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ABSTRACT

' Universidade Estadual de Londrina, Programa de Pés-  Introduction: Healthcare-Associated Infections (HAls) increase morbidity,
%;;‘:“gﬁ;;lde Doutorado em Enfermagem, Londrina  mortality, and hospital costs, favoring the spread of resistant bacteria.
’ ’ Objective: To analyze the factors associated with healthcare-associated
2 Universidade Estadual de Maringa, Programa de Pés- infections and bacterial resistance in hospitalized children and adolescents.
graduacdo de Doutorado em Enfermagem, Maringda Method: Case-control study carried out with secondary data extracted from
(PR), Brasil. Business Intelligence® (BI) software spreadsheets and notification forms from
3 Universidade Estadual de Londrina, Programa de Pés-  the Hospital Infection Control Commission (CCIH), from medical records of
graduacdo de Doutorado em Enfermagem, Londrina children and adolescents with Healthcare-Associated Infections (HAls) and
(PR), Brasil. positive microbiological cultures, from 2018 to 2023 from two highly complex
philanthropic hospitals in Parana, Brazil. Demographic and clinical information
Check for updates|7] was collected and analyzed by Chi-square or Fisher's test. Results: Of the 244
children and adolescents, 42.2% had HAls due to resistant bacteria and 57.8%
due to sensitive bacteria. Children < 2 years old accounted for 69.7% of the cases
with the highest prevalence of bacterial resistance. The use of invasive devices,
such as indwelling urinary catheter (OR: 4.65; 95% Cl: 2.53-8.53) and orotracheal
intubation (OR: 2.31; 95% Cl: 1.31-4.04), may be associated with bacterial
resistance, as well as surgical site infections (OR: 3.13; 95% Cl: 1.57-6.24),
primary bloodstream infection (OR: 1.72; 95% Cl: 1.00-2.96), hospitalizations >
30 days and ICU stay > 15 days, and death. Gram-negative bacteria were
predominant. Conclusion: The findings highlight the importance of effective
infection prevention and control strategies.
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INTRODUCTIO

Healthcare-Associated Infections (HAIs) represent a serious threat to the health of hospitalized
patients, especially children and adolescents, due to the immaturity of their immune systems and the
increased frequency of invasive procedures 2. These infections occur in patients during the provision of
healthcare and are acquired after hospital admission, without being present or incubating at the time of
admission ®*, HAls can affect any body system, increasing morbidity, mortality, and hospital costs, in
addition to promoting the spread of resistant bacteria ¢>%7),

The association between HAls and Antimicrobial Resistance (AMR) significantly worsens clinical
outcomes by limiting therapeutic options and increasing mortality "23%%19  According to the World Health
Organization (WHO), the prevalence of HAls is considerably higher in developing countries, with 15.5 cases
per 100 patients, compared to 7.6 cases per 100 patients in developed countries. In Brazil, as in other
developing countries, this scenario is particularly concerning—especially in the pediatric context, where
children and adolescents are more susceptible to HAIs ('"12),

Driven by the inappropriate use of antibiotics and the spread of resistance genes, AMR has become
one of the greatest health crises of the 21st century ®''_ A study conducted in a university hospital in
southern Brazil revealed that 41.6% of hospitalized children required invasive procedures such as central
veno(l#s) catheterization, urinary catheterization, and mechanical ventilation, and 31% of these developed
HAIs ",

In addition to invasive procedures, factors such as length of hospital stay, use of broad-spectrum
antimicrobials, and complexity of hospital care are associated with a higher prevalence of HAls caused by
multidrug-resistant microorganisms "%%"_ |n hospital settings, intrinsic patient-related risk factors—such
as comorbidities and surgical procedures—also contribute to the emergence and spread of these
pathogens (2>,

Identifying and understanding these factors is essential for the adoption of preventive and control
measures, especially in the pediatric population, which is more vulnerable to HAls and bacterial resistance.
These actions aim not only to improve the quality of care and reduce adverse events but also to minimize
morbidity and mortality associated with these infections and multidrug-resistant pathogens 2,

In this context, the present study aimed to analyze the factors associated with healthcare-
associated infections and bacterial resistance in hospitalized children and adolescents, seeking to
contribute to the development of more effective strategies for combating and preventing these conditions.

METHODS

This was a case-control study conducted in two high-complexity philanthropic hospitals located in
the interior of the state of Parana, Brazil. One of the hospitals is a regional reference center for pediatric
cardiac surgery, serving patients from birth to 12 years of age with clinical and surgical conditions. This
facility has 50 beds, including 30 in the general ward and 20 in the neonatal and pediatric intensive care
unit (ICU), in addition to a pediatric emergency department. The second hospital has 274 beds, including
inpatient units and 47 ICU beds for adolescents and young adults over 12 years old, housed in adult care
sectors. These facilities serve as the main healthcare entry point for the municipality and surrounding
regions.

Inclusion criteria comprised children and adolescents of both sexes, aged between 29 days and
under 18 years "%, diagnosed with Healthcare-Associated Infections (HAls) caused by either antimicrobial-
resistant or antimicrobial-sensitive bacteria, as defined by the Hospital Infection Control Committees
(HICC) of the participating institutions. Patients who underwent blood cultures, urine cultures, and/or
tracheal secretion cultures, and were admitted to hospital wards and/or ICUs between January 1, 2018,
and December 31, 2023, were included, totaling 253 patients during the period. Patients with positive
cultures for coagulase-negative Staphylococcus were excluded due to the inability to rule out colonization
by this microorganism, resulting in nine exclusions.

The final convenience sample consisted of 244 children and adolescents. Cases were defined as
patients with HAls caused by antimicrobial-resistant bacteria, while controls were those with HAls caused
by antimicrobial-sensitive bacteria. The dependent variable was the presence of HAls caused by resistant
(cases) or sensitive (controls) bacteria.
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Independent variables included: age group (=29 days to <2 years; 2 to <6 years; 7 to <11 years; 12
to <18 years); sex (male/female); skin color (white/non-white); place of residence (study
municipality/other municipalities); type of hospitalization (clinical/surgical); total length of hospital stay;
ICU admission (yes/no) and ICU length of stay in days; use of invasive devices (yes/no) and type of device
(central venous catheter [CVC], peripherally inserted central catheter [PICC], indwelling urinary catheter
[IUC], and orotracheal intubation [OTI]); type of HAl and number of affected sites (1 site or >2 sites);
isolated bacteria and antimicrobial susceptibility profile; use of antibiotics (yes/no) and therapeutic class;
and clinical outcome (discharge/death).

HAI diagnoses were previously established by the HICC of the institutions and included: Primary
bloodstream infection (PBSI); pneumonia; ventilator-associated pneumonia (VAP); urinary tract infection
(UTI); catheter-associated urinary tract infection (CAUTI); and surgical site infection (SSI). HAI reports
were considered based on the documentation of all infections, regardless of the presence of invasive
devices, and confirmed through laboratory tests and clinical signs specific to each infection type. To ensure
accurate identification of distinct infection episodes, a minimum 14-day interval was adopted between
device-associated infections. This criterion, along with the appearance of new signs and symptoms and
laboratory confirmation, aligns with the guidelines of the Brazilian Health Regulatory Agency (ANVISA),
which recommend distinguishing between continuous and new infectious episodes to avoid duplicate
records and ensure standardization of surveillance data‘”.

Blood culture collection followed institutional protocols and was performed by nurses. Blood
samples were immediately delivered to lab assistants and technicians for inoculation into BD BACTEC™
culture medium vials. The cultures were processed using the BACTEC® automated system (models FX, 9000
series), which detects microbial growth.

Urine cultures were also collected by nurses and sent to the laboratory by assistants and technicians.
In the lab, samples were plated on CLED and MacConkey agar media. The streaking technique was used to
isolate colonies, followed by incubation and microbiological analysis of the colonies.

Tracheal secretion samples were obtained by nurses or physiotherapists through aspiration or
bronchoscopy using sterile catheters. The collected secretion was plated on culture media such as blood
agar and subjected to streaking to facilitate the isolation of colonies.

Identification of microorganisms and determination of their antimicrobial susceptibility profiles in
blood, urine, and tracheal secretion cultures were performed using the automated MicroScan® system
(Siemens). All samples were collected prior to the research and strictly followed institutional protocols.

The institutions followed diagnostic criteria for HAls in accordance with the annually updated
guidelines of ANVISA. Microbiological confirmation of tracheal secretion cultures obtained by aspiration
considered a threshold of >10¢ CFU/mL, combined with clinical signs and radiographic findings. VAP was
defined as pneumonia in patients who had been mechanically ventilated for more than 48 hours via
orotracheal intubation or tracheostomy (',

PBSI was defined in patients with a central venous catheter in place for more than 48 hours and
who were either using the catheter or had it removed the day prior to infection onset. Diagnosis required
clinical signs and laboratory tests confirming microorganism isolation in blood culture, with paired blood
samples collected from both the central catheter and peripheral blood. Microorganisms typically associated
with skin contamination or another infection source were not considered "),

CAUTI was defined as occurring in patients with an indwelling urinary catheter in place for more
than 48 hours, presenting clinical signs and a quantitative urine culture >105 CFU/mL, in accordance with
ANVISA classification 7,

Bacterial isolates were categorized into two groups according to their antimicrobial resistance
profile: sensitive and resistant. The resistant group was subdivided into multidrug-resistant (MDR) strains,
including Gram-negative bacilli resistant to third- and fourth-generation cephalosporins, extended-
spectrum B-lactamase (ESBL) producers, and carbapenem-resistant (CR) bacilli, as well as methicillin-
resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococcus (VRE). Sensitive
microorganisms demonstrated susceptibility to the tested antimicrobials .

Secondary data were extracted from spreadsheets provided by the institutions, generated using
Business Intelligence® (Bl) software, and from individual HAI notification forms provided by the HICC, in
accordance with ANVISA’s definitions and diagnostic criteria. The data were organized in Microsoft Excel
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2013® and later exported for analysis using the Statistical Package for the Social Sciences (SPSS)®, version
20.0.

Descriptive analyses were performed using absolute and relative frequencies for categorical
variables. The association between resistant and sensitive groups and exposure variables was evaluated
using Pearson’s Chi-square test or Fisher’s exact test, as appropriate. Associations were estimated using
the odds ratio (OR) with corresponding 95% confidence intervals (95% Cl). For numerical variables, the
Shapiro-Wilk normality test was applied. As the data did not follow a normal distribution, results were
expressed as medians and interquartile ranges (IQR). A significance level of p < 0.05 was adopted.

To ensure methodological quality, the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist was used '®.

This study is a subset of the research project titled “Clinical and Economic Impact of Antimicrobial
Resistance on Hospital Costs.” Ethical principles for research involving human beings were respected, in
accordance with Resolution No. 466/2012 of the National Health Council of the Brazilian Ministry of Health.
The study was approved by the Research Ethics Committee of the proposing institution (CEP/ISCAL), under
opinion number 5.632.608 and Certificate of Ethical Appreciation (CAAE) number 24711718.8.0000.0099.

RESULTS

The sample consisted of 244 children and adolescents diagnosed with healthcare-associated
infections (HAIls) and positive bacterial cultures, with 103 (42.2%) infected by resistant bacteria and 141
(57.8%) by sensitive bacteria. The median age was 12 months, with an interquartile range of 30 months.

As presented in Table 1, the majority of participants with either resistant or sensitive bacteria were
under two years of age. There was no statistically significant difference between the groups (p = 0.160).

The proportion of resistance was higher among females compared to males. No significant
differences were observed between the groups regarding skin color or place of origin (Table 1).

Table 1 - Analysis of factors associated with healthcare-associated infections caused by resistant and
sensitive bacteria in hospitalized children and adolescents in two high-complexity hospitals from 2018 to
2023. Londrina, Parana, Brazil

Resistent Sensitive

Variables Total n=244 n= 103 n=141

n % n % n % OR* 95% Cl T p-valuef
Age group
> 29 days to < 2 years 170 (69.7) 77 (45.3) 93 (54.7) 1.52 0.86-2.68 0.160
2 to < 6 years 36 (14.8) 12 (33.3) 24 (66.7) 0.64 0.30-1.35 0.276
7 to < 11 years 23 (9.4) 5(21.7) 18 (78.3) 0.34 0.12-0.97 0.045
12 to < 18 years 15 (6.1) 9 (60.0) 6 (40.0) 2.15 0.74-6.25 0.181
Sex
Male 110 (45.1) 44 (40.0) 66 (60.0)
Female 134 (54.9) 59 (44.0) 75 (56.0) 1.18 0.70-1.96 0.603
Skin color
White 57 (23.4) 24 (42.1) 33 (57.9)
Non-white 187 (76.6) 79 (42.2) 108 (57.8) 1.00 0.55-1.83 1.000
Place of origin
Study municipality 73 (29.9) 33 (45.2) 40 (54.8)
Other municipalities 171 (70.1) 70 (40.9) 101 (59.1) 0.84 0.48-1.46 0.573

Source: Prepared by the author.
Note: The group ‘29 days to < 2 years’ was used as the reference category. *OR: Odds Ratio; 1Cl:
Confidence Interval; tp-value: Pearson’s Chi-square test; significance level.
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Children and adolescents hospitalized for surgical reasons had a higher odds ratio for bacterial
resistance (OR: 1.95; 95% Cl: 1.11-3.40). The use of invasive devices, such as urinary indwelling catheters
(CVC) (OR: 4.65; 95% Cl: 2.53-8.53) and endotracheal intubation (ETI) (OR: 2.31; 95% Cl: 1.31-4.04), was

significantly associated with bacterial resistance (Table 2).

Table 2 - Association between clinical variables and bacterial resistance in hospitalized children and

adolescents in two high-complexity hospitals from 2018 to 2023. Londrina, Parana, Brazil

Resistente Sensivel
Variaveis Total n=244 n= 103 n= 141
n % n % n % OR* 95%' Cl p-valuet
Reason for
hospitalization
Surgical 162 (66.4) 77 (47.5) 85 (52.5) 1.95 1.11-3.40 0.020
Clinical 82 (33.6) 26 (31.7) 56 (68.3)
Invasive devices
CcvC 169 (69.3) 76 (44.9) 93 (55.0) 1.45 0.82-2.54 0.208
PICC 153 (62.7) 58 (37.9) 95 (62.1) 0.62 0.36-1.05 0.083
CVD 156 (63.9) 85 (54.5) 71 (45.5) 4.65 2.53-8.53 0.001
10T 159 (65.2) 78 (76.0) 81 (57.5) 2.31 1.31-4.04 0.004
Topography of HAls
SSI 43 (17.6) 28 (65.1) 15 (34.9) 3.13 1.57-6.24 0.001
BSI 78 (32.0) 40 (51.3) 38 (48.7) 72 1.00-2.96 0.053
ITU-AC 62 (25.4) 32 (51.6) 30 (48.4) 1.66 0.93-2.97 0.101
ITU 33 (13.5) 14 (42.4) 19 (57.6) 1.01 0.48-2.12 1.000
PNEUMONIA 25 (10.2) 12 (48.0) 13 (52.0) 1.29 0.56-2.97 0.531
PAV 88 (36.1) 43 (49.9) 45 (51.1) 1.52 0.90-2.59 0.138
Number of HAls
1 infection 155 (75.8) 61 (33.0) 124 (67.0)
> 2 infections 59 (24.2) 42 (71.2) 17 (28.8) 5.02 2.64-9.53 <0.001
Length of hospital
stay
3 to < 30 days 117 (48.0) 34 (29.1) 83 (70.9)
> 30 days 127 (52.0) 69 (54.3) 58 (45.7) 2.90 1.70-4.93 <0.001
ICU stay
Yes 212 (86.9) 99 (46.7) 113 (53.3) 6.13 2.07-18.0 <0.001
No 32 (13.1) 43.9# 28 (87.5)
ICU length of stay
< 14 days 57 (26.9) 15 (26.3) 42 (73.7)
> 15 days 155 (73.1) 84 (54.2) 71 (45.8) 3.31  1.69-6.46 <0.001
Clinical outcome
Discharge 180 (73.8) 69 (38.3 111 (78.4)
Death 64 (26.2) 34 (53.1) 30 (46.9) 1.82 1.02-3.24 0.055

Source: Prepared by the author.
OR*: Odds Ratio; Cl: Confidence Interval; $Pearson’s Chi-square test; $FFisher’s Exact test. CVC: Central
Venous Catheter; PICC: Peripherally Inserted Central Catheter; CVD: Indwelling Urinary Catheter; 10T:
Orotracheal Intubation; PAV: Ventilator-Associated Pneumonia; IPCS: Primary Bloodstream Infection; ISC:
Surgical Site Infection; ITU-AC: Catheter-Associated Urinary Tract Infection; ITU: Urinary Tract Infection.

Regarding the topography of healthcare-associated infections (HAIs), both groups showed a higher
prevalence of ventilator-associated pneumonia (VAP), primary bloodstream infections (PBSI), and catheter-
associated urinary tract infections (CA-UTI). Although these sites had high odds ratio (OR) values, surgical
site infections (SSI) showed a statistically significant association with bacterial resistance, with an OR of
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3.13 (95% Cl: 1.57-6.24), and PBSI also showed a borderline association (OR: 1.72; 95% Cl: 1.00-2.96) for
infections caused by resistant microorganisms.

Children and adolescents with two or more HAls had a significantly higher risk of bacterial resistance
(OR: 5.02; 95% CI: 2.64-9.53).

Hospital stays longer than 30 days and intensive care unit (ICU) stays of 15 days or more were also
associated with resistance. Children and adolescents in the sensitive group had a median length of stay of
15 days (IQR: 25), while the resistant group had a median of 32 days (IQR: 40). Patients admitted to the
ICU had higher odds of developing bacterial resistance, with additional increased odds associated with ICU
stays of 15 days or more.

The present study identified a statistically significant association between bacterial resistance and
death (p = 0.055) (OR: 1.82; 95% Cl: 1.02-3.24).

In total, 343 bacteria were identified, of which 176 (51%) were resistant and 167 (49%) were
sensitive. Among fermenting Gram-negative bacteria, Klebsiella pneumoniae was the most prevalent, with
53 isolates, of which 38 were multidrug-resistant. Among non-fermenters, Pseudomonas aeruginosa stood
out, with 44 strains, including 25 classified as multidrug-resistant (Table 3).

Among Gram-positive bacteria, Staphylococcus aureus was the most frequent, accounting for 17 of
the total isolates, 14 of which were methicillin-resistant (MRSA). Enterococcus faecium and Enterococcus
faecalis were less prevalent, with two isolates resistant to vancomycin (VRE) (Table 3).

Table 3 - Bacterial resistance profile and distribution of isolated bacteria in children and adolescents
hospitalized in two high-complexity hospitals from 2018 to 2023. Londrina, Parana, Brazil

Bacterial Sensitivity Profile Resistant Sensitive
CR MR MRSA PR VRE Sensitive  Total
n=11 n=105 n=14 n=5 n=2 n=206 n= 343
Fermenters
Klebsiella pneumoniae 12 (24.0) 38 (36.1) 3 (60) 26 (37.6) 69 (20.1)
Escherichia coli 1(2.0) 44.0) 29 (85.2) 34 (9.9)
Enterobacter spp 11(22.0) 12 (11.4) 1 (50.0) 18 (58.0) 31 (9.0)
Others 3(6.00 3(3.0) 26 (81.2) 32 (9.3)
Non-fermenters
Pseudomonas aeruginosa 17 (34.0) 25 (24.0) 2 (40.0) 36 (53.7) 67 (19.5)
Acinetobacter baumannii 510.0) 8 (7.6) 12 (60.0) 20 (5.8)
Stenotrophomonas spp 4 (4.0) 6 (60.0) 10 (2.9)
Others 1(2.0) 7 (6.6) 3(27.2) 11 (3.2)
Gram-positive bacteria
Staphylococcus aureus 3(2.8) 14 (100) 30 (63.8) 47(13.7)
Enterococcus spp 1(0.9) 1 (50.0) 15 (88.2) 17 (4.9)
Others 5 (100) 5(1.4)

Source: Prepared by the author.

Carbapenem-Resistant (CR), Multidrug-Resistant (MR), Methicillin-Resistant Staphylococcus aureus
(MRSA), Polymyxin-Resistant (PR), Vancomycin-Resistant Enterococci (VRE), and bacteria sensitive to the
tested antibiotics (Sensitive).

The use of antibiotics varied significantly between the groups. Piperacillin-tazobactam was the most
used antimicrobial in both groups, while carbapenems were more prevalent in cases of infections caused
by resistant bacteria (53.5% vs. 46.5%). Children and adolescents with infections by resistant
microorganisms showed a higher frequency of polymyxin use (68.3% vs. 31.7%), fluoroquinolones (66.7% vs.
33.3%), and glycopeptides (55.4% vs. 44.6%). In contrast, antibiotics such as beta-lactams (cephalosporins)
(56.8% vs. 43.2%) and macrolides (66.7% vs. 33.3%) were more frequently used in the treatment of
infections caused by sensitive bacteria (Figure 1).
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Figure 1 - Percentage distribution of antimicrobial use in children and adolescents with healthcare-
associated infections caused by resistant and sensitive bacteria in two high-complexity hospitals from 2018
to 2023. Londrina, Parana, Brazil
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The analysis of factors associated with bacterial resistance in hospitalized children and adolescents
revealed that children under two years of age were more vulnerable to infections caused by resistant
bacteria. This finding is consistent with previous studies that highlight the increased risk in this age group,
attributable to immunological immaturity, greater exposure to antimicrobials, and dependence on invasive
procedures® 319,

Moreover, these data are in line with the findings of Raoofi et al. (2023), who identified a higher
prevalence of nosocomial infections in children aged zero to five years. The authors also demonstrated
that the prevalence of healthcare-associated infections (HAIs) progressively decreased with increasing age,
with an estimated reduction of 0.04 for each additional year of life 29

Antibiotic-resistant infections often result in prolonged illness, increased risk of hospitalization, and
a greater likelihood of complications. In children, who are already vulnerable due to their developing
immune systems, these complications can be especially severe. Bacterial resistance turns common
bacterial infections into potentially life-threatening conditions, impacting overall quality of life and
possibly leading to long-term health consequences 42",

Surgical cases were more prevalent among children and adolescents with antimicrobial-resistant
infections compared to those hospitalized for clinical treatment. Previous studies indicate that surgical
procedures, especially those of high complexity, constitute risk factors for hospital-acquired infections
caused by multidrug-resistant microorganisms, due to prolonged exposure, use of invasive devices, and
extended hospital stays®?2%),

Additionally, the fact that one of the studied institutions is a reference center for pediatric cardiac
surgeries may have contributed to the high proportion of hospitalizations related to surgical procedures.
This context highlights the importance of infection prevention strategies and the judicious use of
antimicrobials, especially in pediatric populations undergoing complex surgical interventions *222),

It is estimated that between 3% and 20% of surgical procedures present complications related to
surgical site infections (SSI), which are responsible for up to one-third of the mortality associated with
surgical interventions. In the national context, SSIs rank third among healthcare-associated infections
(HAIs), accounting for up to 31% of hospital occurrences. Furthermore, the SSI incidence rate is widely
recognized as an indicator of the quality of care provided in healthcare services?®.

In the present study, invasive devices were associated with increased odds of bacterial resistance.
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The use of indwelling urinary catheters (CVD) was associated with increased odds of infection by resistant
bacteria. Likewise, orotracheal intubation (IOT) showed increased odds of infection by resistant
microorganisms. These findings are consistent with the literature, which highlights biofilm formation and
prolonged exposure as critical factors for this condition('*2>27),

A study conducted in a pediatric intensive care unit (PICU) in Japan found that catheterization
lasting more than 10 days was associated with odds ratios ranging from 2.76 to 3.44 for the development
of urinary tract infections (UTIs). Moreover, catheter-associated urinary tract infection (CAUTI) is widely
recognized as one of the most prevalent infections in PICUs, with urinary catheter use being the main risk
factor for severe and complicated UTls. These findings support the results of the present study,
emphasizing the relevance of proper management of invasive devices to reduce the risk of bacterial
resistance?>%),

Although the association between other invasive devices and bacterial resistance did not reach
statistical significance, national and international epidemiological studies show that HAls caused by
resistant bacteria can be triggered by different invasive devices ¢%%2% These studies report a higher
frequency of occurrence in intensive care units (ICUs), due to the clinical severity and health status of the
patients @22,

Surgical site infections (SSI) showed increased odds of bacterial resistance. The literature
emphasizes that the vulnerability of pediatric patients to SSls is intensified by the need for surgical
interventions, which expose the body to additional risk factors, as well as prolonged exposure to invasive
devices and broad-spectrum antimicrobials®*%),

Primary bloodstream infections (IPCS) were associated with increased odds of infection by resistant
bacteria. This finding reinforces the importance of effective strategies for the insertion and maintenance
of catheters, as improper handling may favor colonization by multidrug-resistant pathogens.

Although pneumonia, ventilator-associated pneumonia (VAP), and urinary tract infections (UTls) did
not show statistically significant associations, these infections still represented high frequencies in both
groups. These findings are consistent with studies that suggest the need for further investigations to
elucidate the factors associated with bacterial resistance in these contexts®*%,

A global study on antimicrobial resistance (AMR) revealed that respiratory, bloodstream, and intra-
abdominal infections are the main infection sites attributed to AMR, accounting for 79% of deaths®. These
results underscore the relevance of regional strategies for epidemiological surveillance and rigorous
hospital infection control to mitigate the spread of resistant pathogens, especially among vulnerable
pediatric populations®.

The occurrence of two or more healthcare-associated infections (HAIls) increased the likelihood of
infections caused by resistant bacteria. Studies indicate that the presence of comorbidities and multiple
infectious foci worsens clinical outcomes, requiring prolonged use of broad-spectrum antimicrobials, which
contributes to the selection of resistant bacteria %,

Hospital stays lasting 30 days or more were significantly associated with bacterial resistance, in line
with the literature that identifies prolonged exposure to the hospital environment as one of the main risk
factors for acquiring multidrug-resistant microorganisms!'4?439 The hospital microbiota, composed of
microorganisms capable of persisting on surfaces, medical devices, and healthcare workers’ hands,
represents a continuous source of contamination®?*2>%") These microorganisms, often associated with
biofilm formation, promote severe infections in patients undergoing invasive procedures®-27,

Prolonged stays in the intensive care unit (ICU) were also identified as a factor associated with
increased likelihood of infection by resistant bacteria. Children and adolescents hospitalized for more than
15 days had higher odds of bacterial resistance. This environment, characterized by a high density of
invasive devices and intensive antimicrobial use, favors the selection and transmission of resistant
bacteria®?2>27),

Moreover, the adaptive capacity of these bacteria—including spontaneous mutations and horizontal
transfer of resistance genes—is exacerbated in the hospital setting, where antibiotics are widely used. The
constant presence of antimicrobials in this environment acts as a selective pressure for the survival of
resistant strains, making the eradication of these pathogens a significant challenge!'3?:31-33),

In the present study, children and adolescents with healthcare-associated infections (HAls) caused
by resistant bacteria had a higher number of deaths. It is worth noting that global studies attribute up to
1.27 million annual deaths to antimicrobial resistance (AMR), with a significant impact on children under 5
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years of age®3,

The bacteriological findings revealed a high prevalence of multidrug-resistant bacteria, with a
higher frequency of resistance observed among Gram-negative bacteria, both fermenting and non-
fermenting, compared to Gram-positive cocci. The high proportion of resistance reinforces the need for
continuous epidemiological surveillance and the implementation of strict infection prevention and control
measures?7:32:343%)

Among the isolated bacteria, Gram-negative species were predominant, particularly Klebsiella
pneumoniae. This result reflects the remarkable adaptability of this species, which frequently acquires
and transmits resistance genes, such as those encoding extended-spectrum B-lactamases and
carbapenemases, making treatment more challenging. These mechanisms are often associated with high
rates of morbidity and mortality in hospitalized patients®>>.

Another relevant finding was the high frequency of resistance in Pseudomonas aeruginosa. Its
adaptability allows it to persist on surfaces for prolonged periods, and it is frequently associated with the
production of B-lactamase enzymes, efflux pumps, and changes in membrane permeability, making it one
of the main concerns in hospital settings 3>,

Among Gram-positive bacteria, Staphylococcus aureus was the most prevalent, with a high rate of
methicillin resistance (MRSA). This finding corroborates studies that associate MRSA with severe and hard-
to-treat infections, especially in vulnerable populations such as hospitalized children® ',

The observed resistance profile reinforces the need for specific interventions, including the
optimization of antimicrobial use and the implementation of barriers to prevent the spread of resistant
pathogens, especially in high-complexity hospitals (131724253435

It is widely recognized that antimicrobials rank second among the most used medications in hospital
settings. Additionally, they are frequently prescribed in outpatient clinics and other healthcare services,
especially for children. The literature indicates that the number of prescriptions has substantially
increased, often in an indiscriminate and inappropriate manner, which contributes as a risk factor for the
development of AMR (1314:16,21,22,31)

The use of broad-spectrum antimicrobials, such as carbapenems, polymyxins, and fluoroquinolones,
was more frequent among resistant cases. Although these medications are essential in managing severe
infections, their indiscriminate use accelerates the emergence of multidrug-resistant strains, creating
additional therapeutic challenges"*". In contrast, the control group showed higher use of cephalosporins
and macrolides. The implementation of strategies based on local data and epidemiological surveillance can
help mitigate the emergence of resistant bacteria and preserve therapeutic efficacy®**%,

In critical care settings, such as intensive care units (ICUs), the reliance on invasive devices and the
proximity between patients increase the risk of spreading resistant pathogens*?”), Preventive measures
such as hand hygiene, surface disinfection, proper management of invasive devices, and the rational use
of antimicrobials are essential to reduce complications associated with bacterial resistance®??. Integrated
infection control strategies can minimize the spread of resistant microorganisms and improve clinical
outcomes for hospitalized children and adolescents®®.

The sample size may have contributed to the lack of statistically significant associations between
bacterial resistance and some variables, such as pneumonia, ventilator-associated pneumonia (VAP), and
urinary tract infection (UTI). Future studies should investigate these variables in greater depth to explore
potential underlying associations.

CONCLUSION

This study analyzed factors associated with bacterial resistance in hospitalized children and
adolescents, highlighting the use of invasive devices such as central venous catheters (CVC) and orotracheal
intubation (OTI), as well as surgical site infections and primary bloodstream infections, as variables with a
higher likelihood of resistance. Additionally, prolonged hospital stays and admission to intensive care units
(ICUs) also showed significant associations with resistant bacteria, underscoring the importance of proper
management of these devices and the adoption of strict prevention protocols.

Among the isolated bacteria, Gram-negative organisms—especially Klebsiella pneumoniae and
Pseudomonas aeruginosa—showed a high prevalence of multidrug resistance, standing out as major
infectious agents in the hospital setting. Gram-positive bacteria, such as Staphylococcus aureus, also
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exhibited resistance, particularly to methicillin. These findings reinforce the urgent need for continuous
epidemiological surveillance, programs to improve aseptic techniques, healthcare staff training, and
education on the rational use of antimicrobials, especially in critical care environments.
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