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/Abstract )

Enterococcus faecalis do not only inhabit the intestines of many animals, but also food and the environment. These microorganisms
have intrinsic ability which enables them to persist in different environments. The aims of our study were (i) to carry out a com-
parative analysis of tetracycline resistance and virulence factor genes of Enterococcus faecalis isolates from food, poultry and clinical

samples and (ii) to determine the genetic relationships of these factors among these isolates.

A total of 182 E. faecalis were studied; 70, 52, and 60 strains were isolated from clinical samples, broiler cloacal swabs and food,
respectively. Enterococcus faecalis isolates were submitted to research genes for virulence factors tet (L), tet (M), (bop ABCD, ace and
agg) by PCR and grouped into clusters according to their genotype. The prevalence among all the genes studied could be considered
high, ranging from 61.5 to 99.4% of the virulence factors of genes and 19.2 to 70.3% of the antimicrobial resistance genes, tet (L)
and tet (M), respectively, where it was possible to obtain different genetic profiles. The enterococci isolated from food, humans and
broiler cloacal swabs showed high genetic diversity, although some strains seemed to be closely related. The 182 isolates formed
twelve different clusters independent of the origin of the samples or the diets used in the feeding of broilers, with the similarity index
value ranging from 0.16 to 1.0, similarity coefficient, 0.70. In conclusion, enterococci isolated from food, humans and broiler cloacal
swabs are genetically different. In addition, the analysis of virulence factors genes and tet genes by PCR proved to be an effective

methodology for determining the microbial diversity of Enterococcus faecalis isolates of different environmental sources.
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Introduction

Enterococcus comprises a group of Gram-positive bacteria, which have fewer requirements for growth, to be able to grow at tem-
peratures from 10 to 45°C, pH 9.6 in 6.5% saline and surviving 60°C for 30 minutes. Due to their ability to grow and survive in harsh
environmental conditions, enterococci can be found in many different environments, such as the gastrointestinal tract of humans and
warm-blooded animals (Nallaparedy., et al. 2000), soil, liquid surfaces and plants or vegetables (Riboldi., et al. 2008; Cassenego., et al.

2011; Castillo-Rojas., et al. 2013). However, the performance of enterococcal species as the etiologic agent of human infections is known.

In recent years, some species have acquired greater importance in nosocomial frames as opportunistic pathogens (Giraffa, 2002).
The main species of enterococci that because human infections are Enterococcus faecalis (80 to 90%) and Enterococcus faecium (5 to
15%). In these species associated with the virulence of bacterial pathogenicity and virulence factors was gender (Mannu,, et al. 2003;
Qin,, et al. 2000; Riboldi., et al. 2008; Semedo., et al. 2003).

One bacterium to be pathogenic, it must essentially cling to tissues, invade them, multiply and survive the host defense mechanisms
and other bacteria in competition, producing tissue damage. Among the virulence factors most frequently cited in the literature in strains
of E. faecalis are the production of aggregation substance (agg), the surface adhesins (ace) and biofilm formation (bop ABCD operon)
(Dupre., et al. 2003; Hufnagel,, et al. 2004; Lebreton., et al. 2005). These genes, alone or in combination, may play an important role in
cell adhesion and biofilm formation (Donlan and Costerton, 2012). Besides this characteristic virulence, one reason for the increase of

enterococci infections is related to its ability to develop resistance to a wide variety of antimicrobials.

Enterococcus faecalis reservoirs and vehicles of antibiotic resistance are known and many studies have dealt with over the distribu-
tion of antimicrobial resistance genes in strains isolated from enteric habitat, and food samples collected at various stages of the food
chain (Rice and Carias, 1998, Aarestrup., et al. 2000; Hummel,, et al. 2007; Frazzon., et al. 2009). The tetracycline resistance phenotype is
a highly prevalent among enterococci, and resistant to many classes of antimicrobials such genes have been identified. Different genetic
mechanisms are responsible for resistance to tetracycline, the most studied are the ribosome protection encoded by tet (M) gene and
efflux systems encoded by the tet (L) gene (Clewell,, et al. 1995; Huys., et al. 2004; Hummel., et al. 2007).

Several techniques can be performed to determine phylogenetic group in enterococcus, such as Pulsed-field Gel Electrophore-
sis (PFGE) (Jackson., et al. 2012), random amplified polymorphic DNA (RAPD) (Rossetti and Giraffa, 2007), multilocus sequence type
(MLST) (Castillo-Rojas., et al. 2013). PFGE is the “gold standard” technique, but it is costly and time-consuming.

The epidemiological importance of Enterococcus faecalis is associated with the fact that species not only provide intrinsic suscepti-
bility to multiple antimicrobials, but also the presence of virulence factors. This study aimed to evaluate the distribution and diversity of

virulence factors in E. faecalis isolates from broilers cloacal swabs, foods of various origins and clinical specimens from infected patients.

Material and Methods

Origin of strains of Enterococcus faecalis

A total of 182 E. faecalis were studied; 70 were isolated from broiler cloacal swabs in 2009, 52 clinical samples such as blood, urine
and body secretions collected during the years 2005 to 2009 and 60 isolated from food samples, collected from vegetables, dairy and
meat during the years 2006 to 2007 (Riboldi., et al. 2008; Frazzon,, et al. 2009, Cassenego., et al. 2011). The isolates were selected from
bacterioteca Department of Microbiology (ICBS/UFRGS) and Gram-positive Cocos laboratory UFCSPA. All isolates were confirmed at

genus and specie by the technique of polymerase chain reaction (PCR). The primers sequences of tuf and dll genes are shown in Table 1.
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Virulence | Nucleotide sequence (5°-3’) | Amplicon Annealing Reference
genes size (pb)* temperature (°C)
tuf TACTGACAAACCATTCATGATG 112 54 (Koch.,, et al. 2004)
AACTTCGTCACCAACGCGAAC
ddl CACCTGAAGAAACAGGC 475 52 (d’Azevedo., et al. 2006)
ATGGCTACTTCAATTTCACG
agg AAGAAAAAGTAGACCAAC 1553 54 (Dupre., et al. 2003)
AACGGCAAGACAAGTAAATA
ace AAAGTAGAATTAGATCACAC 320 52 (Eaton and Gasson, 2001)
TCTATCACATTCGGTTGCG
bopA CAGCGACATGGACAGCCTAC 108 60 (Cassenego., et al. 2013)
TTGCAGGACCGTCGAGTAAA
bopB ATGACAGAATCCAAAACTGC 687 56 (Cassenego., et al. 2013)
TTACGAAGGGGTTGATTCAC
bopC TTATAGAAGGTTAAATTGAT 1010 48 (Cassenego., et al. 2013)
ATGAAGGATAATCGTATCAC
bopD GGCTTCCTCGTTGATGGCTTC 126 66 (Hufnagel., et al. 2004)
ACGGCACGGAATTTGGGTAAAC
tet(M) GTTAAATAGTGTTCTTGGAG 406 54 (Frazzon.et al. 2009)
CTAAGATATGGCTCTAACAA
tet(L) ACTCGTAATGGTGTAGTTGC 625 58 (Frazzon., et al. 2009)
TGTAACTCCGATGTTTAACACG

*base pairs
Table 1: Oligonucleotide primers used in the PCR reactions.

Total DNA extraction, amplification of virulence genes by PCR and phylogenetic grouping
Strains were grown on BHI liquid medium at 35°C for 24h. Total DNA was extracted using the protocol described by Cassenego., et al.
(2011). The presence of bopABCD operon agg, ace tet M) and tet (L) genes was performed by PCR (Frazzon., et al. 2009; Eaton and Gas-

son, 2001; Dupre., etal. 2003; Cassenego., et al. 2013). The primers sequences and their annealing temperatures are shown in Table 1.

The PCR was carried out in a total volume of 25 pL containing: 200 uM of each dNTP, 0.4 uM of each primer, 1.5 mM MgCl,, 1X buf-
fer supplied with Taq polymerase, 1.25 U of Taq DNA polymerase (Gibco BRL, France) and 100 ng of template DNA. PCR was performed
with an Omnigene DNA thermal cycler (Hybaid, UK). Cycles used were as follows: 1 cycle at 94°C for 4 min; 40 cycles at 94°C for 1 min,
at temperature annealing (see table 1) for 1 min, at 72°C for 2 min; 1 cycle at 72°C for 15 min. Phylogenetic grouping was done based on

the presence or absence of the virulence factors genes.

Statistical Analysis

The results were subjected to statistical analysis using the program Paleontological statistics software package for education and

data analysis (PAST) version 2.17ce followed normality. The dendrograms was performed using the Jaccard similarity coefficient.
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Results

Frequency of genes of virulence factors and antibiotic resistance among samples

To evaluate the distribution of virulence factors genes, 182 E. faecalis strains isolated from humans, food and animals in South

Brazil between 2005 and 2009 were chosen. In Table 2, the results for the prevalence of the genes of the virulence factors in all isolates

studied.
Percentual of PCR positive
Genes Chicken Clinical Food Total
ace 94.2 75 86.6 86.2
agg 78.5 57.7 45 61.5
bopA 98.5 96.1 90 95
bopB 85.7 88.4 95 89.5
bopC 98.5 96.1 95 96.7
bopD 100 100 98.3 99.4
tet(L) 18.5 15.4 23.3 19.2
tet(M) 87.1 57.7 61.6 70.3

Table 2: Prevalence of virulence and antimicrobial resistance among Enterococcus

faecalis isolates from food and clinical samples broilers factors.

Enterococcus faecalis isolated from broiler cloacal swabs showed the elevated number of virulence genes compared to food and
clinical isolates. In this study, the ace gene was detected in 94.2% and 86.6% of isolates from broiler cloacal swabs and food, respec-
tively, and 75% of the clinical isolates. The agg gene was more frequently detected among isolates from broiler cloacal swabs (78.5%),
followed by clinical (57.7%) and food (45%) isolates. The bopA gene was detected more frequently (98.5%) in broiler cloacal isolates,
followed immediately by clinical (96.1%) and food (90%) isolates. Like bopA gene, bopC gene was also more prevalent among broiler
cloacal swabs (98.5%). The tet (M) gene, in turn, was found in 87.1% of samples from cloacal swabs chicken and 61.6% food and 57.7%

of the clinical samples.

Isolates presenting the bopB gene, comprising 89.5% of the total, with the food isolates (95%), then humans and broilers sample,
88.4% and 85.7%, respectively. The bopD gene showed very similar frequencies (98.3%-100%) among the isolates. Among the genes
evaluated in this study, the tet (L) gene showed the lower frequencies among the isolates (23.3 to 15.4%).

Regarding the genes of the operon bopABCD, the bopD gene showed the highest frequency (99.4%) among the isolates, followed
immediately by bopC (96.7%), bopA (95%) and bopB (89.5%).

Phylogenetic E. faecalis divergence of virulence and resitant genes content

Phylogenetic grouping was done based on the PCR method using primers targeted at virulence factors genes, bopABCD operon agg,
ace tet (M) and tet (L). The phylogenetic tree was constructed from the analysis of the presence of the genes of the virulence factors of
isolated from various environments to evaluate the genetic variability of isolates (Figure 1). A total of 182 E. faecalis strains isolated
from humans, broilers and food were assigned to four phylogenetic groups (i.e. A, B, C and D) and four subgroups (i.e. A1, A2, B1 and
B2).
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Figure 1: Dendrogram based on results of PCR with primers for genes of viru-
lence and antimicrobial resistance factors. The similarity was calculated using

the correlation coefficient of Jaccard and clusters were built with PAST.

Groups A and B showed 65% similarity and comprised 173 of the 182 isolates tested. The group B contained most of the collected
isolates (161 isolates, 87.36%), followed by group a (12 isolates, 6.59%). Nine isolates (4.94%) were not grouped in clusters described
above, because they had similarity coefficients above 0.16 to 0.52. These isolates were grouped into two groups to facilitate the under-

standing, being named C and D, respectively.

The group A was divided into two subgroups (A1 and A2) with a similarity coefficient above 0.70, indicating genetic proximity. In
A1, was included only one E. faecalis isolate of broiler cloaca swabs that was positive to all genes from the bopACD operon and tet (M)
gene. The subgroup A2 comprised strains with the complete bop operon and six isolates from clinical (blood and urine) and five food

(dairy, vegetables and meat) isolates belonged to this subgroup.

The differences between the strains of cluster B generated two subgroups, the B1 and B2 with similarity coefficients 0.73, indicating
genetic proximity and suggesting that these isolates could represent a genetic pool of E. faecalis strains. The B1 was subdivided into two,
generating B1.1 and B1.2 subgroups with similarity coefficients 1.0 each other.
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The B1.1 was composed by 7 isolates (3 cloacal swabs from chickens and 4 different foods such as meat, dairy and vegetables) which
were positive form all bop operon genes, ace, tet (L) and tet (M) genes. In the B1.2 were grouped isolates that showed the bopABCD, ace

and tet (L) genes. The four strains of B1.2 were isolated from vegetables such as potatoes and sweet potatoes in 2006.

The majority of collected isolates (150 isolates, 82.41%) were grouped in group B2. In this group are 67 of 70 isolates from broiler
cloacal swabs. Isolates in this group had three or four genes of the operon bop, the gene tet (L), tet (M), besides the ace or agg genes,
according to the classification of subgroups. The B2 group was divided into two subgroups with 75% similarity each the B2.1 and B2.2.

The B2.1 was divided again in “a” and “b”, and included 35 isolates. The subtype a (bopABCD, agg and, ace genes) contains 14 iso-
lates (10 clinical isolates from urine, two food isolates from chicken carcass in 2007 and two broilers isolated in 2008). The subtype b
comprises isolates (6 clinical, 11 from chicken carcass and dairy isolates in 2006 and 2007 and 4 broilers cloacal) positive to bopABCD

and ace genes.

In the B2.2 subgroup was pooled 115 isolates and divided into subtypes “c”, “d”, “e” and “f” with similarity coefficients 0.8. In subtype
“c” contains four isolates of cheese and one isolate from cloacal swabs chickens. These strains contain virulence genes bopBCD, ace, agg,
tet (M). The subtype “e” grouped four isolates of clinical origin, two isolates from food and three cloacal swabs and your present genes
are bopABCD, agg, tet(M). The subtype “d” is the biggest group of the phylogenetic tree and contains 92 isolates, where 25 are isolated
from food samples, 20 clinical and 47 are most isolated of chicken’s cloacal swabs and has all the genes studied. The subtype “e” contain
the genes bopABCD, agg, tet(M) with four clinical isolates, two isolates from food and three of poultry (cloacal swabs), while the subtype
“f” grouped one clinical isolate, one isolate from food and seven poultry isolates from swabs cloacal which contains the genes bopACD,
agg, ace, tet(M). Group C contains two isolates of clinical origin (urine) and group D, showed seven isolates, three swabs of chickens, two

food (cheese) and two clinical origin (urine) and were more distant from the other isolates (similarity coefficients 0.53).

Discussion

Frequency of genes of virulence factors between samples

Frequencies of virulence genes between the samples are consistent to those observed in other studies. McBride., et al. (2007) dem-

onstrated that the virulence factors can be found in various strains of E. faecalis.

The prevalence of the agg gene among isolates from food and clinical in the present study agree with those observed by Dupont., et
al. (2008), Bittencourt and Suzart (2004) and Eaton and Gasson (2001). The agg gene was detected at a high frequency between samples
of E. faecalis isolated from broilers cloacae when compared with Poeta,, et al. (2006) that detected a frequency of 39.5% in agg in fecal
samples of broilers. However, the frequency reported by the authors was still considered high, since the presence of this gene was only

detected in isolates of E. faecalis enterococci among all surveyed.

The ace gene encoding collagen adhesin of E. faecalis (Ace) also showed high levels among isolates from broilers cloacal swabs
(94.2%). This is a cellular protein, specific surface area E. faecalis, which allows the binding of bacteria to the extracellular matrix pro-

teins, collagens type I and IV and laminin may play a role in the pathogenesis of endocarditis (Nallaparedy., et al. 2000; Koch., et al. 2004).

Diarra,, et al. (2010) demonstrated that 100% of E. faecalis isolated from feces or cecum of broilers contained the ace gene. Once
again, Poeta,, et al. (2006) agrees with the results obtained in this study, with a prevalence of 62.8% of E. faecalis isolated from fecal
samples of broilers, with ace being detected only in isolates of this species. Like those observed for the ace among clinical samples was
found by Nallapareddy., et al. (2000) who detected a frequency 60% ace gene. The prevalence of 86.6% of the ace gene in food isolates
also corroborate those determined by Cariolato., et al. (2008) in food samples. Olsen., et al. (2011) investigated the gene in human iso-

lates with bacteremia and cloacal swabs of broilers and achieved 100% attendance and 99% gene similarity ace among different isolates
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studied in both origins. Silva,, et al. (2013) demonstrated the presence of different levels of ace gene ranging between 75 and 94.2% for

E. faecalis isolated from poultry and clinical specimens, respectively.

The genes of the operon bopABCD were observed with high frequency among all isolates. The gene encodes a glycosyltransferase,
bopA, located immediately downstream bopB responsible for the polymerization of phosphoglucomutase enzyme, followed by bopC
encoding an aldolase-1-epimerase. The last gene in the operon, the bopD, the transcriptional regulator is a sugar binder and is involved
in biofilm formation by E. faecalis (Hufnagel., et al. 2004). To date, no studies on the prevalence of genes in the operon bopABCD isolates

of E. faecalis isolated from clinical and food samples.

The results observed for the tet (M) and tet (L) genes are according to studies by several authors (Aarestrup., et al. 2000; De Leener.,
et al. 2004; Cauwerts., et al. 2007; Frazzon., et al. 2009). The tet (L) gene has been found in fewer screened isolates (19.2%). This gene
encodes a membrane protein, called efflux, which carries molecules out of the cell such as tetracycline and doxycycline (Chopra and
Roberts, 2001). The gene tet (M) is commonly located on the bacterial chromosome and can be adduced by the conjugative transposons
Tn916/Tn1545 family (Clewell,, et al. 1995; Poeta., et al. 2006).

A similar situation was found during a survey conducted in hospitals in France, where 229 enterococci were isolated for 10 collec-
tions. In this study, the tet (M) and tet (L) genes have high prevalence among samples and were determinants for tetracycline resistance
(Charpentier, et al. 1994). The lowest frequency of tet (L) gene can be explained because their transfer to other cells since they are not
able to transfer themselves independently, depending on the presence of conjugative plasmids, so its spread in the population happens
slowly. Moreover, the association of tet (M) gene of conjugative elements such as transposons have been an important factor in the

spread of tetracycline resistance in enterococci (Chopra and Roberts, 2001).

Phylogenetic E. faecalis divergence of virulence and resitant genes content

Genetic characteristics variables provide a niche specialization and virulence of E. faecalis. Thus, by colonizing ability in a wide range
of hosts and environments most suitable for a particular niche variant can proliferate and fill the niche, where the phylogenetic analysis
evaluating the presence of virulence factors revealed clusters isolated from all origins and different periods of years. However, the selec-
tive forces that lead to convergence of these characteristics and adaptability continue to be studied. Our study assessed the diversity of
E. faecalis from different sources and noted that the isolated show a similarity coefficients value ranging from 0.65 to 1.0. Castillo-Rojas.,
etal. (2013) reported that E. faecalis isolated from samples of urine, pleural fluid and blood and water content similarity coefficients 0.6,

suggesting that the strains were related.

Enterococcus faecalis originating from clinical samples isolated from blood, urine, pus and vaginal fluid from a hospital in Malaysia,
demonstrated a high level of diversity in typing by Pulse Field Gel Eletroforesis (PFGE) and Multilocus Sequence Type (MLST), agree-
ing with studies observed in this study and studies by Lloyd., et al. (1998) and from the same or other hospitals has also been reported
(Silva,, et al. 2013).

The technique of random amplified polymorphic DNA (RAPD) is also commonly used in species-specific identification and typing
as use of M13 in a primer sequence developed by Rossetti and Giraffa (2007) used on analysis of genetic diversity of Enterococcus by
Riboldi,, et al. (2008). The PCR phylotyping technique was described by Clermont., et al. (2000) and has been used to evaluate the dif-
ferent phylogenetic groups of E. coli strains (Derakhshandeh., et al. 2013). Is a technique based on a PCR using a combination of several
virulence genes for E. faecalis, although can only indicate the presence or absence of genes, showed results strongly correlate with those
obtained by RAPD method (Costa,, et al. 2009). It is an excellent technique for rapid and inexpensive assigning of E. faecalis strains in

different phylogenetic groups.
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These studies support the possibility of E. faecalis possess great ability to adapt to different environments, with their establishment
and possible isolation of different sample origins. Another study about resistance phenotype between populations of E. faecalis isolates
from chicken carcasses after cooling processing in five different places, showed that all plants have a high degree of diversity, despite
their resistance phenotype were largely grouped into a single cluster, reporting that the likely standardization of procedures exert selec-

tive pressures operating uniforms, characterizing the environment as phenotypic determinant (Olsen., et al. 2011).

Cobo Molinos,, et al. (2008) suggests that the presence of the operon ebp (encoding pilli) in E. faecalis, there are a role in the ubiquity
of the species isolated from clinical and food origin, where the presence of certain genetic traits increases their adaptation to specific
environments. This fact exalts the importance of dissemination of enterococci containing determinants of virulence and antimicrobial

resistance genes across different environments, increasing their potential and ability to interact with human hosts.

In conclusion, the differences in frequencies of virulence genes in E. faecalis isolates from different sources shows that genetic gains
and losses are important and crucial role of adaptation to a new habitat and the emergence of new strains contribution. However, the
phylogenetic tree shows that despite the different origins of the isolates and the various genotypic profiles, the E. faecalis species exhibits
a great adaptive capacity in different environments, even where selective pressure and high frequency of gene exchange occurs. Such

characteristics may allow their survival in these environments and gives its characteristic of ubiquity.

Also, important to note that the different period of isolation of the samples between 2005 and 2009 did not interfere during the
cluster, not being considered a determinant of genetic diversity. In addition, PCR phylotyping technique proved to be effective, rapid and

inexpensive for the study of diversity of E. faecalis strains in different phylogenetic groups.
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