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1 Introduction
Usually, an “indicator organism” reflects the microbial 

condition of a food or environment (Chapin  et  al., 2014). 
For  example, coliforms have been used as milk fecal 
contamination indicator, identifying unsanitary condition in 
pasteurized products and other foods (Sánchez-Gamboa et al., 
2018). In addition, some coliforms have emerged as potential 
opportunistic pathogens due to the acquisition of virulence 
and antibiotic resistance factors though mobile genetic 
elements (Ntuli  et  al., 2016). The  focus of the majority of 
published articles rely on bulk milk samples with information 
available on the environment, animals or milk bucket as 
a potential reservoir for contamination of Enterobacteria 
is scarce (Mullan, 2019). This family includes important 
zoonotic bacterial pathogens such as Salmonella spp. and 
E. coli (Kamana et al., 2017) and have been reported to have 
several important virulence genes including: thermolabile 
toxin (LT), thermostable toxin (STa and STb), shiga like toxin 
(Stx1 and Stx2), attaching and effacing (Eae) and also rmpA 
(regulator of mucoid phenotype), wabG (lipopolysaccharides), 
mrkD (biofilm), kfu (iron uptake), magA (mucus viscosity), 
fimH (fimbriae) and uge (lipopolysaccharides) been detected 

in Klebsiella pneumoniae (Jian-li et al., 2017). In addition, 
antibiotic resistance genes encoding AmpC enzymes in 
Enterobacteriaceae are both chromosomally and plasmid 
mediated which increase its potential for lateral transfer 
(Khari  et  al., 2016). The extended spectrum β-lactamase 
group capable of hydrolysing penicillin and cephalosporin are 
encoded by CTX-M-1, CTX-M2, TEM, SHV and carbapenem 
resistance though KPC (Khari  et  al., 2016) with recently, 
antimicrobial resistance has been reported from bacteria 
isolated from dairy products related to pathogenic agents such 
as E. coli and Salmonella spp. (Hleba et al., 2015). However, 
there is little information about Enterobacteriaceae from 
animals, milk or the milking environment. Therefore, the aim 
of this study was to investigate the presence of virulence and 
antimicrobial resistance factors in Enterobacteria isolated from 
healthy calves and cows, feeding buckets and the milk bucket.

2 Materials and methods
The samples were obtained from the dairy farm at the São 

Paulo State University. This farm is a small herd consisting 
of 17 cows that are milked twice a day, in a semi-intensive 
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Abstract
The aim of this study was to investigate the presence of virulence and antimicrobial resistance genes and clonal profile of 
Enterobacteriaceae isolated from calves, cows, feeding buckets and the milk bucket. A a total of 31 Enterobacteriaceae isolates 
from calves (6), milk bucket (6), feeding buckets (6) and from cows’ rectum (13) were used. The presence of LT, STa, STb, STx1, 
STx2, eae, rmpA, wabG, mrkD, kfu, mcgA, fimH and uge as well as the antimicrobial resistance genes: AmpC MOX, FOX, MIR, 
ACT, DHA, ACC, CTX-M-1, CTX-M2, TEM KPC and MCR-1 and SH were evaluated by PCR. The LT toxin gene were detected 
in five isolates (16.1%) and the mrkD gene was detected in three isolates (9.0%). The CTX-M-1 gene was detected in 13 isolates 
(41.9%), CTX-M-2 in five isolates (16.1%) and ACC-M in four isolates (12.9%). Most of the isolates obtained demonstrated, 
resistance to cephalothin (87.5%), ampicillin, (87.5%) and streptomycin (84.3%) with multidrug resistance observed in all 
isolates. Isolates from bucket and cow’s rectum, calves and milk bucket, calf and cow’s rectum shared the same pulsotypes. These 
findings may suggest that enterobacteria carring virulence and resistance genes may persist in the environment and became a 
reservoir of these genes.
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Practical Application: In this study, the role of Enterobacteriaceae in calves, cows and milking environment acting as a reservoirs 
of virulence and antimicrobial resistance genes were evaluated. Isolates in this study possessed virulence and antimicrobial 
resistance genes and were distributed throughout animals and environment and they also shared similarities in their pulsotype 
indicating a possible relationship and that they indeed may act as a reservoir and shared virulence genes.
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system. Animals are fed with both pasture and silage. Swab 
samples were collected from the rectum of six calves and 
from 13 lactating cows, as well as from the milk bucket and 
the calves’ feeding bucket. These swabs were subsequently 
added to the swab recipient containing Stuart medium and 
transported to the laboratory. Isolation and identification of 
Enterobacteriaceae spp. were done according to (Quinn et al., 
2005) using MacConkey, Brilliant green, and XLT4 agar and 
biochemical test. Bacterial DNA extraction was done according 
to (Keskimäki et al., 2001), and the virulence gene detection 
by PCR was performed as described by (China et al., 1996). 
After the amplification, products were visualized by gel 
electrophoresis. The following virulence genes were analyzed LT, 
STa, STb, stx1, stx2, eae, rmpA, wabG, mrkD, kfu, mcgA, fimH 
and uge. To detect antimicrobial resistance genes, the different 
types of genes encoding AmpC type resistance (MOX, FOX, 
MIR, ACT, DHA, ACC) and resistance to ESBL by CTX-M-1, 
CTX-M2, TEM, SHV gene were evaluated by PCR as described 
by (Dierikx et al., 2013). In addition, carbapenemase enzyme 
production (KPC), and resistance to colistin (MCR-1) were also 
evaluated. Antimicrobial sensitivity was evaluated using the (Kirby 
Bauer) test according to the Clinical and Laboratory Standards 
Intitute (Wikler et al., 2007). The antibiotics tested were selected 
by their importance in the dissemination of resistance genes: 
ampicillin (10 mg), cephalothin (30 mg), streptomycin (10 mg), 
gentamicin, (10 mg), amoxicillin + clavulanic acid (30 mg), 
norfloxacin (10 mg), amikacin (30mg), Fosfomycin (200 mg), 
nitrofurantoin (300 mg), cefoxitin (30 μg), ceftazidime (30μg). 
Isolates pulsotypes identification was done according to the 
procedure established by the Centers for Disease Control 
(CDC) (Ribot et al., 2006). A Salmonella Braenderup strain 
(Adolfo Luts Institute of São Paulo) was used as a standard 
marker for the PulseNet protocol. The fragments similarity 
was compared using the Dice coefficient at 1% tolerance and 
1% optimization and dendrograms were constructed using 
the Neighbor-Joining grouping method using the program 
BioNumerics 7.1.

3 Results and discussion
Although E. coli is the most common gram negative bacteria 

that causes subclinical mastitis, and exibits antibiotic resistance, 
presence of pathogenic E. coli in the environment is often 
overlooked (Hinthong  et  al., 2017). Existence of pathogenic 
E. coli in environmental sources and from milk from subclinical 
mastitis affected cows have been show before by the detection 
of especific virulence genes (Hinthong et al., 2017). Therefore, 
among the total of 31 Enterobacteriaceae isolates obtained that 
were six from calves, six from the final milk unit, six from the 
feeding buckets and 13 from cow’s rectum. The LT gene was 
detected in five isolates, one from a calf and four from the milk 
bucket. The mrkD gene was also detected in three isolates, two 
from calves and one from cow’s rectum. None of the isolates were 
positive for the sta, stb, stx1, stx2, eae, rmpA, wabG, kfu mcgA fimH 
or uge genes. The CTX-M-1 gene was detected in 13 isolates, 
two from calves and 11 from cows while the CTX-M-2 gene 
was detected in five isolates from calves (2), milk bucket (1), 
feeding bucket (1) and cow (1). The ACC-M gene were detected 

in four isolates, two from calves, one from feeding bucket and 
one from cow. None of the isolates were found to be resistant to 
TEM, TEM1, SHV1, FOX-M, MOX-M, DHA, CIT-M, EBC-M, 
CLR or KCP (Table 1).

Since this study was conducted on a small and controlled 
university herd, associated with a small dairy facility, these 
results should be analyzed in detail and carefully. Nevertheless, 
day to day dairy activities are practiced in the university facility 
and thus, subject to the same problems that are present into the 
small farm dairy industry. Although occurrence of coliforms in 
milk has been linked to unhygienic processing condition that 
will result in decreased sensory score of pasteurized milk and 
reduce its shelf life (Masiello et al., 2016), recent finding suggest 
that a fraction is of fecal origin while the rest is mostly from the 
environment (Martin et al., 2016).

In this regard, in the current study, Enterobacteriaceae 
isolated from calves, cows and feeding bucket presented a 
similarity of >65% while the isolates from cows’ rectum and 
the milk bucket shared similarities higher than 75% suggesting 
that indeed, the environmental isolates could be a key element 
for the milk contamination. Also, since isolates that share a 
65% or more degree of similarity were found with the cow, calf 
and the feeding bucket, a cycle of re-contamination or even 
horizontal transmission could be attributed to the environment. 
This could associated with the fact that management practice at 
the farm, including milking machine wash failures, the rate of 
clusters washes and rate of milking unit fall-off during milking 
is correlated with the level of coliform in milk (Martin et al., 
2016) ⁠.

The isolates demonstrate resistance to the antimicrobial 
tested, 90% (30/31) were resistant to cephalothin 87.5% (28/31) 
were resistant to ampicillin, 87.5 (28/31) to streptomycin, 
84.3% (27/31) to nitrofurantoin, 78,1% (25/31) to amikacin, 
71,8% (23/31) to gentamicin, 68,7% (22/31) to cephalothin, 
56.2% (18/31) to fosfomycin, 50.0% (16/31) to amoxicillin with 
clavulanic acid, 46.8% (15/31) to norfloxacin, 43.7% (14/31) to 
ceftazidime. Multidrug resistance was observed in all isolates, 
with seven (21.8%) isolates been resistance to eleven antibiotics, 
five (15.6%) been resistant to ten, five (15.6%) to nine, four 
(12.5) to eight, one (3.12%) to seven, three (9.37%) to six, four 
(12.5%) to five, two (6.25%) to three and one (3.12%) to two 
antibiotics simultaneously.

It was possible to observe two distinct groups (>55% 
similarity) and 20 distinct pulsotypes with a similarity rate 
that ranged from (55 to 75%) (Figure 1). Demonstrating that 
there is no clone dominating the environment. Isolates from 
the cow’s rectum presented 70% similarity with isolates from 
the final milking unit. Also, similarities higher than 65% 
were observed between isolates from calves, cows and the 
feeding bucket which suggest that an endemic circle could 
be associated within the enterobacteria in the dairy farm. 
Antibiotic resistance in the isolates tested was widespread, 
with 90% been resistant to cephalothin, 87.5% to ampicillin, 
87.5 to streptomycin, 84.3% to nitrofurantoin, 78.1% to 
amikacin, 71.8% to gentamicin, 68.7% to cephalothin. A lower 
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frequency of isolates were resistance to fosfomycin (56.2%), to 
amoxicillin with clavulanic acid (50.0%), norfloxacin (46.8%), 
and 43.7% to ceftazidime. Although enterococci are known to 
have low-level resistance to the aminoglycosides, in this study 
87.5% of the isolates were resistant to streptomycin and 68.7% 
were resistant to gentamicin. For the successful treatment 
of enterococci infection, aminoglycosides are often used 
(Hammad et  al., 2015) ⁠ ⁠ and resistance to gentamicin would 
render this association ineffective. Also, due to the fact that 
all samples presented a degree of multidrug resistance, with 
a large amount of isolates harboring resistant to almost all 
antibiotic tested, associated with the fact that this milk could 
be used for raw milk cheese production, especially in area with 

the geographic habit of appreciation of these products such as 
Egypt (Hammad et al., 2015) ⁠ or Brazil.

Detection of isolates that possess the E. coli labile toxin genes 
from calves and from the milk bucket are of concern. The milk 
from the milk bucket will go the bulk tank and could be sold as 
raw or pasteurized. If sold raw for raw milk cheese production, 
it could be the cause of foodborne diseases. According to 
(Whitehead & Lake, 2018)⁠⁠ consumption of raw milk product is 
a growing trend in North America and Europe. The LT positive 
strains were group together with LT negative strains and thus 
meaning that they could eventually acquire this virulence gene 
since they are already similar.

Table 1. Origin, pulsotype, virulence and antibiotic resistance genes and antibiotic resistance of isolates obtained from calves, milk bucket, 
feeding buckets and from cows.
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20 CO2 P1 - - + - - S S S S S S R S R R S
26 CO8 P2 - - - + - R R S R S R R R R R S
24 CO6 P3 - - + - - R S R R R S R S S R S
1 FMU P4 - - - - - R S R R R R R R R R S

25 CO7 P4 - - + - - R R R R R S R S R R S
8 CO10 P5 + - - + - R R R R R R R R R R S

13 FMU P6 + - - - - R R R R R R R R R R R
12 FMU P6 + - - - - R R R R R R R R R R S
31 CO13 P7 - - + - - R S S S R S R S R R S
14 BU2 P8 - - - + + R R R R R R R R R R S
27 CO9 P9 - - + - - R S S S R S R S R R S
7 CA5 P10 - - - - - R R S R R R R R R R S

18 BU6 P11 - - - - - R S R R S R R R R R R
19 CO1 P11 - - - - - R S S R S R R R R R R
17 BU5 P12 - - - - - R R R R R R R R R R R
16 BU4 P12 - - - - - R R R R R R R R R R R
6 CA4 P13 - + + - + S R S S R S R R R R S

10 FMU P13 + - - - - R S R R R R R R R R R
9 FMU P14 + - - - - R R S R R R R R R R S

21 CO3 P14 - + + - + S R S R R S R R R R R
3 CA1 P15 - - - - - R S R R R R R R R R R
4 CA2 P16 - - - + - R R R R R R R R R R R
5 CA3 P17 - + + - + R R S R S S R R R R S

22 CO4 P17 - - + - - R S S R R S S R S R S
23 CO5 P18 - - + - - R S S S R S R S R R R
28 CO10 P19 - - + - - R S S S R S S S S S S
30 CO12 P20 - - + - - R S S S R S R S S R R
29 CO11 P20 - - + - - R S S S S S S S R R S

* CO: Cow; FMU: final milking unit; CA: calf; BU: Bucket; & STR: Streptomycin; AMC: amoxicillin + clavulanic; NOR: Norfloxacin; GEM: gentamicin; AMK: amikacin; FOS: Fosfomycin; 
AMP: ampicillin; FOX: Cefoxitin; NIT: nitrofurantoin; CEF: cephalothin; CAZ: ceftazidime; # Four isolates (2, 11, 15 and 31) which were negative for all genes tested and which were 
not antibiotic resistant were not included in this table.
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4 Conclusion
In conclusion, in this study it was observed that 

Enterobacteriacea spp. isolates from environment, animals’ rectum 
and the milk bucket shared some similarities in their respective 
pulsotypes. Thus, this indicate that indeed, Enterobacteriaceae 
could act as a reservoir of virulence and antibiotic resistance 
gene for other pathogenic species such as E. coli in the milking 
environment.
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