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Background: Accurate burden estimates are neces-
sary to inform priority setting and rational resource
allocation. Weighting prevalence inversely pro-
portional to time-at-risk has been proposed as a
solution for length-biased sampling, an important
limitation affecting prevalence to incidence conver-
sion for healthcare-associated infections (HAls). Aim:
This study aimed to update Italian burden estimates
by calculating HAI incidence, attributable mortality
and disability-adjusted life years (DALYs). Further, we
describe an adapted methodology for burden estima-
tions. Methods: We used data from the latest European
Centre for Disease Prevention and Control (ECDC)
point prevalence survey (PPS) of HAls, conducted
in Italy in November 2022, to calculate the burden
of five major HAls at national level. We adapted the
Burden of Communicable Diseases in Europe (BCoDE)
methodology to include inverse probability weighting
and compared results of naive and weighted calcula-
tions. Results: The national sample included 18,397
patients. Overall, 564.8 DALYs per 100,000 general
population resulted from weighted calculations (95%
uncertainty interval (Ul): 450.04-694.38), with an
annual incidence of 685.42 cases per 100,000 gen-
eral population (95% Ul: 611.09-760.86) and 33.23
deaths per 100,000 general population per year (95%
Ul: 28.62-38.33). Concerning naive estimates, overall
1,017.81 DALYs per 100,000 general population were
calculated (95% Ul: 855.16-1,190.59). In both calcu-
lations, healthcare-acquired bloodstream infections
had the highest burden in terms of DALYs per 100,000
hospitalised and general population. Conclusion: Our
study confirmed the substantial burden of HAls in Italy
and renews the need to prioritise resources for infec-
tion prevention and control interventions.
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Introduction

The clinical and economic impact of healthcare associ-
ated infections (HAIs) on health systems is well docu-
mented [1,2]. In Italy, HAls and infections caused by
antimicrobial-resistant (AMR) pathogens in particular,
are considered a critical issue as well as a national
priority. Accurate burden estimates are necessary to
inform priority setting and rational resource alloca-
tion. The European Centre for Disease Prevention and
Control (ECDC) developed a methodology to estimate
the burden of communicable diseases, including HAls,
in terms of disability-adjusted life years (DALYs), a
composite metric which takes into account disease
incidence, associated disabilities and years of life
lost [1,3,4]. The Burden of Communicable Diseases in
Europe (BCoDE) methodology proposed by ECDC is
incidence-based, however, estimates for HAl burden
have been obtained from prevalence data collected
through the ECDC point prevalence survey (PPS) of
HAls in acute-care hospitals [1,5].

Based on Italian PPS data in 2017, we previously esti-
mated a disease burden of more than 700 DALYs per
100,000 general population attributable to five HAls
[6]. We had hypothesised that the relatively higher
burden obtained in our country in comparison with
European estimates could be due to demographic char-
acteristics of the lItalian hospitalised population, to
AMR levels, to the level of implementation of preven-
tive strategies, or to other factors [1,6].

Compared with longitudinal surveillance, which allows
to directly measure incidence rates, PPS are logisti-
cally less challenging to conduct and require less time
and resources [7]. However, PPS are affected by limita-
tions, including length-biased sampling [8]. We did not
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and rational allocation of healthcare resources.

What have we learnt from this study?

What did you want to address in this study and why?

In Italy, healthcare-associated infections (HAIs) and infections caused by antimicrobial-resistant bacteria
are considered a critical issue as well as a national priority due to their high rates. Accurately estimating
their impact, in terms of frequency, number of deaths and disability, is essential to inform priority setting

We developed and described in detail an updated, reproducible and fully transparent methodology for
calculating HAI burden, which could lead to more accurate results.

What are the implications of your findings for public health?
This study confirmed the substantial burden of HAls in Italy, in particular compared with other infectious
diseases, and renews the need to prioritise resources for HAI prevention and control interventions.

—

account for length bias in our previous HAIl burden cal-
culations, which could have affected results [6].

Weighting prevalence inversely proportional to time at
risk has been proposed as a solution for length-biased
sampling [8]. By applying inverse probability weighting
to prevalence estimates of HAls in intensive care units
(ICUs), we recently obtained incidence estimates that
did not differ significantly from those directly meas-
ured through longitudinal surveillance [9].

The aims of this study were: (i) to update Italian burden
estimates by calculating HAI incidence, attributable
mortality and DALYs based on the most recent PPS edi-
tion, conducted in 2022, and (ii) to propose an adapted
methodology for burden calculations which incorpo-
rates inverse probability weighting and provides esti-
mates corrected for length-biased sampling.

Methods

Study design, participants, and data collection
The third PPS in Italy (PPS3) was conducted in
November 2022. For this study, we performed analy-
ses considering data of the Italian representative sam-
ple. The Italian representative sample consisted of
59 hospitals from 19 Italian regions, totalling 19,735
patients. To reflect the regionalised structure of the
Italian national health system [10], the sample size
recommended by ECDC (55 hospitals) was distributed
among ltalian Regions, based on each Region’s pro-
portion of population, number of acute-care hospital
bed-days and number of discharges from acute care
facilities, with each Region represented by at least one
facility. Regions enrolled hospitals using convenience
sampling, however, when more than one hospital per
Region was required, facilities of different size were to
be included.

The methodology for data collection has previously
been described in detail [11,12]. Collected data at
patient-level included age, sex, date of hospital admis-
sion, and severity of underlying medical conditions,
which were assessed through the McCabe score. We
used the McCabe score to adjust for life expectancy in
disease models, which involves classifying patients in
three categories according to disease prognosis: rap-
idly fatal (expected survival<1 year), ultimately fatal
(expected survival 1—4 years) and non-fatal (regular life
expectancy). For patients with active HAls, additional
information was collected, including HAI type and date
of symptom onset.

Data processing for burden estimations -
ECDC BCoDE methodology

For comparability with previous estimations [1,6], we
considered in this study the same five HAI categories
included in European and ltalian studies of HAI bur-
den using the ECDC BCoDE methodology: healthcare-
associated pneumonia (HAP), healthcare-associated
urinary tract infection (HA-UTI), healthcare-associated
primary bloodstream infection HA-BSI (excluding neo-
natal BSls), surgical site infection (SSI) and healthcare-
associated Clostridioides difficile infection (HA-CDI),
defined according to ECDC PPS case definitions [11].

As summarised in Figure 1, the workflow for obtain-
ing burden estimations involved four steps, and was
conducted using (i) crude and (ii) inverse probability-
weighted prevalence estimates obtained from the
Italian PPS3 representative sample. We calculated
sex-, age- and McCabe stratum-specific incidence
rates of the five considered HAls from prevalence esti-
mates using the Rhame and Sudderth Formula [13]. We
obtained DALY estimates following the ECDC BCoDE
methodology, with disease models adapted to the
Italian population [1,3,4].

www.eurosurveillance.org



FIGURE 1

Overview of the workflow for healthcare-associated infections burden estimations, Italy, 2022
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DALYs: disability-adjusted life years; I: incidence; | : inverse probability-weighted incidence; LA: length of stay from admission to day of PPS;
P: prevalence; P : inverse probability-weighted prevalence; PPS: point prevalence survey.

Step 1: Crude and weighted prevalence of healthcare-
associated infections

We used data from the Italian PPS representative sam-
ple to estimate crude HAI prevalence (P) for each HAI
type within each age, sex and McCabe score stratum,
which was calculated as the number of patients with
the considered HAI over the number of patients within
each stratum.

We obtained weighted HAI prevalence (P ) by weighting
each patient inversely proportional to their time at risk,
i.e. length of hospital stay from admission to the day of
the PPS (LA, for patient i) [8]. Each patient in the repre-
sentative sample was attributed a weight of 1/(LA +1);
weighted HAI prevalence for each HAI type was calcu-
lated as the sum of 1/(LA +1) for patients with the con-
sidered HAI over the sum of 1/(LA +1) for all patients
within each stratum. For 14 patients (0.07% of the
sample), LA, could not be calculated due to missing or
incorrect data, therefore these patients were excluded
from the weighted analysis. We calculated mid-P
Clopper—Pearson confidence intervals (Cls) for both P
and P_.

www.eurosurveillance.org

Step 2: Naive and inverse probability-weighted
prevalence to incidence conversion - point prevalence
survey sample

For each HAI type, we converted P and P, into incidence
per 100 admissions (I and | respectively) using an
adapted version of the Rhame and Sudderth formula
[13]:

_ LA
I'=P X 5957
. LA
Iy = Py X $5~Ix7

where LA is the average length of hospital stay from
admission to the day of the PPS of all patients, LN is
the average length of hospital stay from admission to
the day of the PPS of patients who acquired at least
one considered HAI, and INT is the average number
of days between admission and onset of the first HAI
for patients who acquired one of the considered HAls.
Estimates of LN —INT, which reflect the length of
infection from date of onset to day of PPS (LOI), were
obtained for each considered HAI category.



TABLE 1

Demographic and clinical characteristics of patients
included in the representative sample, Italy, 2022
(n=18,397)*

Characteristic n %
Age (years)

0—4 1,328 7.22
5-19 652 3.54
20-44 2,349 12.77
45-64 4,038 21.95
65-85 7,667 41.68
»85 2,363 12.84
Sex

Male 9,573 52.04
Female 8,824 47.96
McCabe score

Non-fatal 13,395 72.81
Ultimately fatal 3,671 19.95
Rapidly fatal 1,331 7.24

21,338 patients were excluded from analyses due to incomplete
data regarding: age, sex, McCabe score, HAI status and length
of stay (respectively 92, 4, 5, 6 and 1,240 patients).

We obtained LA from hospital-level data (number of
patient-days divided by number of discharges for the
year preceding the PPS in participating hospitals), and
LA resulted in 7.87 days (interquartile range (IQR):
6.63-8.68).

The LOI was estimated for each patient as the differ-
ence between date of PPS and date of HAI onset+1
(obtained from patient-level data). We expressed aver-
age LOI as the average of mean LOIl and median LOI.
According to analyses performed by the ECDC, this
method offered the best mathematical relationship
between length of stay up to the day of PPS (obtained
from patient-level data) and LA (derived from hospi-
tal-level data, as previously described) [11]. Average
LOI estimates in our sample ranged from 4.9 days for
HA-UTI to 8.02 days for SSI.

Step 3: Incidence - projection to the Italian hospitalised
population

We obtained the total number of acute-care hospi-
tal discharges in lItaly in 2022 from the Ministry of
Health’s annual report [14]. We projected the age, sex
and McCabe score distribution of the patients in the
PPS sample to the total number of hospital discharges.
Stratum-specific incidence estimates were then applied
to obtain the annual number of patients developing an
HAI, for each considered HAI category.

Step 4: Burden of disease in disability-adjusted life years
We used the 2.0.0 version of the BCoDE Toolkit to build
disease models for each considered HAI [15]. We cus-
tomised the HA-UTI model based on results of a pre-
vious systematic review, also employed by Cassini
et al. [1,16]. Inputs for model parameters included

uncertainty intervals (Uls), and were incorporated as
uniform (two variables) or PERT distribution (three vari-
ables) where applicable.

We used data from the Italian National Institute of
Statistics (ISTAT) on lItalian life expectancy in 2022 to
populate the models [17]. Following the methodology
described by Cassini et al., we built three models for
each HAI type; one model was built for each McCabe
score stratum setting median life expectancy at o.5
years, 3 years and regular life expectancy for McCabe
scores 3, 2 and 1 respectively. Stratum-specific inci-
dence data obtained from the previous steps, refer-
ring to the national hospitalised population, including
95% Uls, were incorporated in models as PERT distri-
butions [1]. Inputted data are available as Supplement
1. Models were run at 10,000 iterations of the Monte
Carlo simulations, applying a 3.5% annual discounting
rate [18]. For each output, point estimates and 95% Uls
based on input uncertainties were calculated.

To obtain general population estimates, the annual
number of cases, deaths and DALYs were normalised
by the total Italian population [17]. We chose this
approach to avoid making assumptions on the McCabe
score distribution in the general population.

Outcome measures

We considered the following outcome measures:

e annualnumberofHAlsin 2022, incidence per100,000
hospitalised patients, incidence per 100,000 gen-
eral population (calculated as the annual number of
HAls normalised by the Italian population, assum-
ing only hospitalised patients can acquire an HAIl as
measured in the PPS),

e annual number of attributable deaths in 2022, mor-
tality per 100,000 hospitalised patients, mortality
per 100,000 general population,

e DALYs per case (composite measure of years lived
with disability (YLDs), and years of life lost (YLLSs)),
number and rate per 100,000 hospitalised patients
and general population of DALYs, YLLs and YLDs [19].

Results

The Italian representative sample included 19,735
patients, of whom 18,397 had complete data and
were included in the analyses. Table 1 reports clinical
and demographic characteristics used to stratify
patients in the models. Of the five considered HAls,
the most prevalent was HA-BSI, however, the weighted
prevalence of HA-UTI was the highest (Table 2).

Table 3 reports the annual burden of HAls in 2022.
Full output results stratified per HAI type and McCabe
score are available in Supplement 2. Considering naive
estimates, the highest number of cases in 2022 was
found for HA-UTI, followed by HAP, whereas the high-
est number of attributable deaths resulted for HA-BSI.

www.eurosurveillance.org



TABLE 2

Crude and inverse probability weighted healthcare associated infections prevalence estimates calculated based on data from

the representative sample, Italy, 2022 (n=18,397)"

HAI prevalence Crude, estimate (95% Cl) Weighted, estimate (95% CI)°
HA-BSI 1.69 (1.5-1.88) 0.53 (0.43-0.64)
HA-UTI 1.62 (1.44-1.81) 0.66 (0.55-0.79)
HAP 1.56 (1.39-1.75) 0.65 (0.54-0.78)
SSI 1.13 (0.98-1.29) 0.48 (0.39-0.59)
HA-CDI 0.47 (0.37-0.58) 0.17 (0.12-0.24)
All 6.46 (6.11-6.83) 2.49 (2.27-2.73)

Cl: mid-P Clopper—Pearson confidence interval; HA-BSI: healthcare-associated bloodstream infections; HA-CDI: healthcare-
associated Clostridioides difficile infections; HAP: healthcare-associated pneumonia; HA-UTI: healthcare-associated urinary tract

infections; SSI: surgical site infections.

21,338 patients were excluded from analyses due to incomplete data regarding: age, sex, McCabe score, HAI status and length of stay

(respectively 92, 4, 5, 6 and 1,240 patients).

b 14 further patients were excluded from analyses due to missing length of infection data.

DALYs per case were lowest for SSI and HA-UTI: 0.3
(95% Ul: 0.28-0.32) and 0.42 (95% Ul 0.35-0.50),
respectively, and were highest for HA-BSI: 2.35
(95% Ul: 2.01-2.69). As depicted in Figure 2, HA-BSI
accounted for the majority of total DALYs (59.76%). The
highest amount of DALYs within the HA-BSI category
was attributable to cases among patients in the non-
fatal McCabe score stratum (326,121.54 DALYs; 95% Ul:
269,608.91-386,017.04). In terms of HA-BSI cases in
2022, 43.30% occurred among patients in the non-fatal
McCabe score stratum. Considering all HAls, 79.46%
of DALYs were attributable to YLLs. This proportion
ranged from 62.58% for HA-UTI to 99.26% for SSI.

Considering weighted estimates, the highest number
of cases in 2022 was found for HA-UTI and HAP, and
the highest number of attributable deaths for HA-BSI.
The HA-BSI accounted for a smaller percentage of
DALYs (51.55%) compared with calculations based on
crude prevalence, whereas HAP increased in percent-
age of DALYs (20.95% vs 12.89%, Figure 2). In both
estimations, HA-UTI, SSI and HA-CDI DALY percentages
remained relatively stable.

Table 4 reports the annual burden of HAls expressed
per 100,000 hospitalised and general population,
and Figure 3 shows DALYs broken down in YLLs and
YLDs per 100,000 hospitalised population. When
comparing results of Table 4 and Figure 3, it must be
considered that the sum of YLDs and YLLs per 100,000
hospitalised population (shown in Figure 3) slightly dif-
fer from the total number of DALYs per 100,000 hospi-
talised population (Table 4), as the sum of the point
estimates of two distributions (resulting from separate
simulations for YLDs and YLLs) is not necessarily equal
to the point estimate of the sum of the distributions
(DALYs calculated as the sum of YLDs and YLLs at each
simulation) [20]. In both estimations, HA-BSI had the
highest burden in terms of DALYs per 100,000 hospital-
ised and general population. As depicted in Figure 3,
HA-BSI DALY estimates based on crude and weighted
prevalence showed the biggest difference, whereas
the two estimates for HAP were similar. In both

www.eurosurveillance.org

calculations, HA-UTI resulted in the highest incidence
per 100,000 hospitalised and general population, fol-
lowed by HAP and HA-BSI, and HA-BSI had the highest
attributable mortality.

Discussion

This study reports updated burden estimations for five
major HAls in Italy. The DALY estimations allow us to
consider deaths and disabilities combined, providing
a comprehensive assessment of HAIl burden. With this
metric, it is possible to compare national and interna-
tional estimates for HAI burden over time and to make
comparisons with other diseases and health conditions

[4,19].

According to our results (weighted estimates), more
than 400,000 cases of the five considered HAls occur
in Italy each year, causing almost 20,000 deaths per
year. For comparison, the estimated number of influ-
enza cases during the entire 2022/23 epidemic season
in Italy was almost 14 million [21]. Notified COVID-19
cases and deaths in Italy in 2022 were around 20 mil-
lion and 50,000, respectively [22].

Considering the five HAIls included in our study
(weighted estimates), we calculated overall 564.8
DALYs per 100,000 general population, with an annual
incidence of 685.42 cases and 33.23 deaths per
100,000 general population per year. The DALY esti-
mations in this study are higher than previous projec-
tions of the burden of non-HA communicable diseases
in Europe. According to findings of the BCoDE study
from 2009 to 2013, an annual burden of 260 DALYs per
100,000 population was estimated in Europe for 31
infectious diseases listed in Decision 2119/98/EC with
amendments, including 71.2 DALYs per 100,000 for
influenza and 53.5 DALYs per 100,000 for tuberculosis,
with an overall number of attributable deaths of 9.67
per 100,000 population per year [23]. The same study
estimated an annual incidence for all 31 included dis-
eases of 7,577 cases per 100,000 population, of which
5,887 were attributable to influenza [23]. In 2021,
the Global Burden of Disease (GBD) study estimated
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FIGURE 2

Percentage of annual burden in disability-adjusted life years attributable to five types of healthcare-associated infections,
based on naive and inverse probability weighted calculations, Italy, 2022 (estimates based on the national representative

sample, n=18,397, and projected on the Italian population, n = 58,997,201)
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SSl weighted estimate

8o 90 100 HA-CDI weighted estimate

HA-BSI: healthcare-associated bloodstream infections; HA-CDI: healthcare-associated Clostridioides difficile infections; HAP: healthcare-
associated pneumonia; HA-UTI: healthcare-associated urinary tract infections; SSI: surgical site infections.

the age-standardised DALY rate per 100,000 persons
of all communicable, maternal, neonatal and nutri-
tional diseases for high-income countries at 2,439.5,
including 1,220.2 DALYs per 100,000 due to COVID-
19 [24]. According to the GBD study, COVID-19 ranked
second among the leading causes of DALYs in high-
income countries of western Europe (Andorra, Austria,
Belgium, Cyprus, Denmark, Finland, France, Germany,
Greece, Iceland, Ireland, Israel, Italy, Luxembourg,
Malta, Monaco, Netherlands, Norway, Portugal, San
Marino, Spain, Sweden, Switzerland, United Kingdom).

Comparisons between these studies have limited value,
due to the differences in methods, approaches and
considered time periods. In particular, severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) in 2021
was an emerging pathogen, which caused an unprec-
edented initial impact on health systems across Europe
[25]. Excluding COVID-19 due to the particular situation
in 2021 and 2022, it would appear that even though
HAls only occur among a small subset of the popula-
tion, and even if correcting life expectancy based on
underlying health conditions, HAls in Italy have a high
burden on population health in comparison with other
non-HA communicable diseases, with implications on
the use of healthcare resources [1].

The HAI burden results in our study were higher than
previous estimations for the European Union/European
Economic Area (EU/EEA) which were around 261 DALYs
and 512 cases per 100,000 population according to
Cassini et al. (with a 3.5% annual time discount rate
as applied in this study, and including HA neonatal
sepsis) [1], and around 290 DALYs, 470 cases and 15
attributable deaths per 100,000 population according
to Zacher et al., who employed an updated methodol-
ogy [20]. In interpreting these results, in addition to
methodological differences, it must be noted that the
estimates by Cassini et al. and Zacher et al. were based
on data from a previous PPS edition [1,20].

According to the 2022/23 ECDC PPS report, the preva-
lence of patients with at least one HAl in the EU/EEA did
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not increase much compared versus the 2016/17 and
2011/12 editions, remaining in the range of 5.8-6.2%
(after accounting for differences in the subsequent pro-
tocols) [11,26]. In the latest edition, Italy ranked fifth
among European countries in terms of overall HAI prev-
alence, which was estimated at 9.8%. Italian patients
had the longest lengths of stay among participant EU/
EEA countries, higher exposures to invasive devices
and surgical procedures, and rapidly/ultimately fatal
Mc Cabe scores were assigned more frequently than
the EU/EEA average [11]. These findings are in line with
our previous observation of a trend towards a broad-
ening of indications for invasive procedures and an
increase in the intensity of care in our country (data not
shown), which could have repercussions on HAI risk.

Further, it must be considered that the use of broad-
spectrum antimicrobial agents in Italy remains among
the most extensive in Europe, and Italian AMR rates for
most critical pathogens are generally much higher than
EU/EEA averages [11]. Concerning the latter, a model-
ling analysis of the burden of infections caused by AMR
bacteria of public health concern in 2015 found that
Italy and Greece had the greatest disease burden in the
EU/EEA, accounting for a combined 21.3% of total EU/
EEA DALYs per 100,000 population [27].

The second objective of this study was to describe our
adapted HAI burden estimation methodology, obtained
from inverse probability-weighted calculations. The
PPSs are limited by the fact that patients are not
sampled from the population with equal probability:
patients with longer at-risk times (i.e. lengths of stay)
are more likely to be included than patients with shorter
at-risk times. Further, HAI risk factors are generally not
equally distributed among these two groups: patients
with more risk factors tend to have longer lengths of
stay. Therefore, the probability of being sampled in PPS
is proportional to a patient’s time-at-risk. This leads to
a selection bias known as ‘length bias’, which does
not directly affect prevalence but affects the incidence
and risk estimates obtained from naive prevalence to
incidence conversion. By weighting patients inversely
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FIGURE 3

Annual burden in disability-adjusted life years per 100,000 hospitalised population of five types of healthcare-associated
infection, as sum of years lived with disability and years of life lost, based on naive and inverse probability weighted
calculations, Italy, 2022 (estimates based on the national representative sample, n= 18,397, and projected on the Italian

population, n = 58,997,201)
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DALYs: disability-adjusted life years; HA-BSI: healthcare-associated bloodstream infections; HA-CDI: healthcare-associated
Clostridioides difficile infections; HAP: healthcare-associated pneumonia; HA-UTI: healthcare-associated urinary tract infections;
SSl: surgical site infections; YLDs: years lived with disability; YLLs: years of life lost.

proportional to their time-at-risk, patients with low
and high inclusion probability are respectively up- and
down-weighted in the reconstructed sample [8]. It must
be noted that by adjusting inputs, the BCoDE toolkit
can be used to obtain weighted burden estimates [15].

Results of naive calculations in this study were higher
but reasonably in line with our previous estimations
based on 2017 data, with almost overlapping Uls [6].
Compared with naive estimates, current weighted cal-
culations reduced HAI burden by around half, in terms
of incidence, attributable mortality and DALYs. The
overestimation due to length biased sampling could
in part explain the high burden found in our previous
analysis, although results cannot be compared directly
due to other updates in the applied methodology. In
this study, the difference between naive and weighted
estimates was not equal among all considered HAls,
suggesting a different impact of length bias based on
HAI type and respective LOI.

HA-BSI was the most frequently recorded HAI in the
2022 lItalian PPS, accounting for 16.05% of all HAls. In
comparison, HA-BSI was the fourth most frequent HAI
recorded at EU/EEA level (11.9% of HAIls). A possible
explanation for this difference could be the aforemen-
tioned high exposure of Italian patients to invasive
devices. The relative frequency of catheter-related
infections among all HAlIs measured in Italy was also
among the highest in Europe [11]. After applying inverse
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probability weighting, HA-BSI ranked third in terms of
prevalence after HA-UTI and HAP, which could indicate
that selection bias disproportionally affects the HA-BSI
category compared with other HAls. In fact, in the
Italian sample, patients with an HA-BSI on the day of
the PPS had higher lengths of stay up to the day of the
PPS compared with other HAI patients: a median of 22
days (IQR: 13—38) vs 16 days (IQR: 9—30) and 12.5 days
(IQR: 8-25) for patients with HAP and HA-UTI, respec-
tively (data not shown). Notwithstanding the correction
provided by inverse probability weighting, even though
the annual number of cases was higher for HA-UTI and
HAP, HA-BSI had the highest number of attributable
deaths and of DALYs per case, resulting in an over-
all higher burden. In our study, HA-BSI accounted for
63.85% of all DALYs, almost double the proportion esti-
mated by Cassini et al. (28.9%) [1].

Several limitations of this study should be considered
when interpreting results. As any modelling analy-
sis, our study was limited by the representativeness
of inputted data and the validity of our assumptions.
Concerning the former, our sampling method ensured a
proportional representation of Italian regions, however,
participation within regions was voluntary. Further,
in the weighted analyses, 14 patients were excluded,
which could have led to a small underestimation of HAI
burden in comparison to results of naive calculations.



Concerning the latter, our calculations assumed that
HAls occur only among patients hospitalised in acute-
care facilities, as this was the focus of the PPS. Our
burden estimates did not include HAls occurring in
long-term care facilities or other non-acute settings and
are therefore an underestimation of the overall HAI bur-
den in Italy. Further, we only considered the same five
major types of HAls included in previous estimations.
In particular, we did not include healthcare-acquired
COVID-19, due to reservations about the applicabil-
ity of case definitions, as previously discussed [12].
Finally, we did not account for patients with multiple
HAls (only the first HAI for each patient was consid-
ered). As HAls were considered independently, our
method does not account for changes in HAI risk based
on having acquired previous HAls.

The BCoDE methodology applies an incidence-based
approach to estimate the present and future HAI bur-
den over patients’ lifetime, which requires entering
yearly HAI incidence in disease models. However,
inputted data are derived from PPSs, which are often
the most comprehensive available data source but are
designed to measure disease prevalence. Therefore, a
critical step of the workflow is prevalence to incidence
conversion. In our study, we expressed average LOIl as
the average between mean LOI and median LOI, apply-
ing the methodology proposed by ECDC [11]. Cassini
et al. previously employed a median estimator for LOI,
and more recently mean and Grenander estimators
have been proposed [1,20,28]. As found in analyses
of European PPS3 data [11], the method we applied
showed a good approximation of overall length of
stay for all patients when obtained from hospital-level
data (7.87 days; IQR: 6.63—8.68) vs that resulting from
patient-level information (8.67 days).

It should be noted that the method we propose applies
a double correction for length of stay: firstly, in the
inverse probability weighting and secondly, through
the Rhame and Sudderth formula, which also applies
a correction for length of stay (through LOI). We cannot
exclude a risk of over-adjustment through this method.
However, we previously found the weighted method
to be extremely accurate in estimating incidence rates
from prevalence measurements for device-associated
HAls in ICUs [9]. Further research should be dedicated
to comparing estimates obtained through the weighted
method against those obtained with the Grenander
estimates.

The Rhame and Sudderth formula has well known limi-
tations that still apply to this study [13]. Its reliability
has been questioned for SSls in particular [29,30].
Given the high proportion of SSls developing post dis-
charge (up to 55% for some procedure categories), SSls
measured through PPSs may not accurately reflect the
true occurrence of SSlIs [31]. In addition, as post-dis-
charge SSls do not influence the length of initial hospi-
talisation, LOl measurement through LN — INT could be
unreliable [29]. Finally, outcome trees employed in this
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study did not account for procedure-specific health
outcomes and disability [32]. These factors could
have led to a further underestimation of SSI burden in
particular.

Conclusion

This study provides updated burden estimates for five
major HAls in Italy, obtained through an evidence-
based and transparent approach and based on the
most recent data available from a nation-wide, com-
prehensive sample of hospitals. This study describes
step-by-step an updated methodology for incorporat-
ing inverse probability weighting in burden estima-
tions, which could lead to more valid results than those
based on naive calculations. This methodology could
be routinely applied given its relative simplicity. Even
after correcting for length-biased sampling, our study
confirms the substantial burden of HAls in Italy and
renews the need to prioritise resources for infection
prevention and control interventions.
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