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S U M M A R Y

Background: Healthcare-associated infections (HAIs) are an increasing public health
threat. Measuring disease burden in disability-adjusted life-years (DALYs) allows the
combination of morbidity and mortality into one figure, as it represents the summation of
years lived with disability and years of life lost.
Aim: To evaluate the incidence, attributable deaths and burden of the most significant
HAIs in Italy.
Methods: Prevalence data from the study sample of the 2016 national Point Prevalence
Survey of HAIs in acute-care settings were used to estimate the incidence of five HAIs. The
methodology from the Burden of Communicable Diseases in Europe (BCoDE)-project was
employed for DALY calculations, adapting the disease models to the Italian population.
Findings: We estimated a total of 641,065 (95% uncertainty interval, UI 585,543.00
e699,207.90) new yearly cases of HAIs and 29,375 (95% UI 23,705.97e35,905.80) deaths in
Italy in 2016. The total annual DALYs were estimated to be 424,657.45 (95% UI 346,240.35
e513,357.28), corresponding to 702.53 DALYs (95% UI 575.22e844.66) per 100,000 general
population. Bloodstream infections accounted for the majority of total DALYs (59%),
healthcare-associated pneumonia for 29%, surgical site infections for 9%, CDI for 2% and
urinary tract infections accounted for less than 1% of total DALYs.
Conclusion: Results of this study suggest HAIs have a substantial burden in Italy. Reducing
the burden of HAIs through infection prevention and control efforts is an achievable goal.
This study provides data that could be used to guide policy-makers in the implementation
of these measures.
ª 2021 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction
Healthcare-associated infections (HAIs) represent a significant threat to patient safety and are recognized as a metric
for quality of healthcare [1]. Even though up to 70% of HAIs are
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estimated to be preventable [1], and several interventions
have proven effective in reducing the burden of HAIs [2], HAIs
and antimicrobial resistance (AMR) remain a serious public
health issue in Italy [3]. The most recent Italian Point Prevalence Survey (PPS) of HAIs in acute-care settings, conducted in
2016 as part of the European Center for Disease Prevention and
Control (ECDC) survey of HAIs in the European Union (EU) and in
the European Economic Area (EEA), found the prevalence of
patients with at least one HAI was 8.0% [4]. This number was
higher than the EU/EEA prevalence in 2016e2017 (5.9%) and
increased since 2011, when the first Italian survey found a
prevalence of 6.3% [5,6].
In order to evaluate the potential benefit of infection prevention and control (IPC) interventions, an assessment of the
burden of disease is required. The disability-adjusted life-year
(DALY) is a health metric that combines morbidity and mortality of a disease in one figure, as it represents the summation
of years lived with disability and years of life lost [7].
Expressing disease burdens in DALYs allows comparing different
diseases, both communicable and non-communicable, and is
therefore a useful tool for evidence-based healthcare policy
prioritization [8].
The ECDC estimated, using 2011e2012 EU/EEA PPS data and
applying the methodology of the Burden of Communicable
Diseases in Europe (BCoDE) project [9], the burden of the six
main types of HAI: healthcare-associated pneumonia (HAP),
urinary tract infection (HA UTI), Clostridium difficile infection
(HA CDI), neonatal sepsis (HA NS), primary bloodstream infection (HA BSI) and surgical site infection (SSI) [10]. In this study,
the same methodology was used to evaluate the burden of the
most significant HAIs in Italy, based on data from the 2016
national PPS. The purpose of the study was to evaluate the
incidence, number of deaths and DALYs attributable to the five
most significant HAIs in Italy (neonatal BSI was excluded
because in the Italian 2016 PPS, data from neonatal wards
derived mainly from two large hub hospitals, with a higher
proportion of more severe and complex cases). We believe this
comprehensive approach to evaluating the burden of HAIs will
be useful to inform policymakers, providing evidence to support investing in IPC interventions.

Methods
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The representative sample consisted of 14,773 patients
from 56 hospitals. The enrolled patients represented 10.6% of
national discharges and 12.6% of the days of hospitalization.
Representativeness at the regional level varied from high
percentages in small regions such as Valle D’Aosta and the
province of Trento, where the participation of a small number
of hospitals represented a high proportion of the population,
up to regions with a high number of hospitals that provided
fewer data in proportion, as in the case of the regions of
Abruzzo and Lazio [13]. Briefly, demographic and clinical data
were collected for each patient included in the survey. Patients
were stratified according to the severity of underlying medical
conditions according to the McCabe score [11]. If the patient
was affected by an HAI on the day of the survey, further data
including the type of HAI and date of onset were collected.
The approval of at least one Local Health Unit’s Ethics
Committee per Italian region participating in the PPS was
obtained to conduct the survey and analyse data. As all collected data were anonymized, the informed consent of
patients was not required.

Data processing
Using prevalence data from the study sample of the 2016
national PPS, the sex- and age- specific incidence of five HAIs
was estimated: HAP, HA UTI, HA BSI excluding neonatal-BSI,
SSI, HA CDI. HAIs were defined according to EU case definitions [11]. In this study, a syndrome-based approach was
used, with the exception of HA CDI. Incidence was interpolated
using the Rhame and Sudderth formula [14]. In order to model
the disease course and calculate DALYs, we followed the
methodology from the Burden of Communicable Diseases in
Europe (BCoDE) project, adapting the disease models to the
Italian population, stratified according to the McCabe score
[11].

DALY calculation
Step 1: estimation of HAI prevalence
Data on the prevalence of each studied HAI in the Italian PPS
representative sample was extrapolated for each age, gender
and McCabe score stratum. Stratum-specific prevalence rates
were calculated.

Data collection
Data from the representative sample of the second Italian
PPS, conducted in 2016 as part of the ECDC PPS, were used for
this study. For the 2016 survey, acute-care hospitals in Italy
were invited to participate in the PPS on a voluntary basis. The
total number of participating hospitals was 135. In accordance
with the guidelines defined by the ECDC in its protocol [11], a
subsampling of the participating hospital was necessary to
achieve the correct country representativity at the European
level. To choose the hospitals to include in the subsample, we
developed a selection procedure [12]. The procedure was
designed to extrapolate a uniform subsample in terms of hospital sizes, regional representativeness, also favouring hospitals with better data quality; in particular, the geographical
factor was relevant for Italy due to the presence of independently organized healthcare systems in each region. From
the list of participating hospitals, 56 hospitals were subsampled
in accordance with ECDC indications [11].

Step 2: converting prevalence into incidence
HAI incidence in the Italian PPS study sample was estimated
using the Rhame and Sudderth formula, following the procedures from a previous study [14,10].
Step 3: extrapolating HAI incidence from the PPS sample
to the Italian hospitalized population
Using publicly available data from the Italian Ministry of
Health, we extracted the total number of acute-care hospital
discharges in Italy of 2016 [15]. We then applied the age and
sex distribution of the patients in the PPS sample to the 2016
acute-care hospital discharges in Italy. Using the same procedure, we applied the Italian PPS sample’s McCabe score proportion to the Italian 2016 hospitalized population, thus
adjusting for life expectancy; this score is used as a subjective
score of underlying illness severity. This simple method of
classifying patients according to a prognosis of rapidly fatal (<1
year), ultimately fatal (1e4 years) and non-fatal (regular life
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Table I
Annual clinical burden of five healthcare-associated infections (HAIs), Italy, 2016
HAIs

McCabe score a

Incidence per
100,000 general
population,
estimate (95%
UI)

Attributable mortality
per 100,000 general
population, estimate
(95% UI)

DALYs per case,
estimate (95% UI)

HAP

1

135.44 (118.37
e153.15)
100.28 (87.29
e114.54)
56.99 (47.19
e67.07)
87.90 (75.79
e102.03)
57.07 (46.64
e68.11)
41.05 (33.20
e50.14)
122.81 (107.71
e138.17)
87.18 (74.86
e100.77)
46.93 (38.29
e55.73)
120.08 (104.90
e135.66)
64.39 (53.93
e74.76)
34.97 (28.56
e43.21)
44.41 (35.72
e53.36)
27.99 (21.48
e34.47)
30.92 (24.04
e38.04)
1058.39 (897.97
e1229.21)

4.87 (4.23e5.54)

1.39 (1.25e1.53)

3.60 (3.13e4.18)

0.17 (0.16e0.18)

17.01 (14.76e19.60)

10.71 (9.32e12.43)

6.30 (5.39e7.22)

2.05 (1.69e2.44)

0.03 (0.03e0.04)

1.96 (1.63e2.31)

0.97 (0.8e1.15)

0.99 (0.82e1.18)

12.02 (9.88e14.48)

4.41 (3.82e5.02)

7.81 (6.17e9.77)

0.50 (0.44e0.55)

28.18 (22.47e35.02)

23.26 (18.36e29.09)

4.90 (3.94e5.93)

5.61 (4.31e7.22)

0.09 (0.08e0.10)

3.51 (2.77e4.46)

2.67 (2.05e3.44)

0.84 (0.68e1.05)

0.00 (0.00e0.00)

0.00 (0.00e0.00)

0.23 (0.18e0.28)

0.00 (0.00e0.00)

0.23 (0.18e0.28)

0.00 (0.00e0.00)

0.00 (0.00e0.00)

0.16 (0.13e0.21)

0.00 (0.00e0.00)

0.16 (0.13e0.21)

0.00 (0.00e0.00)

0.00 (0.00e0.00)

0.09 (0.06e0.12)

0.00 (0.00e0.00)

0.09 (0.06e0.12)

2.74 (2.34e3.15)

0.46 (0.44e0.49)

55.49 (47.98e63.22)

55.24 (47.81e62.9)

0.26 (0.19e0.33)

1.29 (1.03e1.56)

0.06 (0.06e0.07)

3.99 (3.22e4.8)

3.85 (3.07e4.64)

0.14 (0.10e0.18)

0.75 (0.57e1.00)

0.01 (0.01e0.01)

0.44 (0.33e0.57)

0.36 (0.27e0.48)

0.08 (0.05e0.10)

0.29 (0.12e0.54)

0.24 (0.11e0.42)

10.81 (4.69e19.11)

9.49 (3.82e16.95)

1.28 (0.72e2.13)

7.28 (5.61e9.05)

0.14 (0.14e0.15)

3.95 (3.04e4.89)

3.56 (2.75e4.42)

0.38 (0.27e0.51)

0.20 (0.08e0.38)

0.03 (0.02e0.05)

0.99 (0.57e1.63)

0.60 (0.24e1.15)

0.39 (0.26e0.55)

48.53 (39,16e59.32)

7.54 (6.55e8.59)

2

HA BSI

1
2
3

HA UTI

1
2
3

SSI

1
2
3

HA CDI

1
2
3

TOT

YLLs per 100,000
general population,
estimate (95% UI)

YLDs per 100,000
general population,
estimate (95% UI)

187.64 (159.24e220.88) 123.75 (105.02e145.74) 63.86 (53.43e75.29)

388.08 (314.16e467.56) 324.65 (260.76e395.51) 62.93 (51.75e75.59)

702.53 (575.22e844.66) 559.11 (454.28e677.90) 142.82 (117.99e170.67)

DALYs, disability-adjusted life years; HA BSI, healthcare-associated bloodstream infections; HA CDI, healthcare-associated Clostridium difficile infections; HA UTI, healthcare-associated
urinary tract infections; HAP, healthcare-associated Pneumonia; SSIs, surgical site infections; UI, uncertainty interval; YLD, years lived with disability; YLL, years of life lost.
a
The McCabe score was used to adjust life expectancy based on underlying health conditions: rapidly fatal (<1 year), ultimately fatal (1e4 years) and non-fatal (regular life expectancy)
disease.
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Figure 1. Annual burden of five healthcare-associated infections (HAIs), according to HAI type, Italy, 2016. Estimated number of
disability-adjusted life years (DALYs) per 100,000 general population (divided into years lived with disability (YLDs) and years of life lost
(YLLs) and 95% uncertainty intervals are depicted. HA BSI, healthcare-associated bloodstream infections (excluding neonatal BSI); HA CDI,
healthcare-associated Clostridium difficile infections; HAP, healthcare-associated pneumonia; HA UTI, healthcare-associated urinary
tract infections; SSIs, surgical site infections. Data source: study sample from the second Italian Point Prevalence Survey [4].

expectancy) disease has been shown to be a better predictor of
presence of comorbidities than the APACHE II score [16].
Step 4: creating disease models using the BCoDE Toolkit
v20.0
We used the 20.0 version (the latest available update at the
time of submission) of the BCoDE Toolkit to build the Italian
models for each of the five HAIs [9]. The toolkit allows the user
to personalize the outcome trees of each selected communicable disease. Using the procedure described by Cassini et al.
we created three models for each type of HAI, one for each
McCabe Score stratum, indicating the median life expectancy
(0.5 years, 3 years, regular life expectancy) on the basis of
underlying health conditions [10]. Italian National Institute of
Statistics (ISTAT) data on the 2016 Italian population and life
expectancy were used to populate the models [17]. We
employed the same disease models described by Cassini et al.,
[10] applying them to the Italian population.
The age-, gender- and McCabe-specific incidence data for
each model, including uncertainty intervals, were incorporated in the calculations as uniform (two variables) or Project
Evaluation and Reviewed Techniques (PERT) distributions [18].
We applied a 1.25 under-reporting factor due to a previous
validation study in four EU countries in 2011 and to a validation
process in five Italian hospitals in 2016, showing a possible
underreporting in the number of HAIs [4,10]. Inputted data are
available in the Supplementary Data. The models were then
run at 10,000 iterations of the Monte Carlo simulations with and
without a 3.5% annual time discount rate [19].

Step 5: output
For each type of HAI, the output included: annual
number of HAIs, incidence, number of attributable deaths,
and DALYs per case, as well as the number and rate per
100,000 population of DALYs, years of life lost (YLLs) and
years lived with disability (YLDs). For each output, the
median and the 95% uncertainty interval (UI) based on the
input uncertainties were calculated.
The DALY measures health gaps as opposed to health
expectancies. The DALY combines in one measure the time
lived with disability and the time lost due to premature mortality [20,21]:
DALY ¼ YLL þ YLD

Results
Based on 2016 Italian PPS data, we estimated a total of
641,065 new cases (95% UI 585,543e699,207.90) for the five
types of HAI under study. The most common pathogens
involved in HAIs in Italy (2016 PPS data) and resistance profiles
have been previously listed [13].
According
to
our
models,
29,375
(95%
UI
23,705.96e35,905.80) deaths were attributable to the five
considered HAIs in Italy in 2016. The total annual DALYs for the
five HAIs were estimated to be 424,657.45 (95% UI
346,240.35e513,357.29), consisting of 338,170.64 YLL (95% UI
274,787.08e410,008.00) and 86,486.80 YLD (95% UI
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Figure 2. Annual burden of five healthcare-associated infections (HAIs) in the Italian population stratified according to age and gender,
2016. Estimated number of disability-adjusted life years (DALYs) per 100,000 general population and 95% uncertainty intervals are
depicted. The five considered HAIs were: healthcare-associated pneumonia, HA urinary tract infections, HA bloodstream infections
(excluding neonatal BSI), surgical site infections, HA Clostridium difficile infections. YLD, years lived with disability, YLL, years of life
lost. Data source: study sample from the second Italian Point Prevalence Survey [4].

71,453.26e103,349.28), and corresponding to 702.53 DALYs
(95% UI 575.22e844.66) per 100,000 general population.
Burden estimates per HAI type and McCabe score in terms of
incidence, attributable mortality, DALYs, YLLs and YLDs are
reported in Table I. The McCabe 1 groups were the most represented for each of the five HAIs in terms of DALYs, mainly due
to the high number of HAIs occurring in these patients and to
their longer life expectancy. BSI in the McCabe score 1 group
had the highest burden (388.08 DALYs per 100,000; 95% UI
314.16e467.56), followed by HAP (187.64 DALYs per 100,000;
95% UI 159.24e220.88), and SSI (55.49 DALYs per 100,000; 95%
UI 47.98e63.22). Detailed and aggregated burden data are
available in the Supplementary Data.
Figure 1 shows the disease burden of each HAI, measured in
DALYs per 100,000. HA BSI accounted for the majority of total
DALYs (59%), HAP for 29%, SSI for 9%, CDI for 2% and UTI
accounted for less than 1% of total DALYs. BSI and HAP had the
highest burden of disease with, respectively, 252,804.28 (95%
UI 203,530.44e307,897.94) and 125,586.53 (95% UI
106,265.77e147,732.96) DALYs. BSI had the highest burden in
terms of YLLs, while CDI and UTI accounted for a relatively
more important disability weight in terms of YLDs but relatively
less YLLs. As shown in Figure 1, CDI and UTI were associated
with a high yearly incidence but a low burden of disease,
whereas HAP and BSI accounted for a great amount of DALYs
despite a low yearly incidence, due to their high attributable
mortality.

Figure 2 shows the overall burden of the five HAIs under
study expressed in DALYs per 100,000 general population, per
age and gender strata. In total, 56% of DALYs were attributable
to men and 44% to women. When applying a 3.5% annual time
discount rate, HAIs accounted for 102,336.90 DALYs (95% UI:
94,858.26e109,946.33), corresponding to 552 DALYs per
100,000 general population (95% UI: 288.53e1,000.40).

Discussion
HAIs have been recognized as an increasing public health
threat [10]. In Italy, a national action plan to contrast AMR and
HAIs was developed in 2017, and several targets for interventions aiming to reduce HAIs and optimize antimicrobial use
were defined. [22]. Monitoring and evaluating the effectiveness of IPC interventions requires accurate data on the incidence and burden of HAIs. To the best of our knowledge, this is
the first study to estimate the burden of HAIs expressed in
DALYs in Italy. Results of this study suggest HAIs have a substantial clinical burden in our country, amounting to over 700
DALYs per 100,000 general population based on nationwide
data from the 2016 PPS.
The majority of total DALYs were attributable to YLLs
(79.7%), indicating mortality is a more important factor compared with long-term sequelae. Concurringly, a recent Greek
study found an 80% increase in the daily risk of hospital death
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within 90 days of admission in patients with an HAI compared
with patients without HAI [23]. In our study, in line with previous findings, BSI and HAP had the highest burden among the
considered HAIs, while UTI had a lower burden despite high
incidence [10]. Conversely, UTI were associated with a lower
burden of disease despite their relatively high incidence
(256.92 per 100,000 general population). According to our
estimates, the yearly number of cases for the five considered
HAIs was of almost 642,000 cases.
Cassini et al. used 2011e2012 EU/EEA PPS data to evaluate
the burden attributable to six HAIs (the five HAIs analysed in
our study with the addition of neonatal BSI) among participating countries [10]. A total burden of around 500 DALYs per
100,000 general population was found, which is much lower
than our estimate based on 2016 Italian data, which was
obtained using the same approach. HAIs occurring in our
country in 2016 would account for 16.95 % of the 2011e2012
EU/EEA DALYs (424,657.45 DALYs in 2016 compared with
2,506,091 EU DALYs in 2011e2012), while the Italian population
in 2016 represented 11.9% of the European population (60.7
million compared with a total EU population of 510.1 million).
Further research is required to investigate whether the higher
burden in our country could be explained by demographic differences of the hospitalized population, epidemiological
aspects pertaining to AMR, less effective preventive strategies
[3], or other factors.
According to the 2009e2013 BCoDE study [24], the burden of
the most significant communicable diseases, including influenza, in the EU/EEA was 260 DALYs per 100,000 general population (although it is important to underline that the Italian
data were collected five years later, in 2016). Santos et al.
evaluated the burden of diseases and injuries in the EU using
data from the 2017 Global Burden of Diseases study [25]. The
health conditions that had the highest disease burden in Europe
were low back pain, ischaemic heart disease, headache disorders, stroke and neonatal disorders. Results of the study for
the considered health conditions in Italy showed low back pain
had a burden of 1284 DALYs per 100,000 general population,
headache disorders 1110, ischaemic heart disease 749, diabetes mellitus 601 and stroke 458. Although comparisons with
other health conditions should be interpreted with caution due
to methodological differences in the calculations, the results
of our study suggest HAIs in Italy have a disease burden similar
to that of the highest-ranking non-communicable diseases.
A recent study of the burden of coronavirus disease 2019
(COVID-19) in Italy during the first four months of 2020 estimated a total of 121,449 DALYs, consisting of 120 814 YLL and
635 YLD [26]. In comparison, our estimate for the burden of
HAIs in 2016 was of just over 400,000 DALYs. Although this
would suggest HAIs in 2016 and the first wave of the COVID-19
epidemic in our country were associated with comparable
disease burdens, it must be noted that the long-term consequences of COVID-19 are still largely unknown and therefore
the burden in terms of YLD could be much more significant.
The COVID-19 pandemic is placing an unprecedented strain
on healthcare systems worldwide [27], although the full extent
of its impact on HAI epidemiology is still unclear. A number of
risk factors for increased HAI transmission are associated with
COVID-19, such as the surge in hospital admissions, prolonged
hospital and intensive care unit stays and the increase in
patients requiring mechanical ventilation. Further, the
immune dysregulation associated with severe COVID-19, as
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well as the use of corticosteroids and immunomodulatory
agents for treatment could predispose patients towards
developing secondary infections [28]. Another cause for concern is the potential link between COVID-19 and AMR, due to
the increasing rates of antibiotic use, sub-optimal prescribing
and potential breakdowns in stewardship programmes [29].
Conversely, IPC practices that are essential for controlling the
spread of COVID-19 may also contribute to reducing AMR and
HAI transmission. Societal focus on COVID-19 has increased
awareness of the importance of hand hygiene, environmental
decontamination and the use of personal protective equipment
[29]. Improvements in IPC behaviours among at-risk healthcare
workers have been reported, and studies conducted one year
after the SARS outbreaks indicate the ameliorations in hand
hygiene and other IPC practices could be maintained long-term
[30]. Further studies will be necessary to determine the effects
of these elements on AMR and HAI epidemiology as a consequence of the COVID-19 pandemic [31].
This study has several limitations. First, there are limitations related to the study design. We assessed the burden of
the five most significant HAIs, chosen on the basis of data
availability, frequency and feasibility of a personalized model
in the BCoDE Toolkit. Therefore, our burden estimates are
likely an underestimation, although the five HAIs we considered account for 75% of the total number of HAIs identified by
the 2016 Italian PPS [4]. Additionally, we employed a
syndrome-based approach for four out of the five HAIs under
study, rather than an approach based on the causative pathogen. Infections caused by AMR micro-organisms have been
associated with a higher burden of disease compared with
infections caused by susceptible organisms [10,23].
Second, limitations pertaining to the study methodology
should be addressed. Selection bias cannot be excluded, as this
study used PPS data, which mainly capture patients with longer
length of stay, and more serious, longer lasting infections. The
way participant hospitals were selected may have introduced a
slight upward bias in the HAI prevalence estimation [12] due to
an over-representation of larger hospitals compared with the
actual Italian distribution. This bias is nevertheless estimated
to be small, around 1%. Under-reporting in the number of HAIs
is another possible limitation. It was taken into consideration
with a correction factor of 1.25, as previously stated. We
employed the Rhame and Sudderth formula to estimate HAI
incidence from prevalence data. Even though this method is
commonly applied to interpolate incidence from prevalence,
its use has been criticized [10]. Further, the outcome trees of
the BCoDE toolkit are populated with data from systematic
reviews of the literature, which vary in terms of availability,
quality and representativeness. Outcome trees and the
resulting disease progression pathway may not always fully
reflect the definition of a case of HAI. The BCoDE Toolkit is
based on data that can be possibly out of date [9,10]. It must
also be stated that in the used models, YLL are inherently more
important than YLD, as these models only consider a few possible sequelae with minimal impact, as no more data is
available.
Despite these limitations, this study was based on data
collected through the 2016 PPS, which is the most comprehensive and standardized survey conducted on HAIs in acutecare hospitals in our country. Another strength is the adjustment of life expectancy using the McCabe score, which
improves the reliability of our estimates.

170

V. Bordino et al. / Journal of Hospital Infection 113 (2021) 164e171

In conclusion, this nationwide study suggests HAIs had a
significant burden of disease in 2016 in Italy. In light of the
increasing AMR trends and the ageing Italian population, HAIs
are of great concern. Considering a large proportion of HAIs are
estimated to be preventable [1], reducing their burden is an
achievable goal. This study provides data which could be used
to guide policy makers in the implementation of measures
aiming to reduce the impact of HAIs, and it will be interesting
to revisit these results and evaluate trends when future PPS
data will be available.
The heightened societal interest in infectious diseases due
to the COVID-19 pandemic could enhance engagement with the
threat posed by AMR and HAIs, and the importance of patient
safety. Given the concise and clear nature of the DALY metric,
our results could help health decision-making regarding targeting resources to prevent HAIs.
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