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Progress in the application
of Enterococcus faecium in
animal husbandry

Zhi-lin Liu, Yun-jiao Chen, Qing-lei Meng, Xin Zhang
and Xue-li Wang*

Inner Mongolia Minzu University, College of Animal Science and Technology, Tongliao, Inner
Mongolia, China

As a probiotic, enterococcus faecium (E. faecium) has the characteristics of high
temperature resistance, gastric acid resistance, bile salt resistance, etc. It can also
effectively improve animal performance and immunity and improve the animal's
intestinal environment, so in recent years it has been more widely used in the
livestock industry. However, due to the improper use of antibiotics and the
growing environmental stress of strains, the drug resistance of enterococcus
faecium has become more and more serious, and because some enterococcus
faecium carry virulence genes, leading to the emergence of pathogenic strains,
its safety issues have been widely concerned. This paper focuses on the
biological characteristics of enterococcus faecium, the application of this
bacterium in animal husbandry and the safety issues in its use, with a view to
providing a reference for the application of enterococcus faecium in the
development of animal husbandry.
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1 Introduction

Lactic acid bacteria (LAB) are probiotics in the mammalian gut that regulate the
balance of the host’s intestinal flora and improve host health (Liu et al., 2021). Enterococcus
faecium, a Lactobacillus genus, is a commensal microorganism in the mammalian gut.
Zhang Luyao et al. (Zhang et al., 2022) analysed the intestinal strain composition of FO
generation male ICR mice by sequencing the V3 to V4 regions of the 16SrRNA gene, and
the results showed that the dominant flora in FO at the genus level was the genus
Lactobacillus, which accounted for 83.1% of the intestine. This reflects the possible
proportion of enterococcus faecium in the mammalian gut. In addition to this, it
produces antibacterial substances such as organic acids and bacteriocins.

E. Faecium has various excellent biological characteristics such as bile salt resistance,
gastric acid resistance, heat resistance, fast growth, and strong adhesion (Kopit et al., 2014;
Juetal, 2018). As a probiotic, E. faecium is an important feed additive and is widely used in
livestock production, with good prospects for feeding. Enterococcus faecium was listed as a
safe strain for feed use by the FDA and AAFCO in 1984, and it was also listed in the
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Catalogue of Feed Additive Species (2013) issued by the Ministry of
Agriculture in China in 2013 (Zhai, 2017). For example, E. Faecium
SF68 is recommended as a probiotic supplement in the veterinary
field (Krawczyk et al,, 2021). Feng Baobao et al. (Feng et al.,, 2019)
fed weaned piglets a feed containing 0.01% enterococcus faecium
SE68. The results showed that the diarrhoea rate of piglets was
significantly reduced, and the ratio of villus height to crypt depth of
piglets’” duodenum, jejunum and ileum was significantly increased.
The above results suggest that enterococcus faecium SF68 can
reduce diarrhoea in weaned piglets by improving intestinal
development and enhancing intestinal function. However, it is
also considered as one of the opportunistic pathogens, and the
national nosocomial infections surveillance (NNIS) has listed it as
the second most common pathogen causing nosocomial infections
(Holzapfel et al., 2018; Gorrie et al., 2019). Enterococcus faecium
has been reported to be resistant to many antibiotics, with many of
its antibiotic resistances present on plasmids and potentially
transmitted by horizontal gene transfer (Arredondo-Alonso et al.,
2020). Cho S et al. (Cho et al., 2022) used multiplex PCR to detect
21 plasmid replicon families of multidrug-resistant enterococcus
faecium (696 strains) isolated from poultry carcass washings
between 2004 and 2011. The results showed that 16% of
enterococcus faecium (110/696) were positive for at least one
plasmid replicon family. Li N et al. (Li et al., 2019) explored the
intergeneric transfer of vancomycin resistance gene vanA during
fermentation of soybean meal and in the digestive tract of growing
pigs. The above studies confirm that drug-resistant enterococcus
faecium possesses the ability to transfer plasmids to
other enterococci.

The bacterium also carries virulence factors and virulence genes
and has a high rate of infection and lethality in animals such as
cattle, sheep and black bears. F. Dai et al. (Dai et al.,, 2018) injected
enterococcus faecium isolated from black bear carcasses into mice
and found that the mice showed symptoms such as lethargy, matted
hair and loss of appetite, followed by death. Bai Weiqin et al. (Bai
etal., 2021) isolated the suspected strain NEF1 from the brain tissue
of diseased dead sheep in a sheep farm, and finally identified the
strain as E. faecium by the combination of traditional bacterial
isolation and identification and molecular biology. Therefore, the
safety of feeding enterococcus faecium has attracted much attention.
This article reviews the characteristics, application, and safety of
this bacterium in animal husbandry production.

2 Biological characteristics of
Enterococcus faecium

Enterococcus faecium is a gram-positive, facultative anaerobic
bacteria. The colonies are round or oval, single or paired, and have
no spore, no flagella, no motility and strong growth ability. Different
strains of E. faecium are highly tolerant to temperature, pH and bile
salts, and the bacterium can colonize and adhere to the intestinal
tract of animals, with some inhibition of Staphylococcus aureus,
Salmonella and Escherichia coli (Lee et al., 2019).
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2.1 Heat resistance of
Enterococcus faecium

Temperature can affect the activity of probiotics, and
enterococcus faecium has good heat tolerance and will maintain
its good activity when encountering high temperature conditions
during feed processing. (Amaral et al., 2017). Zhou Bo et al. (Zhou
etal., 2011) tested the inhibition activity of enterococcus faecium by
placing the bacteria in a pressure steam sterilization pot at 121°C for
20 minutes and then performing an inhibition test using E. coli F41.
The results showed that the inhibition diameter of the bacterium
was only 12.50% lower compared to the non-heat treated samples,
indicating that the bacterium is tolerant to high temperature
environments. Zhang Ming et al. (Zhang et al., 2021) inoculated
enterococcus faecium strain SC-Y112 in MRS liquid medium and
incubated it at 30 °C for 24 h. The fermentation broth was put into a
centrifuge at 6000 r/min and centrifuged at 4°C for 15 min, and the
supernatant was extracted. Then, the supernatant was treated at 100
°C for 30 minutes, and the antibacterial activity of the fermentation
broth was measured using a plate drilling method. The supernatant
treated at room temperature was used as a control. The results
showed that the inhibition ring of S. aureus in the control group was
11.1 + 0.5 mm and 10.7 + 0.4 mm in the 100°C treated S. aureus.
This indicates that the effect of temperature on the fermentation
broth of enterococcus faecium strain SC-Y112 was not significant.

In summary, enterococcus faecium has a greater advantage over
other probiotics in terms of tolerance to high temperatures, which is one
of the key reasons why it can be used as a feed additive for livestock.

2.2 Acid and bile salt resistance of
Enterococcus faecium

Enterococcus faecium is well adapted to all environments and
can survive in acidic and bile salt environments. The acid- and bile
salt-tolerant properties of the bacterium allow it to continue to
function in the organism during the animal’s digestion by resisting
the action of gastric juice and bile. (Torres et al., 2018)

Bs S et al. (Bs et al., 2021) diluted enterococcus faecium BS5 in
PBS (1:100) at different pHs (1.0, 2.0, 3.0, 4.0), followed by
incubation on MRS Petri dishes at 37°C for 3h. The results
showed that the survival rate of enterococcus faecium BS5 was
76% and 78% at pH 3.0 and 4.0 respectively, and around 25% at pH
1.0 and pH 2.0. Haijiayi et al. (Hai et al., 2021) showed that the
survival rate of enterococcus faecium was about 20% when the pH
value was 1~2. This indicates that enterococcus faecium can still
grow stably in acidic conditions and has good acid tolerance.
Mansour N et al. (Mansour et al., 2014) placed enterococcus
faecium on MRS agar plates supplemented with bovine bile (0.3%
and 0.7% w/v) for 3h at 37°C (no bile was set as control) and
continued to incubate the bacteria on MRS agar plates for 48h at 37°
C and found that the survival of the bacteria was about 83% in the
presence of 0.3% bile and 68% in the presence of 0.7% bile. Shi Y
et al. (Shi et al., 2020) added enterococcus faecium at 1% (v/v) to
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0.1%, 0.2%, 0.3% and 0.6% (m/v) bile salt solutions and incubated
them at 37°C for 3 hours. The experimental results showed that
the survival rate of E. faecium in 0.1% bile salt for 3 h was close to
100%, in 0.2% and 0.3% bile salt for 3 h was around 90%, and
in 0.6% bile salt for 3 h was close to 50%. All these indicated
that enterococcus faecium had some tolerance to bile salts. The
strain that survives after passing through the gastric juice
encounters bile salts in the anterior part of the small intestine, so
tolerance to bile salts is an important indicator that the strain can
survive, grow and exert probiotic efficacy in the intestine (Luo et al.,
2021), further indicating that the bacterium is well tolerated in the
intestinal environment.

The above results show that enterococcus faecium, due to its
good probiotic properties, can grow and multiply in the intestinal
tract of animals, further producing lactic acid, bacteriocins and
hydrogen peroxide to lower the intestinal pH and exert its
antibacterial effect.

2.3 Adhesion and bacteriostasis of
Enterococcus faecium

The adhesion and bacteriostasis of enterococcus faecium are

important conditions for its probiotic effect. E. faecium
colonizes the host intestine and, together with other anaerobic
bacteria, forms a biofilm flora that acts as a dominant protective
agent, thereby reducing the adhesion of other pathogenic bacteria in
the host intestine and contributing to the maintenance of intestinal
health (Gong et al.,, 2016; Bai and Guo, 2021).

Ma Qingwen et al. (Ma et al., 2018) used PBS buffer to dilute
Streptococcus equi DLR1-1-4, Streptococcus gallinolyticus DLR3-2-
4, enterococcus faecium DLR3-3-3, enterococcus faecium DLR3-5-
3, enterococcus faecium DLR4-7-4, and enterococcus faecium
DLR6-12-2 by 10-fold gradient. The cells were resuspended in
serum-free RPMI 1640, and then three strains with appropriate
gradients were selected and added to the cells. After 48 hours of
culture at 38°C, the number of bacteria adhered to each cell was
calculated. Since Lactobacillus Rhamnose (LGG) has a strong
adhesive ability, LGG is used as a comparison (Atarashi et al,
2015). The experimental results showed that the adhesion rates of
six strains were 2.69%, 16.33%, 10.69%, 13.74%, 15.72% and 18.16%
respectively, and the adhesion rate of LGG was 14.13%, of which the
adhesion rate of enterococcus faecium DLR6-12-2 strain was the
highest and higher than that of LGG, 18.16%. Hajikhani R et al.
(Hajikhani et al., 2021) inoculated enterococcus faecium strains in
MRS broth at 37 °C for 20 hours. The broth was centrifuged at
14000 r/min for 5 min to obtain the supernatant and five nutrient
agar dishes containing different indicator bacteria (E. coli ATCC
35218, E. coli O157:H7, Salmonella enterica ATCC 13076,
Salmonella typhimurium MU 80, Pseudomonas aeruginosa ATCC
27853) were punched. The supernatant was added to the wells and
incubated at 37°C for 24 h before measuring the diameter of the
inhibition zone. The results showed that E. faecium had inhibition
rings of 7.0 mm, 4.8 mm, 4.8 mm, 5.2 mm and 0 mm against the five
indicator bacteria, respectively. This suggests that E. faecium has an
inhibitory effect on E. coli and Salmonella. Tian Fengsong et al.
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(Tian et al, 2017) added 240 pL of Lactobacillus (30 strains)
supernatant to Oxford cups on prepared pathogenic plates, set
equal amounts of sterile water as control group, and placed the
plates with Oxford cups in an incubator at 37°C for 48 h. Four
strains (Lactobacillus salivarius LWT1, enterococcus faecalis LWT?2,
enterococcus faecium LWT3, Streptococcus parinii LWT4) with
strong bacteriostatic ability were screened out and the diameter of
bacteriostatic ring was measured. The inhibition rings of the four
strains against S. aureus, E. coli and Salmonella were LWT1: 20.97 +
0.15, 12.30 + 0.61, 12.83 £ 0.52; LWT2: 13.19 + 0.72, 11.72 £ 0.40,
10.12 £ 0.30; LWT3: 12.31 + 0.70, 10.65+ 0.73, 10.78 + 0.84; LWT4:
12.11 + 0.27, 11.89 + 1.03, 10.31 + 0.77. It can be seen from the
above results, enterococcus faecium has a certain inhibitory effect
on Staphylococcus aureus, Escherichia coli and Salmonella.
Compared with the other two bacteria, E Faecium has the most
obvious inhibitory effect on Staphylococcus aureus.

The adherence of E. faecium allows it to colonise the intestinal
tract of animals and the competitive adherence of the bacterium
reduces the colonisation of other pathogenic bacteria in the
intestinal tract, resulting in the suppression of pathogenic bacteria
and thus contributing to the health of the intestinal tract and
improving the efficiency of livestock farming.

3 Application of Enterococcus
faecium in animal husbandry

3.1 Improvement of animal
production performance

Enterococcus faecium in the animal’s intestine breaks down the
carbohydrates in the feed to produce lactic acid, which is further
degraded to acetic acid and propionic acid, etc. These organic acids
improve the digestibility of proteins and carbohydrates as well as
feed conversion and nutrient utilisation, which in turn improves
animal performance (Ayalew et al., 2022).

Wang Yong et al. (Wang et al., 2013) measured the first and last
weights of piglets at fasting and calculated the Average Daily Gain
(ADG), Average Daily Feed Intake (ADFI) and Feed Conversion
Ratio (F/G) of each piglet to determine the growth performance of
piglets. The results showed that ADG of piglets with 500 mg/kg
enterococcus faecium diet increased by 2.63%, ADFI decreased by
0.72%, and F/G decreased by 2.46%. Bai Tiantian et al. (Bai et al,
2022) found that adding 10mLE.faecium fermentation broth to
sheep feed could increase the ADG of sheep from 71.24g/d to
81.33g/d. In addition, studies have shown that the addition of
appropriate amounts of enterococcus faecium to feed can increase
lactation in mid-lactation cows and improve milk quality. Hu
Liangyu et al. (Hu et al., 2017) measured the milk volume and
collected milk samples of Holstein cows fed with 60 g/d
enterococcus faecium feed. The results showed an increase in
lactation, milk protein content, non-fat milk solids content and
dry matter lactation in the enterococcus faecium group compared to
the basal diet group. They rose by 2.13kg, 0.05kg, 0.16kg and 0.09kg
respectively. Some studies have found that enterococcus faecium is
also of good use in poultry farming. Yu et al. (Yu et al,, 2019) fed
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broilers three different concentrations of enterococcus faecium at
50mg/kg, 100mg/kg and 200mg/kg. It was found that compared to
the blank control group, the broiler thigh meat redness increased by
0.88 and meat shear decreased by 4.71 in the low concentration
(50mg/kg) E. faecium group; the broiler thigh meat redness
increased by 2.16 and meat shear decreased by 3.20 in the
medium concentration (100mg/kg) E. faecium group; the broiler
thigh meat redness and meat shear increased by 2.71 and 2.93
respectively in the high concentration (200mg/kg) E. faecium
group. Shear force increased by 2.71 and 2.93 respectively. Flesh
colour is one of the important traits in meat quality, within a certain
range, the higher the redness of the meat, the better the quality and
freshness of the meat. The above results show that the bacterium
can alter the quality of meat by changing the freshness and
tenderness of broiler thigh meat, thus improving the growth
performance of chickens. Cao Guangtian et al. (Cao et al., 2018)
fed 360 7-day-old white feather broilers infected with Escherichia
coli K88 (1 x 10° CFU/mL) with diet supplemented with
enterococcus faecium. The content of immunoglobulin in the
serum of the infected broilers was determined by biotin double-
antibody sandwich enzyme-linked immunosorbent assay (ELISA),
and the broilers were weighed at the age of 7, 10, 14, 21 and 28 days
to calculate their average daily weight gain. The results of the
experiment showed an increase in immunoglobulin (IgA, IgM, 1gG)
content in serum and average daily weight gain in the enterococcus
faecium group compared to the control group. IgA, IgM, and IgG
levels increased by 4.52 ug/mL, 0.3 ug/mL, and 38.8 ug/mL,
respectively. 7day old broiler ADG was reduced, by 1.3 g. Broiler
flat ADG increased at 10, 14, 21 and 28 days of age, by 13.4 g, 439 g,
172.7 g and 229.7 g respectively. It can be seen that enterococcus
faecium can improve the health status and growth rate of broilers
infected with Escherichia coli.

3.2 Improvement of animal immunity

Enterococcus faecium as a feed additive can improve the
immune level of animals, and it has the immunomodulatory
function of inducing anti-inflammatory response and enhancing
anti-pathogenic microbial infection (Makioka et al, 2018). Cui
Bailei et al. (Cui et al, 2022) infused piglets with live bacteria
containing non-pathogenic enterococcus faecium (1 x 10° CFU/
mL) skim milk solution. At the age of 7 and 21 days, 9 piglets close
to the average body weight were randomly selected for slaughter.
The jejunum and ileum segments were taken. The gene expression
of tight junction protein, cytokine response and Toll-like receptor
(TLR) were analysed by RNA extraction, cDNA preparation and
real-time fluorescence quantitative PCR (RT-PCR) detection. The
results showed that the relative expression of ZO-1 gene and
interleukin-10 (IL-10) gene in the jejunum and ileum mucosa of
7-day-old piglets was on the rise, the relative expression of
interleukin-8 (IL-8) gene was on the decrease and the relative
expression of LR gene did not change significantly compared with
the control group. The relative expression of IL-10 gene and
transforming growth factor-B (TGF-f) in the jejunum and ileum
of 21-day-old piglets was significantly increased, while the relative
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expression of IL-8 gene was significantly decreased, and the relative
expression of ZO-1 gene and TLR gene were not significantly
affected. These results indicate that the addition of enterococcus
faecium promoted the expression of small intestinal tight junction
protein gene, suppressed pro-inflammatory cytokines and increased
the expression of anti-inflammatory cytokines, and stabilized the
expression of TLR gene, thus improving the immunity level of
piglets. Ding Shuang et al. (Ding et al., 2017) used ELISA Kkits to
determine the immune function indicators (IgA, IgM, IgG) of
piglets consuming E. faecium and found no significant change in
IgA and IgM but a significant increase of 19.72% in IgG levels in the
piglets” serum compared to the basal diet group. The test showed
that the addition of E. faecium to the feed increased the level of
immunoglobulins in the serum of piglets. Xu Qiaoyun et a L. (Xu
et al, 2018) added different doses (30 g/(d-head), 60 g/(d-head)) of
E. faecium to the feed of Holstein cows in mid-lactation and took
tail vein blood samples before morning feeding at d 0, 14 and 28 for
the determination of immunoglobulins and other indicators. The
results showed that there was an upward trend in the blood IgA
content in the high-dose group at 28d, rising by 2.22 ng/ml, and
there was no significant change in IgA and IgG content at other
times. The levels of tumour necrosis factor in the high-dose group
were significantly lower than those in the control and low-dose
groups at the time. It indicates that enterococcus faecium can
enhance the immunity of the body to some extent. Han Pengmin
etal. (Han et al,, 2022) took young pigeons added with enterococcus
faecium (1.11 x10” CFU/mL) in the basic diet as the research object,
determined immunoglobulin by ELISA and calculated their
immune organ index according to the formula: immune organ
index (%) = [immune organ weight (g)/live weight of young pigeons
(g)] 100. The results revealed a non-significant difference in serum
IgA levels, a significant increase in IgG levels by 16.1%, and an
increase in thymus index, spleen index and bursa index by 0.02%,
0.04% and 0.03% respectively. These results show that the addition
of enterococcus faecium to the diet can improve the immune level
of suckling pigeons.

3.3 Improvement of the
intestinal environment

In addition to improving animal performance and immunity,
enterococcus faecium can balance the intestinal flora and promote
the growth of beneficial intestinal bacteria. Wang et al. collected
excreta from AA broilers fed a basal diet and AA broilers fed a diet
supplemented with E. faecium, dried and ashed them, and
determined the phosphorus content of the ash in the ash samples
by the vanadium-molybdate method, then AA broilers were
electroshocked and slaughtered by hand within 5 min (Zhang et al,,
2009; Liu et al,, 2016; Wang et al., 2020), and intestinal mucosa was
collected for the detection of intestinal flora. The results showed that
the experimental group with the addition of enterococcus faecium
showed a decrease in phosphorus excretion by 0.05 g/kg and a
significant increase in the number of intestinal flora compared to
the control group. The relative abundance of the genera Alistipes,
Eubacterium, Rikenella and Ruminococcaceae was mainly increased.
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Dong Junsheng et al. (Dong et al., 2022) performed aseptic surgery on
dairy goats continuously instilled with enterococcus faecium (1 x 10°
CFU/mL) for 4 d and took the goat jejunum and its contents for the
detection of intestinal bacteria. The results revealed a significant
increase in the number of lactic acid bacteria in the jejunum of the
experimental group infused with enterococcus faecium, by 1 x
10°CUF/g, compared to the control group infused with an equal
amount of saline. Kurbanaimu Kahman et al. (Kurbanaimu et al.,
2022) used enterococcus faecium QHO6 to gavage a portion of rats in
a UC model, and after 24 h of fasting, whole sections of colonic tissue
were taken for the detection of inflammatory factor expression levels
and analysis of the Alpha diversity of the intestinal flora. The results
showed that compared with the control group (uninstilled E. faecium
QHO6 group), the protein expression levels of IL-12 and IFN-y in the
E. faecium group decreased significantly, by 22 pg/mL and 26 pg/mL,
respectively; the protein expression of IL-4 increased significantly, by
10 pg/mL. The Shannon, Ace and Chao indices all increased, by 0.97,
68.91 and 68.74, respectively, while the Simpson index decreased, by
0.21. The Simpson and Shannon indices reflect microbial community
diversity and the Ace and chao indices reflect microbial community
richness. It is evident that enterococcus faecium QHO6 can improve
the intestinal health of UC model rats. Peng X et al. (Peng et al., 2019)
administered saline containing 1 x 10 CFU/mL of enterococcus
faecium NCIMB 10415 to piglets attacked with Escherichia coli K88
(saline administered under the same conditions was the control
group) and found that compared with the control group, the
relative abundance of Verrucomicrobiota in the group of
enterococcus faecium after challenge showed an increasing trend,
while the relative abundance of cholephilic bacteria showed a
decreasing trend. The high abundance of Verrucomicrobiota is
considered as a sign of intestinal health, because it has anti-
inflammatory and intestinal barrier functions, which is conducive

10.3389/fcimb.2023.1168189

to the functioning of the colon barrier (Fujio-Vejar et al., 2017). High
abundance of Bilophila wadsworthia can cause colitis and other
intestinal inflammatory diseases. The potential mechanism of this
bacteria causing intestinal inflammation is the production of sulphide
to break the mucus barrier, so that bacteria can approach epithelial
cells, and epithelial cells are damaged and inflamed (Devkota and
Chang, 2015; Ijssennagger et al., 2016). Kim B et al. (Kim et al., 2019)
found that peptide-glycan hydrolase (SagA) secreted by enterococcus
faecium produced peptidoglycan in the presence of D, L-
endonuclease, and that peptidoglycan degradation produced
smaller cellular peptides that activated nucleotide-binding
oligomeric domain protein 2 (NOD2) in mammalian cells.
Furthermore, endogenous GlcNAc-MDP from enterococcus
faecium can also directly stimulate and activate NOD2. Activated
NOD?2 regulates immune and barrier function in the gut through the
production of mucin antimicrobial peptides to protect the host from
intestinal pathogens, thereby improving the intestinal environment of
the animal (Al Nabhani et al., 2017) (as shown in Figure 1).

The above studies show that enterococcus faecium is widely
used in livestock farming and that its addition to feed can increase
the diversity of the animal’s intestinal flora and regulate the ratio of
intestinal flora to maintain intestinal health. As research on E.
faecium continues, the safety of the bacterium is of increasing
concern to the industry.

4 Safety of Enterococcus faecium in
livestock and poultry industry

In most studies, most enterococcus faecium has been added to
animal feeds as a probiotic to improve production performance.
However, in recent years, studies have found that some E. faecium
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FIGURE 1
Mechanism of Enterococcus faecium enhancing intestinal function
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have become conditional pathogens of humans or animals, and LD.
Montioroni et al. (Montironi et al., 2020) isolated this bacterium
from the milk of cows suffering from subclinical Mastitis. Due to the
misuse of antibiotics in recent years, enterococcus faecium has
developed some resistance to antibiotics (Soheili et al., 2014). In
addition to this, the bacterium carries virulence genes and produces
virulence factors. Dolka B et al. (Dolka et al., 2020) tested 17 strains
of E. faecium isolated from cloacal samples of pigeons for virulence
genes using PCR and showed that the 17 strains of E. faecium
isolated carried the virulence genes gelE, asal, efaA, ace, cylA, esp.
Of these, cylA encodes a haemolysin (e. g. cytolysin) that causes
haemocytolysis; asal, gelE and esp genes encode biofilm-forming
proteins that are involved in adherence to host cells, which in turn
leads to infection of the organism (Bernardeau et al., 2008;
Vandenesch et al.,, 2012; Zheng et al., 2018).

4.1 Enterococcus faecium carries virulence
genes and virulence factors

E. faecium carries a variety of virulence genes (the main
virulence genes are shown in Table 1) and virulence factors
encoded by the virulence genes. The enzyme hyaluronidase
encoded by Hyl helps pathogenic enterococcus faecium colonize
host tissues by breaking down hyaluronic acid, a key component of
connective tissue, thereby evading host immune defences and
causing infection in the host (Rice et al, 2003; Hammad et al,
2014; Xiao et al., 2019).

Liu Yongan et al. (Liu et al., 2017) isolated strain XCP from dead
sheep in a sheep farm in Sunan County, Gansu, and performed
pathogenic bacteria isolation, Gram staining, biochemical tests, and
16SrRNA PCR amplification to identify the bacterium as enterococcus
faecium. The strain of enterococcus faecium was also used for
amplification of virulence genes (chyl, Asal, gelE, cylA, esp, acm) and
pathogenicity assays in mice. The virulence gene amplification results
showed that the strain carried the virulence genes Asal, cylA and Acm.
The results of the pathogenicity test in mice showed that 10 mice that
underwent intraperitoneal injection of enterococcus faecium solution
(1x10® CFU/mL) showed death and loss of appetite, and immediate
dissection of the dead mice revealed enlarged livers and lungs, and all of

TABLE 1 Names of major virulence genes carried by Enterococcus faecium.

Gene name

Gene expression products
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them were able to isolate the inoculated bacteria. Montironi ID et al.
(Montironi et al,, 2020) used PCR to detect virulence genes in five E.
faecium strains (EF-7A, EF-2, EF-3, EF-4, EF-5) isolated from the milk
of cows with mastitis and found that the positivity rates for virulence
genes detected from E. faecium strains were cyA 100%, efafm 100%,
gelE 60%, agg 0% and esp 0%, respectively. At the same time, 100 LL,
1x10® CFU/mL suspension of enterococcus faecium EF-7A strain was
injected into the udder of lactating female rats and histopathological
sections of mice were prepared. The results showed that the mammary
gland tissue of the control dams was structurally intact, while strong
infiltration of neutrophils (PMNs) was observed in the mammary
glands of the inoculated dams within 48 hours, suggesting that the EF-
7A strain of enterococcus faecium can infect the mammary glands of
mice. The gelatinase encoded by the gel E gene, which was 60% positive
for this experiment, is a zinc-containing protease that exerts its toxic
effects by degrading collagen, fibrin and other important substances in
the organism. For example, Gel E cleaves the allergenic toxin
complement C5a, and hydrolysis of complement protein C5a
prevents neutrophil migration to the site of infection, while the
protein also regulates cytokine production and participates in the
inflammatory response of the body (Thurlow et al, 2010). Wu
Lixian et al. (Wu et al, 2009) prepared a mouse intraperitoneal
injection with a knockout hy 1 gene strain of enterococcus faecium
(named sxhy 1) bacterial solution and 30% sterile rat faecal extract
(SRFE) in a ratio of 1:9 and injected it (1 ml) into the intraperitoneal
cavity of mice. The results showed that the LD50 of the control group
with equal conditions without hy 1 gene knockdown was 1.3x10%fu
and the LD50 of xhy 1 was 9.2x10%cfu, and the LD50 was increased
approximately 7-fold after hy 1 gene knockdown. The survival rate of
mice with peritonitis in the shy I group was also significantly increased
compared to the control group. This indicates that the virulence of the
hy 1 knockout strain of xhy I underwent a significant decrease. This
suggests that the hy 1 gene may be a more important factor in the
pathogenesis of E. faecium. In addition to this, the CC17 complex of
enterococcus faecium can generate greater viability through the
acquisition of exogenous genes, thereby causing serious harm to the
organism (Yang et al., 2017). Enterococcus faecium can carry a variety
of virulence genes at the same time, leading to a gradual increase in the
pathogenicity of the bacterium to the organism, thus posing a serious
risk to the livestock industry.

Functions of gene expression products

efa A Antigens of endocarditis

bsh Bile salt hydrolase

esp High molecular surface protein
acm Glial protein adhesin

gel E Gelatinase

asa 1 Surface aggregation protein

cyl A Cytolysin

hyl Hyaluronidase
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Infective endocarditis

Regulate bile acid balance and affect lipid metabolism

Promote biofilm formation

Promote cell wall anchored collagen adhesion

Cause bacterial diffusion and participate in inflammatory reaction
Mediate bacterial aggregation and plasmid transfer

Lytic cells

Promote the spread of bacteria in connective tissue
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4.2 Drug resistance of
Enterococcus faecium

Currently, E. faecium is resistant to several antibiotics, which
makes the treatment of animal diseases caused by the bacterium
(bacteraemia, endocarditis, etc.) more difficult, thus posing a threat
to the health of the animal organism (Gao et al., 2019).

Yuksekdag Z et al. (Yuksekdag et al, 2021) used the paper
diffusion method to determine the susceptibility of antibiotics such
as gentamicin, polymyxin-B, ofloxacin and rifampicin to 17 strains
of enterococcus faecium in white cheese samples. The results found
that enterococcus faecium was 100%, 100%, 76% and 53% resistant
to the four antibiotics respectively. Li Jia et al. (Li et al., 2017) tested
the susceptibility of enterococcus faecium to ampicillin,
erythromycin, ciprofloxacin, gentamicin and tetracycline using
the VITEK2 Compact fully automated bacteriological analyser
and found that the resistance rate of the bacteria to erythromycin,
ciprofloxacin and gentamicin was above 85%, with the highest
resistance rate of 93.1% to erythromycin. El-Zamkan MA et al.
(El-Zamkan and Mohamed, 2021) inoculated a suspension of
enterococcus faecium at a concentration of 10> CFU/mL on
Mueller-Hinton agar plates and placed different drug-sensitive
tablets (penicillin, zocillin, erythromycin, tetracycline, linezolid,
furantoin) on the surface of the medium separately and then
incubated at 37°C for 24 h. The results showed that enterococcus
faecium had the highest resistance to zocillin at 100%, 66.7% to
erythromycin and linezolid, 58.3% to penicillin and furantoin and
the lowest resistance to tetracycline at 0%. Linezolid is commonly
used for infections caused by drug-resistant gram-positive bacteria

Plasma membrane

Antibiotic

Over-expression
of efflux pump

FIGURE 2
Mechanism of drug resistance in Gram-positive bacteria.
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and is a rare medical drug, but the misuse of antibiotics in the
veterinary field has necessitated testing for resistance to linezolid
(Qin et al,, 2022). Jahansepas et al. (Jahansepas et al., 2018)
determined the susceptibility of antibiotics such as ciprofloxacin,
ampicillin, penicillin and erythromycin to enterococcus faecium
based on the disc diffusion method and showed that the
resistance rates of E. faecium to ciprofloxacin, gentamicin,
penicillin and erythromycin were 91.4%, 85.7%, 88.6% and 97.1%,
respectively. In addition to this, studies in recent years have found
that enterococcus faecium is also resistant to vancomycin
(vancomycin is not used in animal husbandry, but due to the
irrational use and misuse of antibiotics, the veterinary field should
always be aware of changes in vancomycin resistance in
enterococcus faecium and thus be prepared for possible situations
in advance.) However, vancomycin is one of the more effective
drugs available for the treatment of enterococcal infections, which
makes this bacterium a serious threat to public health and industrial
and agricultural production (Bonten et al., 2001). E. faecium is a
Gram-positive bacterium and the mechanism of resistance in
Gram-positive bacteria (Figure 2) can occur through two main
strategies: enzymatic degradation of antibiotics through the
production of B-lactamases, or through the acquisition of
exogenous DNA or alteration of the natural PBP gene to reduce
the affinity and susceptibility of its target penicillin-binding protein
(PBP) (Karaman et al,, 2020). Therefore, the mechanisms of drug
resistance of this organism should be further investigated, and thus
facilitate the development of rational clinical treatment protocols
and prevention strategies for the infection and transmission of

drug-resistant bacteria.

Pre-plasmic
space

Antibiotic Cell wall

altering enzyme

Reduce permeability
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5 Conclusion and expectation

Enterococcus faecium stands out among livestock feed additives
due to its high quality biological properties (resistance to heat, acid,
bile salts, adhesion and bacterial inhibition) and its probiotic
properties. Non-pathogenic enterococcus faecium strain, as a
probiotic additive, can improve the production performance and
immunity of animals, and can also improve the Internal
environment of animals’ intestines, so it has a good application
prospect in animal husbandry production. However, due to
increasing drug resistance, the safe use of enterococcus faecium is
now a problem that needs to be addressed. With the intensive
research on enterococcus faecium, it has been confirmed that the
bacterium is conditionally pathogenic and potentially pathogenic,
and that the pathogenicity of the bacterium is closely linked to its
virulence genes. Therefore, screening for virulence genes and
virulence factors should be strengthened before using E. faecium
to ensure its safety. The resistance of enterococcus faecium to
different antibiotics is based on different mechanisms. It is
necessary to conduct an in-depth study on the resistance
mechanisms of enterococcus faecium to further propose effective
measures for the prevention and treatment of diseases caused by
enterococcus faecium.
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