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Isolation, screening, and anti-infectious evaluation of Enterococcus
faecium capable of inducing trained immunity
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Abstract: [Background] The innate immune system is the first defense line and plays a key
role in the host defense against microbial early infection. Enhancing the innate immunity from
trained immunity is an effective way to improve the resistance of animals to diseases.
[Objective] To isolate the bacteria capable of inducing trained immunity from healthy porcine
intestinal flora and thus provide new insights for the prevention and control of microbial
diseases by trained immunity. [Methods] Bacteria were isolated from healthy pig feces, and the
strains capable of inducing trained immunity were screened with Galleria mellonella, a
well-established model. The strain screened out was identified by 16S rRNA gene sequencing
and characterized by growth curve. Its capability of inducing trained immunity was then
evaluated in a mouse model. [Results] A strain SC-2 capable of inducing trained immunity in
G. mellonella was identified as Enterococcus faecium. Administration of SC-2 significantly
increased the percentages of neutrophils and macrophages in the peripheral blood and lung,
decreased the bacteria loads in main organs, and increased the survival rate of mice infected by
Streptococcus suis. [Conclusion] SC-2 had the effect of inducing trained immunity in mice. Our
study provides new insights for immune regulation and disease treatment from the perspective
of trained immunity.

Keywords: Enterococcus faecium; trained immunity; Galleria mellonella; isolation and
identification
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Figure 1 Survival of Galleria mellonella with
different concentrations of SS2.
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Figure 2 Results of virulence assay and trained immune screening of the isolate SC-2. A: Screening for low

virulence intestinal isolates using the Galleria mellonella larvae; B: Preliminary screening of inducible
trained immune strains using the Galleria mellonella larvae.
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Figure 3  Growth curve of isolated strain SC-2.
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Figure 4 Body color score and establishment of trained immunity model of Galleria mellonella. A:
Evaluation criteria for the degree of blackening on the body surface of the larvae of Galleria mellonella, see

Table 1; B: Training in immunization procedures; C: SC-2 trained immunization survival analysis; D: SC-2
supernatant trained immunization survival analysis; E: Color change and activity score of insect body.

*® 1 REEL BRI N ARE

Table 1

Activity score of Galleria mellonella larvae

5%
Category

filiid

Description

o

Score

AR Melanization

s Activity

A& B4 Black larvae

WA R b 4474 B 45 Black spots on brown
SRk 5, H B 25 >3 4~ >3 spots on beige larvae

A K fo H BB
&K 24k No melanization
A# 3 No movement

il 5 k59 2 851 Weak movement after stimulation

R st #2 3 Move when stimulated
JCHIE 32 3l Move without stimulati

i{<3“><3 spots on beige larvae

AN = O B WD~ O

on

FRAGTR BE X LB AL UL ] 4A

The corresponding color changes for the degree of melanization are shown in figure 4A.
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RIS SRE T, IF HXFiE S Ik i s v
W J55 3 TR 43 U6 Ok
2.5 16S rRNA EFHELEER ARG L EN
PR

W Hitk SC-2 #9 16S rRNA JE[H F4 5
NCBI H A1 B b 7 0 1547 200 B8 (] 2 X
R R E], RS R BK TR (Enterococcus

5 ET 16S rRNA EFEFIHIMEHE SC-2 WAL E W

faecium) 1 3% K /5 511 H A &k 99% LA b i AH AL
JE o MEGA 11 IR ER R AT
B, I O R 2 0 FRE— 2P i o B 1Y TR R
SC-2 JEPR M ER T (K 5)o
2.6 REFTKE SC-2 FE/NRIFEWIIL R
BREFSIML RGN EE

N T RS RIAER B SC-2 7B/ BB AL | 1Y
BAEYIEIE S 5 2, T SRR YAk e 4R
PR YL 2 4 (F 6A), HIE TR Y14k Sy
2, PR IINAE G gs 4L /N BURT DL 4 b R 2
BE 4 BR YL (18 6B, RIS, FRATTIE HE T
T B IR, B g8 2H A 1T IR B Ak 598 2H (] 6C),
g5 6D FoR, M T DRI R,
I T S SC-2 BRIk fe e 20 mT i 3 4R v /N B
8 7 BOOY i K A L A

55 WF5 K GenBank &3¢ 55 7

S ERBCF R S BARTEE s AR RANGRIEALEE & .

Figure 5 Phylogenetic tree of strain SC-2 constructed based on 16S rRNA gene sequence. The serial
number in parentheses is the GenBank accession number; The number on the branch point indicates the
confidence of the branch; The scale represents evolutionary distance.
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A NI S e R Y (R
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Figure 6 Selection of the number of in vivo domestication immunizations and the mode of domestication
immunization of Enterococcus faecium SC-2 in mice. A: The number of in vivo domestication immunizations:
Trained once or twice. The green arrow represents trained immunity and the purple arrow represents attack
SS2. B: Survival rate of different number of domestication immunizations to attack bacteria SS2. C: The
mode of in vivo domestication immunizations [intraperitoneal injection (ip.), and intragastric administration
(ig.)]. The green arrow represents trained immunity and the purple arrow represents attack SS2. D: Survival

rate of different mode of domestication immunizations to attack bacteria SS2.

27 HAEF SC-2 MR EIEHR
A

J T IR IHER B SC-2 7E/N Rl
A RIS AERT, FRATN /N RS R AT 1A
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PRIGERE AT T 1.8x10° CFU AL 5, 16
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W, % LR RO B T /)N B BOAE T A B ER
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Figure 7 Evaluation of the immunization effect of Enterococcus faecium SC-2 on mice by trained. A:
Mouse domestication immunization model program; B: Safety evaluation of Enterococcus faecium SC-2:
Survival analysis; C: Changes in body weight of mice during training immunization (ns: No significant
difference); D: Survival rate analysis of trained immunity model of mice; E: Bacterial load in liver, spleen,

lung and kidney tissues of mice attacked with SS2 for 72 h (****: P<(0.000 1); F: Bacterial load in blood of
mice attacked with SS2 for 72 h (****: P<0.000 1).
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