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ABSTRACT

Introduction: Pseudomonas aeruginosa infections are common worldwide, affecting mainly hospitalized patients and causing healthcare-
associated infections (HAISs), with a high frequency of antibiotic resistance and complicated outcomes.

Objective: To investigate the P, aeruginosa frequency in HAIs in a medium/high-complexity hospital in Alagoas (Brazil) and the antibiotic
susceptibility profiles of the strains.

Methods: A retrospective cross-sectional study was conducted from January 2013 to December 2014, when P. aeruginosa related-HAIs
were evaluated after automated identification (Vitek®2) and documental analysis.

Results: Seventy-eight samples were positive for P. aeruginosa, with 37 (47.4%) isolates from patients of the general Intensive Care Unit
(ICU) and 13 (16.7%) from the surgical unit. Tracheal secretion (25.6%), wound secretions (20.5%) and sputum (18.0%) were the main
positive biological samples. Among 68 strains tested, 73.53% showed resistance to aztreonam, while cefepime, ceftriaxone and cefotaxime
were not effective for any isolates (all resistant). High resistance to carbapenems imipenem (61.76%) and meropenem (55.88%) was
observed, as well as 46 isolates resistant to piperacillin/tazobactam (67.64%); 47 (60.2%) from the general ICU and neonatal ICU were
resistant to all antibiotics tested (MDR profile), except for colistin.

Conclusion: Our results indicated antibiotic-resistant P aeruginosa highly present in ICU and the therapy with aminoglycosides and
colistin as important choices in cases with failure against P aeruginosa isolates. A constant screening of multidrug-resistant £ aeruginosa
is necessary for the control in the hospital environment, evaluating the antibiotic susceptibility to guide the therapeutic choice.

Key words: Pseudomonas aeruginosa; antimicrobial resistance; healthcare-associated infections; ICU.

INTRODUCTION infusion pumps and respiratory equipment, while hospitalized
patients have a higher colonization rate®.

Pseudomonas aeruginosa is a Gram-negative bacillus (GNB) Worldwide, HATs are considered as a serious public health
able to survive in a number of environments, with a predilection  problem, which has been growing in both incidence and complexity,
for humid environments, colonizing sites such as the perineum,  causing several social and economic implications”. As an
armpit and ear of healthy individuals in low prevalence. Besides, it opportunistic human pathogen, P. aeruginosa is known as the major
persists in typical reservoirs such as showerheads, dialysis tubing,  cause of healthcare-associated infections (HAIs) and the second
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most common cause of sepsis in Intensive Care Units (ICU) 9.

The reduction of susceptibility to antimicrobials in P
aeruginosa has been observed in Brazil and in other countries
for years™'  highlighting the decrease in sensitivity to
antibiotics of choice such as carbapenems and anti-Pseudomonas
cephalosporins®!V, Several resistance mechanisms have already
been identified in P. aeruginosa (classified into intrinsic, acquired
and adaptive resistance), including limited permeability of the
outer membrane, efflux pumps and the production of antibiotic-
inactivating enzymes (e.g., B-lactamases) and resistance mediated
by transferred plasmids and/or mutations %7,

Factors in the hospital environment contribute to the increase
in infections by drug-resistant P. aeruginosa, such as the selective
pressure of antimicrobials, facility to survive for prolonged periods
in humid environments and hospital equipment/utensils and
host factors: basic diseases such as diabetes, kidney failure or
neoplasms, long periods of hospitalization, surgical procedures,
use of catheters, mechanical ventilation and previous antibiotic
therapy, in addition to failures in the biosafety for HAI control ™1,

Multidrug resistance (MDR) profile has been frequently
observed in Gram-negative bacilli (GNB), such as Escherichia
coli, Klebsiella pneumoniae and P. aeruginosa®. Basak and
collaborators(2016) " received samples from ICU and from wards
of different clinical specialities, isolating P. aeruginosa as the
second most frequent GNB (28.4%) and the major GNB extensively
drug-resistant (XDR), a type of MDR organism that is resistant to
basically all approved antimicrobial agents.

Hospital infection rate assessments, prevalence of the most
common infections and which pathogens are involved, as well as
their antibiotic sensitivity profiles, are extremely relevant indicators
that should be monitored periodically, aiming at improving the
prevention and control policies and practices of these infections.
Thus, this study aimed to explore the clinical isolates of P
aeruginosa identified in an important hospital in northeastern
Brazil for 2 years, investigating the frequency of infections of this
pathogen and each susceptibility profile to antibiotics.

METHODS

Study design, period and local

This retrospective and cross-sectional study was developed from
January 2013 to December 2014 in the Professor Alberto Antunes
University Hospital (HUPAA; Macei6, Alagoas, Brazil), a public
teaching hospital classified as medium- and high-complexity and
in agreement with the Unified Health System (SUS) that provides

health services to the population of Alagoas. No consent term was
required, since no patient samples or their demographic data were
manipulated, but only bacterial strain data on a register book.

Strain identification and susceptibility profile

Data from positive cultures for P. aeruginosa previously
identified were obtained from the reports of the microbiology
laboratory of HUPAA and included in this study. The clinical
samples came from all types of inpatient units of the hospital;
we considered only patients diagnosed as having P. aeruginosa
-related HAT after 48 h of admission, according to medical report
analysis and the criteria and HAI definition from CDC!?,

The phenotypic characteristics and antibiotic susceptibility
profile of the P. aeruginosa strains were identified using the
automated Vitek®2 system (BioMérieux, France), according to
the manufacturer’s instructions. For sensitivity and resistance
evaluation, the following classes of antibiotics were used in the
antibiotic sensitivity tests (AST): B-lactam (aztreonam [ATM; 30
pgl), aminoglycosides (gentamycin [GEN; 10 pg] and amikacin
[AMK; 30 pgl), fluoroquinolones (ciprofloxacin [CIP; 10 ng]),
3rd- and 4th-generation cephalosporins (cefotaxime [CTX;
30 pg], ceftriaxone [CFT, 30 pg] and cefepime [CFP; 30 ugl),
polymyxin E/colistin (CST, 10 pg), carbapenems (meropenem
[MEM; 10 pg] and imipenem [IMP; 10 pg]) and a p-lactam/p-
lactamase inhibitor combination (piperacillin/tazobactam [TZP,
100/10 pg]). The results were interpreted using the guideline of
the Clinical and Laboratory Standards Institute (CLSI) and the
minimum  inhibitory concentration (MIC) determinations for
colistin were made (data not informed) 9.

Ciprofloxacin was evaluated only in P. aeruginosa isolated
from urine samples, and P aeruginosa isolates were classified
with multidrug-resistant (MDR) pattern when nonsusceptibility
to at least one agent in three or more antimicrobial classes was
observed . Given the reality of a public hospital in Brazil, which
occasionally goes through periods of low resources, it was not
possible to test all isolates with all antimicrobials described due to
limited materials at some times, as indicated in the results.

Statistical analysis

For the data organization and analysis was used Microsoft®
Office Excel for Windows® (Microsoft) and statistical data analyses
were carried out with GraphPad Prism 8% usingchi-square test
(p>0.05).

RESULTS

During the period analyzed, 78 samples with positive isolation
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for P aeruginosa were obtained, of which 42 (53.8%) were collected
from January to December 2013 and 36 (46.2%) from January to
December 2014. P. aeruginosa accounted for 47.4% (37), 16.7%
(13) and 12.8% (10) of HAIs in general ICU, surgical clinic and
neonatal ICU, respectively, followed by medical clinic (9; 11.5%),
pediatric (7; 9.0%) and ophthalmic units (2; 2.6%).

The strains analyzed were isolated from different clinical
specimens, mainly tracheal secretion (20; 25.6%), wound secretion
(16; 20.5%) and sputum (14; 18.0%). In Table 1, one can see the
frequency of P. aeruginosa strains in all variety of clinical samples
analyzed.

TABLE 1 - Clinical specimens positive for Pseudomonas aeruginosa obtained from
patients with healthcare-associated infections (2013-2014).

Clinical specimens s Total (%)
2013 2014
Tracheal secretion 10 10 20 (25.6%)
Wound secretion 10 6 16 (20.5%)
Sputum 8 6 14 (18.0%)
Urine 5 5 10 (12.8%)
Catheter 3 5 8(10.2%)
Blood culture 4 3 7 (9.0%)
Ascitic fluid 1 - 1(1.3%)
Pleural fluid - 1 1(1.3%)
Cornea 1 - 1(1.3%)
Total 42 (53.8%) | 36 (46.2%) 78 (100.0%)

The aminoglycosides were among the antibiotics tested in all
P aeruginosa strains that showed better action against them, with a
higher sensitivity rate compared to the number of resistant strains:
53.8% sensitive to amikacin and 51.3% sensitive to gentamycin
(Table 2). However, among the 68 strains tested, 73.53% of the
isolates (50) did not respond to the attack with aztreonam, with a
high level of resistance to this b-lactam (Table 2).

Amongst the cephalosporins evaluated, it was observed that
all tested isolates were resistant to cefepime, being the only from
the 4th generation evaluated in AST, as well as to ceftriaxone
and cefotaxime (3rd-generation cephalosporins) due to intrinsic
resistance (Table 2).

In addition, it was possible to confirm a high resistance to
carbapenems imipenem and meropenem, important drugs in the
treatment against P. aeruginosa, with a prevalence of resistance
of 61.76% and 55.88%, respectively. Forty-six isolates also showed
resistance to the piperacillin/tazobactam combination.

Forty-seven isolates (60.2%) from the general ICU and
neonatal ICU were resistant to all antibiotics tested, except for
colistin (MIC not informed), the only drug with an effective

TABLE 2 - Distribution of Etiology of cirrhosis and laboratory data on patients undergoing liver

transplantation at HC-UFMG between 2003 and 2015

Etiology of cirrhosis and laboratory data Distribution
Etiology n (%)
Ethanol 16 (44.4)
HCV 14 (38.9)
Cryptogenic 6(16.7)
Laboratory data: Median (min-max)
ALT (U/L) 48.0 (11.0 - 275.0)
AST (U/L) 53.0 (20.6-177.0)
BT (mg/dL) 2.15(0.6-8.7)
RNI 149 (099 - 2.51)
Creatinine (mg/ dL) 0.89 (0.4 -3.0)
AFP (ng/ml) * n (%)
<10 17 (73.9)
>10 6(26.1)
MELD ** n (%)
<20 22 (78.6)
>20 6 (21.4)

Source: Authors. * n=23 cases. ** n=28 cases.

HCV: Hepatitis C virus; ALT: Alanine transaminase; AST: Aspartate transaminase; BT Total
bilirubin; RNI: International normalized ratio; AFP: alpha-fetoprotein; MELD: Model of end-stage

liver disease.

response against them. Thus, all P. aeruginosa strains circulated in
the general ICU had an MDR profile, since they showed resistance
to the 5 classes tested and to P-lactam/B-lactamase inhibitor
combination.

DISCUSSION

This research showed the antimicrobial susceptibility profile
of P aeruginosa isolated from a variety of infections from patients
admitted to an important public hospital in northeastern Brazil,
with MDR strains in different sectors. The bacterium focused here
is an ESKAPE member, a group that encompasses six pathogens
with increasing resistance to multiple drugs and virulence,
responsible for most HAIs™**?,

P. aeruginosa remains as a frequent cause of pneumonia and
bloodstream infections in hospitalized individuals of many countries
since 1997, according to the SENTRY Antimicrobial Surveillance
Program®V, A systematic revision evaluated P aeruginosa infections
in Latin American, and eligible studies perfomed in Brazil
and Colombia (2005 to 2012) reinforced the bloodstream and
respiratory tract as the main infection sites for this GBN®, pointing
out to risk factors for MDR P. aeruginosa acquisition such as co-
occurring disease, surgical procedure, hospital stay, inappropriate
therapy, enteral/parenteral feeding, mechanical ventilation, use of
nasogastric tubes under endotracheal suctioning daily, in addition
to the continuous sedation that decreases the ciliary movements of
the respiratory tree®.
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Different screenings in Brazil indicated P. aeruginosa as the
1st and 2nd most isolated bacterium in infection processes (Recife/
PE and Sdo Paulo/SP), with a high prevalence of respiratory
infections isolated from tracheal secretions and nasal site (10; 23).

In the current study, we found P. aeruginosa more frequently
in tracheal secretions and wounds in Maceid/AL, as observed in
a previous study (24), when among 85 P aeruginosa isolates
it was found in 28.2% and 25.9% from tracheal aspirates and
wounds, respectively. These are common infected sites in patients
undergoing long hospitalization and invasive procedures.

An ESKAPE-type bacterium canescape the action of antibiotics
and become resistant to one or more agents, combined or not, due
to the natural selection of resistant strains and horizontal gene
transfer (HGT) for sensitive strains (20). In our results, the overall
data showed an important frequency of P. aeruginosa resistant to a
variety of antibiotics, mainly in inpatient units with more critical
patients (general and neonatal ICUs).

A better sensitivity rate of aminoglycosides gentamicin and
amikacin was confirmed here, which are antibiotics commonly
used against P. aeruginosa; however, there has been an increase in
the frequency of P aeruginosa isolates resistant to aminoglycosides,
as Teixeira et al® and Holbrook et al® observed in Venezuela
and USA, respectively. Aminoglycoside monotherapy appears to be
an effective treatment option only for lower urinary tract infection
(UTT) in nonseptic patients, since aminoglycosides accumulate
in kidneys in high concentrations®*. Basseti et al® suggested
a combination therapy with beta-lactams and aminoglycosides
for high-risk severe patients (i.e., severe immunocompromised
neutropenic patients or with septic shock) in an empirical
administration, until the etiologic agent and its susceptibility
profile are identified.

An important rate of resistance to beta lactam antibiotics
aztreonam, 3 and  4%-generation  cephalosporins,
carbapenems and TZP combination tested was observed in ourP.
aeruginosaisolates. Therefore, we can infer that there was a
high production of the B-lactamase enzymes by the strains of
this public hospital. B-lactamases hydrolyze B -lactam rings, a
common and important mechanism of resistance in GBN, and are
divided in class A, B (metallo-p-lactamases/MBLs), C and D serine
b-lactamases®”.

P. aeruginosa resistant to meropenem and aztreonam was
found in different hospitals in Alagoas years before, with the
MDR phenotype in 50.6% and nine of these strains with ,_SPM
gene and one , IMP-positive, MBL producers in ICU and other
hospital units®. Noting that resistance to cephalosporins has
been increasing in Recife (Brazil), Figueiredo et al'® suggest

that the use of 3"-generation cephalosporins on a large scale as
a dominant therapeutic option for years has resulted in decreased
sensitivity to this drug,

Worldwide, the rate of meropenem non-susceptible P
aeruginosa was the highest in 2009-2012 (27.3%) and decreased
to 22.7% in 2013-2016“Y, but in a screening for important GNB
in HAIs from different countries of Latin America, Labarca et al®?
found rates of carbapenem resistance up to 66% for P aeruginosa
strains. Mladenovic-Antic and colleagues®”observed a significant
increase in rates of antimicrobial resistance of P aeruginosa to
carbapenems and beta-lactams and attested a correlation between
the consumption and resistance. In the same way, Baditoiu et al®®
found during 1 year of research in the ICU that the incidence of
carbapenem-resistant P. aeruginosa and combinations increased
significantly, in parallel with the increase in the consumption of
B-lactams with B-lactamase inhibitors (TZP) and meropenem.

The general ICU from HUPAA/Alagoas was the area with
the highest record of HAI by P. aeruginosa, a hospital sector
with critical patients under prolonged hospitalization, invasive
interventions and antibiotic-resistant bacteria. According to Braga
etal®, the prevalence of [CU-acquired HAIs in Brazilian hospitals
was higher than that reported in most European countries and the
USA, an extremely worrying situation.

P aeruginosa strains sensible to colistin, were recurrent
in studies from different countries, e.g., all 245 isolates from
Latin American countries were susceptible to colistin ¥, as well
as 212P. aeruginosa MDR isolates from India"® and outbreak
strains from German, where even those resistant to penicillins,
aminoglycosides, cephalosporins, carbapenems and quinolones
remained susceptible only to colistin®"

Thus, these studies explain why colistin is considered as a last
resource agent in the case of infections by multidrug-resistant GNB,
e.g., Acinetobacter baumannii and P. aeruginosa, with efficacy for
systemic therapy in the treatment of HAIS comproved, despite the
nefrotoxicity®9., Labarca et al®" confirmed that clinicians have
considered the use of alternative agents as this polymyxin against
carbapenem-resistant P. aeruginosa, and to our knowledge there
was no confirmation of P. aeruginosa isolates resistant to this drug
in Alagoas.

P. aeruginosa has developed several mechanisms that interfere
in the antimicrobials activities, which can coexist and generate
cross resistance, decreasing the sensitivity to antibiotics in GNB®,
making many common therapies increasingly ineffective. Care
in prevention and therapy continues to be encouraged to prevent
the emergence of more resistant species, as well as basic and
epidemiological researches that help in the understanding of
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the acquisition and prevalence of resistance mechanisms, in
the expectation that new drugs are capable of combating multi-
resistant strains and/or new drug target candidates are discovered.

CONCLUSION

This study concluded that antibiotic-resistant P. aeruginosa
were highly present in this important public hospital from
Macei/Alagoas, mainly in the ICUs when compared to the other
hospital areas. Aminoglycosides can be a better option in many
cases, but the multiple resistance to the drugs observed complicate
therapeutic management of infections by P aeruginosa. We

confirmed the colistin as an alternative for the treatment of cases
with failure to the drugs of first choice or in front of MDR isolates,
when applicable.

Healthcare professionals are constantly fighting against
different pathogens from HAIs, and the necessary subsidies for
adequate hospital biosafety and epidemiological surveillance must
always be guaranteed, and periodic drug-resistance evaluations
of the microorganisms most frequently isolated in addition to
the providing of continuing education to these professionals,
strengthening infection control strategies.
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interest.

REFERENCES

1. Buhl M, Kastle C, Geyer A, et al. Molecular evolution of Extensively Drug-Resistant (XDR) Pseudomonas aeruginosa strains from patients and
hospital environment in a prolonged outbreak. Front Microbiol. 2019; 10(1742): 1-13.

2. Exner M, Bhattacharya S, Christiansen B, et al. Antibiotic resistance: What is so special about multidrug-resistant Gram-negative bacteria? GMS Hyg
Infect Control. 2017; 12:5.

3. Azzopardi EA, Azzopardi E, Camilleri L, et al. Gramnegative wound infection in hospitalised adult burn patients-systematic review and metanalysis.
PLoS One. 2014; 9(4): 95042.

4. Padoveze MC, Fortaleza CMCB. Healthcare-associated infections: challenges to public health in Brazil. Rev Saud Publica. 2014; 48(6): 995-1001.

5. Horcajada JP, Montero M, Oliver A, et al. Epidemiology and Treatment of Multidrug-Resistant and Extensively Drug-Resistant Pseudomonas
aeruginosa Infections. Clin Microbiol Rev. 2019;32(4):¢00031-19.

6. Abd El-Baky RM, Mandour SA, Ahmed EF, et al. Virulence profiles of some Pseudomonas aeruginosa clinical isolates and their association with the
suppression of Candida growth in polymicrobial infections. PLoS One. 2020; 15(12): e0243418.

7. Capelari AP, Horner R. Profile of antimicrobial susceptibility and prevalence of Pseudomonas aeruginosa at the University Hospital of Santa Maria
- RS. Health, Santa Maria. 2009; 35(2): 37-44.

8. Matos ECO, Matos HJ, Conceicao ML, et al. Clinical and microbiological features of infections caused by Pseudomonas aeruginosa in patients
hospitalized in intensive care units. Rev Soc Bras Med Trop. 2016; 49(3): 305-11.

9. Sorli L, Luque S, Segura G, et al. Impact of colistin plasma levels on the clinical outcome of patients with infections caused by extremely drug-
resistant Pseudomonas aeruginosa. BMC Infect Dis. 2017; 17(1): 11.

10. Figueiredo EAP, Ramos HM, Vieira MA, et al. Pseudomonas aeruginosa: frequency of multidrug resistance and cross-resistance among antimicrobials
in Recife/PE. Rev Bra Ter Int. 2007; 19(4): 421-7.

11. Khodare A, Kale P, Pindi G, et al. Incidence, Microbiological Profile, and Impact of Preventive Measures on Central Line-associated Bloodstream
Infection in Liver Care Intensive Care Unit. Indian ] Crit Care Med. 2020; 24(1):17-22.

12. Rocha AJ, Barsottini MRO, Rocha RR, et al. Pseudomonas aeruginosa: Virulence factors and antibiotic resistance Genes. Braz Arch Biol Technol.
2019; 62

13. Pang Z, Raudonis R, Glick BR, et al. Antibiotic resistance in Pseudomonas aeruginosa: mechanisms and alternative therapeutic strategies. Biotechnol
Adv. 2019; 37(1): 177-92.

14. Ponce de Leon A, Merchant S, Raman G, et al. Pseudomonas infections among hospitalized adults in Latin America: a systematic review and meta-
analysis. BMC Infect Dis. 2020; 20(1): 250.

15. Oliveira-Janior B, Araujo MAS, Silva DMW, et al. Multiple healthcare-associated infections in a patient with Crohn’s disease: Case report. Rev Epid
Control infec. 2016; 6(2): 1-5.

16. Basak S, Singh P, Rajurkar M. Multidrug Resistant and Extensively Drug Resistant Bacteria: A Study. ] Pathog. 2016; 4065603.

17. Horan TC, Andrus M, Dudeck MA. CDG/NHSN surveillance definition of health care-associated infection and criteria for specific types of infections
in the acute care setting. Am J Infect Control. 2008; 36(5): 309-32.

18. CLSI document M11-A8. Wayne, PA. Proposed Standard. Approved Standard. 4th ed.Clinical and Laboratory Standards Institute. 2012.

e4472022
7



Healthcare-associated Infections by Psexdomonas aeruginosa and Antimicrobial Resistance in a Public Hospital from Alagoas (Brazil)

19. Rice LB. Federal funding for the study of antimicrobial resistance in nosocomial pathogens: no ESKAPE. J Infect Dis. 2008; 197(8): 1079-81.

20. Mulani MS, Kamble EE, Kumkar SN, et al. Emerging Strategies to Combat ESKAPE Pathogens in the Era of Antimicrobial Resistance: A Review. Front
Microbiol. 2019;10: 539.

21. Shortridge D, Gales AG, Streit JM, et al. Geographic and Temporal Patterns of Antimicrobial Resistance in Pseudomonas aeruginosa Over 20 Years
from the SENTRY Antimicrobial Surveillance Program, 1997-2016. Open Forum Infect Dis. 2019; 6(1): 63-68.

22. Nobrega MS, Carmo Filho JR, Pereira MS. Evolution of Pseudomonas aeruginosa and Acinetobacter baumannii resistance in intensive care units.
Rev EletronEnferm. 2013; 15(3): 694-701.

23. Ribeiro ACS, Crozatti MTL, Silva AA, et al. Pseudomonas aeruginosa in the ICU: prevalence, resistance profile, and antimicrobial consumption. Rev
Soc Bras Med Trop. 2020; 53:20180498.

24. Barros MLR, Morais VMS, Castro KCB, et al. First detection of metallo-(3-lactamases in nosocomial isolates of Pseudomonas aeruginosa in Alagoas,
Brazil. ] B Patol Med Lab. 2015; 51(5): 291-5.

25. Teixeira B, Rodulfo H, Carreno N, et al. Aminoglycoside resistance genes in Pseudomonas aeruginosa isolates from Cumana, Venezuela. Rev Inst
Med Trop Sao Paulo. 2016; 58: 13.

26. Holbrook SYL, Garneau-Tsodikova S. Evaluation of Aminoglycoside and Carbapenem Resistance in a Collection of Drug-Resistant Pseudomonas
aeruginosa Clinical Isolates. Microb Drug Resist. 2018; 4(7): 1020-1030.

27. Goodlet K], Benhalima FZ, Nailor MD. A Systematic Review of Single-Dose Aminoglycoside Therapy for Urinary Tract Infection: Is It Time To
Resurrect an Old Strategy? Antimicrob Agents Chemother. 2018; 63(1): 02165-18.

28. Tamma PD, Cosgrove SE, Maragakis LL. Combination Therapy for Treatment of Infections with Gram-Negative Bacteria. Clin Microbiol Rev. 2012;
25(3): 450-70

29. Bassetti M, Vena A, Croxatto A, et al. How to manage Pseudomonas aeruginosa infections. Drugs Context. 2018; 7: 212527.

30. Bonomo RA. B-Lactamases: A Focus on Current Challenges. Cold Spring HarbPerspect Med. 2017; 7(1): 025239.

31. Labarca JA, Salles MJ, Seas G, et al. Carbapenem resistance in Pseudomonas aeruginosa and Acinetobacter baumannii in the nosocomial setting in
Latin America. Crit Rev Microbiol. 2016; 42(2): 276-92.

32. Mladenovic-Antic S, Kocic B, Velickovic-Radovanovic R, et al. Correlation between antimicrobial consumption and antimicrobial resistance of
Pseudomonas aeruginosa in a hospital setting: a 10-year study. J Clin Pharm Ther. 2016; 41(5): 532-7.

33. Baditoiu L, Axente C, Lungeanu D, et al. Intensive care antibiotic consumption and resistance patterns: a cross-correlation analysis. Ann Clin
Microbiol Antimicrob. 2017; 16(1): 71.

34. Braga 1A, Campos PA, Gontijo-Filho PP, et al. Multi-hospital point prevalence study of healthcare-associated infections in 28 adult intensive care
units in Brazil. ] Hosp Infect. 2018; 99(3): 318-324.

35. Kohlenberg A, Weitzel-Kage D, van der Linden P, et al. Outbreak of carbapenem-resistant Pseudomonas aeruginosa infection in a surgical intensive
care unit. ] Hosp Infect. 2010; 74(4): 350-7.

36. Andrade FE, Silva D, Rodrigues A, et al. Colistin Update on Its Mechanism of Action and Resistance, Present and Future Challenges. Microorganisms. 2020;
8:1716.

37. Kallel H, Bahloul M, Hergafi L, et al. Colistin as a salvage therapy for nosocomial infections caused by multidrug-resistant bacteria in the ICU. Int J
Antimicrob Agents. 2006; 28(4): 366-9.

38. Rocha AJ, Barsottini MRO, Rocha RR, et al. Pseudomonas aeruginosa: Virulence Factors and Antibiotic Resistance Genes. Braz Arch Biol Technol. 2019; 62:
19180503.

CORRESPONDING AUTHOR

Fernanda Cristina de Albuquerque Maranhio @) 0000-0002-4255-6563
fcam@icbs.ufal.br

Gher |

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

e4472022
b



	_GoBack
	_Hlk80646704

