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Abstract: We evaluated the tolerance and pathogenesis of foodborne pathogens with a simulated gastro-intestinal tract
model that simulates the chemical, physical and biological effects of human digestion process under laboratory conditions.
This could be used to study the tolerance, pathogenesis, gut microbiota interaction and vaccine development of foodborne
pathogens, so as to contribute to control and treatment of foodborne pathogens. This review introduces the applications of
simulated gastro-intestinal tract model tp evaluate foodborne pathogens, which includes in-vitro static gastro-intestinal model,
in-vitro dynamic gastro-intestinal model, conventional animal model and humanized animal model. And the concepts and
characteristics of all models are described in detail. Also, the shortcomings of existing models are analyzed, and improvements
of artificial gastro-intestinal tract model are prospected. In conclusion, this review could provide comprehensive data for

promoting the progress of studying tolerance and pathogenesis of foodborne pathogens.

Keywords: foodborne pathogen, simulated gastro-intestinal tract model, in-vitro model, animal model
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Fig. 1 A schematic diagram of the human
gastro-intestinal tract model (adapted from Blausen
Medical™).
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Fig. 2 A schematic diagram of in-vitro static
gastro-intestinal model simulation.
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1999 4F Roering 25 pH 1.5 KL Wb Bk 1
FFA O157:H7. HABGAIrRe I8 M RAGFE VDT T IR
BF, R BAERHL S W K R HA 8 A
% 2008 4 Tamplin™® W5 T 248 A h K AT s 7
BB W R IEREME, WERA T pH (R K
T T B 3 ) E R % . 2007 4 Bergholz 201
PRIE T A IR 5T rh T O 2R 25 K A TR 19 T TR g

I3, S BT U FR 28 K T o A 0L 9 T 7 i
I TFARME R, T 245 TR % i B A o bk
(9 2.3 f o BeAh, F AR OR T 55 40 M ST 06 M 4%
4, 4 2011 4 Wijnands 250N 2 1) B W
WAL FREG VST TR B MA S Caco-2 ZHERY 12 1L
W, 7€ 5% CO, MORA T, WY Ti%mxt Ak
M EETEE 1 (ATT) FURZERES (ITV).

F1 KMIBRSEBERAERRMEBFERRT ISR
Table 1 Applications of in-vitro static gastro-intestinal model on different foodborne pathogens
Strain Research Enzymes or chemicals Simulated conditions Reference
Escherichia 1. Adaptation of E. coli Gastric juice: 8.3 g/L proteose- Temperature: 37 C [17]
coli 0157:H7 to pH alters resistance peptone, 3.5 g/L glucose, Time: 0-2 h
and verotoxin secretion to 0.013 3 g/L pepsin, 0.1 g/L Treatment: static
simulated gastric fluid acid lysozyme, 0.05 g/L bile salt pH: 1.5
2. Survival of E. coli 0157:H7 Gastric juice: 3 g/L pepsin Temperature: 37 C [18]
in simulated gastric fluid Time: 0-2 h
Treatment: 100 r/min
pH: 2.0
3. Survival of E. coli 0157:H7 Intestine  juice: 0.1 g/L Temperature: 37 C [18]
in simulated intestinal fluid pancreatin, 8.5 g/L saline Time: 0-2 h
Treatment: 100 r/min
pH: 8.0
4. Inactivation rate of E. coli Gastric  juice: 8.3 g/L  Temperature: 37 C [15]
in raw ground beef and saline proteose-peptone, 3.5 g/L glucose, Time: 4 h
in simulated gastric fluid 0.05 g/L ox bile, 0.1 g/L Treatment: static
lysozyme , 0.013 3 g/L pepsin pH: 1.5
5. Effect of storage in juice Gastric juice: 8.3 g/L proteose- Temperature: 37 C [19]
with or without pulp on the peptone, 3.5 g/L glucose, Time: 1.5-4h
survival of E. coli O157:H7 in  0.013 3 g/L pepsin, 0.1 g/L Treatment: static
simulated gastric fluid lysozyme, 0.05 g/L bile pH: 1.5
Salmonella 1. Quantification of Salmonella Gastric juice: 65.0 g/L glucose, Temperature: 37 C [7]
survival and infection in 2.0 g/L glucuronic acid, 33.0 g/L  Time: 0.5 h
simulate gastric fluid glucosamine, 1.0 g/L bovine Treatment: static
serum albumin, 25.0 g/L urea, pH: 2.5
3.0 g/L mucin, 1.3 g/L pepsin
2. Quantification of Salmonella Gastric juice: 25.0 g/L urea, Temperature: 37 C [7]
survival and infection in 1.0 g/L bovine serum albumin, Time:2h
simulate intestinal fluid 0.5 g/L lipase, 3.0 g/L Treatment: 50 r/min
pancreatin, 6.0 g/L bile, Caco-2 pH: 8.0
cell Gas condition: 5% CO,
Listeria 1. Survival of L. Gastric juice: 65 g/L glucose, Temperature: 37 C [20]
monocytogenes  monocytogenes in simulated 1.0 g/L bovine serum albumin, Time:2h
gastric fluid 3.0 g/L mucin, 2.5 g/L pepsin Treatment: 120 r/min
pH: 3.5
2. Survival of L. Intestine juice: 1.0 g/L bovine Temperature: 37 C [20]

monocytogenes in simulated

intestinal fluid

serum albumin, 1.5 g/L lipase,
9 g/L trypsin, 30 g/L bile

Time: 2 h
Treatment: 120 r/min
pH: 6.5
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Fig. 3 The TIM-1 system (adapted from Verwei et
al'®!). A: stomach; B: the compartments are connected by
peristaltic valves controlling the gastric emptying; C:
duodenum; D and F: intestinal transit; E: jejunum; G:
ileum; 1. simulated gastric secretion; J: duodenal
secretion; K1 and K2: jejunum and ileum secretion; L:
pre-filter; M: hollow fiber semi-permeable membrane; N:
filtrate collection for analyzing bioaccessible API from
jejunum (N1) and ileum (N2); P: pH electrode; Q:
pressure sensor; R: temperature sensor (in each
compartment); S: liquid level sensor; T: inlet.
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P
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e
 FEE= b
X 7k

B4 TIM2 RGREE (% E Rehman %)

Fig. 4 The TIM-2 system(adapted from Rehman et
al®l). A: peristaltic compartments containing fecal
matter; B: pH electrode; C: alkali pump; D: dialysis
liquid circuit with hollow fibre membrane; E: level
sensor; F: N2 gas inlet; G: sampling port; H: gas outlet; I:
ileal efflux; J: temperature sensor.
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Fig. 5 A schematic diagram of SHIME(SIMGI)
system(adapted from Molly et al® and Barroso et al?"),
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Table 2 The application of the conventional animal model in different foodborne pathogens

Strain Research Animal model Reference

Escherichia coli Critical roles for stx2, eae, and tir in E. coli-induced diarrhea NZW rabbit [32]
and intestinal inflammation

Salmonella Horizontal transfer of the Salmonella virulence plasmid pESI  C57/BL6 mice [33]
to the gut microbiota

Listeria Inhibition of lutein prevents L. monocytogenes infection BALB/c mice [34]

monocytogenes

Vibrio Mechanism for V. parahaemolyticus induced diarrhea NZW rabbit [5]

parahaemolyticus Comparative transcriptome analysis V. parahaemolyticus NZW rabbit [31]
gene expression during infection
Role of toxRS in V. parahaemolyticus RIMD2210633 during C57BL/6 mice [30]
infection

Vibrio vulnificus Infection and metastasis of the MARTX toxin in V. vulnificus  ICR mice [35]

NZW rabbit: New Zealand white rabbit; ICR mice: Institute of Cancer Research mice.
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Fig. 6 Four humanized immune system mice models (adapted from Brehm et alt®).
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X — B, IFATEE XA A AL
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AT A i 1 0 A i RE A TRl . B AR
TR, (e R RS, AR X B0
B PR T 52 Pk K B0 A 5E i al dE— 25
FCEUR HLE LB v BT A o 3 sh R T AT LA
oy B M E B O R i e, B IS

% RiE RS

Table 3 The advantages, disadvantages and applications of four simulated gastro-intestinal models in studies of

foodborne pathogens

Model Advantage

Disadvantage Application

In-vitro static
gastro-intestinal
model

In-vitro dynamic
gastro-intestinal

Easy to construct and repeat

Adding human cells

model
Conventional Similar process and gastrointestinal
animal model tissue of digestion human

Humanized animal
model

Humanized gut
Humanized immune system

Dynamic gastrointestinal simulation;

microbiota;

No uniform formula; no dynamic Tolerance

simulation

No human gastrointestinal tissue; Tolerance; virulence
no human gut microbiota

Tolerance; virulence;
pathogenesis

Low similarity compared to
human gut microbiota; no human

immunity  stimulation; ethics

restriction

Difficult to construct; ethics Tolerance; virulence;
restriction pathogenesis; vaccine

development; interaction
with gut microbiota
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