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Abstract

Healthcare-associated infections (HAIs) affect patient safety and increase hospital costs, requiring the implementation of control and prevention measures.
Despite advances in research on this topic, data remain scarce in some regions. Objective: To determine the prevalence of HAIs and describe the clinical
and epidemiological characteristics of patients admitted to an intensive care unit (ICU) of a private hospital in inland Bahia, Brazil. Methods: This cross-
sectional study was based on a review of medical records from January to December 2022. Clinical, demographic, and laboratory data were analyzed
using measures of frequency and dispersion with Epi Info software, version 7.2.5. Statistical associations were assessed using odds ratios (ORs) with 95%
confidence intervals (Cls), with statistical significance set at p < 0.05. Results: A total of 862 participants were included, of whom 4.29% (n = 37) had HAls.
Among the HAI cases, older adults and male patients predominated. The most frequent infections were urinary tract infections (45.94%), respiratory
tract infections (40.54%), and bloodstream infections (37.84%). The main pathogens isolated were Staphylococcus spp. (32.43%), Klebsiella spp. (27.02%),
and Candida spp. (24.32%). Conclusion: HAls contribute to high mortality in ICUs, prolong hospital stays, and increase hospital costs. Controlling these
infections requires strict preventive measures, such as hand hygiene, aseptic techniques, and the judicious use of invasive devices and antimicrobial agents.
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Resumo

As infecgOes associadas aos cuidados em saude (IACS) afetam a seguranca dos pacientes e geram aumento dos custos hospitalares, sendo necessaria
a adogao de medidas para controle e prevencao. Apesar dos avancos em pesquisas sobre o tema, os dados ainda sdo escassos em algumas regides.
Objetivo: Determinar a prevaléncia de IACS e descrever as caracteristicas clinico-epidemiolégicas de pacientes internados em uma unidade de terapia
intensiva (UTI) de um hospital privado do interior da Bahia. Metodologia: Estudo transversal realizado a partir da revisao dos prontuarios clinicos, no
periodo de janeiro a dezembro de 2022. Os dados clinico-demograficos e laboratoriais foram analisados através de medidas de frequéncia simples e
de dispersao, através do software Epi Info, versao 7.2.5. A avaliacéo de associagao estatisticamente significante foi considerada pela medida da odds
ratio (OR) com intervalo de confianca (IC) de 95% e nivel de significancia com p < 0,05. Resultados: Foram incluidos 862 participantes, dos quais 4,29%
(n=37) apresentaram IACS, predominando em idosos e no sexo masculino. As infec¢cdes mais frequentes foram do trato urinario (45,94%), do trato
respiratorio (40,54%) e da corrente sanguinea (37,84%). Os principais patégenos isolados foram Staphylococcus spp. (32,43%), Klebsiella spp. (27,02%) e
Candida spp. (24,32%). Conclusdo: As IACS contribuem para a elevada mortalidade em UTIs, prolongam internagdes e aumentam os custos hospitalares.
O controle destas infeccdes exige medidas preventivas rigorosas, como a higienizacao das maos, técnicas assépticas e uso criterioso de dispositivos
invasivos e antimicrobianos.
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INTRODUCTION

Healthcare-associated infections (HAIs), also referred to
as nosocomial or hospital-acquired infections, are defined as
infections acquired by patients during the course of care—
which includes preventive, diagnostic, and treatment services
provided in a hospital or other healthcare facility—that
were not present or incubating at the time of admission or
within 72 hours after admission. These infections may also
develop after discharge and may be acquired by healthcare
professionals while providing healthcare and by visitors.?

The prevalence of these infections in hospital settings
represents a public health problem because they are
associated with greater disease severity and prolonged
hospital stays. In general, they are among the most common
complications of hospitalization. Modern healthcare involves
the use of many types of invasive devices and procedures to
treat patients and support their recovery. Infections may be
associated with devices used in medical procedures, such as
catheters or ventilators, and include central line-associated
bloodstream infections, catheter-associated urinary tract
infections, and ventilator-associated pneumonia.®)

Infections may also occur at surgical sites, where they
are known as surgical site infections, and represent a serious
threat to patient health because they can hinder rehabilitation,
particularly among critically ill patients receiving intensive
care.*9Thus, HAls are a multifactorial problem that requires
a series of coordinated actions within healthcare services
as part of an Infection Control Program, as established by
Brazilian Law No. 9,431/1997.7

Internationally, several studies have reported that the
incidence of bacterial infections among patients in intensive
care units (ICUs) ranges from 7% to 30%. These infections are
considered an important cause of morbidity and mortality,
with mortality rates potentially exceeding 25%.“® In developed
countries, the rate is estimated at 7%, whereas in developing
countries itis estimated at 10%. The prevalence of HAls varies
according to hospital type and is generally higher in pediatric,
maternal and child, and oncology hospitals.“?

In another international study, an HAl incidence rate of
13% was reported in a neonatal ICU. The types of infection
identified were bloodstream infections (89%), pneumonia
(6.6%), meningitis (3.3%), and urinary tract infections (1.1%).
Multidrug-resistant bacteria included beta-lactamase-
producing Enterobacterales (76.9%), particularly Klebsiella
pneumoniae (39.7%). The mortality rate was 52.7%, and septic
shock occurred in 20.87% of cases."?

In Brazil, the overall rate of hospital-acquired infections
among patients admitted to ICUs was reported to be 23.4%,
with the main microorganisms involved in the etiology of
these infections being Pseudomonas aeruginosa (31.58%),
Acinetobacter baumannii (15.79%), and K. pneumoniae
(10.53%).M"" In another study conducted in the ICU of a
university hospital, 383 (20.3%) hospital-acquired infections
were identified, of which 37.6% were urinary tract infections,
25.6% pneumonia, 15.1% sepsis, 14.1% surgical site infections,
and 7.7% other infections./?

A study conducted at a university hospital in Salvador,
Bahia, characterized the population of patients who developed
hospital-acquired infections and reported that,among 1,142
cases of infection, 41.24% of patients were admitted to the ICU
and developed various HAls. Among these patients, 43.52%
developed hospital-acquired pneumonia and 27.06% died."™

Most HAls can be prevented through good hand hygiene
practices—washing hands at the appropriate times and
using the correct technique, as recommended by the World
Health Organization guidelines. Hand hygiene improvement
programs can prevent up to 50% of avoidable infections
acquired during healthcare delivery and generate average
savings equivalent to 16 times their implementation costs.
Other biosafety measures include the appropriate use of
personal protective equipment and collective protective
measures, surface cleaning and disinfection, and proper care
of invasive devices."

Nevertheless, HAl-related morbidity and mortality
and antimicrobial resistance remain serious public health
problems that threaten the achievements of the antibiotic
era. Therefore, this study aims to determine the prevalence
of healthcare-associated infections among patients admitted
to the ICU of a private hospital in inland Bahia, determine
their origin and outcomes, and describe the clinical and
epidemiological characteristics of the cases.

METHODS

Study design and setting

This was a population-based, retrospective cross-sectional
study with a descriptive and quantitative approach. It was
conducted at a medium-sized private hospital in Vitéria da
Conquista, a municipality in southwestern Bahia, Brazil, with
an estimated population of 394,024 inhabitants (IBGE, 2024).

The hospital is equipped to provide advanced emergency
care, intensive care, and major surgical procedures. Services
are organized into specialized centers for Orthopedics,
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Neurology, Neurosurgery, Cardiology, Urology, Endocrinology,
Radiology, Gastroenterology, Angiology, and General Surgery.
It also has a hemodynamics unit and nuclear medicine and
hyperbaric medicine services.

The adult ICU has 18 beds, distributed between single-
patient and shared areas, and is intended for critically ill
patients and those at greater risk of developing infections,
whether because they are recovering from surgical procedures,
using invasive devices, or for other reasons. Therefore, this
unit was selected for the study.

Case definition

According to the World Health Organization (2025),
an infection is classified as an HAl when there is no clinical
or laboratory evidence of infection at the time of patient
admission and symptoms develop 72 hours after admission.
A patient readmitted with an infection within 48 hours after
hospital discharge is also considered to have an HAI. When
infection is already present at admission, it is considered an
HALl if the condition worsens or another pathogen is isolated
from the same anatomical site."?

Data collection

Data were obtained through a review of clinical and
laboratory medical records from the ICU of the study hospital.
The following information was collected: demographic
data, including sex, age, and municipality of origin; clinical
data, including admission date, length of hospital stay,
comorbidities, previous antimicrobial use, use of invasive
devices, previous admission to another hospital, type of
infection, and clinical outcome of the participant; and
laboratory data, including culture results and testing for
toxins produced by bacteria such as Clostridioides difficile.

Study population and period

A total of 862 patient medical records were analyzed,
corresponding to all admissions to the healthcare facility
studied between January 1 and December 31,2022. Of these,
37 individuals were admitted to the ICU and met the criteria
for classification as having an HAI, confirmed by bacterial
isolation or toxin testing. Cases classified as community-
acquired infections, cases not confirmed by microbiological
isolation, and duplicate records were excluded.

Data analysis
The collected data were stored in Microsoft Excel 2023,
where the information was entered and tabulated. Analyses

were performed using Epi Info software, version 7.2.5, using
frequencies and measures of dispersion. Statistical associations
were assessed using odds ratios (ORs) with 95% confidence
intervals (Cls), with statistical significance set at p < 0.05.

According to the Brazilian National Supplementary Health
Agency of the Ministry of Health (2013), the target mean ICU
length of stay is 4.5 to 5.3 days. Therefore, lengths of stay of
up to 5 days and 6 days or more were adopted as categories
for the statistical analysis.

Ethical considerations

As the study involved human participants, it was
conducted in accordance with Resolution No. 466 of December
12,2012, of the Brazilian National Health Council, Ministry of
Health. It was approved by the Research Ethics Committee of
the Multidisciplinary Health Institute, Anisio Teixeira Campus,
Universidade Federal da Bahia (IMS-CAT-UFBA), under
approval no.6.009.493 and CAAE no. 68552623.9.0000.5556.

RESULTS

Table 1 presents the clinical and demographic
characteristics of the HAI cases. Among the 862 medical
records analyzed, 37 HAI cases were identified. The patients
ranged in age from 35 to 91 years (mean, 68 years; median,
67 years; standard deviation, 11.68). The HAl prevalencein the
ICU of the study hospital in 2022 was 4.29% (37/862). Among
these participants, males predominated (64.86%; 24/37),
with a mean age of 65.7 years (median, 66 years; standard
deviation, 11.33). Among female participants, the mean age
was 73.7 years (median, 77 years; standard deviation, 10.88).

Regarding municipality of origin, 51.35% (19/37) of the
participants were from Vitéria da Conquista, whereas 48.65%
(18/37) were from other municipalities in the region, also
located in the state of Bahia: Barra do Choca (5.56% - 1/18),
Barreiras (16.67% - 3/18), Candido Sales (5.56% - 1/18),
Coribe (5.56% - 1/18), Guanambi (11.11% - 2/18), Itapetinga
(11.11% - 2/18), Jacaraci (5.56% - 1/18), Macarani (5.56% -
1/18), Macaubas (5.56% - 1/18), Planalto (5.56% - 1/18), Porto
Seguro (5.56% - 1/18), Serra do Ramalho (5.56% - 1/18), and
Tanque Novo (11.11% - 2/18).

Regarding clinical characteristics, the mean ICU length
of stay among the cases was 21.16 days (median, 15 days;
standard deviation, 20.70). Overall, 18.92% (7/37) of the
participants remained hospitalized for 5 days or less, 70.27%
(26/37) for 6 to 30 days, and 10.81% (4/37) for more than
30 days. Previous hospitalization at another hospital was
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reported for 45.95% (17/37) of the participants. Comorbidities
were identified in 94.59% (35/37) of the individuals, most
notably hypertension (86.49%; 32/37), type 2 diabetes
mellitus (48.65%; 18/37), heart disease (37.84%; 14/37),
and dyslipidemia (29.73%; 11/37). Chronic heart failure and
chronic kidney failure were less frequent, each occurring in
13.51% (5/37) of the individuals.

Of the total number of participants, 10.81% (4/37) had
received previous antimicrobial treatment, of whom 50%
(2/4) had received cefuroxime. During hospitalization, 91.89%
(34/37) of the individuals had invasive devices. Overall, 64.86%
(24/37) received mechanical ventilation, 91.89% (34/37)

Clinical and demographic characteristics of HAI cases admitted to the ICU, 2022

had a central venous catheter, 81.08% (30/37) had a urinary
catheter, and 40.54% (15/37) underwent dialysis.
Regarding clinical outcomes, 45.95% (17/37) of the
participants died, whereas 45.95% (17/37) were discharged
from the ICU; 5.41% (2/37) were transferred to the ICU of
another hospital, and the outcome could not be identified
in the medical records for 2.70% (1/37) of the participants.
Table 2 presents information on length of stay and case
outcomes, showing that the highest mortality proportion was
observed among patients who remained hospitalized for 6 to
30 days (53.85%; 14/26). Table 3 presents the distribution of
clinical and demographic variables according to case outcome.

Variables Participants (n) Frequency (%)
Sex

Female 13 35.14
Male 24 64.86
Age (years)

35-59 8 21.62
>60 29 78.38
Municipality of origin

Vitdria da Conquista 19 51.35
Other municipalities 18 48.65
1CU length of stay (days)

Upto5 7 18.92
61030 26 70.27
More than 30 4 10.81
Comorbidities

Yes 35 94.59
No 2 541
Previous hospitalization at another hospital

Yes 17 45.95
No 20 54.05
Previous antimicrobial use

Yes 4 10.81
No 33 89.19
Use of invasive devices

Yes 34 91.89
No 3 8.1

Source: Authors, 2025.

RBAC. 2026;58(2):208-217

21



Healthcare-Associated Infections | Fernandes ACC, Verissimo MO, Almeida JB, Santos MS

Table 2
Distribution of length of stay and outcomes of HAI cases admitted to the ICU, 2022.

Length of stay (days) Death n (%) Discharge n (%)

Transfer n (%) Unknown n (%) Total n (%)

1t05
61030
>30

1(5.9)
14(82.3)
2(11.8)

17

6(35.3)
10(58.8)
1(5.9)

Total participants 17

0(0)
2(100) 0(0)
0(0) 1(100)
2 1

0(0) 7(18.9)
26(70.3)
4(10.8)

37

Source: Authors, 2025.

Distribution of clinical and demographic variables according to the outcomes of HAI cases admitted to the ICU, 2022.

Variable Outcome

OR (95% Cl)

Length of stay (days) Death
Upto5 1
>6 16
Sex

Female 8
Male 9
Age (years)

<59 1
>60 16
Comorbidity
Yes 16
No 1
Invasive devices
Yes 17

No 0

Discharge

6 0.085%
n

0.1146 [0.0121 - 1.089]

2 0.057%

6.667 [1.152 - 38.59]

5 0.175%

0.15[0.015 - 1.457]

0.999*

1[0.057-17.41]

0.227% Not estimable

*p-value calculated using Fisher’s exact test.

Source: Authors, 2025.

Regarding the anatomical distribution of infections,
urinary tract infections, respiratory tract infections, and
bloodstream infections were the most prevalent, with
frequencies of 45.94% (17/37), 40.54% (15/37), and 37.84%
(14/37), respectively. Surgical site infections (10.81%; 4/37),
gastrointestinal tract infections (5.40%; 2/37), and lesion-
related infections (2.70%; 1/37) were less frequent (Figure
1). More than one type of infection occurred concomitantly

in 37.84% (14/37) of the participants. Of these, 7.14% (1/14)
had bloodstream and gastrointestinal tract infections; 14.28%
(2/14) had urinary tract and bloodstream infections; 42.86%
(6/14) had urinary and respiratory tract infections; 14.28%
(2/14) had bloodstream and respiratory tract infections; 7.14%
(1/14) had surgical site and respiratory tract infections; and
14.28% (2/14) had urinary tract, bloodstream, and respiratory
tract infections.
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FREQUENCY (%)

40,54

Anatomical distribution of laboratory-confirmed HAls identified by culture among cases admitted to the ICU, 2022.

Source: Authors, 2025.

Regarding laboratory data, the most frequently performed
cultures were urine and blood cultures, both with a frequency
of 94.59% (35/37). Other frequently performed cultures
included cultures of tracheal aspirates (37.84%; 14/37), central
venous catheter tips (18.92%; 7/37), and surgical wound
exudate (13.51%; 5/37). Participants with persistent diarrhea
underwent testing for Clostridioides difficile toxin A, which
was positive in 10.81% (4/37) of cases (Figure 2).

The main pathogens isolated were Staphylococcus
spp., Klebsiella spp., and Candida spp., with frequencies
of 32.43% (12/37), 27.02% (10/37), and 24.32% (9/37),
respectively. Coagulase-negative staphylococci were
isolated in ten cases, Candida albicans in four, and Klebsiella
sp. in one. The remaining isolates exhibited antimicrobial
resistance profiles, including two cases of methicillin-
resistant Staphylococcus aureus (MRSA), seven cases of

extended-spectrum beta-lactamase (ESBL)-producing K.
pneumoniae, and two cases of KPC-producing K. pneumoniae.
Less frequently isolated pathogens included Acinetobacter
baumannii and Escherichia coli, each with a frequency of
13.51% (5/37); Pseudomonas spp., 8.11% (3/37); C. difficile and
Enterobacter cloacae, each 5.40% (2/37); and Streptococcus
pyogenes, Proteus vulgaris, Proteus mirabilis, and Enterococcus
spp., each 2.70% (1/37) (Figure 3).

Antimicrobial therapy was prescribed for all participants.
The most frequently used agents were piperacillin/
tazobactam (56.76%; 21/37), meropenem (54.05%; 20/37),
cefuroxime (32.43%; 12/37), vancomycin (24.32%; 9/37),
and linezolid (21.62%; 8/37). Figure 4 presents these and the
other antimicrobial agents used. Combination therapy with
two or more antimicrobial agents was prescribed for 81.08%
(30/37) of the participants.
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FREQUENCY (%)

PIPERACILLIN/TAZOBACTAM I 56,76
MEROPENEM I 54,05
CEFUROXIME i ;:.q3
VANCOMYCIN I .32
LINEZOLID ' 21,62

LEVOFLOXACIN s 16,22
CEFTRIAXONE S 13,5t
POLYMYXIN B S :3,51
METRONIDAZOLE S 10,8:
TEICOPLANIN SR 10,8
MICAFUNGIN i 10,8
FLUCONAZOLE i 10,81
CEFTAZIDIME il 5.4
CEFEPIME 1 2,7
GANCICLOVIR 2,7
ACYCLOVIR 2,7
AMOXICILLIN/CLAVULANATE B8 2,7
AMPICILLIN B 2,7
CLARITHROMYCIN 1 2,7
CIPROFLOXACIN 2,7
OXACILLIN = 2,7
ERTAPENEM 8 2,7

0 10 20

Antimicrobial agents used in patients with HAls in 2022.

Source: Authors, 2025.

DISCUSSION

Patients admitted to intensive care units (ICUs) are at
substantial risk of acquiring healthcare-associated infections
(HAIs) because of the high frequency of procedures, the need
for venous access and invasive devices, immunosuppression,
comorbidities, frailty, and advanced age. Despite existing
preventive measures, HAls remain a significant cause of
morbidity and mortality worldwide.(>1®

In this study, the HAI prevalence was 4.29%, which differs
from the 10%-41% prevalence reported in other studies.
®10-13) This difference may be partly related to hospital size
and local epidemiology, as the study was conducted at a
medium-sized hospital in an inland municipality. The other
studies analyzed were conducted in state capitals or large

metropolitan areas, where patient volumes and hospital
admissions are higher.17:1®

The main risk factors associated with HAIs are related to
diagnostic and therapeutic interventions. The most common
include the use of invasive devices, such as urinary catheters and
venous catheters; prolonged use of airway devices, including
endotracheal intubation, tracheostomy, and mechanical
ventilation; chronic diseases and comorbidities; traumatic
injuries; and length of hospital stay."®?% Studies also suggest
that female sex and advanced age are well-established risk
factors for HAIs.?"In this study, because of the small sample
size, no statistically significant associations were identified for
a length of stay of 6 days or more, use of invasive devices, or
the presence of comorbidities; however, a higher number of
deaths was observed among individuals in these categories.
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The most frequent infections were urinary tract infections,
followed by respiratory tract and bloodstream infections.
Similar findings have been reported in the literature.!"'®
2 Although the ranking of these infections varies among
the studies cited, these remain among the most frequently
reported infection sites.

Traumatized areas are conducive to bacterial proliferation
because of the presence of blood within hematomas and
devitalized tissue. In addition, complications resulting from
previous surgical procedures represent another important
factor. Surgical procedures performed in emergency situations,
in debilitated patients, or in patients with preexisting
infections are often associated with a higher risk of infectious
complications."® Despite this, a low prevalence of lesion-
related infections and surgical site infections was observed.

The main pathogens isolated in this study were
Staphylococcus spp., Klebsiella spp., and Candida spp.,
including resistant pathogens such as methicillin-resistant
S. aureus (MRSA), ESBL-producing K. pneumoniae, and
carbapenemase-producing K. pneumoniae. Less frequently
isolated pathogens included A. baumannii, Escherichia
coli, Pseudomonas spp., Proteus spp., C. difficile, E. cloacae,
S. pyogenes, and Enterococcus spp. These findings are
consistent with those reported in the literature. Currently,
carbapenemase-producing K. pneumoniae strains, particularly
KPC-producing strains, are widespread in several countries,
including Israel, Greece, Italy, Poland, China, Brazil, Argentina,
and Colombia, and are becoming increasingly common
throughout Europe.""'219 Candida auris has also emerged as
a pathogen of concern, affecting regions such as India and
the Middle East and causing outbreaks in several parts of the
world, including the United States, Europe, and Asia. Other
frequently isolated microorganisms include P. aeruginosa, A.
baumannii, and E. coli.""1216:2425)

Because of the presence of multiple risk factors,
patients admitted to ICUs are at increased risk of C. difficile
infection. C. difficile infection occurs when the normal
intestinal microbiome becomes disrupted. In this setting,
the microorganism proliferates uncontrollably, overcomes the
host'simmune defenses, and produces toxins A and B. These
toxins cause alterations in colonic epithelial cells, resulting in
symptoms such as diarrhea, paralyticileus, and even colonic
perforation.!"2 Gastrointestinal tract infections are not
included in the Brazilian Ministry of Health’s National List

of Notifiable Diseases, Conditions, and Public Health Events
and are therefore not subject to mandatory notification.
Nevertheless, the confirmation of HAI cases caused by C.
difficile in the present study is noteworthy.

Regarding antimicrobial therapy, the main classes
used were penicillins, carbapenems, second-generation
cephalosporins, glycopeptides, and oxazolidinones,
represented by piperacillin/tazobactam, meropenem,
cefuroxime, vancomycin, and linezolid, respectively. Few
studies in the literature have evaluated the most frequently
used antimicrobial agents; however, some studies have
shown that the most commonly used antimicrobial classes
include combinations of penicillins with beta-lactamase
inhibitors, third-generation cephalosporins, particularly
ceftriaxone, and fluoroquinolones.?’?¥ In the present study,
fluoroquinolones and third-generation cephalosporins were
also used, although less frequently.

CONCLUSION

Based on the study findings, healthcare-associated
infections influence mortality rates in intensive care units,
prolong hospital stays, and impose substantial costs on
healthcare institutions. These infections are intrinsically
associated with several risk factors, including adverse
clinical conditions, comorbidities, invasive procedures,
and alterations in the microbiota. Although the prevalence
of HAls in this study was comparable to that reported in
developed countries, continuous surveillance of the care
provided to critically ill patients remains necessary. Therefore,
healthcare professionals must strictly adhere to aseptic
techniques, perform hand hygiene consistently, and use
invasive procedures and antimicrobial agents judiciously in
routine patient care. The findings of this study underscore the
importance of HAl surveillance forimplementing preventive
measures, selecting appropriate antibiotic therapy, and
reducing infection rates.
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