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Dissecting the ability of enterovirus A71 to traverse and
retrogradely disrupt the blood-brain barrier and induce central
nervous system inflammatory responses using an in vitro blood-
brain barrier-human cerebral organoid co-culture model

LIU Juntong’, HUO Weibang”, LU Roujian, DENG Yao, ZHOU Jianfang, HUANG Baoying,
TAN Wenjie

National Key Laboratory of Intelligent Tracking and Forecasting for Infectious Diseases, National Institute for Viral

Disease Control and Prevention, Chinese Center for Disease Control and Prevention, Beijing, China

Abstract: [Objective] To investigate the ability of enterovirus A71 (EV-A71) to traverse the blood-
brain barrier (BBB) and infect human cerebral organoids, as well as the impact of EV-A71 on BBB
integrity following retrograde invasion into the central nervous system via neural routes, and to
characterize the infection profiles of EV-A71 in the BBB and human cerebral organoids and the
associated inflammatory responses.[Methods] An in vitro BBB model was established by seeding
human brain microvascular endothelial cells, brain vascular pericytes, and astrocytes into a
Transwell system. Human cerebral organoids were generated from human induced pluripotent stem
cells (hiPSCs), and a BBB-human cerebral organoid co-culture model was subsequently
established. EV-A71 at three titers (102, 104, and 10° TCIDsy) was used to infect each cell type of
the BBB to evaluate viral replication kinetics and cytopathic effects (CPE) across different cell
types. Subsequently, the BBB-human cerebral organoid co-culture model was infected with 10°*
TCIDsy EV-A71 using two distinct routes: (1) an apical inoculation strategy, in which EV-A71 was
directly applied to the human brain microvascular endothelial cell layer; and (2) a retrograde
infection strategy, in which human cerebral organoids were first infected and subsequently co-
cultured with the BBB model. Viral RNA copy numbers in culture supernatants and cells were
quantified by RT-qPCR. BBB integrity was assessed by measuring transendothelial electrical
resistance, and inflammatory responses were evaluated by determining the expression levels of
inflammatory cytokines in human cerebral organoids using RT-qPCR.[Results] EV-A71 efficiently
replicated in human brain microvascular endothelial cells, brain vascular pericytes, and astrocytes,

http://journals.im.ac.cn/actamicrocn



4032 LIU Juntong et al. | Acta Microbiologica Sinica, 2026, 66(8)

inducing pronounced CPE. Among these cell types, astrocytes were the most susceptible to
EV-AT7I1 infection, showing the most rapid progression of cytopathic changes, followed by brain
vascular pericytes. Human brain microvascular endothelial cells were relatively less susceptible,
requiring higher viral titers to establish effective infection. Under apical inoculation conditions,
EV-A71 replicated within the BBB, compromised BBB integrity, traversed the barrier to infect
human cerebral organoids, and significantly activated inflammatory responses. In the retrograde
infection model, EV-A71 replicated within human cerebral organoids, preferentially targeted
neurons and astrocytes, triggered cellular inflammatory responses, and subsequently invaded the
BBB in a retrograde manner, resulting in compromised structural integrity of the BBB.
[Conclusion] EV-A71 can traverse the BBB to infect human cerebral organoids and activate
inflammatory responses, and can also infect human cerebral organoids first and subsequently
disrupt BBB integrity in a retrograde manner. This study systematically characterizes the infection
dynamics of EV-A71 in an in vitro BBB-human cerebral organoid model, provides a robust
experimental model for in-depth analysis of the mechanisms underlying EV-A71 invasion of the
central nervous system, and lays a research foundation for future investigations into viral
pathogenesis and antiviral therapeutic development.

Keywords: enterovirus A71; blood-brain barrier; human cerebral organoids; co-culture model,
inflammatory response
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Figure 1 Replication kinetics and cytopathic effects of EV-A71 in the main cellular components of the BBB.
A: Viral RNA copy numbers in culture supernatants of hBMECs infected with EV-A71 at titers of 10* and
10° TCIDs; B: Viral RNA copy numbers in culture supernatants of HBVPs infected with EV-A71 at titers of 10?
and 10* TCIDso; C: Viral RNA copy numbers in culture supernatants of astrocytes infected with EV-A71 at titers

of 10* and 10* TCIDs; D-F: CPE were observed and recorded every 24 h under an optical microscope.
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Figure 2 EV-A71 infects human cerebral organoids and disrupts BBB integrity. A: Schematic illustration of the
EV-AT71 infection procedure in the BBB-human cerebral organoid co-culture model; B: Viral RNA copy numbers
in the apical and basolateral culture supernatants after EV-A71 infection of the co-culture model; C: TEER of the
co-culture model after EV-A71 infection; D: Viral RNA copy numbers in human brain microvascular endothelial
cells in the BBB model; E: Viral RNA copy numbers in brain pericytes and astrocytes in the BBB model; F: Viral
RNA copy numbers in human cerebral organoids. ***: P<(0.001.
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Figure 3 EV-A71 infection of neurons (A) and astrocytes (B) in human cerebral organoids.
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Figure 4 EV-A71 infection of human cerebral organoids induces increased mRNA expression levels of the
inflammatory cytokines IL-1pB, IL-6, TNF-a, IL-8, IL-12, and MCP-1. **: P<0.01.
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