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Abstract

Antimicrobial Resistance (AMR) is the ability of a microorganism to resist the effects of an antimicrobial to which it was pre-
viously susceptible. The objective of this study was to identify the antimicrobial profile and the resistance indices of the unit,
the relationship between antimicrobial resistance and the main microorganisms such as clinical events, mortality and hospi-
tal discharge in intensive care patients. This is an epidemiological, observational, cross-sectional study of a retrospective,
quantitative and analytical nature. These are collected from two records of two patients hospitalized in the Intensive Care
Unit of a large-scale hospital in the interior of the State of Sdo Paulo, in the period from January to December 2024. The
sample was composed of the records of 1787 patients hospitalized in the Intensive Care Unit in the period from January to
December 2024, for the quais houve the prescription of antimicrobials and the collection of cultures during hospitalization
in the sector. The results confirm the predominance of two microorganisms Klebsiella pneumoniae , Acinetobacter bauman-
nii , Pseudomonas aeruginosa , Enterococcus faecium , Staphylococcus aureus and Enterobacter spp., responsible for more

than 60% of the isolates, high levels of resistance, above 90%. gram negative and gram positive microorganisms.

From a clinical point of view, the analysis of the time of hospitalization and hospital accidents did not show a statistically sig-
nificant difference between the groups (p=0.398), although patients infected with A. baumannii , K. pneumoniae and P.
aeruginosa tended to remain hospitalized for longer periods of time. It is concluded that the investigation into the relation-
ship between hospitalization time, isolated microorganisms and therapeutic adequacy suggests associations that can con-

tribute to prolonged periods of hospitalization.
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Introduction

Antimicrobial Resistance (AMR) is the ability of a
microorganism to resist the effects of an antimicrobial to
which it was previously susceptible. This phenomenon can
be intrinsic, a natural characteristic of the bacterial species,
or acquired, the result of genetic mutations or horizontal
gene transfer [1]. A RAM constitutes a complex and multi-
factorial biological phenomenon, resulting from the adap-
tive capacity of two microorganisms to survive exposure to
antimicrobial agents. This adaptation, which can occur natu-
rally or acquired, represents one of the most serious threats
to global public health, compromising the effectiveness of
treatments and raising the rates of morbidity and mortality

associated with infections [2].

Infections caused by bacterial agents are associat-
ed with high rates of hospital mortality, especially in critical-
ly ill patients. According to multicenter studies, mortality
can vary between 30% and 60%, depending on the microor-
ganism and the infectious site. In addition to the clinical im-
pact, the presence of these pathogens results in an increase
in the average hospitalization time up to 15 days and a signi-

ficant increase in direct and indirect hospital costs [3].

The history of the use of antimicrobials in Brazil
reflects the global trend of expansion in the consumption of
these medications from the second half of the 20th century,
especially after the popularization of penicillin and other
broad-spectrum drugs. The indiscriminate use, both in the
hospital environment and in the community, favors the
emergence and spread of resistant microorganisms, config-
uring a growing challenge for the Brazilian health system
[4]. No country, or facilitated access to antibiotics without
medical prescription was, for many years, a determining fac-
tor for the increase in bacterial resistance. The absence of ef-
fective regulation contributes to inappropriate use, early in-
terruptions of treatment and self-medication, practices still

observed in some regions [5].

As an intention to contain this progress, the Reso-
lution of the Collegiate Directorate (RDC) n° 44/2010, of
the National Health Surveillance Agency (ANVISA), repre-
sents an important regulatory framework, to establish the

obligation to retain medical prescriptions for the sale of
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antibiotics in pharmacies and drugs [6]. Updated by RDC
471 of February 23, 2021, which provides for the prescrib-
ing, dispensing, control, packaging and labeling of
medicines based on substances known as antimicrobials [7].
Studies suggest that, after implementation, the temporary re-
duction in inadequate dispensation of these medications,
there are persistent challenges in inspection and compliance

throughout the national territory [4].

Another significant advance was the creation of
the National Action Plan for Prevention and Control of An-
timicrobial Resistance (PAN-BR), launched in 2018, aligned
with the Global Action Plan on Antimicrobial Resistance of
the World Health Organization. The PAN-BR proposes in-
tersectoral actions that involve laboratory surveillance, ratio-
nal use of antimicrobials, professional education and popu-

lation awareness [8].

Meanwhile, the implementation of these strategies
faces structural problems related to regional heterogeneity,
limitations in laboratory diagnostic capacity and lack of full
integration between hospital and community surveillance
networks. These factors make it difficult to obtain consis-
tent data on local resistance patterns, which reinforce the
importance of regional studies, such as those carried out in
ICUs, which provide essential information to subsidize
public policies and institutional infection control protocols
[9]. Thus, it is observed that RAM in Brazil reflects both the
complexity of the health system and the need for continu-
ous strengthening of the actions of microbiological surveil-
lance, professional training and rational use of antimicro-
bials, in line with the global efforts coordinated by the
WHO and international institutions (Rocha et al. .,2023).

Bacterial resistance in Brazilian ICUs is a known
problem, there is a shortage of robust data that directly cor-
relates the local resistance profile with the clinical failure of
high mortality in these institutions. This study visa preench-
er essa lacuna ao recognise these indicators and consequent-
ly generate a proficuao gestao in the hospital institutions of

Brazil and the world.
Aim

Identify the antimicrobial profile and the resis-

tance indices of the unit, the relationship between antimicro-
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bial resistance and the main microorganisms such as clini-
cal events, mortality and hospital discharge in intensive care

patients.

Method

This is an epidemiological, observational, cross--
sectional study of a retrospective, quantitative and analyti-
cal nature. For data collected from two records of two pa-
tients hospitalized in the Intensive Care Unit of a large-scale
hospital in the interior of the state of Sdo Paulo, in the peri-
od from January to December 2024. The study was carried
out in the interior of the state of Sao Paulo, in a private, phi-
lanthropic and non-profit hospital, treating patients 100%
of the Unified Health System. Health. The hospital service is
referred to in medium and high complexity care. The insti-
tution has 300 leitos, with 10% allocated to the Intensive
Care sector. It carries out 1,110 hospitalizations, 220 surgi-
cal procedures, 190 normal and surgical deliveries, in addi-
tion to 2,300 Prompt Help referenced services and elective
exams; it currently provides an average of 2,230 oncological
care, including 229 patients undergoing chemotherapy treat-
ment. The service does not include Antimicrobial Manage-

ment Programs.

The sample was composed of the records of 1787
patients admitted to the Intensive Care Unit in the period
from January to December 2024, for those who needed to
prescribe antimicrobials and collect cultures in the period
of permanence in the sector, to investigate two isolated mi-
croorganisms and antibiogram. Foram considered as lost,
those records with insufficient information for the study,
and those that do not have a collection of cultures, even in

the use of antimicrobials, described in medical prescription.

Initially, the researcher obtains access to an institu-
tional report containing information on the results of cul-
tures and clinical events, such as hospital discharge or
death. Next, a consultation was made to the Electronic Pa-
tient Record (PEP), integrated into the SOUL MV hospital
management system (Sistema de Operagdes Unicas e In-
tegradas). From this system, we proceed to analyze the labo-
ratory variables, specifically two results of microbiological
cultures and antibiograms. It should be noted that this stage

was conducted manually, since the institution's laboratory
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system does not have automated reports without direct inte-
gration with the MV PEP module. Subsequently, the collect-
ed data were organized in electronic spreadsheets and sub-

mitted to statistical analysis.

The defects of the study are to evaluate the micro-
biological profile of the unit according to the Gram classifi-
cation with their respective levels of resistance and hospital-
ization time in the Intensive Care Unit according to the pa-
tients who have been discharged from the hospital and
those who have evolved to death second to the most preva-

lent bacterial microorganisms.

As categorical variations, including the prevalence
and the percentuais two profiles of antimicrobial resistance
between the bacterial species and the Gram classifications,
are expressed in absolute frequencies and percentuais (n,
%). The proportions are compared by means of the Pearson
Qui-square test or the Fisher exact test, as appropriate. The
normality of continuous variables (hospital admission time)
was validated by the Shapiro-Wilk test. Due to an asymmet-
ric distribution (not normal) two internal tempo data, non--

parametric methods were applied.

The Kruskal-Wallis test was used to compare the
median hospital stay time (expressed in days along with the
interquartile interval [IQR]) between multiple independent
groups. Specifically, this analysis was performed in a strati-
fied manner for two clinical conditions: (1) patients who re-
ceived discharge, evaluating the 10 most frequently isolated
bacterial strains (Figure 1), and (2) patients who progressed
to death, evaluating the respective 10 most common patho-
gens (Figure 2). Paired post-hoc comparisons were conduct-
ed using the Dunn test with Bonferroni correlation to deter-
mine specific statistical differences between individual bacte-
rial groups. The omissos data (missing data) are treated by
means of the analysis of complete cases, excluding the re-
cords with incomplete clinical defects or microbiological
identification. The level of statistical significance was
defined at p < 0.05. All statistical analyzes and graphical rep-
resentations (boxplots) were performed using SPSS soft-
ware (Versdo 26.0, IBM Corp., Armonk, NY, USA).

The project was approved by the Research Ethics
Committee of the University of Sorocaba (CAAE
86145224.7.0000.5500). For data collection strategies en-
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sured confidentiality, anonymity and the possibility of inter-
ruption of the study at any time by the institution, in accor-
dance with resolution 466/2012, and ou 510/2016.

Results and Discussion

The results in Table 1 demonstrate a panorama of
high antimicrobial resistance, with emphasis on Gram-nega-
tive bacteria, especially Acinetobacter baumannii and Kleb-
siella pneumoniae . O A. baumannii has resistance greater
than 96% to penicillins, carbapenems and quinolones, val-
ues that configure a pan-resistance profile similar to that de-
scribed in recent international studies [10] reported taxa
above 90% resistance to carbapenems in isolates of A. bau-

mannii from Chinese ICUs, highlighting the global dissemi-

4

nation of clones carrying two genes blaOXA-23 and blaND-
M-1. A similar situation was observed for K. pneumoniae ,
which showed resistance greater than 90% to penicillins and
79.8% to cephalosporins, as well as 69.2% to carbapenems,
indicating the prevalence of carbapenemase-producing
strains. Segundo [11]. The emergence of K. pneumoniae co--
expressing NDM and OXA-48 has substantially elevated the
rates of therapeutic failure, making the use of late-genera-
tion p-lactams, such as ceftazidime-avibactam and cefidero-
col, indispensable. No study or profile found reflects the
same trend observed in European and Asian hospitals, con-
firming that carbapenemics do not represent an effective op-
tion against the dissemination of two mechanisms of plas-

mid and chromosomal resistance to pathogenic organisms.

Table 1: Percentage of resistant strains by pharmacological class in the Intensive Care Unit, SP. 2024.

Microorganism
Pharmacological | N | Penicillins | Cephalosporins | Carbapenems | Aminoglycosides | Quinolones | Glycopeptides | Tetracyclines | Macrolides | Lipopeptides | Oxazolidinones | Rifamycins | Sulfonamides
Class
Acmetobac_t.er 135 %.6 . 9.6 69.8 96.6 81.7
baumannii
Enterobacter 27 294 43.3 21 24.7 47
cloacae
Enterobacte.r 12 63.6 37.1 18.1 14.6 43.1 50
hormaechei
Enterococcus
: 44| 17 65 64 12.4 0 0
faecalis
Enterococcus
) 43 87.2 55.7 100 20.2 0 2.9
faecium
Bscherichia |6 29 374 0 127 52 317
coli
Klebslell.a 287 915 79.8 69.2 44 837 0 0 100 0 0 57.1
pneumoniae
Proteus
Lo 68 28.4 51.9 28.5 37.5 74.6 66.6
mirabilis
Pseudomonas 114 393 216 212 6.1 16.8
aeruginosa
Serratia
16 20 11.9 12.5 18.7 62.5 100
marcescens
Staphylococcus 99 674 0 . 12 122 0 0 63.8 0 0 0 9.6
aureus
Staphyl(?c_occus 38 937 . . 78.1 875 0 0 87.5 0 0 12,5 32
capitis
Staphylococeus |, 1| g3 4 9.4 80 0 0 87.3 0 0 213 114
epidermidis
Staphyloco.ccus 164 97.8 . . 87.2 90.8 0 0 98.5 0 0 72.3 73
haemolyticus
Staphylococcus
.. 109 86.9 16.4 70.7 0 0 93.4 0 0 317 12.3
hominis

Source: Data provided by the Institution, 2024.

In relation to Gram-positive bacteria, a high rate
of resistance was observed among coagulase-negative sta-
phylococci, particularly Staphylococcus haemolyticus, S. epi-
dermidis and S. capitis , with resistance greater than 90% to

penicillins, quinolones and macrolide agents, configuring a
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generalized multi-resistance profile. This pattern has been
widely documented in critical units, especially in patients
with catheters and invasive devices, leading to colonization
by endemic methicillin-resistant CoNS [12]. On the other
hand, Staphylococcus aureus presents moderate resistance
to penicillins (67.4%) and macrolides (63.8%), but main-
tains total sensitivity to glycopeptides, lipopeptides and oxa-
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zolidinones, a result compatible with recent studies carried
out in South America [13]. Among the enterococci, or E. fae-
cium, resistance is 100% to quinolones and 87% to peni-
cillins, configuring a phenotype similar to the VRE strains
described by [14]. These results reinforce the critical role of
glycopeptides and oxazolidinones as the latest therapeutic al-
ternatives for the treatment of multidrug-resistant Gram--
positive infections and highlight the urgent need for surveil-
lance strategies and rational use of antimicrobials to contain
the spread of pathogens in highly complex hospital environ-

ments.

In table 2, the analysis of two resistance profiles in-
dicates that, when identifying a Gram-negative bacteria, the
empirical selection of antimicrobials must be done with cau-
tion, once the highest levels of resistance are observed pre-
cisely among the classes traditionally used in the treatment
of these infections. In this study, cephalosporins, carbapen-
ems and fluoroquinolones show average resistance between
46% and 68%, evidencing the dissemination of extended
spectrum P-lactamases and carbapenemases among Klebsiel-
la pneumoniae , Acinetobacter baumannii and Pseudomonas
aeruginosa . This scenario, the empirical use of these classes
should be reserved for cases in which the antibiogram de-

monstrates sensitivity. The aminoglycosideos, with an aver-

age resistance of 35.9%, appear as one of the most effective
classes for Gram-negatives, especially amikacin and gen-
tamicin, which maintain activity against resistant Pseudomo-
nas and Enterobacterales . Alternatives such as colistin, tige-
cycline or newer B-lactams (ceftazidime/avibactam, cef-
tolozana/tazobactam) should be considered in cases of infec-
tions due to multiresistant strains, as recommended by the

international infection treatment guidelines by ESKAPE.

On the other hand, to identify a Gram-positive iso-
late, the observed resistance profile points to a high level of
resistance to macrolides (86.6%) and lincosamides (77.6%),
but low resistance to glycopeptides (3.9%) and oxazolidi-
nones (0.2%). These results confirm the maintenance of the
effectiveness of agents such as vancomycin, teicoplanin and
linezolid, which remain as therapeutic pillars in the manage-
ment of serious infections caused by methicillin-resistant
Staphylococcus aureus (MRSA) and ampicillin-resistant En-
terococcus faecium . The literature corroborates these find-
ings, showing that resistance to glycopeptides and oxazolidi-
nones among Gram-positives is still rare, increasing in
some regions (Arias, Murray, 2012). Thus, the empirical ap-
proach to Gram-positive infections should prioritize gly-
copeptides or oxazolidinones in invasive infections, reserv-
ing penicillins and macrolipids only for provenly sensitive

cases.

Table 2: Profile of the percentage of antimicrobial resistance by pharmacological class and Gram classification of bacteria in

the Intensive Care Unit, SP.2024

5

g H " 2 g " - F - "
SR || S| B8 |8 8|2 |8 |6 |s|2[35|3]|2
N R R R R R IR IR AR AR I R
k] = - E ]
| & 2 | 2 g 5 g 5| 8 < i
HHHIHHEIRE IR AN
Gam-negativo 3587 | 4694 | 5700 | 6767 | 000 0.00 thD 33| 633 | 256 NT NT 64H 000 ( 520 | 2308
Gam-positive 4310 | 000 000 | 67.35 | 000 380 | 7761 ﬁﬂ] 000 204 016 ( 1974 | 000 | 3420 | 2000 | 1420

Note: The cell cores vary from red (high resistance) to green (lower resistance).

Legend : NT: Not tested.

Source: Data provided by the Institution, 2024.

A statistical analysis of the time of hospitalization in the second ICU or isolated microorganism in clinical failure
(discharge or death) (Figures 1 and 2) did not demonstrate statistically significant differences between the groups
(Kruskal-Wallis H = 6.23; p = 0.398). However, the mean values indicate a longer residence time in patients infected by Pseudo-
monas aeruginosa, Acinetobacter baumannii and Enterococcus faecalis , as the variations are not sufficient to constitute a signifi-
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cant difference. This result suggests that, within the universe studied, the hospitalization time is not determined in isolation by

the type of microorganism, but rather by a combination of clinical, therapeutic and individual factors.

Despite the lack of statistical significance, the observed clinical pattern is compatible with that described in the interna-
tional literature, in that infections by microorganisms of the ESKAPE group, such as A. baumannii and K. pneumoniae , are as-
sociated with more severe conditions, greater need for ventilatory support and greater consumption of hospital resources [15].
Likewise, the similarity between the hospitalization times of the two groups “discharge” and “death” reinforces the multifacto-
rial nature of the illnesses in the ICU, in which the underlying clinical severity, as well as comorbidities and the response to
antibiotic therapy play a determining role. These points reinforce the importance of an integrated approach between microbiol-
ogy, pharmacotherapy and clinical management in the management of critically ill patients, prioritizing early diagnosis strate-
gies and therapeutic individualization [16].

Tempo de internac&o por microrganismo (ALTA) — Top 10 bactérias

Lo
o
30t
251
o
ki
o
2 201 o o
[=
% o
= 15 o
= o
W
@10
° T > A
0 L L 1 L L 1 ' L
(\(-\\\ &5 Q\@ & & \0@ S S8 & -\C"?
7 o & & & & 2 & & ©
& + & o C & s & & s
o (’C? ‘S,QO &£ (f‘\) R & g\‘? {\29 &
£ & &
B < d@v '@47 & & o g < \'DQ o
2 @ S o © & < o & N
o S & ) & & = ¢
«© & d P & & 3 &
O{\Z (}'c» e,‘\b "3@ & &S ) e}o(,
¥ <7 &
&

Figure 1: Time of hospitalization in the Intensive Care Unit according to the patients who have been discharged from the hospi-

tal due to the most prevalent bacterial microorganisms, SP. 2024

Source: Data provided by the Institution, 2024.
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Figure 2: Hospitalization time of patients who evolve to second death from the most prevalent bacterial microorganisms, Inten-
sive Care Unit, SP. 2024

Source: Data provided by the Institution, 2024.
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Conclusion

The results confirm the predominance of two mi-
croorganisms Klebsiella pneumoniae , Acinetobacter bau-
mannii , Pseudomonas aeruginosa , Enterococcusfaecium R
Staphylococcus aureus and Enterobacter spp., responsible
for more than 60% of the isolates, high levels of resistance,
above 90%. gram negative and gram positive microor-

ganisms.

From a clinical point of view, the analysis of the
time of hospitalization and hospital accidents did not show
a statistically significant difference between the groups
(p=0.398), although patients infected with A. baumannii ,
K. pneumoniae and P. aeruginosa tended to remain hospital-
ized for longer periods of time. Likewise, in the absence of
statistical significance, the clinical pattern reinforces the
multifactorial nature of the ICU disorders, in which the ther-
apeutic response, the severity of the underlying disease, and

the adequate use of antimicrobials play a determining role.

The investigation of the relationship between hos-

pitalization time, isolated microorganisms and therapeutic
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adequacy points to associations that can contribute to pro-
longed periods of hospitalization, however, the observation-
al and retrospective delineation of the study does not allow
establishing causal relationships without controlling poten-
tial confounding factors, such as clinical gravity of two pa-

tients.

Bacterial resistance, a phenomenon of a collective
and systemic nature, demands an integrated response be-
tween health professionals, managers and society, based on
the rational use of antimicrobials on shared responsibility
in the face of one of the two greatest challenges of contem-

porary public health.

Thus, the results of this study must be understood
as descriptive and exploratory evidence, capable of subsidiz-
ing critical reflections on antibiotic therapy in critically ill
patients and generating hypotheses for future studies. As a
main contribution, the work provides a diagnosis of the lo-
cal scenario of antimicrobial resistance and use of antimicro-
bials, offering subsidies for the improvement of institutional
protocols and for the strengthening of programs for the ra-

tional use of antimicrobials.
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