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Abstract: Hospital infections (HI) are related to hospitalization and can be defined when the incubation period of the pathogen 

causing the infection is unknown and there is no clinical evidence or laboratory data of infection at the time of hospitalization or 

after 72 hours of hospital admission of the patient. Thus, this research aims to demonstrate the main bacterial resistance strains 

against antimicrobials in the ICU environment. A narrative literature review was conducted for retrospective observational study. 

The literary findings demonstrated that there is a diversity in pharmacological treatment, however with the indiscriminate use of 

these bacteria have naturally gained resistances, especially in the ICU. Epidemiological data showed that the percentage of these 

resistances are high and that they can bring expenses of very high people with money for the health of the affected population. 

This requires more elaborate interventions to prevent and control such infections within the ICU. 
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1. Introduction 

Considered as an immense reservoir of virulent and 

opportunistic pathogens, the hospital environment has a vast 

probability of causing a profile of infections through bacteria 

and viruses to which they are part of this scenario. These 

infections play an important role in patient care, because 

without proper precautions and care, these patients can acquire 

such infections and may even die. Among the infections that 

affect hospitalized individuals, infections of the bloodstream, 

urinary tract, respiratory tract and postoperative wounds are 

those that occur most frequently (GRILO, et al, 2013). 

Hospital infections (HI) are related to hospitalization and    

can be defined when the incubation period of the pathogen 

causing the infection is unknown and there is no clinical 

evidence or laboratory data infection at the time of 

hospitalization or 72 hours after the patient's hospital 

admission (MINISTERIO DA SAUDE, 2005). The profile       
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of these infections where they are considered   a world 

health problem is a contributing factor to increased morbidity, 

lethality, increased hospital stays of patients, increased 

hospital costs and the spread of bacteria antimicrobial resistant 

(MEDEIROS, 2010).   

Among the hospital units, the intensive care unit (ICU) 

represents a timely environment for the presence of pathogens. 

Several internal and external factors contribute to the presence 

of microorganisms in the ICU, such as the diversity and 

dissemination of these agents caused by the flow of patients 

undergoing surgery, long hospital stay, underlying disease, use 

of urinary and venous catheters, mechanical ventilation and 

immunological status leaving patients more likely to acquire 

infections. In addition, the use of medications, such as 

antibiotics, can contribute to a high rate of antimicrobial 

resistance, hindering the treatment of the patient, causing 

greater complications (ARCANJO, 2017). 

Due to the fact that patients have already developed high 

resistance to virtually all available antimicrobials, it makes 

bacterial resistance to antimicrobials the main problem in 

ICUs, generating serious consequences due to the lack of 

therapeutic option for the treatment of infections caused by 

microorganisms (PAIM; LORENZINI, 2014). 

The present work aims to demonstrate the main bacterial 

resistance against antimicrobials in the ICU environment. 

 

2. Methodology  
 

A narrative literature review was conducted for 

retrospective observational study. As a first stage, a 

bibliographic survey was made in order to obtain all the 

references found on the theme addressed. The references used 

were websites, scientific articles, dissertations and doctoral 

theses described in lilacs, PubMed., SciELO and Periodicals 

Portal CAPES, Science Direct. The health descriptors      

used in Health Sciences (DeCs) were: "Gram-Negative 

Aerobic Bacteria"; "hospital infection", "Pharmaco-

resistance", "Gram-Negative Aerobic Bacteria", "Cross 

Infection", "Drug Resistance". The literature              

consulted was published from 2000 to 2020, using as   

inclusion criteria studies in Portuguese and English and some 

studies with a date prior to the publication period. 

Therefore, studies that did not meet these criteria were 

excluded. From this survey, we contextualized the problem 

and the analysis of the possibilities present in the literature 

consulted for the conception of the theoretical framework of 

the research. From this survey, a narrative review was 

elaborated to establish relationships with previous scientific 

productions, identify recurrent themes and point out new 

perspectives, aiming at the construction of an updated work. 

 

3. Results and Discussion 
 

3.1 Antimicrobials and their mechanisms 

 

Antibiotics are a class of drugs used for the treatment of 

infectious pathologies that differ from each other regarding 

their pharmacological, physical, chemical properties in the 

spectrum and mechanism of action. Discovered in the mid-

twentieth century, it has a primary function in this treatment, 

however for antibiotic therapy to be effective, there are 

important criteria that must be taken into consideration, such 

as the imperative that there is a target (linker) within the 

bacterial cell and that there is a sufficient concentration of 

drugs for the action (PAIM; LORENZINI, 2014). 

In order to obtain the ideal treatment in relation to 

antibiotics, the literature studied showed that according to 

Menezes et al. (2015), the drug should have the selective target, 

which had a rapid bactericidal action, narrow spectrum of 

action that does not interfere in the saprophyte microbiota, 

with the lowest toxic level and high therapeutic levels, besides 

having few adverse reactions, diversity of pathways for 

administration, good distribution in infection and not 

contradicting the normal immune defenses of the host,  

resistance and be  cost-effective. However, all these    

characteristics are difficult to achieve. 

Over time several antibiotics have been discovered    

in order to demonstrate the advancement in science and 

technology as well as bring new therapeutic approaches for 

this process, however with the indiscriminate use and the super 

speed at which bacteria become resistant this process ends up 

being quite slow and challenging. According to Santos,  

Nogueira and Mendonça (2015), Marquioti, Janes and  

Castro (2015) and Quesada et al. (2016),            

antimicrobials are separated according to their chemical 

structures and mechanisms of action belonging, therefore,   

there are  different classes such as: antibiotics inhibitors of 

cell wall synthesis (Penicillin, Cephalosporins,  

Carbapenems, Monobactamicosee the Glycopeptides),       

the antibiotics that inhibit the synthesis of purines and folic 

acid (Trimetropine and sulfonamides), those acting on the 

cytoplasmic  membrane (Polymyxin  B), antibiotics that 

inhibit synthesis protein (30S=Tetracyclines, aminoglycosides, 

50s= Macrolides, Chloramphenicol, lincosamines) and finally    

DNA synthesis inhibitors (Quinolones). 

In addition to these, there are also those antibiotics that 

do not fit any of the classifications mentioned, as is the case of 

Etambutol, with use in the treatment of tuberculosis and has 

action through inhibition of the formation of the cell wall of 

bacteria (SANTOS; WALNUT; MENDONÇA, 2015). 

 

3.2 Bacterial resistance to antimicrobials 

 

Bacteria are classified as microorganisms are prokaryote 

and without karyotheca, and all have cytoplasm, ribosomes, a 

plasma membrane and a nucleoid (KOONIN, 2014). Invisible 

to the naked eye, they have a variable size depending on the 

species 0.2 to 1.5 μm in length, and bacteria of medical 

importance have an average size between 0.5 to 1.0 μm by 2 

to 5 μm. Based on the structure of their cell wall, they can be 

classified as: Gram-positive and Gram negative (CARVALHO, 

2010). In Gram-positive, the cell wall consists of about 75% 

peptidoglycan, corresponding to a thicker layer. The 

remainder is composed of other proteins and telic acid, which 

is divided into two types: wall telic acids bound to 

peptidoglycan and lipoprotein acids (LTA) (MURRAY, 2017). 
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In gram-negative bacteria, the cell wall is more complex and 

does not have the telic acid, has a much slender layer of 

peptidoglycan and has an external membrane that consists of 

a double lipid layer, in which the periplasmic space divides 

these two components (MENEZES, 2015). 

As a way to suit the environment, several bacteria create 

their own means of survival and adaptation through numerous 

mechanisms of resistance against actions of the various 

antibiotics. The literature studied demonstrates that there is a 

classification for this type of process, this classification can be    

given in four basic ways: by preventing the action of the 

antibiotic on its target; by antibiotic modification, alteration of 

the primary binding site; and the production of an alternative 

target resistant to the inhibiting action of the chemical agent  

However, the mechanism of antibiotic modification is the most 

common thanks to the actions of enzymatic reactions, such as 

ox reduction and horizontal transfer of genes, where the 

bacterium manages to maintain the same sensitive target but 

the drug cannot reach it (TANWAR,2016). 

However, resistant bacteria, for their instead, they can act 

protecting the target from antibiotic action, by rapid pumping 

to the extracellular medium or even inducing the intake block 

age of the drug into the cell, preventing the action of the drug. 

In change in the primary binding site, the antibiotic is unable 

to act on its target due to structural change of that site. Finally, 

there are strains capable of producing alternative targets, 

resistant to the action of the antibiotic, i.e., a metabolic 

pathway is created that by turns the action of (LIU et al., 2020). 

Because of these causes is that bacterial resistance becomes a 

problem from health Publishes where makes up important a 

discussion in character Multidisciplinary towards one greater 

number of action strategies, from the nature of infectious 

diseases, as well as pharmacotherapeutic methods in force and 

also included environmental factors, relevant to the issue 

(ROWLANDS et al., 2014). Table 1 Demonstrates the Main 

Strains Resistant an antibiotic than healthy Found so much in 

hospital environment as well as in unit from intensive care. 

 

Table 1. Main bacteria mentioned by the WHO (World Health 

Organization) with a high rate of hospital bacterial resistance. 

Microorganism 
Mechanism of 

resistance 

Antimicrobials 

Resistant 
Authors 

 

Klebsiella spp. 

The main mechanism of 

resistance of this 

bacterium is the 

production of the beta-

lactamase enzyme, which 

is encoded by plasmids 

and transmitted to 

descendants after the 

reproduction processes 

Class of 

Betalactamics 

such as 

cephalosporins, 

penicillin’s, 

monobactams 

and 

carbapenems 

Chen et al., 

2020 ; 

Tanwar et al., 

2014. 

Escherichia Coli 

It uses flow pumps 

present in large 

chromosomes 

part of the bacteria. 

Ceftriaxone and 

Ampicillin 

Anselmo et al. 

2015. 

Streptococcus 

pneumoniae 

the induction of the    

efflux pump, playing   a 

notorious role in 

accelerating the drug's 

exit from the cell 

Penicillin 
Chaguza et al., 

2015). 

Staphylococcus 

Aureus 

Characterized by existence 

of a plasmid encoding the 

enzyme penicillinase, 

which has as its function 

the inactivation, by 

hydrolysis, of the 

bethalactamic ring and by 

mutation in the gene of a 

chromosome or through the 

processes of transduction, 

transformation or 

conjugation 

 

Methicillin, 

Oxacillin, 

Vancomycin 

Cephalosporins, 

Penicillin’s, 

Monobactams 

and 

Carbapenems 

Lima et al., 

2018; Aguayo- 

Reyes et al., 

2018. 

Pseudomonas 

spp. 

They produce the enzyme 

beta-lactamase, 

hyperexpression of the 

flux system, altered 

permeability of 

membrane and synthesis 

of penicillin-binding 

protein (PBP) with low 

affinity for bethalactamic, 

are the   

more expressive. 

Gentamicin, 

Tobramycin, 

Amikacin and 

Neomycin 

(Santos et al., 

2015; 

Machado et al., 

2011. 

Prepared by: Authors, 2021 

 

3.3 Epidemiological aspects of bacterial resistance in ICU   
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The indiscriminate use of antibiotics is a primary factor    

for bacterial resistance to this type of medication. With its 

increasingly refined resistance mechanisms it is very likely to 

control this type of infections within hospitals. The researched      

literature showed that an epidemiological survey of the    

microbial profile was conducted in an intensive care unit with 

98 patients, the most prevalent bacteria were P. aeruginosa, E. 

coli and K. pneumoniae, totaling almost half of the infections 

(Basso et al., 2016; Lima, 2018). However, in another site a 

survey was made in swab samples at the time of 

hospitalization and it was evidenced that of the 66% of the 

samples collected at the time of hospitalization, it was positive 

for P auruginosa which reached the top of the list in a 

retrospective and cross-sectional study (BERTÃO et al., 2018; 

MOTA et al., 2018). 

In addition to the indiscriminate use of        

antimicrobials, several factors may be associated with this 

epidemiological issue of bacterial resistance, because North 

American studies report that up to 50% of ICU infections are  

associated with the use of invasive devices, and have as 

etiological agents resistant microorganisms, being 

Acinetobacter sp., Pseudomonas sp., Klebsiella sp.,  

Methicillin-resistant Staphylococcus aureus (MRSA) and  

Escherichia coli, often present(DHILLON AND  CLARK,  

2005). Compared to Brazilian studies conducted in intensive 

care units, they report an association between the use of 

vesicle delay probes, central catheters and mechanical 

ventilation and the increase in infections developed in these 

units, a situation in which more than 75% of patients with 

infections use such procedures. In addition, there is a      

predominance of resistant agents such as S. Aureus, P. 

aeruginosa and K. pneumoniae (LISBOA et al, 2007). 

 In addition, bacterial infections with a resistance profile    

to pharmacological treatment generate high costs due to the 

length of stay in the unit, as well as the use of combined 

antibiotics where the purchase price and sometimes additional 

surgeries are high (PINKNEY et al., 2013). In Brazil, 

according to ANVISA data from 2013, R$ 803.59 are spent 

per day on surgical site infections and R$ 666.47 on 

bloodstream infections associated with a catheter. In addition, 

bacterial resistance aggravates the situation, as it tends to    

increase over the years, culminating in longer hospitalizations 

and, consequently, higher expenses. 

 

 

4. Conclusions 
As seen in the literature, the bacterial resistance process 

occurs naturally because they have sufficient mechanisms of   

action to remain in the environment that are inserted thus 

generating various disorders and harms to human life, 

however we cannot fail to observe the external factors that 

are of great importance for this process, such as the use of 

antimicrobials in a disoriented and accelerated manner. 

Within these perspectives, it is up to health 

professionals to always reinforce the importance of use and 

bring new approaches to prevention and care as well as the 

government's investment in bringing new therapeutic 

alternatives as a way to contain this medicating advance to 

bacterial resistance. Furthermore, more and more studies on 

the profile of susceptibility and microbial prevalence are 

needed within the ICU's, to design public health strategies 

aimed at controlling pharmakon resistance aiming at a 

reduction in cases, as well as the reduction of health care 

expenses in this context. 
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