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Summary

Reasons for performing study: Information on precision 
medicine of intensive care units in the healthcare structures 
for infection prevention and control in Piedmont Region during 
surgical interventions.

Objective: To prevent clinical findings and environment 
interactions in healthcare structures among inpatients with 
nosocomial infectious diseases and community- acquired infections 
and to describe the distribution of genotypes of some groups of 
populations for studying hospital outbreaks.

Background: Nosocomial infectious diseases and pathogenicity-
related genes are studying through the mortality rate increase  

 

ranking all possible and new types of family of virus knowing 
the distribution of genotypes of involved individuals for assisting 
hospital outbreaks. It is well known that immunocompromised 
subjects who are in hospital settings especially long-term patients 
and constrained to the insertion of medical devices such as 
intravenous and urinary catheters and hospitalized patients at 
surgery are tracking by the quick sepsis-related organ failure 
assessment (qSOFA) score to measure multiple organ failure 
involving lungs, kidneys and liver. We aim to estimate the severity 
of acute illness presentation which it is associated with a higher 
mortality analysing the proportion of risk factors by means of the 
virulence and fitness factors studying the interactions regardless 
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Abstract 
This report examined a population of data extracted in RedCap framework whom population of 174 inpatients from AOU S. Luigi in Orbassano 

(Turin) was the first eligible as statistical surveillance review of clinical data during the study period of seven months. Then, we selected 371 
susceptible individuals from two wards of Gradenigo Hospital in Turin that we consider as an unicenter cohort of intensive care units. Some data 
indicate the possibility to measure the multi-resistance of the overall population of clinical inpatients while infectious statistical population of 
individuals draw a prospective scenario for future patients in the same conditions and for future audience segmentation of more populations of 
individuals evaluating the knowledge of healthcare structure in Piedmont Region from real data, reordered in RedCap they were processed in R 
Studio. Principal risk factors measured for explaining how age, length of stay, prescribed proton-pump inhibitor and prescribed antibiotic influenced 
Healthcare Associated Infection rate.
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pathogens, host and treatments that is how Enterobacteria 
resistant to carbapenems, Pseudomonas aeruginosa, Klebsiella 
and Bukholderia mallei distribute onto immune system and innate 
immune system deducing human susceptibility to infections onto 
90 days. During laboratory cross- contamination, Toll-like receptors 
are recognizing pathogenic profiles in extra-cells environment of 
humans and their sequential event reading permits to diagnostic 
several nosocomial infections such as Venereal lymphogranuloma, 
ozaenae, rhinoscleromae, pneumonia, tuberculosis and respiratory 
infections.

Study design: Retrospective cohort study.

Aim: To study the epidemiology of Carbapenemase-Producing 
Enterobacteriaceae (CPE) in Intensive Care Units (ICUs) and the 
effect of an infection control intervention.

Methods: Demographic data on the transmissions of HAIs 
involving admission and stool sampling dates from 24.464 
Norovirus infected inpatients were used to estimate the proportion 
of community-acquired infections. The association between 
heterogeneous infections with age, sex are fixed effects whereas 
code wards are including as a random effect in the statistical 
analysis. A cross sectional point prevalence study (PPS) is 
conducted in a sample of large acute care hospitals in Piedmont 
Region. The surveillance methodology is based on the European 
Centre for Disease Prevention and Control (ECDC) PPS Protocol. 
ECDC HAI definitions had applied.

Results: This case study identified 669 infected of 24.551 
adherent inpatients of which 87 are discarded because of future 
dates of birth in the sample, then the dimension of the multicenter 
cohort data is 24.464 rows collected from 44 hospitals in Piedmont 
Region. The unicenter cohort dataset characterizes 371 susceptible 
inpatients. The presence of a multi-drug resistant organism is 
documented for 5.7% of patients. There are 576 HAIs present in 
471 patients. The prevalence of patients with a HAI is 1.9% (95%CI: 
1.8–2.1). Hospital prevalence rates ranged from 0.6% (95%CI: 0.00-
5.90) to 2.35% (95%CI: 0.00-7.65). Length of stay ranged from 0 to 
311 days. Seventeen patients had stayed to the same Ward of the 
Hospital, observed through a previous admission date. The most 
common HAIs are surgical site infection, pneumonia and urinary 
tract infection, comprising 64% of all HAIs identified.

Main limitations: The permanence of patients in hospital 
structure in Piedmont Region is conditioning the treatments, the 
outcomes of principal pathology and life tenure of the patient and 
it is a priori unknown especially in the case of intensive care units 
because of the complexity of morbidity.

Conclusions: The nosocomial infections are in majority in 
respect to the community- acquired infections.

Background

In the Coronavirus pandemic era, the covariates to expend 
during the sampling process of the Italian cities and regions flow 
to the national, European and world emergency plan on the daily, 
weekly, monthly calculation, etc. are evaluated and measured 

through the statistical incidences of the populations of individuals 
who are now entering into various hospitals to tackle a qualitative 
and quantitative study of prevalence related to the Healthcare 
Associated Infections (HAIs) in Turin during the second phases 
extended for a long time, from July 2021. The association with 
travel or hospitalization abroad is unknown and the global data in 
this topic it is not available yet unless it is studying in Italy requiring 
Region data on patients had to remain anonymous according to 
laboratory Medicine.

The categorical data representing the predominant 
characteristics of acute individuals are collected, divided into 
several compartments: in this case, the distribution of patients 
by hospital ward at a structural level is of interest to the various 
statistical units, with reference to both company methodologies 
and efficient administration of health services so that they are 
welcomed by patients; personal data and health profile data 
expand the medical accuracy of each individual patient. The 
collected data can be represented in contingency tables and graphs 
through the indexes or statistical indicators of central tendency 
and stochastic variability to obtain summary and initial verification 
measures on borderline cases or in the presence of anomalies 
or exceptions or extreme cases. Longitudinal studies through 
sampling on one or more populations of susceptible-infected-ill-
dead or safe-immune-removed individuals, they are carrying out in 
a continuous, constantly updated and effectively maintained way 
during the healthcare treatment assistance processes increasing 
the calculation prospects. These stochastic processes will support 
the decision-making actions of several cooperating government 
Entities. The benefits are found and appreciated by the communities 
that they are subjected to statistical surveys thanks to the highly 
professionalizing technical and technological support system they 
facilitate survival analysis, introspective or extrinsic, based on the 
average risk of infection, depending on the prevalent features of 
an individual to become ill. For example, the implementation of 
multiple application services is using to retrieving information on 
HAIs of national hospitals and on patients and they are fundamental 
for building historical and time series of huge amounts of data 
available for a future time eventually to explore the consistency 
and correctness of many statistical studies. The mathematical 
algorithms we used for solving many applied problems are based 
on statistical methods in a reinforcement learning regime which 
they can be simplifying feature scaling and mean normalizations 
during data classification without altering the initial and the 
placement conditions of the experiments that they had been 
associated with random phenomena. In fact, the observations do 
not change during the data transfer phases but can be processed by 
means of several models and statistical methods of indispensable 
importance to optimize and define the extended fields or the 
limits of applicability of the statistical analysis of data that they 
measure the prevalence of risk factors in respect to selected 
indicators and they give a description as exhaustive as possible of 
the precision medicine of populations of the phenomenon under 
study. Furthermore, the results are presenting quickly in real-time, 
and they are the subject of considerations and opportunities for 
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improvements in the scientific- social field. Having digital services 
with available big data means having teaching materials and open 
sources to advanced education of innovative, certified and enduring 
progress, with a collaborative spirit for all during in-depth studies, 
subjected to timely checks and reconsideration process, referring 
of obtained results, of corrective actions or processes to be 
undertaken, for example, to adapt and to replicate the statistical 
studies we are using, with respect to the changes in the reference 
protocols such as the follow-up period of surgical site infections, 
the presence of an earlier X-ray in case of pneumonia or others, to 
revise the language terminology that it is based on the institutional 
and work activity communications of interacting groups, to adjust 
the level of competence of the working group to the required level 
of competence to achieve the objectives of the working group 
and to increase coherence and internal and external cohesion by 
aligning multiple enhancing forces of the group itself, to design new 
horizons for international directed attitudes to guide the choices of 
international firms and leading markets, to promote training and 
scientific research for interdisciplinary transferring knowledge.

Related Works

Hospital outbreaks may be specified by how the transmission 
of infections is presenting that is via person-to-person contact or 
via contaminated surfaces, see for example [1] and [2] for further 
details. The proportion of nosocomial Norovirus (NoV) infections 
among inpatients testing positive for Norovirus in Denmark on 
years from 2002 to 2010 had estimated in [3] where the study of 
the distribution of NoV genotypes had presented as well.

Healthcare-associated infections associated with long-term 
catheterisation are mostly caused by Morganella morganii and the 
draft genome sequence of a clinical isolate is reported in [4] where 
authors identified potential virulence determinants which they 
could provide new drug targets. Statistical commonly used methods 
for transmissions of healthcare-associated infections had reviewed 
in [5] to facilitate future developments of appropriate models in 
this emerging field and applied to study the prevalence of HAIs in 
Europe, in the United States, Asia and Africa. In [6], it is showing 
that the majority of carbapenem-resistant Enterobacteriaceae 
(CRE) bacteraemias in endemic areas occurred in the SBI ward and 
that all CRE isolates were Klebsiella pneumoniae carbapenemase-
producing K. pneumoniae. Categories of carbapenemases and their 
properties detected through a proposed algorithm applied in [7] for 
infecting strains and screening of carriers.

A timeline and the distribution of identified CPEs and 
carbapenemase variants reported in [8], which it is a molecular 
and epidemiological characterization of carbapenemaseproducing 
Enterobacteriaceae in Norway, from 2007 to 2014. In particular, 
patients with urinary tract infections (UTIs) assessed in [9], by 
the prevalence and associated risk factors of multidrug resistant 
and CPE, at referral Hospital in Northwest Ethiopia. Then, in 
[10], is studying the molecular characteristics of carbapenemase-
producing Enterobacteriaceae (CPE) in post-acute-care hospitals 
(PACHs) in Israel, analyzing the temporal changes between 
2008 and 2013. Similarly, this topic found in [11]. A lateral flow 

immunoassay (Carba5) developed and validated in [12], as one 
lateral flow for the detection of the five main carbapenemases. 
The study in [13] contributes to show that contact precautions 
were not effective in reducing the ESBL-Etransmission but they 
may have had a positive collateral effect on the CPE containment. A 
chord graph of a nice representation of KPC-21-harboring plasmid 
(pUR19829-KPC21) characterized the article in [14], in which 
authors analysed molecular epidemiology and risk factors of CPE 
Isolates in Portuguese Hospitals. An example of a prospective 
nationwide study, in 2011-12 is conducted in [15].

Authors identified high colonization prevalence of KPC-
producing Enterobacteriaceae among patients in long-term acute 
care hospitals (LTACHs), in the Chicago region, for a single-day point 
prevalence survey during January–May 2011, in [16]. Bacteremia 
by CPE can be reduced by measures of Hospital Infection Control 
in pediatric hematology-oncology as well, resulted from referenced 
article [17].

The emergence of carbapenem-resistant Gram-negative bacilli 
in Mediterranean region imposes the need of indistinctly antibiotics, 
knowledge on hygiene, the reinforcement of infection control 
measures, and the early and accurate detection, with restriction of 
the usage of carbapenems, and it correlated to the spread of these 
multidrug resistant organisms in [18].

The report [19] regarded Antimicrobial Resistance and 
Healthcare Associated Infections, between 2004 and 2015, in UK 
and Ireland. Results presented in [20] indicated that systems for 
monitoring and detection of ESBL-producing bacteria in Egyptian 
hospitals have to be established while hospital infection control 
policies must restrict the consumption of extended-spectrum 
cephalosporins necessary.

In what concerns multidrug resistance suggested hospital 
infected, a review of bacteriological and clinical records of patients 
with a history of hospital exposure in Buenos Aires between January 
1994 and June 1995 showed in [21] how IS9110 DNA patterns of 
three variants of multidrug resistant Mycobacterium tuberculosis 
strain was isolated from 70 HIV-infected patients and one non-HIV 
patient, hospitalized at Muñiz Hospital.

Regarding the aim of transmission reduction, in [22] is 
presented a combined analysis of three mathematical models 
showing how antiretroviral therapy (ART) interruptions are an 
increasing proportion of HIV infections and deaths.

Efficient healthcare associated infection surveillance plays 
an important role at national and international level in [23], in 
which types of nosocomial infections, nosocomial pathogens, 
the epidemiology and determinants of nosocomial infections, 
reservoirs and transmission, prevention and control of nosocomial 
infections and not least antimicrobial use and resistance are 
described. In respect to this analysis of nosocomial infection, we 
consider mainly the part of prevalence of infectious inpatients, 
recorded in RedCap database, identifying infected patients and 
reporting risk factor data. A similar study in [24], is concentrated in 
prevalence of Hospital- acquired infections and resistance rates of 
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Serbian adult, rarely investigated, over a 2- year period, exploring 
patient characteristics, antimicrobial resistance patterns, and risk 
factors of acquisition and predictors of mortality. Considering U.S. 
Hospitals, in [25], changes in prevalence of healtcare-associated 
infections examined comparing the percentages of patients with 
HAIs and authors performed a log-binomial multiregression, 
evaluating the association of survey year with the risk of HAIs.

A post hoc analysis of patients from two prospective 
observational cohorts of Acinetobacter baumanii colonization or 
infection provided in [26] the ompA expression as an independent 
risk factor for pneumonia and bacteremia.

The current knowledge on the potential factors underlying the 
outcome of Pseudomonas aeruginosa infections in critically ill and 
immunocompromised patients impacting mortality through the 
study of prognostic pathogen, host and treatment conducted in [27]. 
It is fundamental to assess how reliable are the results of this case 
study from the statistical and clinical point of view of conducted 
research as it is explained in [28] for pairwise and network meta-
analysis of randomized respiratory clinical trials.

A scientific study is investigating in [29,30] a reduction of 
HAIs by introducing certain intervention measures across factor 
influencing HAIs that they are divided into three major subject 
areas, such as: processes and systems in the clinic, staff and patients. 
HAIs caused by coronavirus diseases performed as a multicenter, 
retrospective and cross-sectional study in [31], comparing 558 ICUs 
in Turkey before and during COVID- 19, while in [32], a prospective 
cohort study analysed Post-COVID-19 condition, three months after 
hospitalization, in South Africa.

Research in Context

Evidence before this study

The European Centre for Disease Prevention and Control (ECDC) 
creates the HAI surveillance network HAI-Net by the coordination 
of the European IPSE (Improving Patient Safety in Europe) project, 
consulted at [33]. Then, ECDC developed a protocol for the point 
prevalence study (PPS) of healthcare-associated infections (HAIs) 
and antibiotic use in acute care hospitals, providing a standardized 
methodology for Member States and hospitals in response to 
Article II.8.c of Council Recommendation 2009/C 151/01 of 9 
June 2009 on patient safety, including infection prevention and the 
control of nosocomial infections, see [34]. The protocol inserted 
more structures and process indicators for the prevention of 
HAI and antibiotic resistance in acute care hospitals, based on a 
systematic review of these indicators carried out at the request of 
the ECDC from the SIGHT project, detailed in [35]. Indicators for 
antimicrobial stewardship are supported by decisions made by 
the Transatlantic Task Force on Antibiotic Resistance (TATFAR) 
working group, see [36].

Added value of this study

This exploration of RedCap data would investigate and picture 
a point prevalence study of HAIs designing a preventive model in 
describing infectious patients, then preventing the repetition of 

such disease cases. It would be an example of statistic analysis 
conducted through R Studio empowering this fundamental 
integrated development environment, showing valuable results 
related to our research topic.

Implications of all the available evidence

This study provides data that can help to know some numbered 
data and characterization of infected population in Italy, in 
particular in Piedmont Region and in Turin city. These collected 
official data can prevent infectious cases in the future as they are 
analysed and described completely, guiding physicians in follow-
ups and in quality healthcare programs, to assist patients and 
reduce infection rate.

Materials and Methods

Sampling from Piedmont Region populations of inpatients. A 
population of 174 inpatients from AOU S. Luigi in Orbassano (Turin) 
was eligible as a first statistical surveillance review of clinical data 
during the study period of seven months, from November 2018 to 
June 2019, that it can be divided in three sub-periods of statistical 
studies such as onto 90 days twice and 30 days to calculate the 
case-finding survey of infected patients in a healthcare structure or 
in a hospital ward.

One population of 371 susceptible individuals from two wards 
of Gradenigo Hospital in Turin we consider as an unicenter cohort of 
intensive care units from April 2019 to March 2020 that is they had 
been observed for eleven months. The file “Unicenter.csv” contains 
those data. Two clinical cohort prospect observational onsets drawn 
from Orthopedics and Urology wards of Gradenigo Hospital. 24.464 
patients from two prospective observational cohorts of colonized 
or infected extended-spectrum beta- lactamase producing (ESBL) 
were adherent to screening for carbapenemase- producing 
Enterobacteriacae (CPE) by rectal swab over a consecutive three-
day period in March 2020. Screening was offered to all patients in 
the surgical division on Day 1, all patients in the medical division 
on Day 2 and all patients in the specialist and critical care divisions 
on Day 3 mostly. We refer to [30], for deep neural network-based 
methods, that they are anticipated to reduce diagnosis time for 
pathologists. Indeed, we report infections associated to plasmid-
mediated AmpC (PMAβ)-producing Enterobacteriacae isolates they 
are usually resistant to many other non-β-lactam antibiotics, then 
we retrieve microorganisms of types Ampi-R&C3-S(1), C3-R(2) 
and C3-R(2), Ampi-S mainly to measure the multiresistance of the 
overall population of clinical inpatients during the study period of 
three years and five months: the observables are referring with 
the dates from the 31/05/2018 to the 06/08/2021 for one study 
period of three years and two months.

During this studying observed data, it is remarkable they will 
produce a suitable scenario for future patients in the same conditions 
and future inpatients with other clinical features as prospecting an 
audience segmentation of more populations of individuals showing 
the transmissions of healthcare acute infections comparing 
them through several evaluating and evaluated known models. 
Analysing the antimicrobial susceptibility and the molecular 
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characterization by means of bacterial isolates will help to identify 
Hospital areas in which inpatients are subjected to high risk or not 
to HAIs and several different groups of inpatients will compare 
from the registered, targeted and labelled population of flowing 
populations of individuals. 141 rows had removed from the initial 
dataset because they resulted incomplete. The prevalence of CPE 
amongst Italian healthcare structures inpatients was calculated 
for one hospital as a whole and for each division from the patient 
administration system (PAS) with 95% confidence intervals (CI) 
using recorded data in RedCap which they are processing by means 
of R Studio. History of treatment data of inpatients collects the date 
of birth, the division of admission, episode duration and data on 
the implantation of prosthetic material in the preceding 24h. If the 
patient moved between divisions during the permanence period 
and swabbed multiple times, only the last results were available for 
this study. Featured susceptible isolates are recording by age, sex, 
sampling date, infection type, isolation site referencing with the 
hospitalization ward, hospitalization days and in hospital death. 
Clinical inpatient features are designing through the estimate of 
tolerance limits defined for a statistical control process monitoring 
the infection rates in the analysed populations groups. The 
characterization of infected or colonized patients is implementing 
through unadjusted odds ratio (OR) will be calculated for each risk 
factor. Factors associated with increased risk of CPE colonization 
at P < 0.05 on univariate analysis, along with age as an a-priori 
confounder, were entered into a multivariate logistic regression 
model using a forward stepwise selection process.

Prevalence risk factors of infected inpatients. We highlight 
the study of the distribution of genotypes of some groups of 
populations evaluating hospital outbreaks among inpatients with 
nosocomial infectious diseases and community-acquired infections 
through clinical characteristics of patients with the distributions of 
the interactions regardless pathogens, host and treatments during 
hospitalizations. In the most of assisting hospital outbreaks, the 
resistance of CPE to the classes A, B and D of antibiotics and the 
carbapenemase genes in Enterobacteriaceae lead to therapeutic 
failure facilitating infectious breakpoints they are increased by 
mobile genetic elements such as plasmids or transposons during 
the exposition of infected inpatients to community-acquired 
infections.

The variables we considered in the analysis were medication and 
length of stay. However, none of the risk factors were independently 

associated with being a CPE carrier. Using logistic regression, in the 
following table, we deduced that the only risk factors significantly 
associated with being a newly identified CPE-positive patient were 
age and having been administrated an antibiotic on the day of the 
survey.

Results

Study of the transmission of infections of clinical populations 
of individuals. We made a post hocanalysis of patients from whom 
some microorganism had been isolated from the collection of 
samples of the initial patient population, performed in 25 hospitals 
in Piedmont Region. Inpatients from two prospective observational 
cohorts with infectious microorganism colonization or infection 
were eligible. Over the study period, 24.551 inpatients are identified 
as unique patients and transfers among more wards of divisions 
had reported any.

The median age of patients in the study is 74 years (quartile range 
63-82 years even though the overall dataset contains inpatients 
age from 1 to 110 years) and the 54.1% of the sample are female. 
The frame table in the next figure is counting the permanence of 
individuals in Piedmont Region healthcare structures by Division 
in order to give immediately the idea of the data distributions for 
evaluating and proposed known models, understanding controlled 
nosocomial and community- acquired infections.

Starting with visualizing all data of all inpatients registered 
on RedCap database, we show in the following figure the data 
population divided into time and age of patients [Figure 1,2].

Dealing with the proportions of infections in the referring time, 
we observed the carriage of patients in Turin reported in Table I 
where the prevalence of stays compared by the qSOFA Score and 
the temporal duration is smaller than 15 days. The counts emerging 
by infected population of inpatients named “Unicenter2.csv”, 
colonized from the dataset “Unicenter.csv”, after the retirements 
of several misunderstanding of data collected in throughout one 
dataset cleaned by the overall localized study of infective diseases, 
from the two Divisions of Gradenigo Hospital in Turin they are 
the Orthopedics and the Urology Wards. The represented data 
population in the tables below are comparing with the collected 
data from the healthcare structures in Turin throughout the R 
Studio computations of confidence intervals with the information 
level of 95% for studying accuracy [Figure 3], [Table 1].

Table 1: Proportion of HAIs in the time to refer with respect to the data collection time.

RankVariable TypeAge Gender
ASS1 ASS2 ASS3 ASS4 ASS9

(0-2) (0-4) (0-13) (0-29) (0-67)

TRUE
Adult Female  

Male  
3 
2

4 
9

5 
29

37 
51

99 
114

Child Female  
Male  

0 
0

0 
0

0 
2

0 
2

0 
3

FALSE
Adult Female  

Male  
0 
1

0 
0

0 
0

3 
5

6 
0

Child Female  
Male  

0 
0

0 
0

0 
0

0 
0

0 
0
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Figure 1: The data population collected in RedCap divided into Wards in Piedmont Region.

Figure 2:  The data population collected in RedCap and its graph in Minitab.
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Figure 3: The example of summarized statistical data analysis of one individual population: we reported in (A), the operating interventions in 
terms of minutes of the population of 174 inpatients from AOU S. Luigi in Orbassano (Turin); in (B) and in (C) there are the status of individuals 
previously.
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Assessment statistic variables in these tables are relative to 
the calculated mean interval between admission and colonization, 
expressed by days, to know the spatial and temporal distributions 
of colonized and not colonized patients characterizing the 
populations of patients especially by the stay wards and by those 
with severe brain injuries (SBI). The “FALSE” variable chose to 

indicate when the algorithm was failing on computing predictors 
whereas the ranges in the assessments due to significant confronts 
among marginal distributed data. Indeed, the data distribution 
overall was not a stochastic result for reading and they were normal 
distributed as one empirical distribution whom we did not require 
several trials to explore them firstly [Table 2].

Table 2: Proportion of Stays for the hospitalization of inpatients and the transmission of HAIs in infection care units.

RankVariable TypeAge Gender
ASS1 ASS2 ASS3 ASS4 ASS9

(0-2) (0-4) (0-13) (0-31) (0-68)

TRUE
Adult Female  

Male  
3 
3

4 
9

5 
29

40 
56

99 
114

Child Female  
Male  

0 
0

0 
0

0 
2

0 
2

0 
3

FALSE
Adult Female  

Male  
0 
0

0 
0

0 
0

0 
0

2 
0

Child Female  
Male  

0 
0

0 
0

0 
0

0 
0

0 
0

Adherence population is clearly near in respect to the expected 
valued random population, then some considerations from 
this table are fundamental for the problem objected study such 
as the verifying episodes of BSI are related to the presence of 
microorganisms ”KPC-KP” and ”PSEAER” considering the hospital 
divisions overall that it is deciding to evaluate when two type of 
HAIs developed near the BSI episodes, analyzed for the Turin City 

and not in Countries, turning out individual resistance to infectious 
populations even thought we had not list all symptoms of disease 
because of the infection in this time could be approved as strong or 
the surveillance was not subjective too. Nevertheless, cleaning the 
room usually aiding individual nosocomial infections limiting the 
action hospital operators. Furthermore, adjacency-controlled cases 
alert the spreading of times [Table 3].

Table 3: Overview of surveillance data relative to the referred period of observation of the aleatory phenomenon for the Turin City.

 SBI (%) Others (%) All wards (%)

No. of rectal swabs 0 60 60

Adherence to screening (%) 24550/24551 (99.9 %) 24550/24551 (99.9 %) 24549/24551 (99.9 %)

Prevalence of CRE colonization at admission (%) 6452/6717 (96.1 %) 17430/17834 (97.7 %) 23882/24551 (97.3 %)

Rate of in-hospital CRE colonization (%) 81/4957 (1.6 %) 69/3174 (2.2 %) 150/8131 (1.8 %)

Mean interval between admission and colonization (days) 41 15 10

No. of reported KPC-KP BSI episodes 4 0 4

No. of reported PSEAER BSI episodes 4 4 8

At this period, for example, we are comparing the statistic 
populations of Turin City are classical represented in respect to 
the observation time, when they fellow the target population, using 
variables “ASS” for Assessments, and its classical trend, during 
the second phase SARS-COV2-19 pandemic period, when arrival 
concerned by foreign Countries only, that is it is well done if it is 
considering again them as target population while calculations 
on infective individuals were the sampled distribution, made 
autonomously in R Studio within we retrieve it is always increasing 
and strongly dependent by its classes of data, they are reordered 
in terms of the probability density of normal sampling distribution 
through relative frequencies and rescaled referenced measures 
for the times expressed by days. Furthermore, the two statistical 
populations had a different nature, and they are presented as 

fundamental to know, equally [Figure 4].

In the study period, 302 patients were diagnosed with at least 
1 HAI, an incidence rate of 1.23%, and a total of 669 HAI episodes 
were documented, among 24.551 registered Italian patients in 
Piedmont Region. A total of 302 isolates were identified, most 
common being Enterobacter cloacae, Staphylococcus aureus and 
Enterococcus faecium, see numeric details in the following table 
[Table 4].

After characterized patients by antibiotic use 48h upon 
admission, antimicrobial resistance rates were investigated for all 
pathogens and stratified for the three most frequent isolates, see 
the following tables [Table 5, 6].
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Figure 4: Incidence of transmission of HAIs during the third phase of pandemic period.

Table 4: At least one microorganism, diagnosed in registered patients.

Isolates N = 302 n (%)

Gram + cocci   

ENCFAI - Enterococcus faecium 25 8.28

ENCFAE - Enterococcus faecalis 18 5.96

ENCOTH - Enterococcus sp., other 5 1.66

STAAUR - Staphylococcus aureus 58 19.21

STAAUR - Staphylococcus aureus 19 6.29

STAHAE - Staphylococcus haemolyticus 3 0.99

STANSP - Staphylococcus sp., not specified 2 0.66

STAOTH - Other coagulase-negative staphylococci (CNS) 4 1.33

STRAGA - Streptococcus agalactiae (B) 4 1.33

STRHCG - Other haemol. Streptococcae (C, G) 1 0.33

STRPYO - Streptococcus pyogenes (A) 1 0.33

Gram + bacilli   

CORSPP - Corynebacterium sp. 2 0.66

Enterobacteriaceae   

CITFRE - Citrobacter freundii 1 0.33

ENBAER - Enterobacter aerogenes 2 0.66

ENBCLO - Enterobacter cloacae 9 2.98

ESCCOL - Escherichia coli 74 24.5

KLEOTH - Klebsiella sp., other 1 0.33

KLEOXY - Klebsiella oxytoca 2 0.66

KLEPNE - Klebsiella pneumoniae 22 7.29

MOGSPP - Morganella sp. 8 2.65

PRTMIR - Proteus mirabilis 7 2.32

PRTVUL - Proteus vulgaris 1 0.33

PRVSPP - Providencia sp. 1 0.33

SERMAR - Serratia marcescens 1 0.33
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Gram - bacilli   

ACIBAU - Acinetobacter baumannii 3 0.99

GNBOTH - Other Gram-neg Bacilli, non-Enterobacteriaceae 1 0.33

PSEAER - Pseudomonas aeruginosa 19 6.29

Fungi   

CANALB - Candida albicans 2 0.66

CANGLA - Candida glabrata 1 0.33

CANPAR - Candida parapsilosis 1 0.33

Anaerobic bacilli   

BATOTH - Bacteroïdes other 1 0.33

PRESPP - Prevotella sp. 1 0.33

Virus   

VIRSAR - SARS virus 2 0.66

Table 5: Characteristic of patients admitted to ICUs.

 Total % HAI No HAI

Antibiotic use 48h upon admission 23.152 0.94 582 22.469

Penicillin’s 2.433 9.91 131 2.21

Cephalosporins 419 1.71 19 400

Aminoglycosides 71 0.29 4 53

Fluoroquinolones 5.02 0.21 93 4.956

Table 6: Antimicrobial resistance patterns.

Pathogen Escherichia 
coli  Staphylococcus aureus Enterococcus facium All isolates

N of isolates 74  58  25  669

 R/Tested % R/Tested % R/Tested % R/Tested %

Penicillins         

Oxacillin/Methicillin 1/29 3.45 1/58 1.72 -  2/302 0.66

Ampicillin/Amoxicillin 1/29 3.45 2/58 3.45 -  10/302 3.31

Amoxicillin+clavulanic acid 6/29 20.69 4/58 6.9 3/25 12 36/302 11.92

Ampicillin+sulbactam 1/29 3.45 -  -  2/302 0.66

Piperacillin/Tazobactam 7/29 100 -  4/25 16 15/302 4.97

Cephalosporins* 25/25  2/58 3.45 13/25 52 8/302 2.65

Aminoglycosides        

Amikacin 1/29 3.45 -  -  1/302 0.33

Gentamycin -  -  -  1/302 0.33

Fluoroquinolones         

Ciprofloxacin 1/29 3.45 1/58 1.72 -  8/302 2.65

Trimethoprim- 3/29 10.35 -  -  -  

sulfamethoxazole         

Carbapenems** -  -  -  -  

Vancomycin 4/29 13.79 12/58 20.69 1/25 4 36/302 11.92
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Table 7: Univariable analysis of risk factors of HAIs in the healthcare structures.

Variable Case (N = 1411) Control (N = 1328) OR (95%CI) p-value

Age range, 
year 

median

1−101 
 

(71)

0−110 
 

(74)
0.0049(0−1.43) 0.829

Length of stay prior to CPE testing, days ≤ 2 1126 936 Ref. -  

3−7 197 203 0.485(0−1.91) 0.829

8−21 70 14 2.5(1.07−3.93) 0.323

> 21 18 46 0.196(0−1.62) 0.847

Prescribed antibiotic 1411 1 7.06(5.63−8.49) 0.349

Prescribed PPI 238 337 0.353(0−1.78) 0.32

Table 8: Final multi-variable logistic regression analysis of risk factors for carriage of CPE.

Category OR (95% CI) p-value

Prescribed antibiotic 16.59 (15.77-17.43) 0.05

Age (%) 1.63 (0-1.97) 0.699

The next flow chart represents data analysis method studying 
the topic of this research.

In the following graphs, we illustrate the absolute frequencies 
of patients who infected by two and three microorganisms by 
means of the association rules of collected and interesting data, 
using R-extension package arulesViz. Indeed, many organizations 
generate a large amount of transaction data on a daily basis. For 
example, Italian Entity of Data, the “Istituto Superiore della Sanità” 
(ISS), record everyday great numbers of infectious inpatients 
using check-in and check-out data. Association rule mining is one 

of the major techniques to detect and extract useful information 
from large scale transaction data. Then, association rules are rules 
which surpass a user- specified minimum support and minimum 
confidence threshold. What is doing the R algorithm is using, in 
a first step, minimum support to generate the set of all frequent 
itemsets for the data set. These frequent itemsets are itemsets 
which satisfy the minimum support constraint. Then, in a second 
step, each frequent itemsets is used to generate all possible rules 
from it and all rules which do not satisfy the minimum confidence 
constraint removed. We define dataset association rules in R Studio 
as follow:

> library(“arulesViz”)

> rules <- apriori(Multicenter23[,1:25], parameter=list(support=0.001, confiden ce=0.5))

Apriori

Parameter specification:

confidence minval smax arem aval originalSupport maxtime support minlen maxle n target ext

0.5 0.1 1 none FALSE TRUE 5 0.001                               1                1

0 rules TRUE

Algorithmic control:

filter tree heap memopt load sort verbose

0.1 TRUE TRUE FALSE TRUE 2 TRUE

Absolute minimum support count: 24

set item appearances ...[0 item(s)] done [0.00s].

set transactions ...[90464 item(s), 24551 transaction(s)] done [1.11s]. sorting and recoding items ... [1355 item(s)] done [0.04s].

creating transaction tree ... done [0.04s].

checking subsets of size 1 2 3 4 5 6 7 done [9.69s]. writing ... [8762494 rule(s)] done [22.39s]. creating S4 object ... done [20.17s].
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> rules

set of 8762494 rules

The result is a set of 5668 association rules. The top three rules with respect to the lift measure, a popular measure of rule strength, 
are:

inspect(head(rules, n = 3, by =”lift”))

lhs   rhs support confide nce coverage lift count

[1] {nome_ospedale=[17,32), icd9_cm_2=[36.1,46.2),

 impianto_protesico=[1,9], 

durata_intervento_minuti=[65,130)} => {icd9_cm=39.57} 0.001018288 0.7575

758 0.001344141 619.9747 25    

[2] {nome_ospedale=[17,32), reparto=[901,3.6e+03), 

icd9_cm_2=[36.1,46.2), impianto_protesico=[1,9], 

durata_intervento_minuti=[65,130)} => {icd9_cm=39.57} 0.001018288 0.7575

758 0.001344141 619.9747 25    

[3] {nome_ospedale=[17,32), icd9_cm_2=[36.1,46.2),

 impianto_protesico=[1,9], 

durata_intervento_minuti=[65,130),

profilassi_antibiotica=[1,9]} => {icd9_cm=39.57} 0.001018288 0.7575

758 0.001344141 619.9747 25

The following graph is showing a very strong inverse relationship between the order and the support, which is a known fact for 
association rules.

> plot(rules, method = “two-key plot”)

This plot is also available in an interactive mode, selecting a region with two clicks [Figure 6].

From the following graph in the next figure, it results that main featuring population of inpatients is describing by two fundamental 
variables they are admission date and intervention date [Figure 7].

> plot(rules, method = “grouped”, control = list(k = 50))

In the following plot, we represented items and rules as vertices connecting them with directed edges, see Figure 7. This representation 
focuses on how the rules are composed of individual items and shows which rules share items [Figure 8].

The next flow chart represents data analysis method studying the topic of this research.
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Figure 5: Flow-chart of extracted knowledge from the platform RedCap.

Figure 6: Association rules among items of Multi cohort HAIs dataset.
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Figure 7: Studying principle significant statistical variables through association rules.

Figure 8: Statistic correlations among exampled variables from the main Dataset.
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Discussion

Comparing the two initial unicenter cohorts, extracting data 
from two Piedmont Hospital structures, one in Turin city and the 
other very near to Turin, we reported few infection cases: only 
one in Gradenigo Hospital due to Morganella microorganism and 
two in AOU S. Luigi Orbassano Hospital caused by at least one 
microorganism not diagnosed by medical staff. Overall, the main 
HAIs were urinary tract infections, skin infections, pneumonia and 
respiratory infections.

There were 25 known CPE-positive patients within Piedmont 
Region hospitals, then the prevalence was of 1.3%. Following our 
proposal case study, appropriate 173 additional patients were 
examined for isolation, likely to have prevented onward infectious 
transmission. The prevalence of CPE at Piedmont Region appears 
to be in line with all other Italian Regions. In our healthcare 
facilities, understanding the risk factors associated with the 
spread of CPE as fundamental prevention to tackle transmission, 
during CPE carriages, it summaries in increasing age and antibiotic 
administration on the day of the survey. We highlight the features 
collecting during this case study in which dataset information on 
the number, type and duration of antibiotic prescription were 
available and indicate the main characterization of the inpatient 
diseases made by physicians. Indeed, the exposure to penicillins 
it is well-known that it has been associated with increased risk of 
CPE colonization. Then, the length of stay has not been identified as 
the most important risk factor in this study and the transmission of 
HAIs may be due to the small study size [Table 7].

In addition, the following table reports the importance of the 
risk factor of prescribed antibiotic [Table 8].

Finally, exploring detected microorganisms among inpatient 
of Piedmont Region healthcare structures, the 1.3% had one and 
constituted the infectious population as one unicenter cohort 
whereas the individuals that present another microorganism after 
the first one, are the 0.35%, while who had three microorganisms 
were the 0.08% of agreeing people to registering personal data. 
Registered infections are then examined behind their nature, 
and they result of type: urinary tract infections, skin infections, 
pneumonia and respiratory infections, respectively.

Conclusion

The case study we described here was a small study with 
routine data which they were available in RedCap during the period 
of study and it results that the nosocomial infections are in majority 
in respect to the community-acquired infections, following the 
national trend. The study was conducted in healthcare structures 
of Piedmont Region and at “one point” in time and it was helpful 
for the hospitals to identify and describe the burden of CPE and 
demonstrated the feasibility of using a point prevalence study 
to investigate CPE epidemiology. We explored ten datasets from 
which we extracted relevant knowledge about featuring healthcare 
associated infections and characterizing populations of individuals 
registered as infectious cases. We visualized the variables the 

most significant for detecting useful exampled perspectives 
characterizing patients and supporting the physicians to take care 
of them in presence of similar pathologies. Future surveillance 
programs may retrieve these kinds of information about HAIs and 
this study wanted to be a guided example for other personalized 
electronic health recorded inpatients to know more about their stay 
in hospital, infectious disease and compare their personal health 
experience with other typical or atypical situations of pathologies. 
Fundamental were precaution measures to consider in control and 
prevent HAIs, reducing the risks of outbreaks.
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