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Abstract

Background: Up to 7% of hospitalised patients acquire at least one healthcare-associated infection (HAI). The aim of
the present study was to quantify the burden of HAls in an Italian hospital, identifying involved risk factors.

Methods: Prevalence point study carried out from 2011 to 2018. For each recruited patient, a data entry form was
compiled including information on demographics, hospital admission, risk factors, antimicrobial treatment, and infection
if present.

Results: A total of 2844 patients were included and 218 (7.03%) reported an infection. HAI prevalence rates showed
a significant increase (average annual per cent change (AAPC) +33.9%; p=0.018) from 2011 to 2014 whereas from
2014 to 2018 a gradual decline was observed (AAPC —6.15%; p=0.35). Urinary tract infection was the most common
HAI (25.2%) and a total of 166 (76.1%) pathogens were isolated from 218 infections. Enterococcus and Klebsiella species
were the most prevalent pathogens, causing 15.1% and 14.5% of HAlIs, respectively. A significant higher risk of HAls was
found in patients exposed to central catheter (adjusted odds ratio (adj-OR)=5.40), peripheral catheter (adj-OR=1.89),
urinary catheter (adj-OR=1.46), National Healthcare Safety Network surgical intervention (adj-OR=1.48), ultimately
fatal disease (adj-OR=2.19) or rapidly fatal disease (adj-OR=2.09) and in patients with longer hospital stay (adj-OR=1.01).

Conclusion: Intervention programmes based on guidelines dissemination and personnel training can contribute to
reduce the impact of HAI. Moreover, McCabe score can be a very powerful and efficient predictor of risk for HAI. Finally,
an unexpected very high burden of disease due to Enterobacteriaceae and Gram positive cocci that could be related to
the frequent use of carbapenems and third generation cephalosporins in this hospital was found.
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Introduction

Healthcare-associated infections (HAIs) and antimicrobial
resistance represent significant public health problems
nowadays, as they result in high morbidity and mortality, as
well as a reduction in quality of life worldwide (Raka et al,
2019; WHO, 2016).

At any one time, 7% of hospital patients in developed
countries and 10% in developing countries have a HAI,
incurring high financial costs for patients and their families
as well as an important additional economic burden for the
health system (Chen et al, 2017; WHO, 2016).

A recent point-prevalence survey (PPS) of HAI and anti-
microbial use that was conducted in the European Union,
from 2016 to 2017, showed that 6.5% of hospitalised
patients in acute care hospitals had a HAI (Suetens et al,
2018). The most frequent HAIs are the lower respiratory
tract infections, followed by bloodstream infections, uri-
nary tract infections and surgical site infections (Ministero
della Salute, 2018; Sinatra et al, 2013).

In Italy, the annual prevalence of HAIs has been found
to range between 5% and 8% per year. A recent study con-
ducted in France reported that patients admitted into
Intensive Care Units (ICU) had an increased length of stay
of five days due to HAIs (Ohannessian et al, 2018). It has
been revealed that HAIs cause 16 million additional days of
hospitalisation per year, with a burden of 37,000 related
deaths, and cause annual financial losses of about seven bil-
lion euros in Europe (Allegranzi et al, 2011; Antonioli et al,
2016). In Italy, the national health institute “Istituto
Superiore di Sanita” (ISS) estimates that HAIs could be
directly responsible for 1350-2100 avoidable deaths per
year (CNESP, 2019).

Antimicrobial resistance is another required challenge
linked to HAIs. Excessive and inappropriate use of antimi-
crobials causes the increase of drug resistant micro-organ-
isms and adverse drug reactions worldwide (Harbarth et al,
2015; Laxminarayan et al, 2013) as well as a tendency
towards escalation in many countries of Europe (Versporten
et al, 2014). In the European Union the average total con-
sumption, in the community and hospitals, of antibiotics for
systemic use in 2017 was 23.4 Defined Daily Doses per
1000 inhabitants per day (ECDC, 2018). A European Centre
for Disease Prevention and Control (ECDC) country visit
to Italy confirmed that the anti-microbial resistance situa-
tion in Italian hospitals and regions represents a major pub-
lic health problem. The levels of carbapenem-resistant
Enterobacteriaceae and Acinetobacter baumannii have
reached widespread levels, just like meticillin-resistant
Staphylococcus aureus. Due to this issue, Italy is one of the
countries with the highest level of resistance in Europe
(ECDC, 2017).

It should be noted that a large percentage of HAIs,
including those attributable to antibiotic resistant micro-
organisms, could be prevented by means of effective

infection prevention and control measures and active sur-
veillance programmes (WHO, 2016). In this sense, the
ISS reported that up to 30% of HAIs in Italian hospitals
are preventable.

According to the previously reported considerations, the
aim of the present study was to quantify the burden of HAIs
in a large Italian hospital. In particular, prevalence rates and
main characteristics of HAIs were evaluated over an eight-
year period, identifying risk factors involved in infection
development.

Methods

The surveys took place from 2011 to 2018 at the University
Hospital “P. Giaccone” of Palermo (Italy), a tertiary care
hospital with 542 beds, with nearly 14,000 hospital admis-
sions per year.

In order to monitor HAIs, PPSs were conducted every
year using the ECDC protocols for PPS of all types of HAIs
and antimicrobial use in European hospitals (ECDC, 2016).
Due to participation in the second EU-wide PPS (PPS
2016-2017), in 2016 there were two PPSs: as well as the
usual autumn—winter period, there was another PPS carried
out in July, in the summer season, when staffing at hospitals
is usually low, as indicated by the ECDC (Plachouras et al,
2018). The PPS protocol and codebook v.5.3 (since PPS
2016-2017), including the case definitions of HAI and PPS
data entry forms, were used (ECDC, 2019).

According to the protocol indications, data had to be
collected in a single day for each ward, therefore the time
frame of survey data collection had not to exceed 2-3
weeks per year, considering the number of patients and
wards to be monitored.

PPSs were carried out by medical residents of the Post-
graduate School of Hygiene and Preventive Medicine of
the University of Palermo, supported by physicians and
nurses of the Hospital Network for Infection Control. All
data collectors have been trained by members of the Italian
Study Group of Hospital Hygiene of the Italian Society of
Hygiene, Preventive medicine and Public health. All medi-
cal and surgical wards were included in the surveillance, as
well as ICUs and long-term care wards (from 2016).

Ward specialties were classified into six areas: Medical
area (including Allergology and Immunology, Cardiology,
Dermatology, Endocrinology, Gastroenterology, Geriatrics,
Haematology, Hepatology, Infectious diseases, Internal
medicine, Nephrology, Neurology, Oncology, Pneumology,
Rheumatology), Surgical area (including Cardiovascular
surgery, General surgery, Maxillofacial surgery, Neurosurgery,
Oncological surgery, Ophthalmology, Otorhinolaryngoiatry,
Orthopaedic surgery, Paediatric surgery, Plastic surgery,
Thoracic surgery, Urology, Vascular surgery), Intensive
Care Unit (including General ICU, Critical ICU and
Specialised ICU), Paediatrics, Obstetrics and Gynaecology,
and Psychiatry.
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Inpatients of any age were eligible for inclusion. All
patients admitted to the ward before or at 08:00 h and not
discharged from the ward at the time of the survey were
included; patients who were transferred after 08:00 h from
or to another ward were not included.

Data collected for each patient included: age, sex, date
of hospital admission, consultant/patient specialty, surgery
since admission (using ICD-9-CM code of the intervention
listed for the surveillance of surgical site infections in the
National Healthcare Safety Network (NHSN) system,
McCabe score, presence of invasive devices (central vascu-
lar catheter, peripheral vascular catheter, urinary catheter,
intubation) on the day of the survey and whether the patient
had one or more active HAIs and/or received antimicrobial
treatment. In the statistical analysis, age has been catego-
rised into four groups using quartile cut-off.

For patients who were administered antibiotics, the type,
route of administration of the antimicrobial agent, indica-
tion for antimicrobial use, purpose (treatment intention,
surgical prophylaxis, medical prophylaxis, other or
unknown indication), reason in notes, date of antimicrobial
start, any antimicrobial changed, dosage per day were
recorded. Detection of resistance pattern was determined
by disc diffusion method (Kirby—Bauer method) as recom-
mended by the Clinical and Laboratory Standards Institute.

For patients having HAIs the following variables were
considered: infection site, date of onset, presence at
admission, origin of the infection (associated with the
current hospitalisation and/or current ward), relevant
device in situ, micro-organisms and antimicrobial resist-
ance phenotype.

Statistical analyses were carried out to determine risk
factors associated with HAIs. Patients with HAI whose
origin was associated with another hospitalisation or with
an indeterminate origin were excluded from these analy-
ses. Categorical data were summarised by absolute and
relative frequencies, and analysed by Chi-square test. For
not normally distributed continuous variables, medians
were compared by Mann—Whitney U-test. Multivariate
analysis was conducted using logistic regression models.
Variables that were significant at p <0.1 in an univariable
analysis were included into the multivariable model and
excluded, with a backward stepwise approach, if not sig-
nificantly associated with HAI. Breakpoint analysis has
been implemented to assess trends over time for the yearly
HAI prevalence rates. A joinpoint model was obtained to
evaluate the time trends, direction and intensity of the
trend, and the average annual per cent change (AAPC).
The final model is based on linear segments connected at
joinpoints that represent the best fit of observed data.
Statistical analysis was performed using R statistical soft-
ware version 3.6.1. and the packages “Segmented” and
“Strucchange” were used for the joinpoint analysis. All
tests were considered as significant at p <0.05.

Results
Patients

A total of 2844 patients were included in the PPS, from
2011 to 2018; 52.4% were males. The median patient age
was 65 years (interquartile range (IQR): 47-76). As
reported in Table 1, 24.2% surveyed patients were under 46
years old, 27.1% were aged between 46 and 65 years,
22.1% were 66 to 75 years old and 26.6% were aged 76
years or older. Most patients (85.5%) were hospitalised in
medical and surgical areas; 7.1% were in ICUs.

A central vascular catheter was present in 8.2% of
patients, whereas peripheral vascular catheters were pre-
sent in 77.8% of patients. Urinary catheters were present in
30.5% of patients and only 2.7% of patients were intubated
at the time of the survey.

Almost 27.7% of the patients had undergone surgery
since their admission to the hospital: 19.9% had a NHSN
surgery while 7.8% had minimally invasive surgery/not
NHSN.

Overall, 9.9% of surveyed patients were classified as
having diagnoses that were rapidly fatal (within one
year), 16.9% as ultimately fatal and 68% as non-fatal
diagnoses.

The median time from hospital admission to the survey
date was five days (IQR: 2-10).

Risk factors for HAIls

The univariate analysis identified an increased risk of
HAI associated with intensive care (with reference to
medical area odds ratio (OR)=2.1; 95% confidence inter-
val (CI) =1.3-3.3; p<<0.001) and patients intubated (OR=
5.13; 95% CI=3.01-8.73; p<<0.001) or who had a urinary
catheter (OR=2.65; 95% CI=1.98-3.54; p<<0.001) or cen-
tral (OR=7.03; 95% CI= 5.03-9.82; p<<0.001) or periph-
eral (OR=1.80; 95% CI= 1.20-2.72; p=0.001) catheter in
place during hospitalisation. A higher risk was also
observed in those who had undergone surgery since their
admission to the hospital (p<<0.001), were classified as
having diagnoses that were rapidly fatal or fatal (p<<0.001),
had longer hospital stay at the time of the survey (»p<<0.001)
(Table 1).

In the multivariable analysis, after adjusting for age,
sex, hospital area, years of PPS and intubation, a higher
risk of HAIs was found in patients exposed to central
catheter (adjusted OR (adj-OR) =5.40; 95% CI: 3.59—
8.13), peripheral catheter (adj-OR=1.89; 95% CI: 1.16—
3.07), urinary catheter (adj-OR=1.46; 1.02-2.08), NHSN
surgical intervention (adj-OR=1.48; 1.01-2.18), ulti-
mately fatal disease (adj-OR=2.19; 1.49-3.23) or rapidly
fatal disease (adj-OR=2.09; 1.32-3.30) and in patients
with longer hospital length of stay (adj-OR=1.01; 95%
CI: 1.01-1.02) (Table 2).
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Table |I. Demographic and clinical characteristics of patients? included in the point-prevalence surveys (2011-2018).

Characteristics

All patients (N= 2844,  Patients without HAI  Patients with HAI p-value®

% by column (n= 2644, % by row)  (n= 200, % by row)

Gender, n (%) 0.12
Male 1491 (52.4%) 1250 (92.4%) 103 (7.6%)
Female 1353 (47.6%) 1394 (93.5%) 97 (6.5%)
Age in years, n (%) 0.16
045 687 (24.2%) 647 (94.2%) 40 (5.8%)
4665 772 (27.1%) 718 (93%) 54 (7%)
66-75 627 (22.1%) 579 (92.3%) 48 (7.7%)
=76 758 (26.6%) 700 (92.4%) 58 (7.6%)
Years of survey 031
2011 339 (11.9%) 325 (95.9%) 14 (4.1%)
2012 330 (11.6%) 311 (94.2%) 19 (5.8%)
2013 327 (11.5%) 301 (92%) 26 (7.95%)
2014 329 (11.6%) 296 (90%) 33 (10%)
2015 309 (10.9%) 284 (91.9%) 25 (8.1%)
2016, July 321 (11.3%) 297 (92.5%) 24 (7.5%)
2016, November 266 (9.3%) 251 (94.4%) 15 (5.6%)
2017 307 (10.8%) 291 (94.8%) 16 (5.2 %)
2018 316 (11.1%) 288 (91.1%) 28 (8.9%)
Location of patient in hospital on survey 0.002
date
Medical area 1495 (52.6%) 1397 (93.4%) 98 (6.6%)
Surgical area 936 (32.9%) 866 (92.5%) 70 (7.5%)
Intensive Care Unit 202 (7.1%) 176 (87.1%) 26 (12.9%)
Paediatrics 93 (3.3%) 50 (98%) 1 (2%)
Obstetrics and Gynaecology 67 (2.3%) 88 (94.6%) 5 (5.4%)
Psychiatry 51 (1.8%) 67 (100%) 0 (0%)
Central catheter in place on survey date <0.0001
Yes 234 (8.2%) 169 (72.2%) 65 (27.8%)
No 2603 (91.5%) 2468 (94.8%) 135 (5.2%)
Peripheral catheter in place on survey 0.001
date
Yes 2212 (77.8%) 2040 (92.2%) 172 (7.8%)
No 627 (22%) 599 (95.5%) 28 (4.5%)
Urinary catheter in place on survey date <0.0001
Yes 868 (30.5%) 764 (88%) 104 (12%)
No 1967 (69.2%) 1871 (95.1%) 96 (4.9%)
Intubation on survey date <0.0001
Yes 76 (2.7%) 56 (73.7%) 20 (26.3%)
No 2765 (97.2%) 2585 (93.5%) 180 (6.5%)

(continued)
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Table I. (continued)

Characteristics

All patients (N= 2844,

p-value®

Patients without HAI  Patients with HAI

% by column

Surgery since admission

No surgery
Yes, NHSN surgery

2049 (72.1%)
567 (19.9%)

Yes, minimally invasive/non-NHSN 221 (7.8%)
surgery
McCabe score
Non-fatal disease 1934 (68%)
Ultimately fatal disease 432 (16.9%)
Rapidly fatal disease 282 (9.9%)
Days from admission to survey, median 5 (2-10)

(IQR)

?Percentages may not total 100 because of missing data.

(n= 2644, % by row)  (n= 200, % by row)

<0.0001
1934 (94.4%) 115 (5.6%)
501 (88.4%) 66 (11.6%)
203 (91.9%) 18 (8.1%)
<0.0001
1848 (95.6%) 86 (4.4%)
422 (87.6%) 60 (12.4%)
246 (87.2%) 36 (12.8%)
5(2-9) 15 (10-29) <0.000

The Chi-square test was used for calculating the p-value. The comparison excluded patients with missing data.

NHSN: National Healthcare Safety Network; IQR: interquartile range

Table 2. Multivariable logistics analysis to identify risk factors
associated with healthcare-associated infections.

Variable adj-OR (95% Cl)  p-value
Central catheter in place 5.40 (3.59-8.13) <0.0001
on survey date (ref. value)
Peripheral catheter in place  1.89 (1.16-3.07) 0.0l
on survey date (ref. value)
Urinary catheter in place 1.46 (1.02-2.08) 0.03
on survey date (ref. value)
Surgery since admission
(ref. no surgery)
Minimally invasive/non- 1.61 (0.92-2.80) 0.09
NHSN surgery
NHSN surgery 1.48 (1.01-2.18) 0.04
McCabe score
(ref. non-fatal disease)
Ultimately fatal disease 2.19 (1.49-3.23) <0.0001
Rapidly fatal disease 2.09 (1.32-3.30) 0.001
Number of days from 1.01 (1.01-1.02) <0.0001

admission to survey
(per day increase)

adj-OR: adjusted odds ratio; Cl: confidence interval; ref.: reference;
NHSN: National Healthcare Safety Network

Prevalence and distribution of HAI

A total of 218 HAIs were detected in 200 of 2844 surveyed
patients, accounting for 7.03% of patients. Urinary tract
infection was the most common HAI (25.2%), followed by

pneumonia (22%), surgical site infection (21.1%) and
bloodstream infection (11%) (Table 3). Device-associated
infections, including central catheter in place, urinary cath-
eters and intubation, accounted for 46.3% of all HAIs (101
out of 218 infections). The remaining 53.7% of infections
were not associated with devices or operative procedures.
Of 46 surgical-site infections, 30 (13.8%) were deep inci-
sional or organ-space infections. Out of 48 patients with
pneumonia, 28 (58.3%) were reported in ICUs and four
(8.3%) were ventilator-associated pneumonia (data not
shown in table). Among the 200 patients with HAIs, 98
patients (49%) were located in medical area, 70 (35%) in
surgical area, 26 (13%) in ICU, five (2.5%) in Obstetrics
and Gynaecology and one (0.5%) in Paediatrics.

The prevalence rate of HAI varied between prevalence
surveys from 4.1% (in 2011) to 10% (in 2014) although
these between-year differences were not statistically sig-
nificant (Table 1). However, in a breakpoint analysis to
identify trends in rates (Figure 1), we found a breakpoint in
2014. In a first trend, from 2011 to 2014, the HAI preva-
lence showed a statistically significant increase (AAPC
+33.9%; p=0.018) whereas from 2014 to 2018 a more
gradual decline in HAI prevalence was found (AAPC
—6.15%; p<=0.35).

Pathogens causing HAI

A total of 166 pathogens were isolated from 218 infections
(76.1%). Enterococcus species were the most prevalent
pathogens, causing 15.1% of HAIs with reported microbio-
logical isolation. Klebsiella species were the second most
prevalent pathogens, causing 14.5% of HAIs with reported
microbiological isolation, followed by Staphylococcus
species (12.7%), Acinetobacter species (12.7%) and
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Table 3. Distribution of 218 healthcare-associated infections (HAIs) and reported causative pathogens.

Isolated micro-organisms, n (% by row)?

Type of infection HAls per 100
patients
Urinary tract infection 55 25.2% 1.9
Pneumonia 48 22% 1.7
Surgical-site infection 46 21.1% 1.6
Deep incisional or organ- 30 13.8% 1.1
space infection
Superficial incisional 16 7.3% 0.6
infection
Bloodstream infection 24 11% 0.8
Other bloodstream 18 8.3% 0.6
infection
Central catheter-associated 6 2.7% 0.2
bloodstream infection
Skin and soft tissue infection 14 6.4% 0.
Gastrointestinal infection 6 2.8% 0.2
Sepsis 6 2.8% 0.2
Other infections 19 8.7% 0.7
Total 218 100.0% 7.7

Escherichia coli, 14 (31.1%); Klebsiella spp., 8 (17.8%);
Enterococcus spp., 7 (15.6%); Candida spp., 5 (11.1%); others, |1
(24.4%)

Acinetobacter spp., 7 (21.9%); Klebsiella spp., 7 (21.9%);
Staphylococcus spp., 3 (9.4%); Streptococcus spp., 3 (9.4%);
Candida spp., 3 (9.4%); Pseudomonas spp., 2 (6.3%); Haemophilus
Spp., 2 (6.3%); others, 5 (15.6%)

Enterococcus spp., 7 (20.6%); Pseudomonas spp., 5 (14.7%);
Klebsiella spp., 4 (1 1.8%);

Staphylococcus spp., 4 (1 1.8%); Acinetobacter spp., 4 (1 1.8%); Candida
spp., 3 (8.8%); Enterobacter spp., 2 (5.9%); others, 5 (14.7%)

Enterococcus spp., 5 (23.8%); Pseudomonas spp., 4 (19%);
Acinetobacter spp., 3 (14.3%); Candida spp., 2 (9.5%);
Enterobacter spp., 2 (9.5%); others, 5 (23.8%)

Klebsiella spp., 3 (23.1%); Staphylococcus spp., 3 (23.1%);
Enterococcus spp., 2 (15.4%); others, 5 (38.5%)

Staphylococcus spp., 5 (23.8%); Escherichia coli, 4 (19%);
Enterococcus spp., 3 (14.3%); Acinetobacter spp., 2 (9.5%);
Klebsiella spp., 2 (9.5%); Candida spp., 2 (9.5%); others, 2 (9.5%)

Escherichia coli, 3 (18.8%); Staphylococcus spp., 3 (18.8%);
Klebsiella spp., 2 (12.5%); Candida spp., 2 (12.5%); Enterococcus
spp-, 2 (12.5%); Acinetobacter spp., 2 (12.5%); others, 2 (12.6%)

Staphylococcus spp., 2 (40%); others, 3 (60%)

Enterococcus spp., 6 (28.6%); Acinetobacter spp., 5 (23.8%);
Staphylococcus spp., 4 (19%); Pseudomonas spp., 2 (9.5%); others,
3 (14.4%)

Clostridium difficile, 2 (50%); others, 2 (50%)
Pseudomonas spp., | (100%)

Staphylococcus spp., 2 (25%); Klebsiella spp., 2 (25%); others, 4
(50%)

2Only micro-organisms accounting for >>5% and having at least two isolates have been reported. One or more pathogens were reported for 166 of
218 infections (76.1%). No pathogens were reported for the remaining 52 infections (23.9%).

Escherichia coli (12%). Overall, these five pathogens
caused 50.9% of all the HAIs (111 HAIs with reported
microbiological isolation of 218 HAIs) (Figure 2).
Antimicrobial susceptibility was tested on 105 (63.2%) iso-
lated micro-organisms and revealed that 63.6% (seven out
of 11) of Acinetobacter species were resistant to carbap-
enem, 42.8% (six out of 14) of E. coli and 40.9% (nine out
of 22) of Klebsiella species were resistant to third genera-
tion cephalosporins and 22.7% (five out of 22) of Klebsiella
species were resistant to both third generation cephalospor-
ins and carbapenem. Instead, only 5.9% (one out of 17) of
Enterococcus species were resistant to glycopeptides.

Discussion

To increase and update knowledge about hospital infections
represents a major goal for implementing effective public
health preventive strategies. Consistent with this mandate,
in this study we have reported findings obtained from prev-
alence surveys carried out in a major Italian hospital over
an eight year period.

The main message from our results is that healthcare
infections, to date, can have a non-trivial morbidity burden
in hospitalised patients and preventive interventions might
represent a substantial public health answer for reducing
the impact of these infectious diseases.
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Figure 1. Joinpoint analysis on trends of HAI prevalence

rates observed from 2011 to 2014 (+33.9%) and from 2014
to 2018 (—6.15%).
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change

The important health burden is consistent with the find-
ing that in our hospital setting, on average, one patient out
of 14 was affected by HAI and this risk has been signifi-
cantly higher in some years, in presence of extreme clinical
frailty, in critical hospital areas or when some invasive
medical procedures were performed. In particular, overall
prevalence rates of HAIs in the study period seem to be
slightly higher than values reported in other, similar, stud-
ies (Behnke etal, 2013; Chen etal, 2017; Magill et al,
2014, 2018; Sinatra et al, 2013) as well as the ECDC’s
report (ECDC, 2013), which in 2011 estimated a preva-
lence rate of 6.0% (95% CI: 5.7-6.3%) in European acute-
care hospitals, and the 2016-2017 Italian report, which
observed a prevalence rate of 6.5% (95% CI: 5.22-7.78%)
(Ministero della Salute, 2018).

This difference could be at least in part due to the fact
that our surveys have been carried out in a tertiary care
hospital whereas the European survey has collected results
from primary, secondary, tertiary care and specialised
hospitals in different countries. It is well known that ter-
tiary hospitals take care of more critical patients that could
have an increased risk of HAI and, consequently, higher
prevalence rates. Prevalence rate of HAIs increases with
rising numbers of beds and days of hospitalisation, as in
highly intensive care facilities, where hospitalised patients
are in critical conditions with intensive care and special-
ised assistance (Ministero della Salute, 2018; Valentino
et al, 1987). In this sense, it should be highlighted that the
prevalence rate of HAIs in this survey was similar to that
in tertiary care hospitals (7.2%) (Antonioli et al, 2016;
Labi etal, 2019; Weinstein et al, 1999). However, our
prevalence rate could be higher also because it includes
data obtained before 2015, when recommendations for
preventing hospital infections were not applied in our
hospital.

As a second point of view, our study suggests the impor-
tance of several risk factors in determining hospital infec-
tions. Some of these risk factors are comparable to other
previous studies, in particular to those reported by the
ECDC (ECDC, 2013). In accordance with the international
literature, we have found that central and/or peripheral
catheters in place during hospitalisation were highly corre-
lated with occurrence of hospital-acquired infections
(Agodi et al, 2013, 2018). Similarly, urinary catheterisation
during hospitalisation was also a relevant risk factor associ-
ated with possible onset of HAIs, in coherence with Italian
and international literature (Agodi et al, 2013; Tandogdu
and Wagenlehner, 2016).

Surprisingly, in the study intubation was not statistically
significant, in contrast to results from other studies (Chen
et al, 2017; Magill et al, 2018). This finding could be due,
at least in part and according to other authors, to the rela-
tively low number (N=4) of ventilator-associated pneumo-
nia in our hospital (Giuliano et al, 2018; Klompas, 2016).
Otherwise, it is possible that the increased risk of HAIs in
intubated patients is associated with their usually very criti-
cal health conditions. In this sense, in our multivariable
analysis intubation could have lost its significance because
of other factors (e.g. McCabe score, surgical intervention,
etc.) that represent best predictors of critical health condi-
tions and, thus, hospital infections.

In this sense, it should be noted that undergoing invasive
surgery and having McCabe score “rapidly fatal disease” or
“ultimately fatal disease”, in accordance to national and
international data (Ministero della Salute, 2018; Zarb et al,
2012), are two strong risk factors increasing the odds of
acquiring HAIs from 1.5- to 2-fold.

Overall, our results show that the risk of developing
HAIs can be associated to a mix of variables associated
with weak immune system (McCabe score), medicalisation
and rupture of the physiological barriers (presence of inva-
sive devices and surgery), in association with a prolonged
exposure to the hospital environment (length of stay since
hospital admission) (Ministero della Salute, 2018).

The most frequent infection types in this study were
similar to those of the Italian ECDC report in 2016
(Ministero della Salute, 2018) and results from Europe
and America (Magill et al, 2014; Suetens et al, 2018), but
there was a difference in the distribution of infections
results. Pneumonia, which is one of the most prevalent
HAIs in the literature, is the second most frequent infec-
tion in our hospital, following urinary tract infections.
Numerous studies have reported that the presence of uri-
nary catheters is one of the most important factors in
developing HAIs (Giuliano et al, 2018), as well as pro-
longed hospital stay (Laupland et al, 2002). Both these
factors probably contribute to urinary infection directly or
indirectly, through factors related to the patient’s immune
system, pathogen virulence, healthcare intervention and
healthcare environment (Tandogdu and Wagenlehner,
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Figure 2. Absolute and relative frequencies of isolated pathogens* according to microbe species.
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2016). Some of these risk factors are relatively common
in our hospital and this suggests the need for training pro-
grammes and awareness-raising among our healthcare
workers as a priority in order to prevent these infection
types. Among these last factors the presence of recurrent
micro-organisms as sources of infection could play a
major role in increasing prevalence rates.

In particular, our data show a higher prevalence of
Enterobacteriaceae when compared with the ECDC’s report
data (ECDC, 2013), although this latter finding could be
explained with the higher frequency of urinary tract infec-
tion in our hospital. According to the international literature
the most frequent micro-organisms that have been isolated
were Enterococcus spp., Klebsiella spp., Staphylococcus
spp., Acinetobacter spp. and E. coli (Chen etal, 2017;
Ministero della Salute, 2018). On the contrary, Clostridium
difficile, despite its being the most frequently reported
pathogen in a survey in the USA, in our study was found in
only two infected patients, although we cannot exclude a
contribution of underdiagnosis (Davies et al, 2014; Magill
et al, 2014).

Noteworthy, Enterococci represented the most common
pathogen isolated from our patients. The international lit-
erature documented an increasing role of these micro-
organisms as responsible for HAI, accounting for
approximately 10% of hospital acquired infections
(Schmidt-Hieber et al, 2007), and their spreading is usually
supported from person to person trasmission by hands or
medical devices (Olawale et al, 2011). In our study they
represented about 10% of all HAIs in each year but 2011
(when they represented 37.5% of all HAIs) and 2019 (when
they accounted for 22% of all HAIs). Although we suppose
that these higher prevalences in some years could be related
to mini outbreaks, future investigations, including mole-
cural analyses, could be required for confirming this
hypothesis. Similarly, further analyses could be required
for understanding the reasons for the high rates of resist-
ance to carbapenems and third generation cephalosporins
that we have observed. This latter finding could be due, at
least in part, to the fact that these antibiotics are used a great
deal in our hospital, being the second and the fifth most
used groups, respectively, and it is well known that
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antibiotic usage could be a major determinant of antibiotic
resistance of isolates in hospitalised patients (Pedersen
etal, 1999).

Finally, one datum should be, at our advice, considered
to be of particular interest. After an increasing temporal
trend from 2011 to 2014, from 2015 HAIs decreased, year
after year, their prevalence. In particular, by considering the
joinpoint analysis, it has been possible to identify two dif-
ferent trends with a breakpoint just during 2014. This
breakpoint, identified by statistical procedures, seems to
confirm that the following decreasing trend, although non-
statistically significant due to the high prevalence rate
found in 2018, has been possibly related to infection pre-
vention and control practices that have been implemented
from 2014 in our hospital (Agodi et al, 2018). In particular,
these interventions included guidelines regarding improve-
ment in infection control procedures, such as antibiotic
peri-surgical prophylaxis in adults, ambulance hygiene,
handwashing (application of WHO guidelines on the hand
hygiene “Clean Care is Safer Care”) (Moro et al, 2017),
isolation measures and management of patients with colo-
nisation/infection by multi-resistant pathogens, prevention
of surgical site infection, and implementation of bundle for
prevention of HAIs. Moreover, training programmes for
healthcare workers were carried out to improve adherence
to guidelines (Lanini et al, 2009).

This survey has some limitations that must be consid-
ered. First, since the survey considers data of a single ter-
tiary care hospital, this may not be representative of all the
other acute care hospitals and other settings. Furthermore,
the study has some limitations inherent to the study design,
including reduced periods of observation, cross-sectional
study design and presence of missing data (e.g. laboratoris-
tic identification of micro-organisms, antibiograms, etc.).
Finally, it should be pointed out that we have considered
the 2018 HAI prevalence rate as outlier since 11 (39.3%)
out of 28 infections observed in that year were due to out-
breaks in two wards. Other point-prevalence studies could
be required for evaluating whether this latter observation
was due only to the case or effectively attributable to a
reduced effect of infection prevention and control practices
with time.

Conclusions

Despite these limitations, this study has had the strength of
using standardised protocols for data collection. By the use
of the same protocol, the comparability over time and
between similar facilities on a regional or national scale can
be assured. Moreover, our data confirm the burden of hos-
pital infections in contributing to morbidity of hospitalised
patients and suggest that preventive interventions could be
of paramount importance for reducing the impact of infec-
tious diseases in populations that increase mean age and
presence of chronic comorbosities.
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