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Abstract
Usutu (USUV), West Nile (WNV), and Zika virus (ZIKV) are neurotropic arthropod-borne viruses
(arboviruses) that cause severe neurological disease in humans. However, USUV-associated neurological
disease is rare, suggesting a block in entry to or infection of the brain. To investigate whether USUV is
able to infect the brain similarly to WNV and ZIKV, we determined the replication, cell tropism and
neurovirulence of these arboviruses in human brain tissue using a well-characterized human fetal
organotypic brain slice culture model. Furthermore, we assessed the e�cacy of interferon-β and 2’C-
methyl-cytidine, a synthetic nucleoside analogue, in restricting viral replication. All three arboviruses
replicated within the brain slices, with WNV reaching the highest titers. USUV and ZIKV reached
comparable titers and all three viruses primarily infected neuronal cells. USUV- and WNV-infected cells
exhibited a shrunken morphology, not associated with detectable cell death. Pre-treatment with interferon-
β inhibited replication of the arboviruses, while 2’C-methyl-cytidine reduced titers of USUV and ZIKV, but
not WNV. Collectively, USUV can infect human brain tissue, showing similarities in replication, tropism
and neurovirulence as WNV and ZIKV. Further, this model system can be applied as a preclinical model to
determine the e�cacy and safety of drugs to treat viral infections of the brain.

INTRODUCTION
Arthropod-borne viruses (arboviruses) are transmitted to humans by vector species, such as mosquitoes.
The continued geographical expansion of these vector species, due to factors such as climate change,
leads to increasing contact of naïve populations with newly emerging and re-emerging arboviruses [1].
Many arboviruses pose a signi�cant threat to human health due to their ability to cause severe
neurological disease in humans.

Usutu virus (USUV), West Nile virus (WNV) and Zika virus (ZIKV) are mosquito-borne arboviruses of the
Flaviviridae family, genus Flavivirus. The medical importance of ZIKV was highlighted following a rapid
global expansion that led to large-scale outbreaks in Micronesia in 2007, Polynesia in 2013, and South
America between 2015 and 2016 [2]. ZIKV infection during pregnancy can result in congenital Zika
syndrome, characterized by severe neurological abnormalities in newborns [3]. However, neurological
complications arising from infection with ZIKV have also been reported in adults [4]. WNV is responsible
for recurrent outbreaks of West Nile neuroinvasive disease in many regions throughout the globe, and is
increasingly emerging in Europe, leading to severe neurological complications, including encephalitis and
paralysis [5]. In contrast, while USUV is closely related to and co-circulates with WNV in Europe it has only
been associated with sporadic cases of neurological disease in humans [6, 7], even though a higher
seroprevalence in regions of USUV and WNV co-circulation has been identi�ed [8].

Despite the clinical signi�cance of these arboviruses, the underlying cause of the differing severity and
incidence of neurological disease resulting from infection with WNV and USUV is not yet understood. A
critical factor impeding progress in this �eld is the lack of robust and relevant experimental models that
faithfully recapitulate the in vivo crosstalk between neurons, immune cells and glia within the human
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brain. Conventional cell culture systems often lack the complexity of the human brain[9, 10], while animal
models may not fully replicate human pathophysiology [11, 12].

The current study employed an innovative, well-characterized human fetal organotypic brain slice culture
(hfOBSC) platform [13], to address the existing research gap regarding the differential neurovirulence of
emerging �aviviruses. This human brain model serves as a bridge to connect conventional in vitro and in
vivo model systems, facilitating experimentation while preserving the microenvironment of human fetal
brain tissue. The primary goal of this study was to determine whether USUV is able to infect human brain
tissue to a similar extent as WNV by investigating the cell tropism, virus spread, and neurovirulence
exhibited by these closely related arboviruses within the hfOBSC platform. Identi�cation of differences in
these characteristics could aid in understanding the contrasting neurological outcomes resulting from
infection with USUV versus WNV. We further compare these data with ZIKV, which has been previously
preliminarily characterized in other human fetal brain models [14, 15]. This methodological advancement
and direct comparison addresses the urgent need for a more physiologically relevant CNS model [13, 16,
17], promising valuable insights into the neurotropic characteristics of these arboviruses.

RESULTS
Human fetal organotypic brain slice culture model facilitates studies on virus-host interactions in the
human brain

To investigate the virus-host interactions of USUV, WNV and ZIKV within the human brain, we employed a
recently published, innovative and well-characterized human fetal organotypic brain slice culture model
[13]. Brie�y, before initiating infections, we �rst con�rmed previous characterization of the hfOBSC model
by IHC for brain cell type speci�c markers (Fig. 1). The data showed robust staining for neuronal marker,
MAP2, signifying the presence of neuronal cell types and for the astrocytic marker, GFAP, highlighting the
abundance of astrocytes within the cultured brain slices. Additionally, we observed a scattered presence
of the microglial marker, IBA1, and oligodendrocyte marker, OLIG2, indicating a diverse distribution of glial
cells throughout the hfOBSC. As expected, considering the fetal source of the human brain tissue [13, 15,
18], a substantial number of cells exhibited positive staining for the stem cell marker, SOX2. Indeed, we
observed that some cells co-expressed cell markers, indicating a more progenitor, rather than mature,
state [19–21] (Fig. S1). These data showcase that culturing hfOBSCs successfully maintains the cellular
composition of the main brain cell types observed in human fetal brain specimens of 17–20 weeks post-
gestation [22, 23].

Human fetal organotypic brain slice culture model supports
productive USUV, WNV and ZIKV infection
To assess the comparative susceptibility of human brain tissue to infection with USUV, WNV and ZIKV, we
infected hfOBSC from 3 different donors and monitored viral replication over a 3-day period. The 72-hour
end-point was determined based upon the �rst experiment in which we observed viral titres to plateau
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after 48 hpi. USUV initially replicated to signi�cantly higher titers than ZIKV (p = 0.0003), but showed
similar titers by 48 hpi (Fig. 2A). WNV consistently showed higher titers than both USUV and ZIKV at all
time points. At 72hpi, the distribution of infection throughout the brain slices was comparable between
the three arboviruses (Fig. 2B and Supp videos S1-3). However, despite the differences in titers (Fig. 2A),
infection percentages ranged between 2–4% and were not signi�cantly different between the three
viruses (Fig. S2A). Overall, these data show that the hfOBSC model is permissive and supports productive
USUV, WNV and ZIKV infection, indicating that USUV is able to infect human brain tissue to a similar
extent as ZIKV and that there is limited donor-to-donor variability.

USUV, WNV and ZIKV infect MAP2 positive cells in human
fetal organotypic brain slices
As ZIKV has previously been described to infect post-mitotic committed neurons in ex vivo human fetal
brain [19], we determined whether USUV and WNV also preferentially infected neurons (MAP2-positive
cells) in our hfOBSC model. For all three arboviruses, the majority of virus-infected cells co-stained for
MAP2, thereby indicating a similar cell tropism (Fig. 3A). Notably, the size of infected cells differed
between the viruses. Compared to ZIKV, USUV- and especially WNV-infected cells were smaller (Fig. 3B).

USUV, WNV and ZIKV infection does not induce detectable cell death in human fetal organotypic brain
slices

Neurovirulence can manifest through direct CPE within virally infected cells, or as a consequence of
indirect immunopathology, both of which can lead to cell death [24]. Given that various programmed cell
death pathways, such as apoptosis and necrosis, can alter cell size [24, 25], we aimed to investigate
whether infection of the brain slices led to increased markers of cell-death, and whether this differed
between the viruses. Cell death was determined by (1) LDH assay on conditioned culture media and (2)
TUNEL staining on sections of virus- and mock-infected hfOBSC. However, surprisingly, none of the three
arboviruses caused a signi�cant increase in LDH release (Fig. S2B) or TUNEL staining (Fig. S2C) of virus-
compared to mock-infected hfOBSC. These data indicated that, despite evident differences in the
morphology of infected cells, USUV, WNV, and ZIKV did not induce a detectable increase in cell death in
the hfOBSC model during 72 hrs culture.

IFN-β inhibits replication of USUV, WNV and ZIKV in human
fetal organotypic brain slices
Type I IFNs have previously been used as a successful intervention in WNV-associated neurological
disease [26–30]. However, this treatment is not always successful, especially in immunocompromised
patients [29, 31, 32], therefore development of more e�cacious antivirals to treat �aviviral neurological
disease is required. In anticipation of this, we determined the applicability of the hfOBSC as a preclinical
model to test antiviral drugs. The hfOBSCs were pretreated 24 hours and throughout the infection course
with prede�ned concentrations of human IFN-β or 2CMC, a synthetic nucleoside analog with documented
activity against WNV and Yellow Fever Virus [33, 34]. Indeed, IFN-β treatment totally abolished replication
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of all three arboviruses, whereas 2CMC reduced the titers of ZIKV (p < 0.0001) and USUV (p = 0.0038)
signi�cantly but did not have a signi�cant impact on the replication of WNV (Fig. 4).

DISCUSSION
WNV is a neurotropic arbovirus that poses a signi�cant threat to public health worldwide, leading to
thousands of cases of neuroinvasive disease and hundreds of deaths every year, both in North America
[5], and increasingly in Europe [35]. In contrast, the closely related USUV has caused neurological disease
in only a handful of cases, and there have been no reports of fatal infection [8, 36]. The molecular
mechanisms underlying this varying capacity to cause severe neurological disease in humans are still
unknown, underscoring the unmet need for an appropriate experimental human brain model. Such a
model requires the complexity of the in vivo crosstalk between relevant cell types in the CNS, that is
absent in in vitro culture systems [9, 10] and the potential for translation to humans, which is lacking in
commonly used animal models [11, 12].

Here, we employed a recently developed, innovative and well-characterized ex vivo model system of
human, fetal brain tissue that provides a three-dimensional, physiologically relevant, human brain
architecture [13]. While it does not fully recapitulate the cell composition and architecture of the adult
brain, our model contains the main relevant cell types of the human brain, including microglia, to
determine the cell tropism and pathogenesis of neurotropic viruses, such as herpes simplex virus [13, 31].
With this model, we have shown that USUV is able to infect and replicate to a similar extent as ZIKV, while
WNV replicates faster and to higher peak titres. Our observation that USUV, WNV and ZIKV can infect cells
expressing MAP2, supports previous studies showing infection of neuronal cells by USUV, WNV and ZIKV
[15, 38–41]. The increased ability of WNV to infect and replicate within human neural tissue may
contribute to the heightened severity of disease observed clinically, once the virus has gained access to
brain tissue, but USUV appears well able to replicate e�ciently. This �nding suggests that the reduced
capacity of USUV to cause neurological disease in humans may not be due to a reduced capacity to
productively infect brain tissue, but may stem from the inability of this virus to gain access to the brain
during natural infection. Future work is required to determine the routes of neuroinvasion used by USUV.

Infection with USUV and WNV resulted in differences in the size of infected cells. Although this is often
observed following induction of cell death pathways such as apoptosis and necrosis [25, 39], contrary to
previous studies[15, 38–41] we did not observe virus-induced cell death. However, studies have shown
comparable data to ours when investigating WNV infection of murine brain slice cultures, with minimal
detection of WNV-induced apoptosis and LDH release at 3 dpi [42, 43], but increasing at later time-points
[43]. Despite relatively high viral titers, the percentages of infected cells at 3 dpi were relatively low. This
could explain the lack of detectable cell death resulting from infection of the hfOBSCs. Another limitation
of this study is that the hfOBSC model lacks blood-derived immune cells, which are important drivers of
protection but also damage to brain tissue [24, 25, 44]. Indeed, pathological examination of deceased
human cases with fulminant WNV infection of the brain showed extensive immunopathology and
in�ltration of immune cells [44].
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In addition to studying neuropathogenesis, we have shown that the hfOBSC model can also be used to
assess the e�cacy and safety of intervention strategies. Within the human fetal brain tissue, IFN-β
treatment was highly effective as it inhibited replication of all three arboviruses. In contrast, 2CMC
demonstrated a more nuanced antiviral effect, signi�cantly reducing the titers of ZIKV and USUV. In
contrast, the impact of 2CMC treatment on WNV replication was limited. This differential response to
treatment prompts further exploration into the speci�c mechanisms in�uencing the antiviral effects
within the complex microenvironment of human brain tissue. Thus, our study underscores the importance
of employing complex, human-relevant models to study therapeutic restriction of viral replication, as has
been indicated with previous work on ZIKV [45], and more recently with SARS-CoV-2 [46].

In conclusion, we have shown that USUV is able to infect and replicate in ex vivo human brain tissue to
similar levels as ZIKV, but at a reduced capacity compared to WNV. These data suggest that the main
difference in neurovirulence between USUV and WNV during natural infection is likely due to the inability
of USUV to invade the CNS. Infection with USUV and WNV, but not ZIKV leads to morphological changes,
suggesting an impact on the function of the infected cells. Finally, this study demonstrate the
applicability of the hfOBSC model to study the pathogenesis of different neurotropic (arbo)viruses as well
as to assess the e�cacy and safety of novel intervention strategies.

METHODS

Preparation of human fetal organotypic brain slice cultures
Human fetal brain tissues from legally terminated second trimester pregnancies (17–20 weeks) were
obtained by the Human Immune System (HIS)-Mouse Facility of Academic Medical Center (AMC;
Amsterdam, The Netherlands), after written informed consent of the mothers for the use of tissues in
research and with approval of the Medical Ethical Review Board of the AMC (MEC: 03/038) and Erasmus
MC (MEC-2017-009). Study procedures were performed according to the Declaration of Helsinki, and in
compliance with relevant Dutch laws and institutional guidelines. The tissues obtained were anonymized
and non-traceable to the donors. On request by the researchers, only gender and gestational age is
provided. Upon removal of exterior blood vessels and meninges, brain tissue fragments (~ 0.5 x 0.5 cm)
were cut into 350 µm-thick slices using a vibratome (Leica; type VT1200S) in arti�cial cerebrospinal �uid
(aCSF) under constant oxygenation (95% O2, 5% CO2) as described previously [47]. Slices were
transferred to 12 mm transwell plates with polyester membrane inserts (4 µm pore size; Corning) to
recuperate the tissue in recovery medium composed of a 7:3 (v/v) mixture of Neurobasal media and
advanced DMEM/F12 culturing medium (both Life Technologies) supplemented with 20% heat-
inactivated fetal bovine serum (FBS) and antibiotics. Following 1 hour (hr) incubation in a CO2 incubator
at 37°C, the recovery medium was replaced with optimized hfOBSC serum-free culture medium
containing a 7:3 (v/v) mixture of Neurobasal media and advanced DMEM/F12 culturing medium with
essential growth factors. To ensure �uidic �ow in the transwell system, 750 µl medium was added to the
basolateral compartment and 50 µl medium added to the apical compartment. The culture medium of the
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hfOBSCs was refreshed every 48 hrs. Detailed information on the development, characterization and
culture conditions of the hfOBSC has been described recently [13].

Virus strains and culturing
All viruses were grown and passaged on Vero cells (African green monkey kidney epithelial cells, ATCC
CCL-81) at a multiplicity of infection of 0.01 for 5–6 days in Dulbecco’s modi�ed Eagle’s medium (DMEM;
Lonza) with 2% FBS (Sigma-Aldrich), 100U/ml penicillin, 100ug/ml streptomycin (Lonza) and 2mM L-
glutamine (Lonza). Supernatants were harvested at the indicated times post-infection, spun down at
4,000 g for 10 minutes and aliquoted and frozen at -80oC. The virus strains used in this study were USUV
(lineage Africa 3, GenBank accession MH891847.1), WNV (lineage 2, GenBank accession OP762595.1)
and ZIKV (Suriname 2016, KU937936). The USUV and WNV strains used represent prevalent strains
currently circulating in Europe [48, 49], thereby modelling the current risk situation in Europe. The ZIKV
strain used represents the Asian lineage responsible for the large scale outbreaks of congenital disease in
the Americas[50]. All virus stocks were used at passage 3 and sequenced to ensure no amino acid
changes resulting from passaging, compared with the original isolate.

Flavivirus infection and antiviral treatment of human fetal
organotypic brain slice cultures
Brain slice cultures were used for experiments after day 3 post-sample acquisition and culture
establishment. All experiments were performed on tissues from 3 independent donors, which were
obtained on different days, for which 3 to 4 hfOBSC cultures per condition were used in each experiment.
In case of antiviral treatment, media from both the apical and basolateral compartments was removed
and replaced with culture medium supplemented with 50 ng/ml recombinant human interferon beta (IFN-
β; Peprotech), 25 µM 2′-C-Methylcytidine (2CMC), (which was kindly provided by Johan Neyts; Lab of
Virology, Antiviral Drug & Vaccine Research, KU Leuven, Belgium) a nucleoside analogue which acts to
inhibit viral RNA dependent RNA polymerases, or the respective vehicle consisting of PBS plus 0.025%
DMSO. Antiviral dosage and toxicity was determined on Vero cells (Table S1.). Drug treated hfOBSCs
were incubated overnight at 37°C prior to infection and treatment was maintained throughout the
infection course. On the day of infection, all culture medium of the apical compartment was removed
before addition of 106 TCID50 virus inoculum. As determination of the exact cell number in each hfOBSC
culture used for infection was not possible, we standardized the inoculation dose to input of viral titer,
rather than cell number. This relatively high inoculation dose was determined to maximize the chance of
infection, and based on previous literature using ZIKV on ex vivo fetal brain[3]. The hfOBSCs were
returned to the incubator at 37°C for 1 hour and subsequently washed 2–3 times with PBS to remove the
inoculum, allowing for detection of virus release into the supernatant with time. The hfOBSC transwells
were transferred to a clean culture plate and 750 µl of culture medium was added to the basolateral
compartment and 50 µl added to the apical compartment. The complete volume of medium in both
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compartments was replaced every 24 hours. The harvested supernatants were stored at -80oC for virus
titration.

Virus titration
Tenfold serial dilutions of culture supernatants were inoculated onto a semicon�uent monolayer of Vero
cells in a 96-well plate (2.3 × 104 cells/well) in 3 technical replicates. Cytopathic effect (CPE) was used as
read out and determined at 6 days post-infection (6 dpi). Virus titers were calculated as the 50% tissue
culture infective dose (TCID50) using the Spearman-Kärber method [51]. An initial 1:10 dilution of
supernatant resulted in a detection limit of 31.6 TCID50/ml.

In situ analysis of brain slices

Formalin-�xed para�n-embedded (FFPE) brain slices were serially sectioned at 4µm thickness. Heat-
induced antigen retrieval was performed using conventional citric acid buffer (pH 6.0). Consecutive
sections from three different levels of the brain slices (i.e. apical, middle and basal level) were
immunohistochemically stained (IHC) with the following primary antibodies: mouse anti-SOX2 (stem cell
marker, R&D, 1:100), rabbit anti-Iba1 (microglia marker; Wako, 1:500), rabbit anti-GFAP (glial �brillary
acidic protein, astrocyte marker; Dako, 1:500), rabbit anti-Olig2 (oligodendrocyte transcription factor 2,
oligodendrocyte marker; clone EPR2673, Abcam, 1:200) or guinea pig anti-MAP2 (microtubule-associated
protein 2, neuron marker; Synaptic Systems, 1:300). Next, sections were washed and incubated with the
appropriate secondary antibody including rabbit anti-mouse Ig biotinylated (Dako, 1:200), goat anti-rabbit
Ig biotinylated (Dako, 1:200), or rabbit anti-guinea-pig IgG (H + L) horseradish peroxidase (HRP)-
conjugated (Invitrogen, 1:200), respectively. The HRP-labeled streptavidin (Dako, 1:300) was applied to
sections with biotinylated antibodies, followed by 3-amino-9-ethylcarbazole substrate. Sections were
counterstained with hematoxylin, mounted with Kaiser’s glycerol, and scanned using the Hamamatsu
NanoZoomer 2.0 HT (Hamamatsu).

3D tissue clearing and immuno�uorescent staining
Whole brain slices were �xed in 4% paraformaldehyde (PFA) for a minimum of 24 hrs before undergoing
tissue clearing and immuno�uorescent (IF) staining with the 3D Cell Culture Clearing Kit (Abcam) as per
the manufacturers protocol. Primary antibodies used were: mouse anti-�avivirus envelope protein (D1-
4G2-4-15 hybridoma; ATCC, USA, 1:250), rabbit anti-MAP2 (Millipore, 1:200), guinea-pig anti-MAP2
(Synaptic Systems, 1:200) and rabbit anti-SOX2 (Abcam, 1:100). Next, sections were washed and
incubated with the appropriate secondary antibody including donkey anti-mouse IgG AF488/555, donkey
anti-rabbit AF488/555 and donkey anti-guinea-pig AF647 (Invitrogen). ToPro (DNA staining; Thermo
Fisher Scienti�c, 1:1000) was used to stain cell nuclei. Images were obtained using a Zeiss LSM 700
laser scanning microscope.

Cryosectioning and immuno�uorescent staining
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The PFA-�xed whole brain slices were incubated in 30% sucrose at 4°C for 24 hrs and subsequently
placed in Optimal cutting temperature compound (Agar Scienti�c) before snap freezing on dry ice. Frozen
tissue was then cut into 5µm thick sections using a cryostat (Thermo Fisher Scienti�c, type HM525nx).
Slides were permeabilized and blocked with 0.5% triton-X100 (Sigma) and 5% BSA (Aurion) before
addition of the primary antibodies including mouse anti-�avivirus envelope protein (D1-4G2-4-15
hybridoma; ATCC, 1:250), guinea-pig anti-MAP2 (Synaptic Systems, 1:200) and rabbit anti-GFAP
(Millipore, 1:200). Next, sections were washed and incubated with the appropriate secondary antibody
including donkey anti-mouse IgG AF488/AF555 or donkey anti-mouse IgG AF488/AF555 (Invitrogen).
Hoechst 33342 (DNA staining; Invitrogen, 1:1000) was used to stain cell nuclei. Images were obtained
using a Zeiss LSM 700 laser scanning microscope.

Terminal deoxynucleotidyl transferase mediated dUTP nick
end labeling (TUNEL) assay
The TUNEL assay was performed using the ApopTag® Plus in situ apoptosis �uorescein S7111 detection
kit (Sigma) according to the manufacturer’s protocol, following instructions for a combined IF staining.
Sections were treated with TrueBlack® (Biotium) after antigen retrieval to decrease auto�uorescence,
followed by staining with the following primary antibodies: polyclonal rabbit anti-CC3 (cleaved caspase 3
protein; Cell Signaling Technology, 1:300 dilution), polyclonal rabbit anti-pMLKL (phosphorylation of
mixed lineage kinase domain-like protein; Abcam, 1:250) and monoclonal mouse anti-GSDMD
(gasdermin D protein; Abnova, 1:250). Next, sections were washed and incubated with the appropriate
secondary antibody including donkey anti-rabbit AF555 (1:250) or goat anti-mouse IgG2a AF647 (1:250)
(all from Invitrogen).

Lactate dehydrogenase assay (LDH)
The viability of the hfOBSC was determined by lactate dehydrogenase (LDH) assay. The LDH assays
were performed on conditioned medium of hfOBSC cultures using the LDH-Cytoxicity Assay kit (Abcam)
according to the manufacturer’s protocol. LDH levels of brain slices incubated in lysis buffer according to
the manufacturer’s instructions were used as 100% cell death positive control.

Image processing
Images were subjected to processing and �le-type conversion using ImageJ software (version 1.53t,
National Institutes of Health, Bethesda, MD). Processed images were then rendered in 3D using Dragon�y
software (Version 2021.1 for [Windows]; Comet Technologies Canada Inc., Montreal, Canada). This
software is available at https://www.theobjects.com/dragon�y. Quantitative analysis of infected cell area
and infection percentages of whole slices were done using automatic thresholding and batch-processing
in QuPath 0.3.2 software [52].

Statistical analysis
Quantitative data were analyzed and statistics was carried out using Prism 8.0.2 (GraphPad).
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Figures

Figure 1

Characterisation of human fetal organotypic brain slice cultures. Immunohistochemistry staining of
hfOBSC sections at 14 days post-culture establishment. Antibodies speci�c to SOX2 (stem cell marker),
MAP2 (neuronal marker), OLIG2 (oligodendrocyte marker), GFAP (astrocyte marker) and IBA1 (microglial
marker) were used to identify the main brain cell types present in sequential sections. Representative
images of serial sections stained for the 4 markers of hfOBSC from 3 donors. Scale bars of large images
and the zoomed inset represent 50 and 10 μm, respectively.
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Figure 2

Human fetal organotypic brain slice cultures support productive USUV, WNV and ZIKV infection. (A)
Replication kinetics of USUV, WNV and ZIKV on hfOBSC cultures. Brain slices were inoculated with 106

TCID50 units of USUV, WNV, or ZIKV, then washed with PBS following the inoculation period. Titers of
infectious virus in the culture supernatant were determined after 24, 48, and 72 hours post-infection by
titration and assessment of CPE on Vero cells. Data shown is representative of 3 experiments using 3
independent donors with 3-4 replicates per condition, per experiment. Error bars represent SD. ** p =
0.0031 (24hpi) / p=0.0072 (72hpi). *** p = 0.0003. **** p < 0.0001; 2-way ANOVA. (B) 3D rendering
showing the distribution of infection across representative brain slices from 3 donors. Renderings were
made with z-stack confocal images of immuno�uorescent stained whole, 3D tissue cleared hfOBSC
infected with 106 TCID50 USUV, WNV or ZIKV. The hfOBSC slices were �xed in 4% paraformaldehyde at
72hpi. Flavivirus envelope protein and nuclei are shown in red and grey, respectively. Scale bars represent
400 μm.
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Figure 3

USUV, WNV and ZIKV infect MAP2-positive cells in the human fetal organotypic brain slice cultures: (A)
Immuno�uorescent staining of �avivirus envelope protein and the neuronal marker, MAP2, in hfOBSCs
infected with 106 TCID50 USUV, ZIKV and WNV. The hfOBSCs were �xed with 4% paraformaldehyde at 72
hours post-infection (72 hpi). Representative images of 3 donors. Scale bars represent 20 μm. (B)
Quanti�cation of the area of infected cell bodies in USUV-, WNV- and ZIKV-infected hfOBSCs at 72 hpi.
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Each data point represents one cell. Infected cells from 2 independent donors were quanti�ed. ** p =
0.012. **** p < 0.0001; one-way ANOVA.

Figure 4

Pre-treatment of human fetal brain slices with interferon-β prevents infection with USUV, WNV and ZIKV.
Infectious viral titers at 48 hours post-infection of hfOBSCs infected with 106 TCID50 USUV, WNV or ZIKV
following over-night pre-treatment with the antiviral 2’C methyl-cytidine (25 μM) or interferon β (IFN-β; 50
ng/mL). Data are presented as mean ± SD for 3-4 replicates each of 3 donors per condition. Error bars
represent SD. Dotted line indicates limit of detection. ** p = 0.0038. **** p <0.0001; 2-way ANOVA.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supplementaryinformation.pdf

https://assets.researchsquare.com/files/rs-4124135/v1/23656ea1b7ac72c8e81353a3.pdf

