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SUMMARY 

Introduction: l Healthcare-associated infections are more prevalent in critically ill patients. 

Contextualized studies are needed to clarify their characteristics and predictive factors. 

Aim: Identify the characteristics and predictive factors of healthcare-associated infections. 
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Methods: Cohort study in 364 patients. Characteristics were compared between patients with 

and without infections. To identify predictive factors, infection was considered the dependent 

variable, and severity, comorbidity, and hospital stay indices were considered independent 

variables. For data processing, descriptive statistical summary measures were used, along with 

bivariate and multivariate analyses. 

Results: HAIs developed in 7.9% of patients. 62.1% were men (p=0.025). The mean age was 

estimated at 44.9 years (95% CI 38.0–51.7) (p=0.098). The mean Acute Physiology and Chronic 

Health Evaluation II score was 15.1 (95% CI 12.7–17.6) and the Sequential Organ Failure 

Assessment score was 3.0 (95% CI 1.7–4.3). Bacteremia (31.0%) was the main site. The most 

frequent microorganisms were Staphylococcus aureus (27.5%) and Enterobacter sp (27.5%). 

Artificial mechanical ventilation (adjusted OR 7.7, 95% CI 2.6-22.8) and length of stay ≥ 7 days 

(adjusted OR 2.8, 95% CI 1.1-6.9) were identified as predictive factors. 

Conclusions: Patients are characterized by older age, severity, organ dysfunction, and 

comorbidity. Artificial mechanical ventilation and length of stay ≥ 7 days are predictive factors 

for the development of healthcare-associated infections. 

Keywords: Infection; Intensive care units; Prediction. 

 

ABSTRACT 

Introduction: healthcare-associated infections (HAIs) have a higher prevalence among critically 

ill patients. Contextualized studies are needed to clarify their characteristics and predictive 

factors. 

Objective: to identify the characteristics and predictive factors of healthcare-associated 

infections. 

Methods: a cohort study was conducted on 364 patients. Characteristics were compared 

between patients with and without infections. To identify predictive factors, infection was 

considered the dependent variable, and severity indices, comorbidity, and length of stay were 
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considered independent variables. Descriptive statistics, bivariate, and multivariate analyzes 

were applied. 

Results: HAIs developed in 7.9 % of patients. Of these, 62.1 % were male (p = 0.025). The mean 

age was estimated at 44.9 years (95% CI: 38.0–51.7) (p = 0.098). The average Acute Physiology 

and Chronic Health Evaluation II score was 15.1 (95% CI: 12.7–17.6), and the Sequential Organ 

Failure Assessment score was 3.0 (95% CI: 1.7–4.3). The main infection site was bloodstream 

infection (31.0 %). The most frequent microorganisms were Staphylococcus aureus (27.5 %) and 

Enterobacter spp. (27.5%). Mechanical ventilation (adjusted OR: 7.7, 95% CI: 2.6–22.8) and 

length of stay ≥ 7 days (adjusted OR: 2.8, 95% CI: 1.1–6.9) were identified as predictive factors. 

Conclusions: Patients are characterized by older age, higher severity, organ dysfunction, and 

comorbidities. Mechanical ventilation and a length of stay ≥ 7 days are predictive factors for the 

development of healthcare-associated infections. 

Keywords: Infection; Intensive Care Units; Prediction. 

 

SUMMARY 

Introduction: Infections associated with health care (IAAS) have a higher prevalence in seriously 

ill patients. Contextualized studies are only necessary to clarify its characteristics and predictive 

factors. 

Aim: identify the characteristics and predictive factors of infections associated with health care. 

Methods: cohort study with 364 patients. The characteristics are compared between patients 

with semi-infections. To identify the predictive factors, infection is considered as a dependent 

variable, and the indices of gravity, comorbidities and hospitalization time are considered 

independent variables. Foram applied summary measures of descriptive statistics, in addition to 

bivariate and multivariate analyses. 

Results: The IAAS developed in 7.9% of two patients. Destes, 62.1% were homens (p = 0.025). 

The mean age was estimated at 44.9 years (95% CI: 38.0–51.7) (p = 0.098). The average Acute 

Physiology and Chronic Health Evaluation II score was 15.1 (95% CI: 12.7–17.6) and the 
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Sequential Organ Failure Assessment was 3.0 (95% CI: 1.7–4.3). The main location of the 

infection was the bloodstream (31.0%). The most common microorganisms are Staphylococcus 

aureus (27.5%) and Enterobacter sp. (27.5%). Mechanical ventilation (adjusted OR: 7.7; 95% CI: 

2.6–22.8) and hospitalization time ≥ 7 days (adjusted OR: 2.8; 95% CI: 1.1–6.9) were identified 

as predictive factors. 

Conclusões: Patients are characterized by increased ity, pregnancy, organ dysfunction and 

comorbidities. Mechanical ventilation and hospitalization time ≥ 7 days are predictive factors for 

the development of infections associated with health care. 

Keywords: Infection; Intensive care units; Prediction. 
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Introduction 

Healthcare-associated infections (HAIs) develop in patients admitted to a hospital or other 

health care facility, and are not present or incubating at the time of admission. (1) They 

currently represent a public health burden by increasing morbidity, mortality, hospital stay, 

costs, and antimicrobial resistance. (2) 

Worldwide, HAIs are common, affecting between 7% and 10% of hospitalized patients. Intensive 

care units (ICUs) are the hospital wards with the highest prevalence of HAIs, and in high-income 

countries, up to 30% of critically ill patients in ICUs acquire this type of infection. (3) 

In Cuba, the incidence of HAIs is approximately 15%, although a recent specific study confirmed 

an increase of up to 37.8%. (4,5) In Granma province, Cuba, a study showed that 8.0% of 

patients admitted to the ICU of a provincial hospital acquired this type of infection. (6) 
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12.7% of those who remain in an ICU for more than two days have at least one HAI under 

surveillance, the most common of which are pneumonia, bacteremia, and urinary tract 

infection. (7) Comorbidity, immunosuppression, catheters, and other invasive devices 

predispose to these conditions. (8,9) 

Despite prior research on the topic, contextualized clinical-epidemiological studies are needed, 

considering that the prevalence of HAIs is increasing, varies between hospitals and countries, 

and is related to patient characteristics, epidemiological, and organizational factors. 

Furthermore, most of these studies have been conducted at the hospital level, and indicators 

with a close causal relationship to their development are not considered when identifying 

predictive factors for HAIs in critically ill patients. 

The results of the characterization of HAIs and the identification of predictive factors for their 

occurrence are useful for planning human and material resources and for developing preventive 

measures aimed at reducing morbidity and mortality from this cause. 

Therefore, this study aims to identify the characteristics and predictive factors of HAIs in 

critically ill patients. 

 

  

Methods 

An observational, analytical, single-cohort study was conducted in the ICU of the Carlos Manuel 

de Céspedes Provincial General Hospital in Bayamo, Granma. The study was carried out with 

patients included in the months of November and December of 2016, 2017, 2018, 2019, and 

2020, according to the phases of the Multicenter Project "Reduction of Nosocomial Infection in 

Intensive Care Units" (DINUCI), implemented at the institutional level, from which the cohort 

was formed.    

Inclusion criteria  

Patients with a stay of more than 48 hours were successively included and followed until they 

developed HAIs. The diagnosis of HAIs and their locations were based on the Centers for Disease 
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Control and Prevention (CDC) guidelines. (10,11) The cohort consisted of 364 subjects, of whom 

29 (7.9%) developed HAIs and 335 (91.2%) did not develop HAIs during follow-up. 

Exclusion criteria 

Patients with a stay of 48 hours or less and those for whom complete follow-up until discharge 

was not possible were excluded from the cohort. 

Study variables 

The following variables were defined: sex: according to biological sex (male or female), age (in 

years), Acute Physiology and Chronic Health Evaluation II (APACHE II) prognostic score: to 

quantify severity, (12) Sequential Organ Failure Assessment (SOFA) score on admission: to 

evaluate the alteration of organ functions (13), sepsis stage: Systemic Inflammatory Response 

Syndrome (SIRS), sepsis and septic shock (according to the SIRS criteria of the Consensus 

Conference of Chest Physicians/Society of Critical Care Medicine); and sepsis and septic shock 

according to the Sepsis-3 consensus. (14) Comorbidity was also recorded: a) 

Immunosuppression: patients with radiation, chemotherapy, high-dose and prolonged steroids, 

advanced diseases, HIV or congenital or acquired immunodeficiency; b) History of chronic 

diseases: Diabetes mellitus, chronic kidney disease (CKD), neoplasia, liver cirrhosis and Chronic 

Obstructive Pulmonary Disease (COPD). Artificial mechanical ventilation (AMV), renal cleansing 

methods (RDM), parenteral nutrition (PNT) and antimicrobial treatment upon admission were 

determined as therapeutic procedures. Central venous catheter (CVC) implantation was used as 

a device. Other variables taken into account in the characterization were: ICU stay (in days), 

status at discharge (alive or deceased), location of infection according to the guidelines 

established by the Centers for Disease Control and Prevention (CDC), (10,11) and causative 

microorganism isolated in the microbiological culture. To identify predictive factors, the 

dependent variable was defined as HAI (yes or no) and independent variables were defined as 

predictive factors whose influence is evaluated on the development of HAI: APACHE II, SOFA, 

comorbidity, CVC, AMV and ICU stay.      

Statistical analysis   
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Percentages were estimated for qualitative variables such as sex, sepsis stage, comorbidity, 

therapeutic procedures and implanted device, discharge status, infection site, and causative 

microorganism. For the analysis of quantitative variables (age, APACHE II, SOFA, ICU stay), the 

arithmetic mean and their 95% confidence intervals (95% CI) were calculated. 

To determine the differences between the means of patients with and without HAIs, the 

parametric Student t test was used for independent data; and the chi-square test was used to 

compare categorical variables. The level of statistical significance was α < 0.05. 

A bivariate analysis was performed to identify predictive factors. The relative risk (RR) and its 

95% confidence interval (95% CI) were calculated. Each factor was considered to be associated 

with the development of HAIs when the RR was greater than 1 and statistical significance was 

equal to or greater than 0.05. The cutoff points for quantitative variables were estimated by 

inspecting the box plots, starting from the point that marked the difference between patients 

with and without HAIs. 

A multivariate data analysis technique was also applied using a binary logistic regression 

statistical model. The maximum likelihood method and the Hosmer-Lemeshow goodness-of-fit 

and Nagelkerke R2 statistics were used for this purpose. SPSS version 27.0 was used for 

statistical processing. 

Ethical regulations 

The ethical provisions of the Declaration of Helsinki for studies involving human subjects were 

observed. The information necessary for the research was obtained from clinical practice, and 

its confidentiality was guaranteed. No new therapeutic measures were tested.   

 

 

Results 

Twenty-nine patients were diagnosed with HAIs, representing 7.9% of the total population. 

Table 1 shows the characteristics of patients with HAIs by sex, sepsis stage, and comorbidity. In 

the series, 210 patients (57.7%) were female. Among those who developed HAIs, 62.1% were 
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male; significant differences were found between patients with and without HAIs by sex 

(p=0.025). 

SIRS was documented in 35.1% of patients; however, it was identified in 62.0% of those with 

HAIs and 32.8% without HAIs, with significant differences between the two groups (p=0.002). 

The sepsis/septic shock stage was confirmed in 27.6% of those who acquired the infection and 

in 5.1% of patients without infection (p=0.001) (Table 1). 

89.7% of patients with HAIs had neoplasia; this frequency was significantly higher compared 

with those who did not develop infection (p=0.022). 10.3% of patients were on 

immunosuppression; this condition was not significantly associated with HAIs (p=0.531) (Table 

1). 

 
Table 1. Patient characteristics by sex, sepsis stages, and comorbidity. 

Variable 
All patients (n=364) 

With IAAS 

(n=29) 

Without IAAS 

(n=335) 
p* 

No. % No. % No. %  

Sex 

Female 210 57.7 11 37.9 199 59.4 0.025 

Male 154) 42.3 18 62.1 136 40.6  

SRIS    0.002 

Yeah 128 35.1 18 62.0 110 32.8  

No 236 64.9 11 38.0 225 67.2  

Sepsis/Septic Shock    0.001 

Yeah 25 6.9 8 27.6 17 5.1  

No 339 93.1 21 72.4 318 94.9  

Diabetes mellitus    0,099 

Yeah 29 7.9 0 0.0 29 8.6  

No 335 92.1 29 100.0 306 91.4  

Neoplasia    0.022 

Yeah 32 8.8 3 10.3 29 8.7  

No 332 91.2 26 89.7 306 91.3  

Immunosuppression    0.531 

Yeah 27 7.4 3 10.3 24 7.1  

No 337 92.6 26 89.7 311 92.9  
*p ˂ 0.05 
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15.6% of patients required AMI (Table 2), but this procedure was applied to 68.9% of patients 

with HAIs, corroborating differences in frequency compared to those who did not acquire HAIs 

(p=0.000). TPN treatment was significantly associated with HAIs, being indicated in 10.3% of 

patients who developed them (p=0.016). A central venous catheter was placed in 41.8% of 

patients in the series; in 79.3% of those who acquired infection and 38.5% without infection 

(p=0.001) (Table 2). 

The mean age was 40.5 years (95% CI 38.6-42.5); in those who developed HAIs, the age was 

estimated at 44.9 years (95% CI 38.0-51.7) compared with 40.2 years in patients without 

infection (95% CI 38.1-42.4) (p=0.098). (Table 2) 

The mean APACHE II score was 10.2 (95% CI 9.5-10.8). In patients with HAIs, it was 15.1 (95% CI 

12.7-17.6) and 9.7 without HAIs (95% CI 9.1-10.4) (p=0.000). The mean SOFA score was 1.1 (95% 

CI 0.9-1.4) and in those with infection, 3.0 (95% CI 1.7-4.3) (p=0.000). The mean length of stay 

was 6.7 days (95% CI 5.1-6.3); 11.4 days in those with infection (95% CI 5.1-6.3) and 6.3 in 

patients without infection (p=0.001) (Table 1). 8.6% of patients were discharged dead; in the 

HAI group, mortality was 17.3% (p=0.079). (Table 2) 

 

Table 2. Characteristics according to procedures, device and values of quantitative variables. 

Variable 
All patients (n=364) 

With IAAS 
(n=29) 

Without IAAS 
(n=335) 

p* 

No.               % No.               % No.               %  

VMA    0.000 

Yeah 57 15.6 20 68.9 37 11.1  

No 307 84.3 9 31.1 298 88.9  

MDR    0.072 

Yeah 8 2.2 2 6.9 6 1.7  

No 356 97.8 27 93.1 329 98.2  

Parenteral nutrition    0.016 

Yeah 11 3.1 3 10.3 8 2.4  

No 353 96.9 26 89.7 327 97.6  

Previous antibiotic    0.333 

Yeah 145 39.8 14 48.3 131 39.1  

No 219 60.2 15 51.7 204 60.9  

Central venous    0.001 
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catheter 

Yeah 152 41.8 23 79.3 129 38.5  

No 212 58.2 6 20.7 206 61.5  

Quantitative 
variables 

Avera
ge 

(95% CI) Average 95% CI) Average 95% CI  

Middle Ages 40.5 38.6-42.5 44.9 38.0-51.7 40.2 38.1-42.4 0.098 

APACHE II 10.2 9.5-10.8 15.1 12.7-17.6 9.7 9.1-10.4 0.000 

COUCH 1.1 (0.9-1.4) 3.0 1.7-4.3 1.0 0.7-1.2 0.000 

Stay 6.7 (6,1-7,4) 11.4 8.4-14.3 6.3 5.7-7.0 0.001 

*p ˂ 0.05 **Artificial mechanical ventilation; ***Renal cleansing methods 

 

Table 3 shows that bacteremia (31.0%), VMA-associated tracheobronchitis (27.6%), and VMA-

associated pneumonia (VAP) were the main sites of HAIs. The most frequent causative 

microorganisms were Staphylococcus aureus (27.5%), Enterobacter sp (27.5%), and Escherichia 

coli (20.6%). 

 

Table 3. Frequency distribution by location and microorganisms of healthcare-associated infections. 

Variable No. % 

Location 

Bacteremia 9 31.0 

VMA-associated tracheobronchitis 8 27.6 

VMA-associated pneumonia 6 20.6 

Urinary infection 5 17.2 

Other 1 3.4 

Microorganisms 

Staphylococcus aureus 8 27.5 

Enterobacter sp 8 27.5 

Escherichia coli 6 20.6 

Pseudomona aeruginosa 4 13.7 

Enterococcus sp. 2 6.8 

Staphylococcus epidermidis 1 3.4 

 

Bivariate analysis confirmed that an APACHE score ≥ 11 increases the likelihood of developing 

the infection approximately sevenfold (RR 7.5% CI 95% 3.1-18.1 p=0.000). The SOFA score ≥ 2 

(RR 5.7% CI 95% 2.5-12.6 p=0.000) and the use of a central venous catheter (RR 5.7% CI 95% 2.5-

12.6 p=0.000) increase the risk of developing it almost sixfold. An AMV (RR 17.8% CI 95% 7.5-

42.1 p=0.000) increases the risk approximately 18-fold, and a length of stay ≥ 7 (RR 5.3% CI 95% 
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2.4-11.8 p=0.000) increases it fivefold. These factors were associated with the development of 

HAIs (Table 4). 

  

Table 4. Bivariate analysis of predictors of healthcare-associated infection. 

Variables 

With IAAS 
n=29 

Without IAAS 
n=335 

Relative risk 
(RR) 

95% confidence interval 
(95% CI) p* 

No % No % Lower limit Upper limit 

APACHE II 

<11 7 24.1 236 70.4  
7.5 

 
3.1 

 
18.1 

 
0.000 ≥11 22 75.9 99 29.6 

COUCH 

<2 15 51.7 288 86.0  
5.7 

 
2.5 

 
12.6 

 
0.000 ≥ 2 14 48.3 47 14.0 

Comorbidity 

Yeah 7 24.1 75 22.4  
1.1 

 
0.4 

 
2.6 

 
0.829 No 22 75.9 260 77.6 

Central venous catheter 

Yeah 23 79.3 129 38.5  
6.1 

 
2.4 

 
15.4 

 
0.000 No 6 20.7 206 61.5 

Artificial mechanical ventilation 

Yeah 20 69.0 37 11.0  
17.8 

 
7.5 

 
42.1 

 
0.000 No 9 31.0 298 89.0 

Stay (days) 

< 7 18 62.1 257 76.7 
5.3 2.4 11.9 0.000 

≥ 7 11 37.9 78 23.3 
*p ˂ 0.05 

 

The VMA (adjusted odds (OR) 7.7, 95% CI 2.6-22.8, p=0.000) and length of stay ≥ 7 days (adjusted 

OR 2.8, 95% CI 1.1-6.9) were identified as independent predictors of HAIs in the binary logistic 

regression statistical model, when other hypothesized influential variables were present. (Table 5). 

 

Table 5. Logistic regression model of predictors of healthcare-associated infection. 

Variables B* 
Mistake 
Standard 

Wald Next. † Exp(B) ‡ 

95% CI § 
 

Lower Superior 
 

Artificial mechanical ventilation 2,042 0.55 13.59 0.000 7.7 2.6 22.8  

Stay ≥ 7 days 1,040 0.46 5.10 0.024 2.8 1.1 6.9  

Central venous catheter   0.673 0.550 1.49 0.222 1.9 0.6 5.7  

APACHE II ≥ 11 0.425 0.583 0.53 0.466 1.5 0.4 4.7  
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SOFA ≥ 2 0.225 0.517 0.18 0.663 1.2 0.4 3.4  

Hosmer and Lemeshow test: 0.526; Nagelkerke R2: 0.339; 
*Model coefficients † Statistical significance; 

‡ Adjusted Odd Ratio (OR) § 95% Confidence Interval 

 

 

Discussion 

The frequency of HAIs is lower than in other series. Despotovic MD et al. (8) confirmed the 

infection in 32.6% of those admitted. Blonch N et al. (15) corroborated HAIs in 56.3% of patients 

with COVID-19, and in 18.9% without COVID-19. A prevalence study in Cuba showed an increase 

in HAIs from 23.1% in 2019 to 37.8% in 2020. (5). The implementation of a package of 

prophylactic measures, as part of the DINUCI project, in the study ICU, could explain the 

described results.    

A systematic review with meta-analysis developed by Liu X and colleagues, (16) found a 

significant difference in the development of infection between men and women, which is close 

to that observed in the present case series. The probability was 1.33 (95% CI 1.20-1.47) in favor 

of men. Epidemiological studies show sexual dimorphism in infectious diseases; with lower risk 

in women. Sex disparities influence hormonal and chromosomal control of immunity. 

Furthermore, differences in occupational activities, lifestyle and comorbidity play an important 

role in exposure to pathogens. (17)    

Elderly patients are identified as a high-risk group for HAIs due to immunosenescence, which 

was not evident in the series due to the study's ICU admission criteria; despite a higher age in 

those with HAIs. (18) 

The APACHE II and SOFA scores and sepsis staging results are similar to those reported by He et 

al. (19) The authors confirmed a mean APACHE II score of 12.5, a SOFA score of 4.05, a higher 

mean SIRS criteria, and septic shock in 28.7% of patients. Consequently, sepsis risk and staging 

indices are key indicators for characterizing the severity and degree of organ dysfunction. 

Patients with malignancies have a 3- to 5-fold increased risk of sepsis and HAIs due to resistant 

bacteria and are associated with increased therapeutic failure. (20) They also experience higher 
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rates of central venous catheter-associated bacteremia and more severe infections at other 

sites, supporting the study's findings regarding comorbidity. (21)   

A meta-analysis showed that the incidence of VAP is 30% (95% CI 24-37%). (22) Another study 

reported that approximately 11.0% of patients with VMA develop trachoebronchitis, and 12% of 

these cases progress to pneumonia, supporting the increased association of this procedure with 

HAI. (23) 

The average length of stay identified is close to that of the study by Tomazini et al. (23) who 

showed that it increases 3.5 times more in patients with HAIs. The increase in the length of 

hospital stay is a useful measure of the cost burden of HAIs and is used to increase investments 

in their prevention and control. (24)       

The main sites of infection generally coincide with those detected in several studies, although 

pulmonary infection predominates in most, especially VAP. (1,7,16,19) In the report on the 

epidemiological trend of HAIs in Cuban ICUs, VAP developed in 47.5% of patients; 

tracheobronchitis in 14.6% and bacteremia in 11.5%; statistics more similar to ours. (4) In the 

package of measures applied, those aimed at preventing VAP and tracheobronchitis 

predominated, hence the result. 

The microorganisms identified are specific to the main locations and are consistent with those 

reported in national (4,5) and international (1,8,16,19) studies. Emphasis is placed on the 

contribution of gram-positive and -negative bacteria to the etiology of HAIs. 

The VMA as an independent predictive factor of HAI was confirmed in the multivariate analysis 

estimated by Wang L et al., (24) with an adjusted OR of 2.70 (95% CI 1.33-5.35); a value close to 

that obtained in the logistic model of this study. Authors such as Blonch N et al., (15) Shrestha 

SK et al., (25) and Pereira PPS et al., (26) identified it as an associated risk factor. The VMA 

involves the use of invasive devices on the airway; antimicrobials, gastric mucosal protectors, 

urinary catheter and leads to a prolonged stay, which increases the risk of HAI. 

Multivariate analyses also consider length of stay as a predictor of infection; when it exceeds 7 

days, the risk may be significantly higher (RR 6.98, 95% CI 1.42-34.15). (26) 
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Conclusions 

Patients with HAIs are characterized by older age, severity, organ dysfunction, and comorbidity. 

Artificial mechanical ventilation and a hospital stay of ≥7 days are independent predictors of the 

development of HAIs. 

 

 

Bibliographic references 

1. Stewart S, Robertson C, Pan J, Kennedy S, Dancer S, Haahr L, et al. Epidemiology of 

healthcare-associated infection reported from a hospital-wide incidence study: considerations 

for infection prevention and control planning. J Hosp Infect [Internet]. 2021 [cited 

05/13/2025];114: 10-22. Available 

in:https://www.sciencedirect.com/science/article/pii/S0195670121001870. 

2. Sartelli M, Bartoli S, Borghi F, Busani S, Carsetti A, Catena F, et al. Implementation Strategies 

for Preventing Healthcare-Associated Infections across the Surgical Pathway: An Italian 

Multisociety Document. Antibiotics (Basel). [Internet]. 2023 [cited 05/13/2025];12(3): 521. 

Available in:https://pmc.ncbi.nlm.nih.gov/articles/PMC10044660/pdf/antibiotics-12-00521.pdf. 

3. Mazzeffi M, Galvagno S, Rock C. Prevention of Healthcare-associated Infections in Intensive 

Care Unit Patients. Anesthesiology [Internet]. 2021 [cited 05/13/2025]; 135(6): 1122-31. 

Available in:https://pubmed.ncbi.nlm.nih.gov/34731244/. 

4. Abdo A, Castellanos R, González JC, Vázquez Y, Dorta E, Blanco M, et al. Incidence of 

healthcare-associated infections in intensive care units in Cuba: 2015 and trend report for the 

first five-year period. Invest Medicoquir [Internet]. 2017 [cited 13/05/2025]; 9(1): 67–95. 

Available from:https://revcimeq.sld.cu/index.php/imq/article/view/374/462. 

https://www.sciencedirect.com/science/article/pii/S0195670121001870
https://pmc.ncbi.nlm.nih.gov/articles/PMC10044660/pdf/antibiotics-12-00521.pdf
https://pubmed.ncbi.nlm.nih.gov/34731244/
https://revcimeq.sld.cu/index.php/imq/article/view/374/462


ONLINE VERSION: ISSN 1028-4818 

RPNS-1853 

 

 
 

This work by Multimed is licensed under a 
https://creativecommons.org/licenses/by-nc-sa/4.0/ 

5. DINUCI P. Point prevalence of healthcare-associated infections in intensive care units in Cuba 

(2019-2020). Invest Medicoquir [Internet]. 2021 [cited 05/13/2025]; 13 (3). Available 

from:https://revcimeq.sld.cu/index.php/imq/article/view/739/771. 

6. González JC, Leyva VM, Vázquez YE, Arias A, Cabrera JO. Clinical, epidemiological, and therapeutic 

characteristics of patients treated in the intensive care unit. Rev Cub Med Mil [Internet]. 2021 [cited 13/05/2025]; 

50(4). Available from:http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0138-

65572021000400012&lng=es. 

7. European Center for Disease Prevention and Control. Healthcare-associated infections 

acquired in intensive care units. Annual Epidemiological Report for 2020. Sweden, Stockholm: 

ECDC. [Internet]. 2024 [cited 05/13/2025]: [approx. 15 p.]. Available 

at:https://www.ecdc.europa.eu/sites/default/files/documents/healthcare-associated-

infections-intensive-care-units-annual-epidemiological-report-2020.pdf. 

8. Despotovic A, Milosevic B, Milosevic I, Mitrovic N, Cirkovic A, Jovanovic S, et al. Hospital-

acquired infections in the adult intensive care unit-Epidemiology, antimicrobial resistance 

patterns, and risk factors or acquisition and mortality. Am J Infect Control [Internet]. 2020 [cited 

05/13/2025]; 48(10): 1211-15. Available 

in:https://www.sciencedirect.com/science/article/pii/S0196655320300365. 

9. Wang J, Wang G, Wang Y, Wang Y. Development and evaluation of a model for predicting the 

risk of healthcare-associated infections in patients admitted to intensive care units. Front Public 

Health [Internet]. 2024 [cited 05/13/2025]; 12: 1444176. Available 

at:https://pubmed.ncbi.nlm.nih.gov/39329001/. 

10. CDC/NHSN Surveillance Definition of Healthcare-Associated Infection and Criteria for 

Specific Types of Infections in the Acute Care Setting. April 2013 CDC/NHSN Protocol 

Corrections, Clarification, and Additions. CDC. [Internet]. 2013 [cited 05/13/2025]; 8(1). 

Available in:https://www.cdc.gov/nhsn/pdf/pscmanual/errata2013.pdf. 

11. CDC/NHSN Surveillance Definitions for Specific Types of Infections. In: National Healthcare 

Safety Network (NHSN) Patient Safety Component Manual. 2021. [cited 05/13/2025]. Available 

https://revcimeq.sld.cu/index.php/imq/article/view/739/771
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0138-65572021000400012&lng=es
http://scielo.sld.cu/scielo.php?script=sci_arttext&pid=S0138-65572021000400012&lng=es
https://www.ecdc.europa.eu/sites/default/files/documents/healthcare-associated-infections-intensive-care-units-annual-epidemiological-report-2020.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/healthcare-associated-infections-intensive-care-units-annual-epidemiological-report-2020.pdf
https://www.sciencedirect.com/science/article/pii/S0196655320300365
https://pubmed.ncbi.nlm.nih.gov/39329001/
https://www.cdc.gov/nhsn/pdf/pscmanual/errata2013.pdf


ONLINE VERSION: ISSN 1028-4818 

RPNS-1853 

 

 
 

This work by Multimed is licensed under a 
https://creativecommons.org/licenses/by-nc-sa/4.0/ 

in:https://www.cdc.gov/nhsn/pdfs/pscmanual/17pscnosinfdefcurrent.pdf.https://www.cdc.gov

/nhsn/pdfs/validation/2021/pcsmanual_2021-508.pdf. 

12. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease 

classification system. Crit Care Med [Internet]. 1985 [cited 05/13/2025]; 13(10): 818-29. 

Available in:https://pubmed.ncbi.nlm.nih.gov/3928249/. 

13. Moreno R, Rhodes A, Piquilloud L, Hernandez G, Takala J, Gershengorn HB, et al. The 

Sequential Organ Failure Assessment (SOFA) Score: has the time come for an update?. Crit Care 

[Internet]. 2023 [cited 05/13/2025]; 27 (1): 15. Available 

in:https://pubmed.ncbi.nlm.nih.gov/36639780/. 

14. Singer M, Deutschman C, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. The Third 

International Consensus Definition for Sepsis and Septic Shock (Sepsis-3). JAMA [Internet]. 2016 

[cited 05/13/2025]; 315(8): 801-10. Available 

in:https://pmc.ncbi.nlm.nih.gov/articles/PMC4968574/pdf/nihms794087.pdf. 

15. Bloch N, Rüfenacht S, Ludwinek M, Frick W, Kleger GR, Schneider F, et al. 

Healthcareassociated infections in intensive care unit patients with and without COVID-19: a 

single center prospective surveillance study. Antimicrob Resist Infect Control [Internet]. 2023 

[cited 05/13/2025]; 12(1):147. Available 

in:-https://pmc.ncbi.nlm.nih.gov/articles/PMC10729473/pdf/13756_2023_Article_1353.pdf. 

16. Liu X, Long Y, Greenhalgh C, Steeg S, Wilkinson J, Li H, et al. A systematic review and meta-

analysis of risk factors associated with healthcare-associated infections among hospitalized 

patients in Chinese general hospitals from 2001 to 2022. J Hosp Infect [Internet]. 2023 [cited 

05/13/2025]; 135: 37-49. Available in:https://pubmed.ncbi.nlm.nih.gov/36907333/. 

17. Gay L, Melenotte C, Lakbar I, Mezouar S, Devaux C, Raoult D, et al. Sexual Dimorphism and 

Gender in Infectious Diseases. Front Immunol [Internet]. 2021 [cited 05/13/2025]; 12: 698121. 

Available in:https://pubmed.ncbi.nlm.nih.gov/34367158/. 

18. Cristina ML, Spagnolo AM, Giribone L, Demartini A, Sartini M. Epidemiology and Prevention 

of Healthcare-Associated Infections in Geriatric Patients: A Narrative Review. Int J Environ Res 

https://www.cdc.gov/nhsn/pdfs/pscmanual/17pscnosinfdefcurrent.pdf
https://www.cdc.gov/nhsn/pdfs/validation/2021/pcsmanual_2021-508.pdf
https://www.cdc.gov/nhsn/pdfs/validation/2021/pcsmanual_2021-508.pdf
https://pubmed.ncbi.nlm.nih.gov/3928249/
https://pubmed.ncbi.nlm.nih.gov/36639780/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4968574/pdf/nihms794087.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10729473/pdf/13756_2023_Article_1353.pdf
https://pubmed.ncbi.nlm.nih.gov/36907333/
https://pubmed.ncbi.nlm.nih.gov/34367158/


ONLINE VERSION: ISSN 1028-4818 

RPNS-1853 

 

 
 

This work by Multimed is licensed under a 
https://creativecommons.org/licenses/by-nc-sa/4.0/ 

Public Health [Internet]. 2021 [cited 05/13/2025]; 18(10): 5333. Available 

in:https://pubmed.ncbi.nlm.nih.gov/34067797/. 

19. He Y, Xu J, Shang X, Fang X, Gao C, Sun D, et al. Clinical characteristics and risk factors 

associated with ICU-acquired infections in sepsis: A retrospective cohort study. Front Cell Infect 

Microbiol [Internet]. 2022 [cited 05/13/2025]; 12: 962470. Available 

in:https://pmc.ncbi.nlm.nih.gov/articles/PMC9366915/pdf/fcimb-12-962470.pdf. 

20. Cornejo-Juárez P, Vilar-Compte D, García-Horton A, López-Velázquez M, Ñamendys-Silva S, 

Volkow-Fernández P. Hospital-acquired infections at an oncological intensive care cancer unit: 

differences between solid and hematological cancer patients. BMC Infect Dis [Internet]. 2016 

[cited 13/05/2025]; 16: 274. Available 

from:https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-016-1592-1. 

21. MacPhail A, Dendle C, Slavin M, McQuilten Z. Hospital-acquired bloodstream infections in 

patients with cancer: current knowledge and future directions. J Hosp Infect [Internet]. 2024 

[cited 05/13/2025]; 148: 39-50. Available in:https://pubmed.ncbi.nlm.nih.gov/38490489/. 

22. Li W, Cai J, Ding L, Chen Y, Wang X, Xu H. Incidence and risk factors of ventilator-associated 

pneumonia in the intensive care unit: a systematic review and meta-analysis. J Thorac Dis 

[Internet]. 2024 [cited 05/13/2025]; 16(9): 5518-28. Available 

in:https://pubmed.ncbi.nlm.nih.gov/39444919/. 

23. Tomazini BM, Besen BAMP, Dietrich C, Gandara APR, Silva DP, Pinheiro CCG, et al. VATICAN 

(Ventilator-Associated Tracheobronchitis Initiative to Conduct Antibiotic Evaluation): protocol 

for a multicenter randomized open-label trial of watchful waiting versus antimicrobial therapy 

for ventilator-associated tracheobronchitis. Crit Care Sci [Internet]. 2024 [cited 05/13/2025]; 36: 

e20240029. Available in:https://criticalcarescience.org/article/vatican-ventilator-associated-

tracheobronchitis-initiative-to-conduct-antibiotic-evaluation-protocol-for-a-multicenter-

randomized-open-label-trial-of-watchful-waiting-versus-antimicrobial-therapy-f/. 

24. Wang L, Zhou KH, Chen W, Yu Y, Feng SF. Epidemiology and risk factors for nosocomial 

infection in the intensive respiratory care unit of a teaching hospital in China: A prospective 

https://pubmed.ncbi.nlm.nih.gov/34067797/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9366915/pdf/fcimb-12-962470.pdf
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-016-1592-1
https://pubmed.ncbi.nlm.nih.gov/38490489/
https://pubmed.ncbi.nlm.nih.gov/39444919/
https://criticalcarescience.org/article/vatican-ventilator-associated-tracheobronchitis-initiative-to-conduct-antibiotic-evaluation-protocol-for-a-multicenter-randomized-open-label-trial-of-watchful-waiting-versus-antimicrobial-therapy-f/
https://criticalcarescience.org/article/vatican-ventilator-associated-tracheobronchitis-initiative-to-conduct-antibiotic-evaluation-protocol-for-a-multicenter-randomized-open-label-trial-of-watchful-waiting-versus-antimicrobial-therapy-f/
https://criticalcarescience.org/article/vatican-ventilator-associated-tracheobronchitis-initiative-to-conduct-antibiotic-evaluation-protocol-for-a-multicenter-randomized-open-label-trial-of-watchful-waiting-versus-antimicrobial-therapy-f/


ONLINE VERSION: ISSN 1028-4818 

RPNS-1853 

 

 
 

This work by Multimed is licensed under a 
https://creativecommons.org/licenses/by-nc-sa/4.0/ 

surveillance during 2013 and 2015. BMC Infect Dis [Internet]. 2019 [cited 05/13/2025]; 19(1): 

145. Available 

in:https://pmc.ncbi.nlm.nih.gov/articles/PMC6373110/pdf/12879_2019_Article_3772.pdf. 

25. Shrestha SK, Trotter A, Shrestha PK. Epidemiology and Risk Factors of Healthcare-Associated 

Infections in Critically Ill Patients in a Tertiary Care Teaching Hospital in Nepal: A Prospective 

Cohort Study. Infect Dis (Auckl). [Internet]. 2022 [cited 05/13/2025]; 15: 11786337211071120. 

Available at:https://pubmed.ncbi.nlm.nih.gov/35095279/. 

26. Pereira PPS, Sabini AAC, Deus JC, Araújo LX, Pontes DO, Hang AT, et al. Risk factors for 

healthcare-associated infections in Intensive Care Units. Rev Enferm UFPI. [Internet]. 2023 

[cited 05/13/2025]; 12(1): e3806. Available 

in:file:///C:/Users/Aida/Downloads/lucas9fontes,+3806+INGL%C3%8AS+(DIAG_REF)-2.pdf. 

 

 

Conflicts of interest 

The authors declare no conflicts of interest. 

 

Authorship contribution 

Julio César González Aguilera: Conceptualization, research, methodology, writing, 

review and editing. 

Jorge Omar Cabrera Lavernia: Supervision, validation. 

Armando Arias Ortiz: Writing-original draft. 

Jorge Omar Cabera Lavernia: Content review. 

Yoleinis Esperanza Vázquez Belizón: Information gathering. 

 

I, Julio César González Aguilera, on behalf of all the co-authors, declare the veracity 

of the content of the article. 

 

https://pmc.ncbi.nlm.nih.gov/articles/PMC6373110/pdf/12879_2019_Article_3772.pdf
https://pubmed.ncbi.nlm.nih.gov/35095279/
../../../C:/Users/Aida/Downloads/lucas9fontes,+3806+INGLÊS+(DIAG_REF)-2.pdf

