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Advances in in vitro and in vivo models for Listeria
monocytogenes placental infection

YAN Hui, WU Mengjie, DONG Qingli, LI Zhuosi

School of Health Science and Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China

Abstract: Listeria monocytogenes is recognized as a significant foodborne pathogen, capable of
causing listeriosis in humans, which is a global public health concern. This pathogen is
particularly dangerous for pregnant women, as it can lead to invasive listeriosis in fetuses and
neonates, posing a significant threat to both maternal and fetal health. Therefore, establishing
suitable in vitro and in vivo models for L. monocytogenes placenta infection, as well as
analyzing and exploring the infection process and its pathogenic mechanism, are important
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approaches to prevent and control L. monocytogenes infection in mothers and infants. In this
study, we reviewed the in vitro and in vivo placental models used for studying the infection of
L. monocytogenes in maternal and infant, summarized and discussed the advantages and
limitations of each model, and explored the potential of in vitro cell models and organoids for
the study of L. monocytogenes infection. This paper aims to support the study of the infection
pathway and pathogenesis of listeriosis and provide scientific references for the prevention and

control of L. monocytogenes infection.

Keywords: Listeria monocytogenes; placental barrier; animal models; organoid
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Figure 1 Listeria monocytogenes crossing the
placenta®. A: Listeria monocytogenes (Lm)
invades the placenta by direct invasion via the
syncytial trophoblast (SYN) and cytotrophoblast
(CTB). B: Listeria monocytogenes invades the
placenta via intercellular spread from the meconium

or from bacteria located in maternal leukocytes via
the extravillous trophoblast (EVT).
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Figure 2 Comparison of human and mouse placental tissue!*”’. A: Structure of human blood chorionic
placenta. B: Maternal-fetal interface of human placenta. C: Anatomical magnification of cross section of
human trophoblast. D: Maze-like structure of mouse placenta. E: Maternal-fetal interface of mouse placenta.

F: Zoomed-in structure of mouse trophoblast.
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Figure 3 Two-dimensional cell model versus three-dimensional cell model®*!.
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Figure 4 Schematic diagram of a multilayer chip simulating the human placental barrier in vitro'™~.
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Table 1 Comparison between different models applied to study Listeria monocytogenes placenta infection
Model Characterized Advantages Disadvantages References
Mouse Economical and Short gestation period; High fecundity; Intravenous infection; Shallow  [32]
fast Large number of editable genes; More EVT invasion of the meconium;
research Late maturation of pups
Guinea pig  Natural hosts of Similar to humans in terms of susceptibility Long gestation period, lack of  [44]
L. monocytogenes and route of infection; EVT invades the transgenic models, higher
meconium to a greater extent; Placental rearing costs
structure is similar to that of humans
Gerbil Effective placental Can be modeled orally Poorly characterized for [24]
colonization listeriosis; No genetic tools
available
Non-human  High structural Placental structure and reproductive cycle High experimental cost; Long  [51]
primates similarity to similar to humans; Hormonal changes and experimental period; Small
human placenta immune response similar to humans genomic library
2D cell Simple and Simple operation, easy cultivation Lack of three-dimensional [58]
model repeatable; Static structure, single cell type

Placenta-like Simulation of the

Able to secrete placenta-specific hormones; Microscopic techniques are [69]

organs mother-fetus Conducive to the study of molecular required to inject the bacteria
interface dynamic mechanisms into the inner part of the

organoid by means of a syringe
Human Derived from With a more complete maternal-fetal Large individual variation in [70]
placental human tissue barrier structure; Highly ordered placental models; Ethical limitations
explants tissue, significant cellular differentiation

status and cellular phenotype

Placenta Dynamic Simulation of changes in the levels of More efforts are required to [80]
Chip various hormonal factors; Facilitates investigate the correlation with

observation of microscopic dynamic

in vivo conditions

processes at the maternal-fetal interface
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