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Abstract

Introduction

Healthcare-associated infections (HAIs) and antimicrobial resistance (AMR) are major pub-

lic health threats in upper- and lower-middle-income countries. Electronic health records

(EHRs) are an invaluable source of data for achieving different goals, including the early

detection of HAIs and AMR clusters within healthcare settings; evaluation of attributable

incidence, mortality, and disability-adjusted life years (DALYs); and implementation of gov-

ernance policies. In Italy, the burden of HAIs is estimated to be 702.53 DALYs per 100,000

population, which has the same magnitude as the burden of ischemic heart disease. How-

ever, data in EHRs are usually not homogeneous, not properly linked and engineered, or

not easily compared with other data. Moreover, without a proper epidemiological approach,

the relevant information may not be detected. In this retrospective observational study, we

established and engineered a new management system on the basis of the integration of

microbiology laboratory data from the university hospital “Policlinico Tor Vergata” (PTV) in

Italy with hospital discharge forms (HDFs) and clinical record data. All data are currently

available in separate EHRs. We propose an original approach for monitoring alert microor-

ganisms and for consequently estimating HAIs for the entire period of 2018.
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Methods

Data extraction was performed by analyzing HDFs in the databases of the Hospital Informa-

tion System. Data were compiled using the AREAS-ADT information system and ICD-9-CM

codes. Quantitative and qualitative variables and diagnostic-related groups were produced

by processing the resulting integrated databases. The results of research requests for HAI

microorganisms and AMR profiles sent by the departments of PTV from 01/01/2018 to 31/

12/2018 and the date of collection were extracted from the database of the Complex Opera-

tional Unit of Microbiology and then integrated.

Results

We were able to provide a complete and richly detailed profile of the estimated HAIs and to

correlate them with the information contained in the HDFs and those available from the

microbiology laboratory. We also identified the infection profile of the investigated hospital

and estimated the distribution of coinfections by two or more microorganisms of concern.

Our data were consistent with those in the literature, particularly the increase in mortality,

length of stay, and risk of death associated with infections with Staphylococcus spp, Pseu-

domonas aeruginosa, Klebsiella pneumoniae, Clostridioides difficile, Candida spp., and Aci-

netobacter baumannii. Even though less than 10% of the detected HAIs showed at least

one infection caused by an antimicrobial resistant bacterium, the contribution of AMR to the

overall risk of increased mortality was extremely high.

Conclusions

The increasing availability of health data stored in EHRs represents a unique opportunity for

the accurate identification of any factor that contributes to the diffusion of HAIs and AMR

and for the prompt implementation of effective corrective measures. That said, artificial intel-

ligence might be the future of health data analysis because it may allow for the early identifi-

cation of patients who are more exposed to the risk of HAIs and for a more efficient

monitoring of HAI sources and outbreaks. However, challenges concerning codification,

integration, and standardization of health data recording and analysis still need to be

addressed.

Introduction

Hospital-acquired infections (HAIs) represent a major public health concern. In Europe, HAIs

affect more than 90,000 patients in acute-care hospitals daily, thus resulting in approximately

4.5 million cases per year [1]. A study published in 2021 evaluated the incidence, attributable

deaths, and burden of the most significant HAIs in Italy, which is estimated at 702.53 disabil-

ity-adjusted life years (DALYs) per 100,000 population [2]. For comparison, in 2017 in Italy,

the value of DALYs for ischemic heart disease, which is the major cause of death in the country

and in the world, was 749 (697–805) DALYs per 100,000 population, thus confirming that

HAIs represent a major public health issue.

Antimicrobial resistance (AMR) is a significant factor that affects HAIs. Data from the

AR-ISS national antibiotic resistance surveillance system by the Italian National Institute of

Health states that in 2019 in Italy, the resistance rates to the main classes of antibiotics for the
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eight alert microorganisms under surveillance (namely, Staphylococcus aureus, Streptococcus
pneumoniae, Enterococcus faecalis, Enterococcus faecium, Escherichia coli, Klebsiella pneumo-
niae, Pseudomonas aeruginosa, and Acinetobacter species) were still high or even increasing

compared with those of the previous years, [3, 4] thus placing Italy almost at the bottom of the

league in Europe [5].

In 2018, 16,539 isolates of multidrug-resistant (MDR) Escherichia coli, which is by far the

most frequently isolated species among the eight alert microorganisms, were reported in Italy.

This number increased to 18,866 in 2019. Isolates of resistant Staphylococcus aureus were the

second most represented species, with 8,581 isolates in 2018 and 9,939 in 2019, followed by K.

pneumoniae with 5,913 isolates in 2018 and 7,782 isolates in 2019 [6].

With regard to the specific resistance profile, the resistance rate of Escherichia coli to third-

generation cephalosporins remained stable (around 30%), whereas a decreasing trend over the

last five years (2015–2019) was observed for the resistance rate of fluoroquinolones (from

44.4% in 2015 to 40.7% in 2019). Concerning carbapenem-resistant K. pneumoniae, an

increase was observed from 26.8% in 2018 to 28.5% in 2019. However, by considering only lab-

oratories that participated in the surveillance system in both 2018 and 2019, a decrease from

26.4% to 22.7% was observed; therefore, this result is linked to the higher number of data col-

lected by a greater number of laboratories that joined the surveillance network in Italy. On the

other hand, carbapenem resistance was confirmed to be very low for Escherichia coli (0.4%),

showed a decrease in P. aeruginosa species (13.7%), and was stable with regard to Acinetobacter
(79.2%). Among gram-negative bacteria, 36.2% of K. pneumoniae isolates in 2019 were MDR

(resistant to third-generation cephalosporins, aminoglycosides, and fluoroquinolones). By

contrast, only 11.7% of Escherichia coli were MDR.

For P. aeruginosa, in 2019 the percentage of resistance to three or more antibiotics, includ-

ing piperacillin-tazobactam, ceftazidime, carbapenems, aminoglycosides and fluoroquinolones

was 13.1%, a decrease compared to previous years. However, a high and increasing percentage

of multi-resistance (fluoroquinolones, aminoglycosides and carbapenems) was observed

(77.3%) for Acinetobacter. For S. aureus, the proportion of methicillin-resistant (MRSA) iso-

lates remained stable (around 34%), while significant increases were seen in the proportion of

vancomycin-resistant Enterococcus faecium isolates, which stood at 21.3% in 2019. Finally, For

P. aeruginosa in 2019, the percentage of resistance to three or more antibiotics, including

piperacillin–tazobactam, ceftazidime, carbapenems, aminoglycosides, and fluoroquinolones,

was 13.1%, which is lower than the values in previous years. However, a high and increasing

percentage of multiresistance (fluoroquinolones, aminoglycosides, and carbapenems) was

observed for Acinetobacter (77.3%). For Staphylococcus aureus, the proportion of methicillin-

resistant Staphylococcus aureus isolates remained stable (approximately 34%), whereas signifi-

cant increases were observed in the proportion of vancomycin-resistant Enterococcus faecium
isolates (21.3% in 2019). Finally, for S. pneumoniae, a slight increase was observed in both the

proportion of penicillin- and erythromycin-resistant isolates (11.9% and 22.4%, respectively)

[4].

Catheter-associated urinary tract infections (CAUTIs) are prevalent worldwide (900,000

cases/year in the United States), whereas hospital-acquired pneumonia and blood stream

infections (BSIs) are deadly and account for 67% of US annual deaths associated with HAIs.

Surgical site infections are the most common and costly HAIs for surgical patients [6].

The common variables associated with HAIs are (i) invasive devices, such as intubation or

CAUTIs and BSIs with vascular devices [7]; (ii); (ii) patient characteristics and conditions,

such as age, immunosuppression, or comorbidities [6, 8], and (iii) intensive care units (ICUs)

and high-dependency units (HDUs) [7]. For instance, the SARS-CoV-2 outbreak in 2019

resulted in a high number of patients requiring intensive care, intubation, and antimicrobials
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and has led the scientific community to investigate the effect of this pathogen on HAIs. Many

studies are now beginning to report an alarming increase in HAIs and AMR due to COVID-

19 [9, 10], particularly if we consider the increased use of drugs, the prolonged time that many

COVID-19 patients have to spend in hospitals, and the difficulties of implementing AMR

stewardship programs correctly during this public health emergency. The current pandemic

may soon lead to further increases in HAIs and AMR [11].

Several strategies must be adopted to reduce the effect of HAIs: (i) hand hygiene; (ii) main-

taining a safe, clean, hygienic hospital environment; (iii) screening and categorizing patients

into risk-stratified cohorts; (iv) following patient safety guidelines; (v) antibiotic stewardship;

and (vi) public health surveillance [12]. Finally, surveillance data on HAIs can be used to assess

the extent, escalation, and status of infections; examine, scan, and monitor the trends of infec-

tion rates; inform alert programs; and improve performance, strategies, and competence devel-

opment [13, 14]. The distribution of HAIs between hospitals and hospital wards can have

significant variability; therefore, it is essential to create specific reports for healthcare settings

that are under investigation to reduce bias and provide dynamic monitoring to allow proper

countermeasures to be taken for the prevention and management of HAIs. EHRs are an

invaluable source of information; however, most of the time, information in EHRs are stored

in separate databases that are not networked.

Despite the numerous studies concerning prevalence and incidence of HAIs, and their cor-

relation with specific risk factors, surprisingly fewer data are available on the integration of

HDFs and Microbiology laboratory data. This approach is particularly useful to identify not

only the correlation between risk factors associated with HAIs (both socio-demographic and

hospital related), but also to evaluate their appropriate coding in the HDFs, obviously associ-

ated with the economic losses for the hospital. This retrospective observational study re-elabo-

rates the laboratory data retrieved from different EHRs of the university hospital “Policlinico

Tor Vergata” (PTV) of Rome, Italy, and integrates them with hospital discharge forms

(HDFs). We suggest a novel approach for monitoring circulating alert microorganisms and for

estimating the annual number of HAIs by offering a methodological tool to investigate the epi-

demiological aspects and possible cost implications.

Materials and methods

The conducted retrospective observational study analyzed ordinary inpatient admissions at

the PTV hospital in Rome. All patients discharged from the medical and surgical wards from

January 1 to December 31, 2018, were included in the analysis. Data from 2020 to 2021 have

been excluded from our investigation due to possible bias introduced by the emergency situa-

tion caused by COVID-19. Moreover, the comparison with data form 2019 will be the object

of further studies.

Data extraction was performed by analyzing HDFs in the databases of the Hospital Infor-

mation System. These data were compiled using the AREAS-ADT information system and the

ICD-9-CM classification (2007 version, which is the current standard in Italian hospitals).

This newly assembled database was further processed to evaluate the quantitative and qualita-

tive variables and the produced diagnostic-related groups (DRGs). The results of research

requests for HAI and AMR evaluations were extracted from the database of the Complex

Operational Unit of Microbiology.

Record linkage

First, the database was “cleaned” for individual fields of records related to personal data

(patient’s name and date of birth) to achieve a semideterministic agreement between
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laboratory databases by using the type of sample categorized by body district of origin as keys

(in addition to personal data) to identify suspected infections related to care assistance (ICAs).

Second, on the basis of the patient identification number used as a deterministic key, a unique

single database was created. This database shows the flow of 2018 DPR first admissions, which

are linked to information of any rehospitalization and samples of alert microorganisms

divided by type of infection.

Inclusion and exclusion criteria

Ordinary admissions (cod.1 variable “admission regime”) from all operating units of PTV dis-

charged before December 31, 2018, were included in the analysis. Admissions in the nonordin-

ary regimen (code 2-Day Hospital, code 3-Home treatment, code 4-Day Surgery with

overnight stay) and patients < 18 years old were excluded because the hospital does not have a

pediatric ward.

Regarding the analysis of bacteriological data, the exclusion criteria included findings of

contaminants and diagnoses of microbiological infection occurring 24 hours after hospitaliza-

tion (in accordance with the definition of HAIs). In the specific case of Clostridioides difficile,
which is linked to the intrahospital administration of antibiotics, samples taken during the

first seven days of hospitalization were also excluded. For each detected microorganism, the

dates of the first and last detection before discharge were reported.

Variables investigated

The following variables were collected from the HDFs:

• Personal data (age, sex, fiscal code, etc.)

• Main diagnosis (DPR) and secondary diagnoses (first to fifth) at discharge

• Codes related to procedures performed during hospitalization

• Length of stay (LOS)

• Type of discharge

• Educational qualification: low educational attainment (lower secondary school, elementary

school, or no degree [ISCED 0–2]), medium educational attainment (upper secondary

school [ISCED 3–4]), and high educational attainment (bachelor’s degree or other tertiary

degree [ISCED 5–8])

• Nationality

• Marital status

The isolated HAI microorganisms in our sample can be classified into 56 families and more

than 150 species. For this study, we focused our analysis on the eight most represented micro-

organisms in our sample, namely, A. baumannii, Escherichia coli, K. pneumoniae, P. aerugi-
nosa, Clostridioides difficile, Candida spp., Enterococcus spp., and Staphylococcus spp.

The following variables were retrieved from the laboratory database:

• Positive sample of the HAI microorganism with date of collection and department where the

request was sent

• Type of collected sample
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• Positivity of the tested AMR phenotype (MDR A. baumannii, extended-spectrum beta-lacta-

mase Escherichia coli, K. pneumoniae with at least one AMR profile, and Staphylococcus spp

with at least one AMR profile)

All data was processed to create index variables for statistics.

Statistical analysis

Data were anonymized before conducting the statistical analyses. Comparisons were per-

formed using a two-sample t-test or Pearson’s chi-squared test as appropriate. After perform-

ing descriptive analysis (frequency, histograms, means, medians IQ, SD, etc.), univariate and

multivariate logistic regression models were used to calculate the risk and estimate associa-

tions. Statistical analyses were performed using SPSS v.26.0 (IBM Corp., Armonk, NY, USA).

Ethics

This project was conducted in accordance with the Declaration of Helsinki. The project

received approval from the Independent Ethics Committee of the University Hospital PTV,

Rome, Italy (2022 –Protocol number 66.22) that waived the need for informed consent. To

meet privacy requirements, data were anonymized by entering them in an Excel database pro-

tected by an encrypted key, which is made available only to the investigators involved in the

study.

Results

The study sample included 12,219 individuals: 6,770 were males (55.4%), and 5,449 were

females (44.6%). The mean age of the patients was 63.6 ± 17.17 years (Fig 1). A total of 6,541

individuals (53.5%) were� 65 years old. The average hospital stay was 9.4 ± 13.63 days, with a

median of 5 days. Italian and non-Italian were the nationalities in 91.8% (11,222 individuals)

and 8.2% (997 individuals) of cases, respectively. Educational level was low [15] in 76.6% of

cases (9,354 individuals) and high in 23.4% of cases (2,865 individuals). The proportion of

married individuals was 75.2% (9,183). A total of 1,654 individuals (13.5%) were admitted

twice. Table 1 shows the data related to the descriptive analysis of the sample. Figs 1 and 2

respectively show the age distribution of the sample and inpatient infections.

The mean age was 68.3 ± 15.771 years in the infection group and 63.0 ± 17.243 years in the

noninfection group (t = 10.781; p< 0.001). The mean LOS was 31.03 ± 25.610 days in the

infection group and 6.71 ± 7.865 days in the noninfection group (t = 74.683; p< 0.001).

In this retrospective analysis, 1,352 individuals (11.1%) presented one or more suspected

ICAs. The number of reported HAI microorganisms (including Candida spp., Proteus, Asper-
gillus spp.) was 3,549, thus resulting in an average of 2.62 microorganism reported per positive

patient. Among these, 2,938 microorganisms (67.6%) are regarded alert microorganisms for

AMR, thus resulting in an average of 1.77 AMR alert microorganism reported per positive

patient. Concurrent infections from different microorganisms are very frequent, and approxi-

mately 50% of infected individuals tested positive for more than one microorganism during

their period of hospitalisation (Fig 3).

Univariate analysis for the risk of infection showed statistically significant associations with

age, LOS, marital status, and low level of education (Table 2). However, there was no signifi-

cant association between sex and nationality. The binary logistic regression approach was used

for multivariate analysis, which showed a persistent association of HAIs with age and LOS in

the hospital (Table 2).
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Concerning wards, the analysis showed a higher risk of infection associated with medical

intervention than with surgical intervention (OR = 1.603; 95% CI = 1.430–1.797; p< 0.001).

The risk increased among those over the age of 65 (OR = 1.872; 95% CI = 1.616–2.169;

p<0.001), whereas the risk was not statistically significant among those under the age of 65

(OR = 1.185; 95% CI = 0.984–1.428; p = 0.074). Table 3 presents the frequency distributions.

Table 4 lists the frequency of infections per site. Sociodemographic and outcome variables

were analyzed for the eight microorganisms under investigation and are presented in Table 5.

Fig 1. Age distribution in the hospitalized sample.

https://doi.org/10.1371/journal.pone.0282019.g001

Table 1. Descriptive analysis of the samples (n = 12,219).

Investigated variable N % Mean SD

Age 63.55 17.17

Range 18–102 years

Gender

Male 6,770 55.40

Female 5,449 44.60

Education level

None 82 0.70

Elementary school 1,497 12.30

Lower secondary school 7,775 63.60

Upper secondary school 2,312 18.90

Bachelor’s degree/tertiary degree 553 4.50

Marital status

Single 3,036 24.80

Married 9,183 75.20

Nationality

Italian 11,222 91.80

Others 997 8.20

LOS 9.40 13.63

Range 0–360 days

Rehospitalization

No 10,565 86.50

Yes 1,654 13.50

https://doi.org/10.1371/journal.pone.0282019.t001
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A binary logistic regression analysis was conducted to provide a risk calculation between

infections and intrahospital death that accounted for 26% (278/1,352) of patients with at least

one HAI in our study. Table 5 shows the results. All reported microorganisms were signifi-

cantly associated with an increased risk of mortality in the univariable analysis, and this associ-

ation was confirmed in the multivariate analysis, except for Escherichia coli and Enterococcus
spp. Multivariate analysis was probably influenced by the high rate of concurrent infections.

Regarding the antibiotic resistance spectra, all isolated microorganisms were tested for

resistance phenotypes. Overall, 141 patients showed at least 1 infection with AMR phenotype;

for the 4 AMR microorganisms considered in this study, we first evaluated the association

with intrahospital death and then evaluated the effect of these microorganisms when consider-

ing the mortality associated with an infection caused by the same microorganism without an

AMR profile (Table 6).

In addition, we evaluated the percentage of HAIs for which coding was missing from the

DRGs. In 407 cases (30.1%), coding for the diagnosis of infection by HAIs was not performed.

Fig 2. Age distribution of inpatient infections.

https://doi.org/10.1371/journal.pone.0282019.g002

Fig 3. Distribution of concurrent infections on the sample.

https://doi.org/10.1371/journal.pone.0282019.g003
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Table 2. Association between sociodemographic and outcome variables for infections with HAI associated microorganisms: a binary logistic regression analysis.

Univariate analysis Multivariate analysis forward stepwise method

Investigated variable OR 95% CI p OR 95% CI p

lower upper lower upper

Age (decade) 1.217 1.174 1.262 <0.001 1.178 1.126 1.233 <0.001

Gender (male) 0.980 0.875 1.098 = 0.731

Education level 0.766 0.705 0.832 <0.001

Marital status (single) 1.361 1.184 1.566 <0.001

Nationality (italian) 0.835 0.670 1.040 = 0.107

LOS (days) 1.146 1.138 1.153 <0.001 1.144 1.137 1.152 <0.001

https://doi.org/10.1371/journal.pone.0282019.t002

Table 3. Distribution of HAI microorganisms by ward type.

Inpatient ward Presence of infection Total

n %

All patients Medical 780 13.5% 5,775

Surgical 572 8.9% 6,444

Total 1,352 11.1% 12,219

Patients with age� 65 years Medical 544 16.9% 3,226

Surgical 324 9.8% 3,315

Total 868 13.3% 6,541

Patients with age < 65 years Medical 236 9.3% 2,549

Surgical 248 7.9% 3,129

Total 484 8.5% 5,678

ICUs had a higher risk of infection in all patients (OR = 3.071; 95% CI = 2.539–3.715; p<0.001). Considering age, the

risk for those under 65 was higher (OR = 5.478; 95% IC = 4.036–7.435; p < 0.001) than for those over 65

(OR = 2.094; 95% CI = 1.639–2.675; p < 0.001).

https://doi.org/10.1371/journal.pone.0282019.t003

Table 4. Frequency of alert microorganisms over the site of infection.

Bacteremia / sepsis Respiratory tract Gastrointestinal

tract

Urinary tract Surgical site Other sites

n % n % n % n % n % n %

Staphylococcus spp 473 50.2 95 16.4 0 0.0 16 1.6 66 14.7 95 21.3

Klebsiella pneumoniae 98 10.4 65 11.2 41 39.4 97 9.6 45 10.0 20 4.5

Enterococcus spp 98 10.4 29 5.0 0 0.0 243 24.1 122 27.2 81 18.1

Candida spp 68 7.2 93 16.1 2 1.9 305 30.3 47 10.5 96 21.5

Escherichia coli 47 5.0 30 5.2 3 2.9 169 16.8 41 9.2 30 6.7

Acinetobacter baumannii 33 3.5 59 10.2 22 21.2 26 2.6 25 5.6 19 4.3

Pseudomonas aeruginosa 21 2.2 69 12.0 1 1.0 56 5.6 29 6.5 22 4.9

Clostridioides difficile 0 0.0 0 0.0 33 31.7 0 0.0 0 0.0 0 0.0

Vibrions 0 0.0 0 0.0 1 1.0 0 0.0 0 0.0 0 0.0

Proteus 0 0.0 0 0.0 0 0.0 33 3.3 29 6.5 0 0.0

Aspergillus 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 18 4.0

Others 105 11.1 138 23.9 1 0.8 63 6.3 44 9.8 66 14.8

Total 943 100.0 578 100.0 104 100.0 1,008 100.0 448 100.0 447 100.0

https://doi.org/10.1371/journal.pone.0282019.t004
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Coding in medical wards, surgical wards, and ICUs was lacking in 27.0%, 36.8%, and 26.4% of

cases, respectively (Table 7).

Discussion

The results of this study confirm the alarming data described in the literature regarding the

spread of microorganisms of concern and consequent infections in acute care institutions.

Our analysis investigated a specific case study, that of PTV, a university hospital that serves

as a referral for high medical specialty functions for about 1,5 million citizens living in the city

of Rome and province. Our sample showed a prevalence of infections, in ordinary hospitaliza-

tion, of 11.1% (1352/12219). This data is high in comparison with the most recent available

data from studies across Europe [1, 16] and Italy [17] which showed a prevalence of HAIs of

approximately 8.00%.

Table 5. Intrahospital decease and infections: a binary logistic regression analysis.

Univariate Analysis Multivariate analysis forward stepwise method

Investigated variable OR 95% CI p OR 95% CI p

lower upper lower upper

Staphylococcus spp 7.801 6.306 9.651 <0.001 2.948 2.249 3.864 <0.001

Pseudomonas aeruginosa 9.106 6.584 12.595 <0.001 2.435 1.648 3.600 <0.001

Klebsiella pneumoniae 9.334 7.084 12.299 <0.001 2.640 1.884 3.700 <0.001

Escherichia coli 3.108 2.203 4.384 <0.001

Enterococcus spp 4.835 3.797 6.157 <0.001

Clostridioides difficile 9.748 4.828 19.681 <0.001 4.841 2.164 10.830 <0.001

Candida spp 8.589 6.891 10.707 <0.001 3.131 2.368 4.141 <0.001

Acinetobacter baumannii 12.558 8.816 17.889 <0.001 2.443 1.585 3.764 <0.001

https://doi.org/10.1371/journal.pone.0282019.t005

Table 6. Univariate analysis for intrahospital decease associated with AMR infections and non-AMR infections.

Non-AMR AMR

Investigated variable OR 95% CI p n OR 95% CI p n

lower upper lower upper

Staphylococcus spp 6.563 5.197 8.287 <0.001 676 18.275 11.355 29.412 <0.001 70

Klebsiella pneumoniae 8.282 6.022 11.391 <0.001 303 12.539 7.520 20.908 <0.001 63

Escherichia coli 2.899 2.013 4.176 <0.001 310 6.171 2.441 15.600 <0.001 9

Acinetobacter baumannii 9.699 6.457 14.571 <0.001 156 33.997 15.627 73.963 <0.001 28

https://doi.org/10.1371/journal.pone.0282019.t006

Table 7. Share of infection coding performed by ward type.

Ward Coding not done Total

n % n %

Medical 203 27.0% 753 100.0%

Surgical 162 36.8% 440 100.0%

Intensive care unit 42 26.4% 159 100.0%

Total 407 30.1% 1,352 100.0%

https://doi.org/10.1371/journal.pone.0282019.t007
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As HAIs are a multifactorial phenomenon, our study allowed us to investigate in further

detail their incidence in relation to several factors both sociodemographic and associated with

specific medical procedures. Moreover, while many studies focus on the incidence of infec-

tions due to a specific microorganism, our approach allowed us to investigate the phenomenon

as a whole, showing interesting results especially concerning multiple HAIs acquired by the

single patient. The combined approach of data from the laboratory, the clinical wards and

from hospital discharge card allowed a broader view on the topic, and gave more interesting

insight. First, the sociodemographic variables associated with HAIs provide us important

insights, thus highlighting their role in defining the absolute risk of developing a HAIs

(Table 2). Our data showed that being unmarried increased the risk of HAIs. We inferred that

marital status could be an indirect indication of loneliness, which is a powerful risk factor for

infectious disease susceptibility [18, 19] and immunosuppression (i.e. higher susceptibility of

developing HAIs).On the other hand a low education level is associated with poor socioeco-

nomic conditions linked to physical weakness and comorbidities [20].

Nevertheless, the association of the education level with HAI was not confirmed on the

multivariate analysis.

In our study, both in univariate and multivariate analysis, age and LOS are significantly

associated with HAIs, while gender is not associated in either analysis, this is supported also by

the study of Golfera and colleagues [21]. However, as demonstrated in the narrative revision of

Cristina and colleagues (2021) elderly patients are identified as belonging to the high-risk

group for the development of healthcare-associated infections (HAI) due to the age-related

immune system decline, known as immunosenescence [22].

The association of the above-mentioned variables with HAI was not confirmed on the mul-

tivariate analysis, probably because of the effect of age. We confirmed the well-known associa-

tion with the increase in LOS appears in our analysis. Ohannessian and colleagues [23]

estimated the change in LOS due to infection(s); by using a multistate model and the time of

infection onset. Results from their study show an increase in LOS of 5.0 days (95% CI = 4.6–

5.4 days). The LOS increased with the number of infected sites and was higher for patients

who were discharged alive from the ICU, but no increase in LOS was found for patients pre-

senting with late-onset HAI, after day 25 of admission [23]. This suggests that the increase in

LOS is attributable to infection at the early stage of hospitalization. However in the study of

Cristina and colleagues HAI in geriatric patients are responsible for longer hospital stays [22].

Concerning wards, our study showed that, the risk of HAI is higher in medical wards than

surgical wards (13.5% and 8.9% of patients, respectively) (Table 3) this is also confirmed by the

literature [21, 24]. Our study confirmed this data for both over 65 and under 65 year old

patients. This can be explained by the greater number of elderly patients (>65 years) in medi-

cal wards than in surgical wards; however, the difference in HAI incidence was not confirmed

only considering patients under 65 years. We can therefore assume that perioperative prophy-

laxis in surgical wards plays a role in reducing infections [25] even if, particular attention must

be paid to compliance with the protocol and to its duration to avoid the promotion of AMR

insurgence [16, 26, 27].

Concerning the site of infection, HAIs that are frequently observed in our study include uri-

nary tract infections and BSIs; this fact is in accordance with the global trends described in the

literature [6, 7, 28].

Intra-hospital death is frequently observed in patients with HAIs, and all analysed microor-

ganisms are significantly associated with increased risk of mortality in the univariate analysis.

In multivariate analysis there is no association with increased risk of mortality and Escherichia

coli and Enterococcus spp microorganisms.
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In this study we showed that approximately 50% of patients who acquired HAIs during

their hospitalization tested positive for at least two or more microorganisms, therefore the

multivariate analysis provided relevant insights into the effect of concurrent infections. The

multivariate analysis showed that some microorganisms, such as Clostridioides difficile, occur

less frequently than others. On the other hand, microorganisms such as Escherichia coli and

Enterococcus spp. are more likely associated with at least one concurrent HAI, this finding

probably explains why they are not associated with mortality in the multivariate analysis

(Table 5).

The same approach has been used for infections caused by AMR microorganisms. The risk

of intrahospital death is extremely high compared to infections from the same microorganisms

with no AMR profile. A relevant example is MDR Acinetobater baumannii which increases

mortality by 34 times, compared with 9 times in non-AMR cases (Table 6).

Conclusions

The phenomenon investigated represents a major challenge for public health worldwide, but

few epidemiological studies have been conducted on the subject. Furthermore, epidemiologi-

cal studies are usually conducted in limited areas and with only partial integration of labora-

tory data, often leading to the detriment of an overall picture.

The record-linkage experiment between laboratory data and HDF flows represents an inno-

vative method from the epidemiological point of view in the assessment of HAIs, which, to the

best of our knowledge, has never been fully used, particularly in situations where an integrated

regional bacteriological data collection system has not been implemented.

The author considers this approach as a promising tool for deciphering the epidemiological

frame of intrinsic comorbidity and is a starting point in combining environmental, clinical,

social individual and organizational factors to calculate and define the risk of HAIs.

The proportion of preventable HAIs is high, and infections associated with certain proce-

dures can be prevented by reducing unnecessary interventions, choosing safer equipment,

adopting aseptic patient care measures, and observing proper hand washing techniques [12–

14]. The cost of HAIs is high to the patient and the facility in both health and economic terms;

hence, there is a need to adopt safe care practices that prevent or control transmission, particu-

larly of alert microorganisms. Control programs need to be implemented at different levels

(national, regional, and local) to ensure the implementation of measures that have proven

effective in minimizing the risk of infections, but this cannot be achieved without improving

epidemiological knowledge by conducting prospective studies and improving the transmission

of information in administrative flows.

Limitations

The weaknesses of this study includes its lack of systematic data collection and record linkage

with environmental monitoring (surfaces, fomites, air, water, medical devices, etc.) and medi-

cal surgical procedures/devices. We are currently working to integrate these types of data into

the system. In addition, we need to integrate key data from personnel attitudes regarding hand

hygiene and other behaviours in daily activities. Microbiological data is integrated in our data-

base but only for patients who tested positive for HAIs, thus resulting in the lack of informa-

tion about the total number of microbiological tests conducted. Some variables associated with

HAIs, except LOS in hospitals, had an unclear causal relationship with the risk of infection

because of the observational nature of the study. A prospective study could be useful for assess-

ing this bidirectional relationship.
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