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Abstract

This study aimed to identify and evaluate the antimicrobial susceptibility profile of extended-spectrum B-
lactamase (ESBL)-producing Enterobacterales isolated from blood cultures of patients with suspected
sepsis. This retrospective cross-sectional epidemiological study was performed for four years (2015 to
2018) by accessing the medical records of patients diagnosed with bloodstream infections in two tertiary
public hospitals in Brazil. Culture results and susceptibility tests of bacterial strains isolated from blood
samples were analyzed. During four years, 2,263 blood culture exams were performed, and
Enterobacterales were isolated in 694 (30.7%) samples. The disk approximation test detected ESBL
production in 171 (24.6%) of the 694 isolated Enterobacterales (p<0.05), with 125 (73.1%) corresponding
to Klebsiella spp., 28 (16.2%) to Escherichia coli, eight (4.6%) to Enterobacter spp., five (2.9%) to Serratia
spp., three (1.7%) to Proteus spp., and two (1.2%) to Citrobacter spp. All tested antibiotics demonstrated
low susceptibility (2.9% to 26.9%). The classes of monobactams, cephalosporins, and penicillin showed
high resistance indices. The evaluated Enterobacterales isolates exhibited expressive antimicrobial
resistance to drugs commonly used as empirical treatment in bloodstream infections. The findings
reinforce the relevance of assessing the bacterial antimicrobial susceptibility profile, as it drives antibiotic
therapy, potentially detecting multiresistance cases.
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1. Introduction

Over the last decades, the increase in resistant bacteria that cause infections in hospitalized
patients has become a relevant global public health concern. Extended-spectrum beta-lactamase (ESBL)

production is one of the main mechanisms of antimicrobial resistance found especially among Gram-
negative bacteria, such as Escherichia coli and Klebsiella pneumoniae (Lepe and Martinez-Martinez 2022).
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The treatment options for infections caused by ESBL-producing bacteria are limited and often fail due to
the resistance to carbapenems and other antibiotic classes, such as aminoglycosides and fluoroquinolones
(Rawat and Nair 2010; Mishra et al. 2012).

ESBL-producing E. coli and K. pneumoniae have often been involved in outbreaks and isolated from
hospitalized patients with sepsis, a disease with high mortality rates (Scheuerman et al. 2018; de Lastours
et al. 2020; Carvalho et al. 2021). Usually, bloodstream infections caused by ESBL-producing
Enterobacterales (EPE) are associated with worse clinical outcomes and longer hospitalization times
(Adeolu et al. 2016; Ling et al. 2021). Delays in receiving appropriate antibacterial therapy and longer
hospitalization times also contribute as independent risk factors for mortality (Shamsrizi et al. 2020). The
primary risk factors for acquired sepsis include ages of 65 or older, long-term hospitalization (13.6 days or
more), and invasive procedures (including central vascular catheter, emergency abdominal surgery, or
ventilatory assistance) (Nivesvivat et al. 2018).

The prevalence of EPE isolated from blood cultures and the rates of multidrug resistance have
increased. According to geographic region and other risk factors, the mean mortality rate among
bloodstream infection patients is around 31% and may range up to 83% (Rottier et al. 2012). In this
context, the present study evaluated the resistance rate of EPE isolated from blood culture samples of
patients with suspected sepsis.

2. Material and Methods

The Research Ethics Committee of the Federal University of Piaui (Pl, Brazil) approved this cross-
sectional and retrospective study (protocol number 66139617.4.0000.5669). The research accessed the
medical records of patients with suspected sepsis from 2015 to 2018 in two Brazilian tertiary public
hospitals in Uberaba (MG, Brazil) and Parnaiba (PI, Brazil). The blood culture and blood sample antibiogram
results were analyzed. Additional information, such as the patient’s age and sex, isolated microorganisms,
antimicrobial susceptibility, and disk approximation tests for ESBL phenotypic detection, were also
evaluated. The study excluded medical exams outside the evaluated period and blood cultures without an
antibiogram or the concomitant disk approximation test.

Patient identity was preserved throughout the study. Chi-square or Fisher's exact test analyzed the
data in SPSS 23.0 software. The p-value £0.05 was significant.

3. Results

There were 2,263 positive blood culture exams among all patients admitted to the hospitals during
the study period, with 2,013 (89%) from the hospital in Uberaba (Hospital 1) and 250 (11%) from the
hospital in Parnaiba (Hospital 2). Patient ages ranged from <1 to 108 (average of 43.3 + 29.1 years).
Regarding sex, male patients represented 1,287 (56.9%), and 976 (43.1%) were female.

As for the isolated microorganisms on blood cultures, Enterobacterales were responsible for 694
(30.7%) cases. Biochemical methods and automation (Vitek®) identified the bacteria. Klebsiella spp. was
the most prevalent microorganism, detected in 315 (45.4%) samples, followed by Escherichia coli and
Enterobacter spp., detected in 157 (22.6%) and 130 (18.7%) blood cultures, respectively.

The disk approximation test detected ESBL production in 171 (24.6%) of the 694 isolated
enterobacteria (p<0.05), with 125 (73.1%) corresponding to Klebsiella spp., 28 (16.2%) to E. coli, eight
(4.6%) to Enterobacter spp., five (2.9%) to Serratia spp., three (1.7%) to Proteus spp., and two (1.2%) to
Citrobacter spp. The age of patients with positive blood cultures caused by EPE ranged from <1 to 94
(average of 39.2 + 31.9 years).

Table 1 exhibits the antimicrobial susceptibility profile of EPE. Overall, all tested antibiotics showed
low susceptibility. Resistance to all cephalosporins classes, from the first to the fourth generation, was
demonstrated. Most isolates (72.5%, n=124) were resistant to cephalothin, cefoxitin, cefotaxime,
ceftazidime, and cefepime. Cefadroxil (94.1%) and ceftriaxone (92.4%) resistances were even more
widespread among EPE. Likewise, more than 70% of isolates were resistant to B-lactams amoxicillin
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(72.5%), ampicillin (73.7%), and piperacillin (72.5%). The highest resistance rates occurred for carbapenem
ertapenem (96.5%) and aztreonam, belonging to the monobactam group (94.7% of EPE).

The non-EPE isolates presented low resistance to the evaluated antimicrobials, and ceftriaxone and
aztreonam resistances were the most prevalent (29.8% and 14.3%, respectively) (Table 1).

Table 1. Profile of antimicrobial susceptibility of ESBL-positive Enterobacterales (n=171) and non-ESBL-
producing Enterobacterales (n=523).

Antimicrobial susceptibility

Antibiotic Susceptible Resistant Intermediate Not applicable
N (%) N (%) N (%) N (%)
ESBL+ Non-ESBL ESBL+ Non-ESBL  ESBL+  Non-ESBL ESBL+ Non-ESBL
Amoxicillin - - 124 (72.5) - - - 47(27.5) 523(100)
Ampicillin 5(2.9) 24 (4.6) 126 (73.7) 8(1.5) 1(0.6) - 39(22.8) 491(93.9)
Aztreonam 5(2.9) 215(41.1) 162 (94.7) 75 (14.3) - 3(0.6) 4(2.3) 230 (43.9)
Cefadroxil 10 (5.8) 52(9.9) 161 (94.1) 44 (8.4) - 3(0.6) - 424 (81.1)
Cefepime - 334(63.9) 124(72.5) 51(9.7) - 5(0.9) 47(27.5) 133 (25.4)
Cefotaxime 43 (25.1) 88(16.8) 124 (72.5) 7(1.3) 2(1.2) 4(0.7) 2(1.2) 424 (81.1)
Cefoxitin 46 (26.9) 89 (17) 124 (72.5) 6(1.1) - - 1(0.6) 428 (81.8)
Ceftazidime - 320(61.2) 124(72.5) 64 (12.2) 47(27.5) 139(26.6)
Ceftriaxone 12 (7) 343 (65.6) 158(92.4) 156 (29.8) - 1(0.2) 1(0.6) 23 (4.4)
Cephalothin - - 124 (72.5) - - - 47(27.5) 523 (100)
Ertapenem 5(2.9) 325(62.1) 165(96.5) 44 (8.4) - 1(0.2) 1(0.6) 153 (29.2)
Imipenem - 395(75.5) 124(72.5) 3(0.6) - - 47 (27.5) 125(23.9)
Meropenem - 401 (76.7) 124 (72.5) 3(0.6) - - 47 (27.5) 119(22.7)
Piperacillin - - 124 (72.5) - - - 41 (24) 507 (96.9)

ESBL: Extended-spectrum beta-lactamases.
4. Discussion

The prevalence of ESBL-producing Enterobacterales (EPE) in nosocomial infections has been widely
reported. Antibiotic resistance is increasing worldwide; consequently, bloodstream infections from
multidrug-resistant microorganisms are causing substantial morbidity and mortality, mainly due to limited
available therapies and worse clinical outcomes (Rugini et al. 2015; Lepe and Martinez-Martinez 2022).
Considering the prevalence differences of ESBL-producing strains among regions, epidemiological studies
are relevant to establish an appropriate therapeutic intervention that might limit the spread of these
microorganisms (Dirar et al. 2020).

Gram-negative bacteria have been significantly associated with sepsis (Kabi et al. 2020). Klebsiella
spp., E. coli, and Enterobacter spp. were the primary beta-lactamase-producing species in the present
study, corresponding to 73.1% (n=125), 16.2% (n=28), and 4.6% (n=8), respectively. Klebsiella pneumoniae
is frequently associated with resistance to the highest-priority critically important antimicrobial agent
(Carvalho et al. 2021). These findings agree with other studies identifying these species as the most
prevalent cause of bloodstream infection in hospitalized patients (Sangare et al. 2016; Gaibani et al. 2020;
Carvalho et al. 2021).

In Brazil, studies have demonstrated the occurrence of infections caused by ESBL-positive
Enterobacterales. A total of 2,197 positive cultures were evaluated, with 30.3% (n=666) of ESBL-producing
isolates, and the most common species were K. pneumoniae, E. coli, and Enterobacter spp. Also, high
antimicrobial resistance rates were detected in ESBL-producing E. coli and Klebsiella spp. that caused
urinary tract infection, and the resistance to cephalosporins ranged from 93.1% to 96.6% in the 3,418
evaluated samples over four years (Rios-Neto et al. 2017).

The antimicrobial susceptibility test in this study showed decreased sensitivity to different antibiotic
classes in EPE, especially to ampicillin, aztreonam, and ertapenem. Conversely, all tested antibiotics
presented high resistance (72.5% to 96.5%).

Multidrug-resistant microorganisms have been a global concern. A report by the New York
Presbyterian Hospital/Weill Cornell Medical Center on bacteremia demonstrated that 78 (4.2%) of 1,857
cases due to E. coli and K. pneumoniae were caused by strains resistant to piperacillin and tazobactam but
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susceptible to ceftriaxone. These isolates were not susceptible to ampicillin and sulbactam. The 32 (1.7%)
isolates susceptible to piperacillin, tazobactam, and ceftriaxone were sequenced but did not exhibit ESBL
production (Baker et al. 2018).

A single EPE was sensitive to cefoxitin in this study, representing the lowest sensitivity rate (0.6%;
n=1). Susceptibility to antibiotics, such as imipenem and meropenem, was higher than 90%, and there was
resistance to ceftriaxone (26.7%; n=140) and gentamicin (24%; n=126) compared to non-EPE.

Another Brazilian study evaluated the antimicrobial sensitivity profile of ESBL-producing strains in
nosocomial infections isolated from inpatients at a teaching hospital. As in the present study, those
isolates showed resistance rates from 66% to 100% for ceftriaxone and ceftazidime antibiotics. However,
K. pneumonia, E. coli, and Enterobacter cloacae were the most prevalent isolated species (Rocha et al.
2019).

Studies have demonstrated that ESBL-producing E. coli caused bacteremia in 326 (58.9%) cases of
544 hospitalized patients in Detroit, United States. The urinary tract infection was the primary site of ESBL-
positive E. coli that caused the bloodstream infection (Chopra et al. 2015). Usually, infections from EPE
delay the onset of effective therapy. Consequently, patient hospitalization extends, leading to higher
hospital costs. The lack of effective treatment also increases mortality rates (Peirano and Pitout 2019).

The resistance profile of the isolates in the present study agrees with previous data. The high rates
of antibiotic resistance by EPE is a significant public health concern. Thus, it is worth noting the relevance
of consciously administering antimicrobial drugs and the need for improved epidemiological surveillance of
these resistant microorganisms to reduce the dissemination of bacterial resistance determinants.

5. Conclusions

ESBL production occurred in 171 (24.6%) of 694 Enterobacterales isolates, with 125 (73.1%) being
Klebsiella spp. and 28 (16.2%) Escherichia coli. There was a high susceptibility to monobactams,
cephalosporins (including the first, second, third, and fourth generation), and penicillin.

Additionally, bacterial multidrug resistance is a relevant public health problem, requiring
continuous monitoring of the spread of these microorganisms to understand the epidemiological reality
and determine prevention and control actions.
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