asymptomatic or presents with mild, nonspecific symptoms in
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90-95% of cases. If left untreated, the infection transitions into a life-
long chronic phase. In this phase, CD can remain in an indeterminate
form (i.e., without clinical manifestations) or progress to symptomatic
chronic disease in 30-40% of cases, primarily affecting the cardio-
vascular or gastrointestinal systems, usually 10-30 years after the
initial infection’.

The available etiological treatment consists of antitrypanosomal
drugs (benznidazole and nifurtimox)®. Treatment efficacy is >90%
in children and therefore in congenital cases, especially when admi-
nistered within the first year of life®°. However, effectiveness in chronic
cases declines significantly by time'®". The treatment of women in
reproductive age before pregnancy significantly reduces the con-
genital transmission of CD with no cases of mother-to-child transmis-
sion in treated compared with untreated women'. In the absence
of trypanocidal therapy, the infection can be transmitted to the
fetus during any pregnancy, even in the case of women with chronic
infection who no longer reside in endemic regions™ or who
acquired the infection congenitally in non-endemic areas. Due to
safety concerns, treatment during pregnancy and lactation is not
recommended®.

CD affects an estimated 6-7 million people worldwide, causing
~12,000 deaths annually®. In 2019, among endemic countries for CD,
Bolivia was the country with the highest prevalence rate per 100,000
population (4993.53), followed by Venezuela (1654.73), Argentina
(1524.07), Chile (1114.17), Mexico (1030.50), and Brazil (912.36; 95%
Ul : 788.20-1048.06)". The chronic phase of CD accounts for 806,000
disability-adjusted life years (DALYs) per year globally, including 6093
DALYs in European countries. Beyond its clinical impact, CD poses a
significant economic burden, with estimated global healthcare costs
exceeding $627 million per year, of which nearly $17 million is attri-
butable to Europe”.

The estimated prevalence of CD in non-endemic countries varies
depending on the region and population studied. A systematic review
and meta-analysis estimated the overall prevalence among Latin
American migrants in non-endemic countries at 3.5% (95% CI:
2.5-4.7)"%. By subgroup, the estimated pooled prevalence of CD was
11.0% (95% CI: 7.7-15.5) in non-targeted screening populations (unse-
lected individuals at reference centers) based on 27 studies. Among
blood donors (4 studies), the prevalence was 0.8% (95% CI: 0.2-3.4). In
Latin American immigrants living with HIV (4 studies), it was 2.4% (95%
Cl: 1.4-4.3), while for Latin American pregnant and postpartum women
(14 studies), the prevalence was 3.7% (95% Cl: 2.4-5.6)".

Italy is the second largest recipient of Latin American migrants in
Europe®. In 2024, Italy reported 382,000 regular residents originating
from Latin America. Among them, 3.3% were from Bolivia, 3.9% from
Venezuela, 3.9% from Argentina, 0.9% from Chile, 1.4% from Mexico,
and 13.6% from Brazil. These figures do not account for undocumented
migrants, whose numbers are inherently difficult to estimate, and
therefore likely underestimate the true size of the Latin American
population in Italy’°. Given the potential risk of congenital transmis-
sion, pregnancy represents a crucial window of opportunity for
screening and early detection of CD". Although national guidelines for
the physiologic pregnancy containing among others, congenital Cha-
gas disease (cCD) screening recommendations, have been issued by
the Italian National Institute of Health (ISS), they are currently limited
in scope for this topic and lack a coordinated national implementation
strategy”. Only few regional and local screening initiatives have

been implemented in Italy to detect CD in at-risk pregnant women
(e.g., Tuscany, Lazio, Lombardy, and Emilia-Romagna). Our study
models the full integration of above mentioned guidelines into a
structured national program, extending beyond maternal serological
testing to encompass the complete diagnostic and therapeutic man-
agement of infected newborns. This distinction is critical for under-
standing the policy gap and the potential impact of nationwide
implementation.

Economic evaluations have assessed CD screening in non-
endemic settings, either targeting the general Latin American
population'®?? or focusing specifically on preventing congenital
transmission”**°, However, no cost-effectiveness analysis has been
conducted specifically for the Italian context, despite the country’s
significant Latin American migrant population, as also pointed out by
the ISS”. In Italy, the National Health Service (NHS) guarantees all
citizens universal access to equitable healthcare services under con-
ditions of equality. Citizens receive healthcare services from the NHS
without any distinction based on individual, social, or economic con-
ditions; it is funded through general taxation and co-payments
required from non-exempt citizens. Given these characteristics, the
NHS represents the best perspective for implementing screening in an
ethnic minority, as opposed to other type of health systems. The
objective of this study is to conduct a cost-effectiveness analysis of
implementing a CD screening program in pregnant women at risk of
infection living in Italy and their newborns, aiming to prevent con-
genital transmission and subsequent disease development.

Results

Base case results

A cohort of 1000 newborns born to Latin American pregnant women
was included in the analysis. As expected, the base case analysis
revealed that, given the chosen threshold of €30,000 to €50,000 per
quality-adjusted life years (QALY) gained, the screening strategy
emerged as a cost-effective dominant intervention compared with the
no screening option (ICER of €15,192 [95% Cl, €14,885-€15,552] per
QALY gained). Table 1 presents the mean costs, effectiveness, and
base-case results for the simulated cohort.

Sensitivity analysis. Figure 1 illustrates the cost-effectiveness plane
(CEP), reaffirming the robustness of the initial findings within the
chosen willingness-to-pay (WTP) threshold.

Contour plots further reveal that the majority of simulated points
for the two strategies were positioned in the northeast quadrant of the
CEP, implying that CD screening program offers greater effectiveness
at a higher cost compared to the no screening alternative. Specifically,
76% of simulations fell within this quadrant (Figs. S1 and S2).

Additionally, Figs. S3 and S4 in supplementary materials present
the cost-effectiveness acceptability curve (CEAC) and the cost-
effectiveness acceptability frontier (CEAF), respectively. The findings
suggest that no screening remains the optimal choice for WTP
thresholds below €15,192 per QALY gained. Nonetheless, for WTP
levels above €15,192 per QALY gained screening option demonstrated
the highest probability of being cost-effective (69%). As depicted in
Fig. S5, the expected incremental benefit (EIB) was positive at a WTP of
€15,300, with a value of 631 for screening vs. no screening option.

In the sensitivity analysis using a context-specific prevalence of
7.5%, the screening strategy remained dominant with an incremental

Table 1| Base-case results over lifetime horizon

Strategy Costs (€) (95% CI) A costs (€) QALYs (95% ClI) A QALYs ICER NMB (€)
Screening 4,189,067 (4,119,027-4,542,211) - 31,608 (30,122~ 32,467) - Ref. -
No screening 57,414 (57,402 -58,256) 4,131,653 31,336 (31,134~ 31,578) 272 15,192 9,465,847
ClI confidence intervals, ICER incremental cost-effectiveness ratio, NMB net monetary benefit.
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Fig. 1| Cost-effectiveness plane from probabilistic sensitivity analysis. Scatter plot showing the distribution of incremental cost-effectiveness ratios (ICERs) for the
screening strategy compared with no screening, based on Monte Carlo simulations. The red dot indicates the mean ICER.

cost-effectiveness ratio (ICER) of €15,042 per QALY and a 73% prob-
ability of being cost-effective at a €30,000-€50,000 threshold.

Value of information analysis. From the probabilistic sensitivity
analysis (PSA) simulation, the Expected Value of Perfect Information
(EVPI) per patient was estimated at €206 when applying a WTP
threshold of €50,000 per QALY gained (Fig. 2). As the WTP threshold
decreased, the EVPI also declined, reaching €157 at a WTP level of
€30,000 per QALY gained (Fig. 2).

The analysis of the Expected Value of Partially Perfect Information
(EVPPI), for a subset of specific parameters (i.e., probabilities, costs,
and utilities), resulted in an EVPPI of €30, €2, and €43, respectively
(Figs. S6-S8).

Moreover, as illustrated in Fig. S9, the probability of developing
the indeterminate form of the disease exhibited the highest ratio,
underscoring the substantial expected value of acquiring additional
information for this parameter.

Diagnostic performance analysis. The Markov Chain Monte Carlo
(MCMC) performance was gauged using various diagnostic measures
to ensure robustness. Trace plots demonstrated that the sampled
parameter chains exhibited stable behavior and substantial overlap,
indicating convergence. Furthermore, density plots revealed smooth,
unimodal distributions, suggesting that the posterior distributions
were well-behaved. The Gelman-Rubin diagnostic yielded R-hat values
close to 1 for all parameters, further confirming the convergence of the
chains. Moreover, the effective sample size (ESS) was close to 15,000
for most parameters, highlighting efficient sampling and reliable esti-
mation of the posterior distribution.

Overall, these diagnostic assessments confirmed that the MCMC
algorithm performed effectively, with well-converged chains, high ESS
values, and accurately estimated posterior distributions, thereby
reinforcing the validity and reliability of the obtained results.

Discussion

The analysis showed that screening for T. cruzi in Latin American
pregnant women at risk of infection, tested in secondary care settings,
is a cost-effective strategy in Italy at all WTP thresholds considered, for
treating newborns with cCD and preventing chronic progression of
such disease. The screening alternative is not only cost-effective for
the healthcare system compared to the no screening scenario, but it
also significantly improves patients’ quality of life, as measured
in QALYs.

These results corroborate the findings of previous economic
evaluations conducted in similar settings. In the USA context, screen-
ing is estimated to save $1324 per birth, translating into a total saving
of $636 million for each annual cohort of 480,000 births among
women originating from endemic regions®. Sicuri et al. showed that, in
Spain, screening pregnant Latin American women and their newborns
was more effective and less costly than no screening. The cost-
effectiveness ratio was €22/QALY (neonatal model) and €96/QALY
(maternal model), compared to €125 and €1675/QALY for no
screening”. Imaz-Iglesia et al. conducted a cost-utility analysis com-
paring four strategies from both the societal and Spanish NHS per-
spectives. Screening Latin American pregnant women and their
newborns proved to be a dominant strategy compared to no screen-
ing, both from a societal and a healthcare system perspective®.

These overlaps with the literature indicate that screening pro-
grams are both economically viable and beneficial in non-endemic
countries with socioeconomic contexts and immigration flows com-
parable to those of Italy. Despite being the second-largest European
host country for Latin American migrants'®*, Italy has yet to imple-
ment a national screening program for cCD. Although the ISS has
recently issued recommendations for screening, systematic testing
still remains limited to regional or local initiatives??>**,

From a public health perspective, the implementation of a
screening program for cCD offers significant health benefits and is
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Fig. 2 | Population expected value of perfect information (EVPI) curve. Plot showing the EVPI for the screening strategy compared with no screening across a range of
willingness-to-pay thresholds, indicating the potential economic value of eliminating decision uncertainty.

closely aligned with the objectives of the United Nations Sustainable
Development Goal 3. Specifically, by preventing the vertical trans-
mission of CD, a major neglected tropical disease, such a program
directly supports Target 3.3, which aims to end the epidemics of AIDS,
tuberculosis, malaria, and neglected tropical diseases by 2030, and to
combat other communicable diseases®. The methodologies applied
and the main findings reported in this study provide a structured fra-
mework for assessing this screening program from a value-based
perspective. Such an approach promotes a sustainable healthcare
system by jointly considering treatment quality and associated costs™.
This framework can be effectively extended to other screening pro-
grams, not only for infectious diseases but also for multifactorial
conditions.

From a Public Health perspective, this value-based intervention is
particularly relevant when viewed through the lens of equity in a
country with universal health coverage, as it targets an ethnic minority
that may face communication and economic barriers, as well as a lack
of information regarding access to and the services offered by the
national health system**. To adequately address these issues, it is
essential to implement effective and coordinated actions across var-
ious levels of the health system, involving multiple professional roles.

At the macro level, national authorities must establish regulations
for the implementation of CD screening, ensuring adequate resource
allocation. A major challenge at this level is overcoming political and
economic barriers, as there might be competing public health prio-
rities. Regional governments should then define the organization of
screening. At the meso level, local health authorities and healthcare
organizations are responsible for assessing health needs and the col-
lection of data on health outcomes related to CD. They are also in
charge of establishing care pathways to ensure access for minority
populations, involving both healthcare staff and other stakeholders
from the third sector™, In the initial phase, this can be problematic
due to the limited human resources to allocate, the difficulty in

identifying the right interlocutors for assessing health needs and the
lack of indicators based on computerized systems that allow for timely
monitoring of the situation. Lastly, at the micro level, raising awareness
of CD among all healthcare providers, especially primary care physi-
cians, obstetricians, gynaecologists, pediatricians, and infectious dis-
ease specialists is of paramount importance to ensure the uptake and
proper management of screening programs, thus improving precision
medicine interventions®.

This study demonstrates the cost-effectiveness of a secondary
prevention intervention, highlighting how the early detection of health
needs and timely treatment allow for a more efficient use of resources
in a public system with limited resources; this follows the same ratio-
nale present in other pathways implemented at the national level,
which involve a shift from a purely clinical-care perspective to a
broader one that encompasses both preventive and clinical-care
aspects®. Moreover, as the cost of managing indeterminate forms was
a key driver of model uncertainty, shifting follow-up care to primary
health settings, as recommended by WHO, could reduce costs and
improve program sustainability'®*%*,

This analysis includes certain limitations. While a Markov model
could have offered a more granular depiction of the long-term natural
history of CD, we opted for a decision tree model to preserve structural
and computational simplicity, particularly within a Bayesian frame-
work. Variations in downstream healthcare costs were handled by
assigning condition-specific cost estimates to terminal health states,
and parameter uncertainty was addressed through PSA. There is a lack
of data on the QALYs of CD patients in non-endemic regions, and the
utility values used were derived from studies conducted in endemic
areas*”. The use of utility values derived from endemic countries may
not fully reflect the lived experience and healthcare trajectories of
patients in European settings, potentially underestimating the per-
ceived quality-of-life gains associated with early detection and treat-
ment in non-endemic contexts. Notwithstanding, they represent the

Nature Communications | (2025)16:8707


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-025-63760-0

latest updated available data. Moreover, the potential reduction in
congenital transmission in future pregnancies following maternal
treatment was not included due to limited and heterogeneous data on
this effect, which precluded reliable modeling.

The model assumes 100% treatment efficacy for newborns diag-
nosed with cCD. While this may slightly overestimate the intervention’s
effect, incorporating additional health states to reflect the small pro-
portion of potential non-responders would have added complexity
and uncertainty. This approximation is expected to have a negligible
impact on the overall cost-effectiveness outcome, particularly given
the very high success rates observed in early-treated infants and the
conservative nature of all other assumptions, which consistently tend
to underestimate the ICER.

In the no screening option, several approximations were made
that may underestimate the positive impact of the intervention ana-
lysed in this study, as follow: (i) second-level diagnostic tests (e.g.,
cardiac MRI), which are indicated in selected cases of symptomatic
chronic CD, were not included in the model*™*; (ii) diagnostic and
therapeutic interventions that may be inappropriately prescribed due
to the limited awareness of CD among healthcare providers in non-
endemic countries were not considered*’; (iii) mixed forms of CD,
involving both cardiac and gastrointestinal manifestations, were not
accounted for. The costs of CD treatment were estimated under the
assumption that biotechnology remains constant over time, despite
the applied discount rate. Potential cost variations due to advance-
ments in biotechnology could not be anticipated. The costs associated
with the nationwide logistical implementation were not considered in
this study. However, they are expected to be minimal. This is justified
by the fact that the diagnostic tests required for CD screening do not
entail additional structural or logistical expenses for the Italian NHS.
Another caveat refers to the perspective adopted. The analysis was
conducted from the healthcare system perspective and did not include
societal costs, such as lost productivity or caregiving burden, which
may underestimate the full economic impact on migrants and their
families. Nonetheless, adopting a healthcare payer perspective aligns
with standard economic evaluation practices for informing policy
decisions in publicly funded systems. Furthermore, implementation-
related costs (e.g., training of healthcare providers) were not explicitly
modeled; notwithstanding, such costs are typically modest relative to
the overall program cost and could be integrated into future real-world
cost evaluations. In addition, the model did not incorporate the
potential screening or treatment of siblings of diagnosed children,
which may slightly underestimate the public health benefit of a
screening program. Another limit was the assumption of full access
and uptake of healthcare services, which may not reflect real-world
variability in healthcare access among undocumented or underserved
migrant populations. However, this assumption allows for a best-case
scenario analysis of the program’s potential under optimal imple-
mentation conditions. This analysis did not explicitly model correla-
tions among cost parameters, and prior distributions were based on
conventional choices from the health economic modeling literature.
However, key model parameters were tested in the PSA using dis-
tributional uncertainty. Furthermore, the model assumes that no prior
diagnosis or alternative detection occurs outside the screening pro-
gram; while some cases may be identified opportunistically, particu-
larly in regions like Tuscany with existing initiatives, such events are
rare and lack sufficient data to be formally incorporated into
the model.

As highlighted in other studies, assessing the quality of life of CD
patients in non-endemic regions should be prioritized in future
research efforts**%. Dynamic models that consider demographic and
migration flows could therefore be a strategy to adapt the results of
this study to different contexts. Finally, further research is needed to
assess the acceptability and feasibility of screening from the per-
spective of both healthcare providers and at-risk populations. Our

findings highlight that uncertainty in the probability of progression to
the indeterminate form plays a key role in the variability of cost-
effectiveness outcomes, suggesting that further research to refine this
parameter could strengthen future evaluations. Further studies should
also explore subgroup analyses comparing high- and low-prevalence
migrant populations to better inform screening prioritization, though
such analyses are currently limited by the availability of disaggregated
epidemiological data. Future Bayesian modeling efforts may benefit
from exploring informative priors, hierarchical structures, or correla-
tion matrices to capture interdependencies among clinical and eco-
nomic parameters more fully.

This study provides strong economic evidence supporting the
implementation of a national cCD screening program for pregnant
women at risk in Italy. Beyond its economic justification, implementing
a national screening program would contribute to the United Nations
Sustainable Development Goal 3, addressing the burden of neglected
tropical diseases and promoting migrant health. Our results offer
concrete guidance for policymakers, supporting the development of a
structured screening strategy in Italy and other non-endemic coun-
tries. Integrating cCD screening into existing maternal care pathways
could significantly reduce the prevalence and burden of CD, improving
health outcomes for both mothers and newborns, while aligning with
international public health priorities.

Methods

Target population

This study focuses on evaluating the cost-effectiveness of a screening
for the prevention of cCD in our country. The target population of this
study consists of newborns born to women at risk in Italy. According to
the World Health Organization and ISS*, women are considered at risk
if they were born in one of the 21 endemic countries for the infection
(i.e., Argentina, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica,
Ecuador, El Salvador, Guatemala, Guyana, French Guiana, Honduras,
Mexico, Nicaragua, Panama, Paraguay, Peru, Suriname, Uruguay,
Venezuela) or were born to a mother from one of these countries; if
they have received blood transfusions in one of the 21 endemic
countries; and/or if they have resided in one of the 21 endemic coun-
tries for more than six months'®. A detailed description of the target
population in Italy is provided in the supplementary materials.

Study perspective, setting, and location
The cost-effectiveness analysis was performed according to the Italian
NHS perspective.

Intervention and comparator

This economic evaluation involved the comparison between an
organized screening program for CD (i.e., intervention) with a
scenario in which no formal screening program is implemented (i.e.,
comparator).

Several screening strategies for cCD are currently reported in the
literature*’. Since our study analyses this program in the Italian con-
text, we have chosen to use national guidelines provided by the ISS and
the protocol implemented in the Tuscany Region, as main
references”*®, Infectious disease screenings offered during pregnancy
are included in the Essential Levels of Care (LEA) related to territorial
healthcare, particularly within the “birth pathway”. Therefore, they are
provided by the NHS without co-payment in all regions. These
screenings represent an example of secondary prevention. Referring
to the CD screening program, in Italy, all pregnant women at risk
should be offered serological screening at their first prenatal visit, or at
the time of delivery if testing has not previously been performed.
Screening is performed in qualified laboratories with external quality
control (i.e., secondary care), and positive results are confirmed using
a second, different test. Women with a confirmed diagnosis are
referred to specialized infectious or tropical disease units (i.e., tertiary
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Fig. 3 | Decision tree model. The figure depicts the decision-analytic framework
used to compare a targeted screening strategy with a no-screening strategy over a
lifetime horizon. The model begins at a decision node (square), representing the
choice between implementing a screening program for pregnant women from

Chagas-endemic countries or not screening. Each branch leads to chance nodes
(circles), which represent clinical or epidemiological events with assigned prob-
abilities. Terminal nodes (triangles) represent the end of each modeled pathway,
where cumulative costs and health outcomes are calculated.

care) for counseling and treatment after pregnancy and breastfeeding
completion’.

In our model, the intervention consists of a cCD screening pro-
gram targeting newborns at risk, operationalized through maternal
screening during pregnancy. The first step is identifying infants at
risk of cCD testing their mothers—specifically, pregnant women born
in or with relevant epidemiological exposure to endemic countries—
for anti-T. cruzi 1gG antibodies. When maternal serology is positive,
the newborn is flagged as at risk and enters a diagnostic and ther-
apeutic pathway, including parasitological testing (e.g., PCR, blood
smear), serologic follow-up, and, if confirmed infected, prompt anti-
parasitic treatment within the first year of life?***°. This sequence
is crucial, as early treatment has near-perfect efficacy and prevents
the progression to chronic CD'. Newborns diagnosed with cCD in the
intervention arm were assumed to transition directly to the “Newborns
healed” health state, based on an assumed treatment efficacy of
100%. This modeling decision is supported by robust clinical evidence
indicating that antiparasitic therapy initiated within the first year of
life achieves cure rates consistently above 90% and often approaching
100% in real-world settings***". Further support comes from studies
reporting very low rates of cardiac complications among early-
treated infants, highlighting the strong protective effect of prompt
treatment** %, Introducing additional health states to account for the
small proportion of potential non-responders would have unnecessa-
rily increased model complexity and uncertainty, with negligible
impact on overall cost-effectiveness outcomes. While this assumption
may modestly overestimate the intervention’s benefit, it contrasts with
other conservative assumptions in the model, which consistently tend
to underestimate the ICER. Further details are provided in the Sup-
plementary Materials.

In the other alternative (i.e., comparator), the natural history of
the disease was reconstructed in the absence of a screening program.
In the first step of this scenario, cases of cCD remain undiagnosed.
The same occurs in real-world clinical practice in non-endemic settings
that have not implemented a screening program, due to the asymp-
tomatic presentation or nonspecific nature of clinical manifestations
at birth, and lower prevalence of the disease in Europe, which
results in less clinical exposure and experience among healthcare
providers®>*¢,

Further details on the description of the intervention and com-
parator are available in the supplementary materials.

Time horizon, discount rate, and threshold

A lifetime time horizon was selected under the assumption that this
duration is appropriate for capturing the long-term benefits of the
intervention. In the decision-tree framework, terminal branches

incorporate the expected lifetime costs and QALY associated with each
health state. Regarding the cost-effectiveness threshold, a decision
was made to adopt the Eurozone range of €30,000 to €50,000 per
QALY, guiding the evaluation of which alternative should be
supported™,

Model structure

Type of model. A Bayesian decision tree model was developed to
compare two distinct strategies, as illustrated in Fig. 3. The model
follows a structured process: in the CD screening program arm (i.e.,
lower pathway), pregnant women undergo screening for CD. If the
mother is not infected, the newborn remains unaffected. If the mother
is infected, there is a probability that the newborn may also be infec-
ted. Infected newborns receive treatment, leading to complete heal-
ing. In the no-screening arm (i.e., upper pathway), pregnant women do
not undergo screening, and newborns of infected mothers may con-
tract the disease undiagnosed. Without early treatment, infected
newborns follow a probabilistic disease progression, which may
include remaining in an indeterminate form, developing symptomatic
chronic disease (i.e., cardiac or gastrointestinal), or, in rare cases,
neonatal death.

In the model, death was not explicitly included as a terminal
health state for symptomatic forms; instead, its impact was indirectly
captured through fixed durations in symptomatic states and asso-
ciated utility weights reflecting morbidity and reduced survival.

The Bayesian framework facilitates the estimation of a full
probability distribution for a two-dimensional outcome, denoted
as 6 = (c, e), which represents cost and effectiveness combina-
tions. This approach eases (i) the conduction of decision analyses
using expected values, and (ii) the implementation of probabil-
istic sensitivity analyses to assess the degree of uncertainty in the
decision-making process. According to Bayes’ theorem, the pos-
terior probability of 6 given the observed data (D) can be
expressed as:

p(D1B)p(H)

D)=
p(61D) D)

@

where p(0)D) is the posterior distribution, reflecting updated beliefs
about @ after incorporating observed data; p(0) represents the prior
distribution, encapsulating prior knowledge or assumptions about 0
before data are observed; p(D|60), known as the likelihood, indicates the
probability of obtaining the observed data under a given parameter
value 6; and p(D), or evidence (marginal likelihood), is the overall
probability of the observed data across all possible values of 0,
weighted by their prior plausibility.
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Table 2 | Set of parameters adopted in the model

Table 2 (continued) | Set of parameters adopted in the model

Model parameter Base estimate  Distribution Source Model parameter Base estimate  Distribution  Source
Probabilities associated with CD Beta-blocker: Carvedilolo (25mg, €6,06 Log-normal 64
Prevalence of CD in LA pregnants  0.035 Beta 18 30 cp)
Probability of vertical 0.035 Beta 59 Osmotic laxatives: Lactu- €4,8 Log-normal 64
transmission lose (180 ml)
Efficacy of antiparasitic therapyin ~ 0.99 Beta 7 Laparoscopic sphincterotomy €1.007,00 Log-normal 63
newborns Surgery for megavisceras €3.392,00 Log-normal 63
Neonatal death in no screening 0.022 Beta 61 Pacemaker €9.384,00 Log-normal 63
Sption Implantable cardioverter- €24.098,00 Log-normal 63
Probability of develop a sympto- 0.35 Beta 5 defibrillators
i illo elienie o Cardiac transplantation €62.602,00 Log-normal 63
Proportion of individuals with the ~ 0.67 Beta 6 LA Lot Armeri
cardiac form among those who atin America.
develop the symptomatic
Chron'clform __ . A key computational challenge in Bayesian inference arises from
Proportion of individuals with the  0.33 Beta 6 the need to evaluate the marginal likelihood, which involves integrating
gastrointestinal form among i " Si this int lis often intract-
e wiks deacler o @i over a continuous parameter space. Since this integral is often intrac
matic chronic form able, numerical techniques such as MCMC are employed to approx-
Utilities imate the posterior distribution. MCMC algorithms generate samples
Tty (= ] Beta 2 fr(t)m thle. p(;;terlgrfdlstrltl)utlo? Yvnth'ou: dl(;ectly. con:Putlng thﬁ compltix
integral in rmula, relying in: n iterati mpling meth-
Indeterminate form 0.9625 Beta 22 egra . ayes 1o UE! elying instead on Iterative sa . ping e
— ods. In this study, the Gibbs sampler was adopted, a widely applied
Il 5l Sz EEE 2242 MCMC algorithm, to draw a large number of samples from p(6|D). When
Digestive form 08 Beta 22,2342 the number of simulations (S) approaches infinity, the estimated pos-
Infant death 0 Beta 22 terior distribution converges to the true posterior with probability one.
Costs of screening scenario To ensure the reliability of the MCMC-generated posterior samples,
First infectious disease visit £25,00 Log-normal 72 several diagnostic tools were employed to assess convergence, accu-
Follow-up infectious disease visits_ €17,90 Log-normal 72 racy, and efficiency. Graphical diagnostics, including trace plots and
First cardiological visit + ECG €33.10 Lognormal 72 density plots', were. u.sed alongside stat1§t|cal mea§ures such as the
—— Gelman-Rubin statistic and autocorrelation analysis. The trace plot
Follow-up cardiological visits €17,90 Log-normal 72 . . . .
visually represents multiple parallel MCMC chains, where overlapping
5Ee 289 Logigiis. - trajectories indicate successful exploration of the same posterior dis-
Echocardiography at rest €60.15 Log-normal 72 tribution. The Gelman-Rubin statistic quantitatively assesses con-
Serological tests €17,00 Log-normal 72 vergence by comparing within-chain variability to between-chain
Haemoscopic technique €10,10 Log-normal 62 variability. A value close to 1 suggests that the chains have mixed well
PCR for Trypanosoma cruzi £126,60 Log-normal 62 and have likely converged to the target distribution, whereas values
Hematochemical tests (HTC) €315 Log-normal 72 great?r than 1 lndlcatF: inadequate convergence, suggesting fur.ther
T €120,35 Lognormal 73 iterations may be required. To evaluate MCMC. accuracy, we texaml.ned
5 dazole (100ma) €5,83/tablet 1 A the ESS, which accounts for the autocorrelation within chains. Since
enznidazo'e Tﬂg - cortabe AR MCMC samples are not independent, ESS provides an estimate of the
Costs of no screening scenario number of uncorrelated samples that would yield equivalent statistical
First infectious disease visit €25,00 Log-normal 72 information. A recommended threshold for stable 95% highest posterior
Follow-up infectious disease visits ~ €17,90 Log-normal 72 density intervals is an ESS of at least 15,000, ensuring robust inference.
First gastroenterological visit €25,00 Log-normal 72
Follow-up gastro- €17.90 Lognormal 72 Model inputs. Probabilities were derived from the relevant literature,
enterological visit as were the probabilities of tests or treatments being undertaken. The
First cardiological visit + ECG €33,10 Log-normal 72 probability that the mother has or does not have CD, in both the
Follow-up cardiological visits €17,90 Log-normal 72 screening and no screening arms, corresponds to the prevalence of the
T e e e e €60.15 Te—"— dlsea§e among Latin Amer.lcan lmmlgrants in non-er.1dem|c (Izsountnes,
- as estimated in a systematic review and meta-analysis (3.5%)". In both
Serological tests €17,00 Log-normal 72 . . .. . .
arms, the probability of vertical transmission is derived from the
sy () RS Lovilo ol results of a systematic review (and meta-analysis), which is 3.5%. In
Stress Test €71,80 Log-normal 62 the screening scenario, for newborns affected by cCD, the efficacy of
Holter €61,95 Log-normal 72 antiparasitic therapy was approximated to 100%°°. In the no
Invasive cardiac electro- €2.586,00 Log-normal 63 screening option, for newborns affected by cCD, two scenarios were
physiology test considered: neonatal death in 2.2% of cases®, or survival with pro-
Esophageal manometry €67,10 Log-normal 72 gression to a chronic indeterminate form in the remaining cases. The
Barium enema €51,65 Log-normal 72 latter scenario includes two possible outcomes: in 65% of cases, the
Esophagogram with barium meal  €50,10 Log-normal 72 individual remains in a subclinical state of chronic indeterminate form
Amiodarone (200mg, 20 op) €452 Lognormal 64 fc|)1r |If?, \;/hlle lnfSEA (c;f casef, /:he mdlvlldual dﬁvelops a symptomatic
Nifedipina (20 mg, 50 op) €563 Lognormal 64 chronic form o the disease’. mong t ose who progress to a symp-
- tomatic form, 33% develop a gastrointestinal form, while 67% develop
Isosorbide (20 mg, 50 cp) €4,07 Log-normal 64

a cardiac form of CD®.
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Only direct costs were included in the model, as for the selected
perspective. All examinations, medical procedures, and outpatient
evaluations were retrospectively reviewed by experienced infectious
disease specialists. For both the two arms, costs related to diagnostic
and therapeutic procedures were retrieved from official Italian insti-
tutional sources, including national and regional healthcare tariffs and
publicly available administrative documents. Overall costs were esti-
mated by multiplying the resources required for each activity by the
corresponding unit cost. For treatment-related costs, the estimation
also accounted for the posology and the probability of requiring spe-
cific resources. Costs were expressed in 2024 Euros (€).

Utility values for each health state were derived from Wilson et al.,
a study conducted in endemic areas of Latin America, and have
been widely used in prior cost-effectiveness analyses of CD, including
those conducted in non-endemic countries such as Spain and
Japanzz,zz,n,sz—m.

The quality weights amounted to 0.9625 for the indeterminate
form, 0.7171 for the cardiomyopathy and 0.80 for gastrointestinal
forms*. To date, no utility estimates are available from European
populations affected by CD.

Further details about the parameters adopted for the base-case
analysis are listed in Table 2.

Model outcomes. The model primary outcomes consist of the total
QALY, the expected costs, and the ICER between the two options. To
determine the expected cost for each branch of the decision tree,
individual cost components are weighted by the quantity of healthcare
resources utilized by the patient while occupying a specific health state
within a given study arm.

Model analyses. To account for uncertainty in the estimated mean
outcomes, a PSA was performed. Each model parameter was assigned a
probability distribution reflecting its underlying characteristics. A beta
distribution was used to model probabilities and utilities, while costs
followed a log-normal distribution. A comprehensive list of model
parameters, along with their respective ranges used in the PSA, is
provided in Table 1. Probability distributions for model parameters
were selected based on standard conventions in health economic
modeling®>“¢, For the PSA, 100,000 MCMC simulations were executed
using the Gibbs sampling algorithm. This approach involved drawing
random parameter sets from their respective probability distributions
and computing incremental costs, incremental effectiveness, and
ICERs for each set. A sensitivity analysis was conducted on the pre-
valence of T. cruzi infection, varying it across context-specific values,
including an overall estimate derived from a recent Italian study. This
estimate captures the current demographic profile of communities,
which alongside Bolivians includes substantial numbers of Peruvians,
Ecuadorians, and Salvadorans. Using this context-specific prevalence
in the sensitivity analysis allowed us to test the robustness of findings
under an epidemiological scenario that more accurately represents the
present migrant population in Italy®>. The results were visualized using
standard economic evaluation tools, including the CEP, CEACs, and the
CEAF. These visualizations align with the best practice recommenda-
tions outlined by the International Society for Pharmacoeconomics
and Outcomes Research (ISPOR)*. Specifically, the CEAC illustrates
the probability that each intervention would be deemed cost-effective
at different WTP thresholds, while the CEAF presents the net monetary
benefit associated with each WTP value and the corresponding level of
uncertainty regarding the optimal choice. Additionally, EIBs were cal-
culated to compare the screening option with the no screening alter-
native. To assess the value of reducing uncertainty in the cost-
effectiveness of establishing a screening program, the EVPI and the
EVPPI were also estimated. The EVPI at a given WTP threshold was
determined by computing the difference between the expected value
under perfect information (i.e., model parameters are known with

certainty) and the expected value under current uncertainty®. This
metric helps quantify the potential benefit of conducting further
research to resolve uncertainties in the cost-effectiveness of the CD
screening program in pediatric patients.

Furthermore, EVPPI was calculated to gauge the value of reducing
uncertainty in specific model parameters, highlighting which para-
meters have the greatest impact on cost-effectiveness estimates and
should be prioritized for further investigation. To support this analysis,
an information-rank plot was generated, where a bar chart was used to
depict the ratio of EVPPI to EVPI across different WTP thresholds,
thereby identifying the most influential parameters in terms of
expected value of information.

This study adhered to the Consolidated Health Economic Eva-
luation Reporting Standards (CHEERS) guidelines®®, ensuring metho-
dological rigor and transparency. All statistical analyses and
simulations were performed using R software (R Development Core
Team) using the package BCEA®,

Ethics and inclusion

This study was conducted in Italy, a non-endemic country for Chagas
disease, and involved the development of a health economic model
based on secondary data from the scientific literature and publicly
available administrative healthcare sources. No primary data collec-
tion or human participant recruitment took place.

The research did not involve direct collaboration with researchers
based in endemic areas. However, several co-authors have long-
standing expertise in the clinical management and public health
aspects of Chagas disease in both endemic and non-endemic contexts.
Moreover, the study design and assumptions were informed by
internationally recognized evidence, including prevalence estimates
and utility values derived from Latin American settings, with appro-
priate citations acknowledging those contributions.

The topic of the research, congenital Chagas disease, is of direct
relevance to Latin American migrant populations residing in Italy and
aligns with national and international public health priorities. The
study supports the development of evidence-based policies to
enhance equity in healthcare access for migrant communities in non-
endemic countries.

All roles and responsibilities among the co-authors were clearly
defined at the outset, and contributions were aligned with ICMJE
authorship criteria.

There was no transfer of biological materials, cultural artifacts, or
traditional knowledge in this work. No stigmatizing or discriminatory
risks to individuals or populations arose from this research. The ana-
lysis adhered to the highest ethical and scientific standards, and all
data used were either publicly available or anonymized secondary
sources.

Local research relevant to the subject matter, including regional
screening programs and national guidelines issued by Italian health
authorities, was thoroughly cited and incorporated into the modeling
framework.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All data used in the analysis are comprehensively listed in Table 2 in the
Methods section. The output data generated from this study are fully
presented in the Results section and accompanying Supplementary
Materials.

Code availability
All code used to generate the results of this study is available on
Zenodo’. The archive contains the R scripts for data preparation and
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analysis, utility functions, plotting and EVPPI codes, and a README
with step-by-step instructions. The code is released under the MIT
License.
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