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Abstract

Extended-spectrum B-lactamase (ESBL)-producing Gram negative bacteria are becoming increasingly important in veterinary
and human medicine because they can hydrolyze the third generation p-lactams, penicillins, and monobactams. The aim of
this study was to identify ESBL-producing Enterobacteriaceae in raw cow milk samples from northeast Brazil. Twenty-six
bacterial isolates belonging to the Enterobacteriaceae family were obtained from milk samples from 257 cows with sub-
clinical mastitis. Using microbiological tests, 53.85% (14/26) were identified as Escherichia coli, 15.38% (4/26) as Proteus
mirabilis, 26.92% (7/26) as Klebsiella spp., and 3.85% (1/26) as Citrobacter spp. Of all the isolates, 61.54% (16/26) were
positive in the ESBL screening test, of which 12.5% (2/16) were positive in the double-disc synergy test using three types of
cephalosporins and amoxicillin/clavulanic acid. The two isolates were identified as Klebsiella spp. Among all the isolates,
53.85% (14/26) were positive for one or both ESBL-encoding genes, blaSHV and blaTEM; among these, 71.43% (10/14) were
identified as E. coli. This study demonstrates that ESBL-producing bacteria can be found in raw cow milk from northeast
Brazil. Cows with subclinical mastitis should be recognized as reservoirs of these strains, which can propagate to humans.
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Introduction

Antibiotic resistance is a major public health concern
worldwide. The inappropriate use of antibiotics has led to
the development of resistant bacteria for both human and
veterinary medicine and, consequently, to an increase in
the number of incurable infections. The environment and
domestic animals are considered to be the biggest reservoirs
of antimicrobial-resistant bacteria [1].
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The use of antibiotics in veterinary medicine, human
medicine, and agriculture, either as a prophylactic or as a
treatment for infectious diseases, has a significant impact
on public health because it stimulates the adaptation
(mutation) and survival capacity (resistome) of the bacteria
to toxic molecules such as antibiotics [2—4]. Among these
microorganisms, the members of the Enterobacteriaceae
family are considered reservoirs of resistance genes and are
enlisted under group 1 of the list of priority pathogens for
research and development of new antibiotics by the World
Health Organization [5]; they can carry genes encoding
extended-spectrum beta-lactamases (ESBL), which confer
resistance against various cephalosporins, oxyimino
cephalosporins (cefotaxime, ceftazidime, and ceftriaxone),
and monobactams (azetreonam) [6].

Members from the Enterobacteriaceae family, mainly
Escherichia coli and Klebsiella pneumoniae, carrying
ESBL-encoding genes, have been isolated from animal food
products, such as milk [7], chicken [8], beef, and pork [9].
Researchers have emphasized that food-producing animals
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should be considered in the epidemiological surveillance of
resistant and multidrug-resistant strains.

In Brazil, ESBL-producing Enterobacteriaceae have been
detected in raw milk and artisanal cheese from the southern
region of the country [7]; however, similar surveillance in
northeast Brazil is scarce.

The aim of this study was to identify ESBL-producing
Enterobacteriaceae and strains carrying the blaSHV and
blaTEM genes from raw milk of cows with subclinical mas-
titis in northeastern Brazil.

Material and methods
Sampling

Twenty-six isolates of enterobacteria, recovered from raw
milk samples from 257 cows with subclinical mastitis, were
analyzed. The sampling was performed in six dairy cattle
farms in the state of Pernambuco during the first half of 2021.

Bacterial identification and ESBL screening test

The genus and species were identified through the char-
acteristics of the colonies on agar base (enriched with 5%
sheep blood), Gram staining, and biochemical tests, such
as fermentation of glucose, fermentation of lactose, citrate
utilization, lysine decarboxylation, and production of H,S,
gas, indole, urease, and phenylalanine deaminase [10].

All isolates were screened for the production of ESBL
according to the method indicated in the guide of the Euro-
pean Committee on Antimicrobial Susceptibility Testing
[11]. The test was performed on Mueller—Hinton agar with
the following antibiotic discs: cefotaxime (30 pg), ceftazi-
dime (30 pg), and ceftriaxone (30 pg). The isolates were
suspended in sterile saline solution at a concentration of 0.5
on the McFarland standard for subsequent plate inoculation.
After placing the antibiotic discs, the isolates were incubated
at 37 °C for 18-24 h. All isolates that presented a diameter
equal to or smaller than 21 mm for cefotaxime, 23 mm for
ceftriaxone, and/or 22 mm for ceftazidime were selected for
the ESBL confirmatory test.

ESBL confirmatory test

The confirmatory test was performed using the double-disc
synergy test (DDST), following the guidelines for the Detec-
tion of Resistance Mechanisms and Specific Resistance of
Clinical and/or Epidemiological Importance [11]. For the
test, the following antibiotic discs were used: cephalospor-
ins [cefotaxime (30 ug), ceftazidime (30 pg), and ceftriax-
one (30 pg)] and amoxicillin with clavulanic acid (30 pg).
The cephalosporin discs were placed 20 mm apart from the
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amoxicillin—clavulanic acid disc, on Mueller—Hinton agar
(Fig. 1). After the incubation period (18-24 h), a strain was
considered ESBL-positive if we observed an increase in the
inhibition zone around any cephalosporin disc or an enlarge-
ment or “ghost zone” toward the clavulanic acid disc. The
positive control for the confirmatory test was the K. pneu-
moniae ATCC 700,603 strain.

Genotypic identification of ESBL-encoding genes

For molecular analyses, DNA was extracted from all Enter-
obacteriaceae isolates, regardless of their DDST results,
using the thermal extraction technique [12]. After extrac-
tion, all samples underwent qualitative and quantitative
DNA analysis using a spectrophotometer (Thermo Scien-
tific Multiskan Go) and DNA concentrations were adjusted
to 50 ng/uL.

The identification of the ESBL-encoding genes (blaSHV
and blaTEM) was carried out using conventional PCR. For
amplifying the blaSHV gene, we used the primers SHV-F
(5’-GCCGGGTTATTCTTATTTGTCGC-3") and SHV-R
(5'-ATGCCGCCGCCAGTCA-3") [13]; for amplifying the
blaTEM gene, we used the primers TEM-F (5'-TCGGGG
AAATGTGCG-3') and TEM-R (5" TGCTTAATCAGTGAG
GCACC-3") [14].

The PCR reaction, with a final volume of 12.5 L,
contained the following: 2X GoTaq® G2 Green Master Mix,
forward and reverse primers (SHV, 1 pmol/uL; TEM, 5 pmol/
uL), ultrapure water, and 2.5 pl of DNA. The following
thermal cycling conditions were used: initial denaturation at
95 °C for 5 min; 35 cycles of denaturation at 95 °C for 1 min,
annealing at 60 °C for 30 s, extension at 72 °C for 40 s; and
a final extension of 72 °C for 4 min. K. pneumoniae strain
ATCC 700,603 was used as a positive control for blaSHV and
E. coli strain ATCC 35,218 for blaTEM. E. coli strain ATCC
25,922 was used as a negative control.

Fig.1 Positive isolate in the double-disc synergy test, where the
enlargement or “ghost zone” toward the clavulanic acid disc can be
observed. CTX, cefotaxime; CAZ, ceftazidime; CRO, ceftriaxone;
AMC, clavulanic acid and amoxicillin
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Results

The identification of the genus and species of the
enterobacteria isolates is shown in Fig. 2. The phenotypic
and genotypic identification of ESBL-producing
Enterobacteriaceae is presented in Table 1. Of all the isolates,
38.46% (10/26) showed an inhibition zone considered positive
in the screening test for all three antibiotics, while 23.07%
(6/26) of the isolates were positive for one or two antibiotics.
All positive isolates in the ESBL screening test (61.54%,
16/26) were confirmed using the DDST, and 12.5% (2/16)
tested positive in the ESBL confirmatory test and were
identified as Klebsiella spp.

Fig.2 Absolute and relative
frequency obtained in the
phenotypic identification of
the 26 isolates belonging to the
Enterobacteriaceae family

Of all the isolates, 53.85% (14/26) were positive for
either one or both the ESBL-encoding genes (Table 1): 79%
(11/14) had the blaSHV gene, 64% (9/14) had the blaTEM
gene, and 43% (6/14) had both the genes. Of the two positive
isolates from the DDST, one was positive for the blaSHV
gene. Of the 14 isolates positive for one or two genes, 57%
(8/14) were positive in the ESBL screening test while 43%
(6/14) exhibited no resistance to the cephalosporins used in
this study.

The most prevalent gene was blaSHV with 11 positive
isolates, of which 73% (8/11) were identified as E. coli and
27% (3/11) as Klebsiella spp. The blaTEM gene was found
in nine isolates, of which 89% (8/9) were E. coli and 11%

Table 1 Results of the screening test for the identification of ESBL-producing Enterobacteriaceae. Number of isolates that were positive to the
confirmatory test, DDST. Isolates that presented the ESBL-encoding genes, blaSHV and blaTEM

ID No.of  CTX*(£21 mm) CAZ*(<£22mm) CRO?* Positive ESBL* blaSHV gene  blaTEM
isolates (<23 mm) ESBL gene
screening test

AR RF (%) AR RF (%) AR RF (%) AR RF(%) AR RF(%) AR RF(%) AR RF (%)
Escherichia coli 14 2 14.29% 6 42.86% 4 28.57 6 4286% 0 0% 8 57.14% 8 57.14%
Klebsiella spp. 7 5 71.42% 6 85.71% 5 71.43 6 8571% 2 2847 3 42.86% 0 0%
Proteus mirabilis 4 4 100% 4 100% 3 75 4  100% 0 0% 0 0% 0 0%
Citrobacter spp. 1 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 1 100%
Total: 26 11 4231%° 16  61.54%° 12 4231%° 16 61.54%° 2 12.5%° 11  79%° 9  43%¢

Positive ESBL screening test: 16 (38.46%)

Positive PCR: 14 (53.85%)

CTX cefotaxima, CAZ ceftazidima, CRO ceftriaxone, ESBL extended-spectrum f-lactamase, AR absolute frequency, RF relative frequency

*Confirmatory test—DDST (double-disc synergy test)
“Phenotypic test

PPercentage associated with the number of positive isolates in the screening test

“Percentage associated with the total number of isolates

dpercentage associated with the number of isolates positive for one or both genes
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(1/9) were Citrobacter spp. Both the genes were found in
66% (6/9) of the positive isolates, and all were identified
as E. coli.

Discussion

In food-producing animals, Enterobacteriaceae family mem-
bers, such as E. coli and Klebsiella spp., are a part of the
intestinal commensal microbiota and possess the ability to
horizontally receive and transfer resistance genes from/to
several bacterial species [1]. Members of the Enterobacte-
riaceae family have been identified as the etiological agents
for bovine mastitis. They are considered opportunistic patho-
gens because they readily colonize the mammary glands of
their hosts when the animals experience stress, caused by
animal exploitation and overcrowding [15].

In our study, two isolates of ESBL-producing Klebsiella
spp. were identified in the state of Pernambuco, using the
DDST. In Brazil, ESBL-producing Enterobacteriaceae
have already been identified in the agricultural system
[16], but the incidence of such bacteria in bovine and goat
milk has not been reported in the northeastern region of
the country. De Campos et al. [17] analyzed two samples
of artisanal cheese from the state of Bahia and reported
negative results for ESBL-producing bacteria. Palmeira
et al. [18] identified 40 strains of ESBL-producing E.
coli in fecal samples from cattle farms, of which six were
obtained from farms in Pernambuco, implying that cattle
should be considered an important reservoir of ESBL-
producing bacteria.

ESBLs, mainly encoded on plasmids, can hydrolyze
different types of cephalosporins. These enzymes are
identified as sulthydryl variable (SHV), temoneira (TEM),
or cefotaximases (CTX-M) [1]. In our study, of the two
ESBL-producing Klebsiella spp., only one was positive for
the blaSHV gene, while the other was negative for both the
genes tested. It may harbor genes encoding CTX-M-like
f-lactamases, which were not investigated in this study.

Most of the isolates carrying the blaSHV and/or blaTEM
genes were identified as E. coli, which is in concordance
with similar studies carried out in other countries such as
Turkey [19], Switzerland [20], Egypt [21], and France [22].
The blaSHV gene was found to be more frequent than the
blaTEM gene. In Brazil, while studying raw milk and/or
artisanal cheese, E. coli has been determined as the most
frequent bacteria from the Enterobacteriaceae family
in cases of subclinical mastitis of environmental origin.
However, the blaTEM gene was more frequently detected
in these studies [7], contrasting with the results obtained in
the present study. In a more recent study, Palmeira et al. [18]
identified the CTX-M gene as the most incident, followed by
the blaSHV gene and, in lesser amount, the blaTEM gene in
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E. coli isolates from bovine feces samples in northeastern
Brazil. Although the CTX-M gene was not investigated in
this study, our results are compatible with Palmeira et al.
[18], since the blaSHV gene was detected at a higher
frequency than the blaTEM gene in isolates of enterobacteria
from raw bovine milk from Pernambuco.

Of the 14 isolates positive for ESBL-producing genes,
one was positive in the DDST, seven were positive in
the ESBL screening test, and six were negative in all
phenotypic tests. This discrepancy between phenotypic
and genotypic characteristics has already been observed
by Son et al. [23], who identified non-ESBL-producing
E. coli isolates (in the phenotypic test) carrying the
CTX-M and blaTEM genes. Hughes, Andersson [24]
affirmed that the presence of a gene might not predict a
given phenotypic trait; it may be related to environmental
conditions that can modify phenotypic expressions and/or
to other genetic factors, such as combinations of several
resistance genes, mutations that can change the phenotypic
expression, and the presence of insertion sequences that
can influence the antibiotic resistance mechanisms, such
as drug inactivation, alteration of the target, or production
of specific efflux pumps.

Conclusion

The data obtained in this study confirm the occurrence and
circulation of ESBL-producing Enterobacteriaceae in cows
with subclinical mastitis in northeastern Brazilian; this can
be a public health concern because the raw milk from these
cows is used for the consumption and production of artisanal
“coalho” cheese. Epidemiological studies on ESBL-producing
bacteria in the agricultural environment are necessary to
develop epidemiological, surveillance, and health policies.
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