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Abstract
The overuse of antimicrobials in poultry has led to the development and dissemination of multidrug-
resistant bacteria in the poultry industry. One of the most effective mechanisms of resistance found in 
Escherichia coli is the production of extended-spectrum β-lactamases (ESBL); there are several ESBLs, 
including the TEM, SHV, and CTX-M families. This resistance mechanism and the risks associated with 
transmitting these resistant microorganisms between animals, the environment, and humans can 
occur through direct contact and consumption of infected animals. This study aimed to determine the 
prevalence of E. coli in samples isolated from three broiler farms in Rio de Janeiro, Brazil, and screen the 
isolates for ESBL genes. The findings of this study demonstrated the presence of ESBL-producing E. coli 
in all farms studied. The findings of this study highlight the urgency for a program to monitor the poultry 
industry value chains at the regional level to control the spread of antimicrobial resistance. Therefore, we 
recommend that the enzyme subtypes produced by bacterial isolates should be determined to effectively 
characterize the distribution of genes related to antimicrobial resistance.

Keywords: ESBL, Escherichia coli, poultry, antimicrobial resistance, one health.

Resumo
O uso excessivo de antimicrobianos em frangos de corte tem contribuído para o desenvolvimento 
e disseminação de bactérias multirresistentes, e um dos mais relevantes mecanismos de resistência 
encontrados em Escherichia coli é a produção de enzimas denominadas β-lactamases de espectro estendido 
(ESBL). CTX-M, SHV e TEM são as β-lactamases mais comumente encontradas nesta espécie e as ESBL 
mais prevalentes globalmente. Esse mecanismo de resistência e o risco associado à transmissão desses 
microrganismos resistentes entre animais, meio ambiente e seres humanos se devem principalmente 
ao contato direto e ao consumo de origem animal. Este trabalho buscou elucidar a prevalência de E. coli 
em amostras de três granjas de frangos de corte localizadas no Rio de Janeiro, Brasil, e caracterizá-las 
de acordo com seu genótipo. O estudo demonstrou uma presença consistente de E. coli produtora 
de ESBL com presença abundante do gene blaSHV nos isolados de todas as fazendas estudadas. Deste 
modo, este estudo teve como objetivo contribuir com dados epidemiológicos relativos à distribuição de 
genes relacionados às β-lactamases na produção animal, conscientizando sobre a transmissão desses 
microrganismos resistentes entre animais, meio ambiente e seres humanos contribuindo com dados 
epidemiológicos e de sua importância em uma perspectiva de saúde única.

Palavras-chave: ESBL, Escherichia coli, frangos de corte, resistência antimicrobiana, saúde única.
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Introduction
Escherichia coli is a commensal bacterium and intestinal microbiota in several animals, 

such as birds, mammals, and humans. However, not all strains are harmless. E. coli can act as 
a pathogen in different host species at the intestinal or extra-intestinal level (Stromberg et al., 
2017). The transmission of E. coli between humans and animals can occur through fecal-oral or 
by consuming contaminated food, mainly meat. Detecting bacteria in food is essential for public 
health due to the development of cases or outbreaks of food-borne diseases (Cormier et al., 2019; 
Melo et al., 2018). Brazilian poultry has been dramatically affected by infections, such as avian 
colibacillosis in broiler and laying birds caused by E. coli. These infections are the leading cause 
of complete condemnation of broiler carcasses in slaughterhouses under the Federal Inspection 
Service in the southern region of Brazil, resulting in substantial economic losses for producers 
and the entire production chain (Roth et al., 2019; Santiago et al., 2019). Brazil is one of the most 
important producers and exporters of chicken meat globally (United States Departament of 
Agriculture Foreign Agricultura, 2022), so these infectious diseases are of great economic and 
health concern. Antimicrobials are used as a growth promoter in farm environments, and biocides, 
sanitizers, and disinfectants are used in slaughterhouses. In some cases, these drugs are utilized 
as growth promoters, improving animals’ health, and productivity by controlling the broilers’ 
intestinal microbiota. However, the drug overuse might be deposited as antibiotic residues in 
foodstuffs and has contributed to the development of multidrug-resistant bacteria, which can 
spread through the production chain, reaching other animals and humans (Blaak et al., 2015; 
Brower et al., 2017; Marshall & Levy, 2011; Vounba et al., 2019).

To effectively address this concern, some actions taken by all sectors are essential to prevent 
the spread of these antimicrobial residues in food. For example, the drug withdrawal period is a 
priority to safeguard human health, and the need for poultry industries to establish antimicrobial 
control strategies in poultry products and related sources. In addition, they monitor the actions 
throughout the food chain sector (Saraiva et al., 2022).

Since 2016, the Ministry of Health in Brazil has implemented its National Action Plan (PAN-
BR), accordant with the Global Action Plan, defined by the tripartite alliance on the “One Health” 
concept. This document involves several governmental spheres, including the Ministry of Health 
and Ministry of Agriculture, Livestock, and Supply (MAPA). The plan aimed at health education, 
epidemiological studies, surveillance, and monitoring of the use of antimicrobials, strengthening 
the prevention of infections, and implementing measures to control and promote the rational use 
of antimicrobials in animals. The MAPA with the regulations IN45/2016 and IN1/2020 prohibited 
using Colistin, Tylosin, Lincomycin, and Tiamulin as performance enhancers. The overuse of 
antimicrobials is expected to be reduced through the integrated activities proposed in the plan 
(Saraiva et al., 2022).

One of the most effective resistance mechanisms of antimicrobials identified in E. coli is the 
production of extended-spectrum β-lactamases (ESBL). The production of ESBL leads to resistance 
to third-generation cephalosporins and monobactam and is also frequently related to genes of 
plasmid origin that are transferable between different bacterial species (Skočková et al., 2015). 
Escherichia coli strains that produce ESBL have emerged as pathogens in birds and humans, and 
their transmission through the poultry food chain has been extensively studied (Nguyen et al., 
2016).

ESBL are enzymes classified into several types, with CTX-M, SHV, and TEM being the most 
common in E. coli (Palmeira & Ferreira, 2020). These β-lactamases are encoded by the genes 
called bla, followed by the enzyme’s phenotypic name. SHV-1, TEM-1, and TEM-2 are narrow-
spectrum β-lactamases derived from changes in the TEM and SHV variants (Khosravi et al., 2013; 
Rahman et al., 2018). These genes have been detected in humans, animals, and the environment 
highlighting the need for a holistic approach to control the problem (Dorado-García et al., 2018; 
Rabello et al., 2020).

Several articles report the high rate of E. coli producing ESBL in poultry isolates worldwide 
(Botelho et al., 2015; Kar et al., 2015; Osman et al., 2018; Projahn et al., 2018). In Brazil, strains that 
produce the blaCTX-M and blaTEM-types genes stand out, mainly in the south and southeast regions. 
States such as São Paulo and Paraná have already reported resistant E. coli strains circulating at 
the human-animal-food-environment interface (Fuga et al., 2022). This study aimed to determine 
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the prevalence of ESBL-producing E. coli strains in the samples from broilers and layers in three 
farms located in the Rio de Janeiro State, Brazil, owing to the effectiveness of their resistance 
mechanism and the risk associated with their transmission between livestock, the environment, 
and human beings.

Materials and methods
The samples were collected between April 2015 and March 2016 from three poultry farms in the 

State of Rio de Janeiro, Brazil, which comprise two intensive farms (poultry farm 01 and poultry 
farm 02) with a capacity of 30,000 and 40,000 chickens, respectively, and one free-range farm 
(poultry farm 03) which has a capacity of 17.000 chickens. The broiler farms were visited twice for 
sampling, and the egg-laying farm was visited once. At each sampling visit, fifteen tracheal and fifteen 
cloaca swabs were collected, collecting one hundred fifty swab samples from seventy-five animals. 
The mean age of the animals from which swabs were collected was 33 days in the intensive farms 
and 62 weeks in the free-range farm. Chickens that were not feeding at the time of sample collection 
were selected to avoid contamination of the sample with feed. The criteria and methodology used in 
the collection of material were approved by the Ethics Committee on the Use of Animals do Instituto 
de Veterinária da Universidade Federal Rural do Rio de Janeiro (CEUA IV - UFRRJ - nº 36664040915).  
 The swabs were inoculated directly in selective media for Gram-negative bacteria (MacConkey 
agar - HiMedia® and Eosin Methylene Blue agar - HiMedia®). The plates were incubated at 
37°C for 24 h. The colonies of lactose-fermenting bacteria in both media, also colonies with 
characteristic metallic green aspects in EMB (Koneman et al., 2012), were considered. After Gram 
stain, morphologicall characteristics confirmation as Gram negatives rods, and the colonies were 
submitted to Mass Spectrometry by Ionization and Matrix-Assisted Laser Desorption (MALDI-TOF 
LT MicroflexBruker, MALDI Biotyper 2.0, Bruker®) for identification as E. coli.

The antimicrobial susceptibility test was performed using the Kirby-Bauer diffusion disk 
technique on Muller-Hinton agar (HiMedia®) following the methodology suggested by the Clinical 
and Laboratory Standards Institute (2022). The strains were isolated from the cultures incubated 
for 24 h on Brain Heart Infusion agar (BHI-Merck®) at 35 °C and adjusted to the McFarland 
0.5 scale. The following standard strains were used as controls for each test: Escherichia coli ATCC 
25922 and Klebsiella pneumoniae ATCC 700603 (Clinical and Laboratory Standards Institute, 
2022). We used specific penicillin and cephalosporin disks to evaluate the possible production of 
β-lactamases (penicillinases and cephalosporinases): amoxicillin (10 μg; Sensifar™), ceftazidime 
(30 μg; Sensifar™), cefoxitin (30 μg; Sensifar™), cefotaxime (30 μg; Sensifar™), aztreonam (30 μg; 
Sensifar ™), imipenem (10 μg; Sensifar™), cefepime (30 μg; Sensidisk™), and amoxicillin + clavulanic 
acid (30 μg; Sensifar™).

The strains that were resistant to third-generation cephalosporins (cefotaxime and/ or ceftazidime) 
but were susceptible to clavulanate associated with β-lactam (amoxicillin + clavulanic acid) 
and were suspected of producing extended-spectrum β-lactamases (ESBL). These strains were 
subjected to confirmatory double disk synergism tests (Brazilian Committee for Antimicrobial 
Sensitivity Tests, 2018). This methodology was used for phenotypic confirmation of ESBL 
production, and the positive strains in this test should be reported as confirmed producers of 
ESBL. This test was also performed for cefoxitin and clavulanate-resistant strains associated with 
β-lactam due to suspected co-production of the AmpC-like β-lactamase enzyme (Dandachi et al., 
2018; Santiago et al., 2016).

The double disk synergism test (DDST) was performed following the CLSI (Clinical and Laboratory 
Standards Institute, 2022) and BrCast (Brazilian Committee for Antimicrobial Sensitivity Tests, 
2018) current guidelines. The test involved placing an antibiotic-coated disk in the center of the 
Muller-Hinton agar plate containing the inoculum and amoxicillin + clavulanic acid. The disks 
containing cephalosporins (cefotaxime, ceftazidime, cefepime, monobactam, and aztreonam) 
were placed at a distance of 20 mm, from center to center of the disks. After incubation for 18 h 
at 35 ºC, observations were made. A positive result was indicated by the increase in the zone 
of inhibition of any cephalosporin disk toward the amoxicillin + clavulanic acid disk (Brazilian 
Committee for Antimicrobial Sensitivity Tests, 2022).

The thermal lysis methodology extracted the total bacterial DNA from all isolates. Briefly, each 
isolate was grown in 1.5 mL of BHI broth at 35 °C for 24 h, centrifuged for 2 min at 13500 × g, and 
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the supernatant was discarded. The precipitate was resuspended in 200 μL of ultrapure water, 
vortexed, and incubated at 100 °C for 10 min. The microtubes were cooled to room temperature 
and centrifuged for 2 min at 13500 × g. About 180 μL of the supernatant was transferred to a new 
600 μL microtube stored at -20 °C (Féria et al., 2002).

To verify the presence of the blaCTX-M, blaSHV, and blaTEM resistance genes, polymerase chain 
reaction (PCR) was performed in a 25 μL reaction volume containing 1 × reaction buffer, 2.5 mM 
MgCl2, 0.2 mM of each dNTP, 0.4 μM of each primer, 1 U of Taq DNA polymerase, and 2μL of DNA.

For the amplification of the blaCTX-M, blaSHV, and blaTEM genes, the primers described by Geser et al. 
(2012), Shahid (2010), and Spanu et al. (2002), respectively, were used (Table 1). The amplification 
conditions of the blaCTX-M, blaSHV, and blaTEM genes were optimized as follows: blaCTX-M (94 °C for 
5 min, 30 cycles of 94 °C for 1 min, 58 °C for 1 min, 72 °C for 1 min, followed by a final elongation 
at 72 °C for 10 min); blaSHV and blaTEM (94 °C for 5 min, 40 cycles of 94 °C for 1 min, 55 °C for 1 min, 
and 72 °C for 1 min, followed by a final elongation at 72 °C for 5 min).

Table 1. Sequence of the used primers.

Genes Primers Sequence

blaCTX-M blaCTX-M F AAAAATCACTGCGCCAGTTC

blaCTX-M R CCGTCGGTGACGATTTTAGCC

blaSHV blaSHV F TTTATCGGCCCTCACTCAAGG

blaSHV R GCTGCGGGCCGGATAACG

blaTEM blaTEM F ATGAGTATTCAACATTTCCGTG

blaTEM R TTACCAATGCTTAATCAGTGAG

The PCR products, including positive control of the internal laboratory stock and a negative 
control without DNA, were visualized under UV trans-illumination L-PIX EX (Loccus Biotecnologia).

Results
A total of 103 E. coli isolates were identified; 63% (65/103) were isolated from cloaca samples, 

and 37% (38/103) from trachea samples, which comprise 43.7% (45/103) isolates from poultry 
farm 01, 46.6% (48/103) from poultry farm 02 and 9.7% (10/103) from poultry farm 03.

Among the E. coli isolates, 51.4% (53/103) expressed resistance to at least one of the β-lactams 
antibiotics tested in the disk diffusion test. A total of 18.4% (19/103) isolates were identified as ESBL 
producers due to the resistance phenotype based on their resistance to amoxicillin/clavulanate 
and third-generation cephalosporins. The DDST tested the ESBL producers (19) for phenotypic 
confirmation of enzyme production. Of the nineteen isolates, 36.8% (07/19) were positive for 
DDST, confirming that they were ESBL producers (Figure 1).

The blaTEM, blaCTX-M, and blaSHV genes were screened in all 103 E. coli isolates. The blaSHV, blaTEM, 
and blaCTX-M genes were detected in 44.7% (46/103), 17.5% (18/103), and 10.7% (11/103) of the 
isolates, respectively.

The phenotypic test detected forty-four resistance patterns, the presence or absence of the 
beta-lactamases genes, and the prevalent phenogenotypic profile. A total of 30 isolates showed 
no resistance to the tested antimicrobials but had the blaSHV gene (Table 2).

In poultry farm 01, 89% (40/45) of isolates had at least one gene. A total of 46.7% isolates (21/45) 
had the blaSHV gene, 24.4% (11/45) were positive for the blaTEM gene, and 17.8% (08/45) had the 
blaCTX-M gene (Figure 2). In this farm, a single isolate had all three resistance genes and showed a 
phenotypic confirmation of the enzyme production.

At poultry farm 02, about 52% (25/48) of isolates had one of the genes, with 33.3% (16/48) 
being positive for the blaSHV, 14.6% (07/48) for the blaTEM, and 4.2% (02/48) for the blaCTX-M gene 
(Figure 2). Only one isolate from this farm showed phenotypic confirmation for ESBL production, 
presenting two genes (blaSHV and blaCTX-M).
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Table 2. Characteristics of the differents phenogenotypic resistance pattern of ESBL-producing isolates found in this study.

Resistance 
Profile Origin Genes Resistance Phenotype DDST Samples

1 Trachea blaTEM, blaSHV, blaCTX-M AMO - CAZ* - CTX - ATM - C PM* + B178

2 Trachea blaSHV, blaCTX-M AMO - CTX - ATM* - C PM + B23

3 Trachea blaTEM, blaCTX-M AMO - CTX - C PM + B22

4 Trachea blaSHV, blaCTX-M AMO - CTX- C PM* B89

5 Trachea blaTEM, blaSHV CAZ - ATM - C PM* B83

6 Trachea blaTEM, blaSHV AMO - CTX - IMP* B180

7 Cloaca, Trachea blaTEM, blaSHV AMO B14, B167

8 Cloaca blaCTX-M AMO - CAZ - CFO - CTX - C PM - ATM + B155

9 Cloaca blaCTX-M AMO - CAZ* - CTX - C PM* - ATM* B148

10 Trachea blaCTX-M AMO - CTX - ATM* - C PM + B29

11 Trachea blaSHV CAZ - CFO -CTX - ATM - C PM B25

12 Cloaca blaSHV AMO - CTX - ATM - C PM + B67B

13 Cloaca blaCTX-M AMO - CTX - C PM B68B

14 Cloaca blaTEM AMC- AMO - CAZ* - CFO* - CTX B18

15 Cloaca blaTEM AMC - AMO - CFO - CTX* B1

16 Trachea blaSHV AMO - CTX - ATM* - C PM + B177

17 Cloaca blaTEM AMO - ATM* B114

18 Cloaca blaSHV AMO - CTX B201

19 Cloaca blaTEM AMO - C PM* B4

20 Cloaca blaSHV IMP* B216

21 Cloaca blaTEM IMP* B67A

22 Cloaca blaCTX-M AMO B5

23 Cloaca blaSHV AMO B6, B10, B55

24 Cloaca blaTEM AMO B13, B146

25 Trachea blaTEM CTX* B74

26 Cloaca blaSHV CTX* B64

27 Trachea blaTEM CAZ* - C PM* B75

28 Trachea blaSHV AMO* - CTX B173

29 Cloaca blaTEM, blaSHV Sensitive to all tested antimicrobials B15

30 Cloaca and 
Trachea

blaSHV Sensitive to all tested antimicrobials B16, B17, B42, B45, B57, B60,B66, B67C, 
B68A, B133, B138, B139, B141, B, 153, B157, 

B172, B200, B203, B205, B206, B207, 
B212, B213, B214, B215

31 Cloaca and 
Trachea

blaTEM Sensitive to all tested antimicrobials B69A, B72,B80, B93

32 Cloaca Negative for genes AMO - CFO - CTX - ATM* - C PM* B65

33 Cloaca Negative for genes AMC - AMO - CAZ* - CFO - CTX B61

34 Trachea Negative for genes CAZ* - CFO -CTX - ATM - C PM* B86

35 Cloaca Negative for genes AMC - AMO - CFO* - CTX B12

36 Cloaca Negative for genes CAZ* - CTX* - C PM* B71

37 Cloaca Negative for genes AMC* - AMO - CFO* B63

38 Cloaca Negative for genes AMO - CAZ - IMP B8

39 Cloaca Negative for genes CTX - C PM* B7

40 Cloaca Negative for genes AMC* - AMO B56

41 Cloaca and 
Trachea

Negative for genes AMO B47, B53, B, 145, B147, B164

42 Cloaca Negative for genes IMP* B51

43 Trachea and 
Cloaca

Negative for genes CTX* B35, B70

44 Trachea Negative for genes ATM B87, B91

*They presented intermediate resistance to the antimicrobial.
Legend: AMO - amoxicillin, AMC - amoxicillin with clavulanic acid, CAZ - ceftazidime, CFO - cefoxitin, CTX - cefotaxime, ATM - aztreonam, CFM - cefepime, IMI - imipenem, 
DDST - Double Disk Synergism Test.
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At poultry farm 03, 100% (10/10) of isolates had at least one of the genes, with 90% (9/10) 
being positive for the blaSHV gene and 10% (1/10) for blaCTX-M. The blaTEM gene was not detected 
in this farm (Figure 2).

Discussion
The high prevalence of the blaSHV gene reported in this study in all three poultry farms was 

contrary to the findings of previous studies that reported a higher prevalence of the blaCTX-M 
gene in South America (Dahms et al., 2015; Rumi et al., 2019; Silva & Lincopan 2012; Tong et al., 
2015). However, Alonso et al. (2017) confirmed the presence of the blaSHV gene in isolates from 
different sources and geographical origins. Also, they emphasized that SHV-like enzymes have 
already been reported as most prevalent in ESBL-producing Enterobacteriaceae in retail poultry 
and poultry meat, both in Germany and Spain.

The variability of different phenogenotypic resistance patterns and the fact that some samples 
demonstrated the resistance gene but not the phenotypic trait support the conclusions of Stokes et al. 
(2015). The phenotypic tests indicated the production of ESBL; however, the multiplicity of existing 

Figure 1. Double Disk Synergism Testdisk synergism test (DDST) with positive results indicated by the increase 
in the zone of inhibition of cephalosporin disks toward the disc containing clavulanic acid (indicated by arrows).

Figure 2. Genes responsible for producing extended-spectrum β-lactamases (ESBL) in chicken farm isolates.
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β-lactamases compromised its efficiency. Therefore, it is interesting to identify and distinguish 
the enzymes produced by their subtypes at the molecular level. Thus, although phenotypic tests 
are essential for identifying the genes expressed by the resistant strains, the frequency of ESBL 
production can be easily underestimated if there is no sequential genotype study. The presence 
of other β-lactamase enzymes, such as AmpC-type enzymes, may interfere with the synergism 
of clavulanate that occurs in the DDST. In such cases, applying double disk synergy tests that 
combine amoxicillin-clavulanate with cefepime can increase the probability of ESBL detection 
(Kaur et al., 2013). The resistance to cefoxitin found in patterns 8, 11, 14, and 15 also reinforces the 
possibility of AmpC-type enzymes, which confirmatory phenotypic tests based on supplemental 
cloxacillin will be developed later, followed by molecular methods.

According to the literature, among the 38 resistance patterns, were commonly associated 
with Pseudomonas aeruginosa. However, there was a weak association in E. coli (Neves et al., 
2011; Senchyna et al., 2019), suggesting further molecular-based research to investigate possible 
resistance mechanisms.

E. coli isolates from broilers containing all three genes have been reported in a previous study by 
Dandachi et al. (2018). The presence of multiple resistance genes in isolated strains from broilers 
is essential, given that poultry residues are the second-largest disseminators of resistance genes 
compared to other animal breeds and human waste (He et al., 2020).

Despite the presence of the blaSHV gene in the farm 03 isolates, none of the strains demonstrated 
an ESBL production phenotype. This indicates the possibility of the presence and dissemination 
of the resistance genes even when the isolate does not show such characteristics in vitro. These 
findings confirm that molecular genotypic tests are essential for confirming isolates that are 
possible producers of ESBL. Although not all diagnostic laboratories perform genotypic tests in 
their laboratory routines.

The results on the prevalence of ESBL-producing E. coli in broiler samples in this study are 
consistent with those of several previous studies (e.g., Blaak et al., 2015; Brower et al., 2017; Kar et al., 
2015; Wu et al., 2018), including some performed in Brazil (e.g., Ferreira et al., 2016; Rabello et al., 
2020). According to Plaza Rodríguez et al. (2018), the high prevalence of ESBL-producing E. coli 
at all levels of the broiler production chain indicates that this production chain is one of the 
significant contributors to the selection and dissemination of these resistant bacteria.

The finding of this study highlights the importance of molecular genotypic detection tests, 
which confirm resistance patterns since many of the strains tested false negatives in the phenotypic 
test. In addition, these findings corroborate with the previous studies reporting the spread of the 
blaTEM, blaCTX-M, and blaSHV genes through E. coli in broilers in Rio de Janeiro. These E. coli isolates 
have often been obtained from human and animal samples upon consuming contaminated 
meat as a possible source for transmission to humans (Wu et al., 2018).

Conclusion
This study demonstrated the presence of ESBL-producing E. coli isolates in the broiler samples 

collected from poultry farms, indicating that poultry production chains are responsible for 
spreading antimicrobial resistance in Rio de Janeiro, Brazil. The prevalence of the blaSHV gene 
in poultry farms inspires further studies involving genotypic resistance profiling of microbial 
isolates. These findings highlight the need for a program to monitor the poultry value chains 
at the regional level for the spread of antimicrobial resistance. Therefore, the enzyme subtypes 
produced by bacterial isolates should be determined to effectively characterize the distribution 
of genes related to antimicrobial resistance.
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