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Viral Infection Assays Using 
StemoniX microBrain® 

Assay Ready Plates

Background:
The StemoniX® microBrain® Assay Ready platform 

is designed for investigation of the efficacy 

and neurotoxicity of pharmaceuticals in high 

throughput screening studies. Pre-plated with 

a nominal 50/50 mixture of human induced 

pluripotent stem cell (iPSC)-derived cortical 

neurons and astrocytes from a single donor 

source, the microBrain Assay Ready platform is 

also ideal for modeling neurological diseases.

Traditionally, viruses have been grown and 

studied in immortalized cell lines that have either 

altered spontaneously by genetic changes such 

as expression of oncogenes or been transformed 

with viruses. Because these cell lines have 

been immortalized and passaged in culture 

over many generations, they lose their in vivo 

tissue characteristics and cell properties. While 

primary tissue explants offer many advantages 

for research, obtaining samples is not always 

possible, and, in the case of human tissues, is not 

always ethical. The creation of functional human 

iPSC-derived neural cells1 has revolutionized the 

study of human diseases.

Recently, scientists at the United States Army 

Medical Research Institute of Infectious Diseases 

(USAMRIID) evaluated the microBrain Assay 

Ready platform in infectivity studies using four 

Alphaviruses [Eastern equine encephalitis virus 

(EEEV), Western equine encephalitis virus (WEEV), 

Venezuelan equine encephalitis virus (VEEV), and 

TC83, a vaccine strain of VEEV] and one Filovirus 

[Marburg Virus (MARV)]. Additionally, they used 

the microBrain platform to test drug inhibition of 

viral infectivity against either MARV or VEEV.

Results demonstrated that all virus strains were 

easily titrated on the microBrain Assay Ready 

Summary
• microBrain Assay Ready is an ideal platform 

to study neurotrophic viral infectivity and to 
screen drugs to inhibit viral infection. 

• microBrain Assay Ready plates offer high assay 
consistency (Z’) for therapeutic screening.

• microBrain Assay Ready Plates provide a 
physiologically relevant mixture of human 
neurons (glutamatergic and GABAergic) and 
astrocytes in a ready-to-use format compatible 
with typical high throughput screening platforms.
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384-Well platform using a variety of plaque 

forming unit (PFU) levels and that there was 

efficient blockage of viral infection in drug 

inhibition studies. 

In this Application Note, use of the StemoniX 

microBrain Assay Ready platform for viral infection 

and inhibition studies is discussed, and results of 

infection experiments are outlined.

Methods:
Cell preparation
StemoniX microBrain Assay Ready 384-Well Plates 

(Catalog #BCARX-AA-0384) were delivered to 

USAMRIID scientists under ambient conditions 

and acclimated according to the recommended 

instructions from StemoniX.

Viral infection and detection
After acclimation, cells in the microBrain Assay 

Ready plates were treated with 0.5% DMSO for 

2h. Viral stocks were serially diluted to 2.5-5.0 

log PFU/well (Filovirus) or 2.0-3.5 log PFU/well 

(Alphaviruses) and were applied to the pre-treated 

cells for 24h or 48h, respectively, to allow for the 

first several rounds of viral replication. Cells treated 

with only 0.5% DMSO served as non-infected 

controls. All data points were normalized to the 

values from these controls. 

Infection was terminated by fixing plated cells 

with formalin. Cells were immunostained to detect 

infection and viral replication. Viral detection was 

achieved by probing cells with primary antibody 

against specific epitopes of the viral envelope 

glycoproteins of each virus type followed by 

detection with Dylight 488-conjugated secondary 

antibody (Thermo Fisher Scientific).

Neurons and astrocytes were detected using 

rabbit polyclonal antibodies against microtubule 

associated protein-2 (MAP-2) or glial fibrillary acidic 

protein (GFAP), respectively, followed by Alexa 

647-conjugated secondary antibody (Thermo Fisher 

Scientific). Image analyzing software was used 

to quantitate the fluorophores, and images were 

acquired using the Opera Phenix™ High Content 

Screening System (Perkin Elmer). The ratio of virus-

positive cells to total number of analyzed cells was 

used to determine the percentage of infection for 

each microBrain well.

Inhibition of viral infection
To determine whether MARV or VEEV infection 

could be blocked in cells of the microBrain platform, 

antiviral compounds were dispensed directly into 

the assay wells using a D300 Digital Dispenser 

(Hewlett-Packard) prior to challenge with virus.

Three potential anti-viral compounds, Compound G, 

ML-336, and N4-hydroxycytidine, were each stored 

at 10mM in DMSO. Compounds were serially diluted 

8- to 10-fold and were applied to cells in a final 

concentration of 0.5% DMSO for a 2h pre-incubation 

period. Four of the 20 virus-infected columns were 

treated only with virus and 0.5% DMSO, serving 

as controls for 0% inhibition of infection, and two 

columns were uninfected, serving as the control for 

100% inhibition of viral infection.

Control G, a potential therapeutic inhibitor of 

MARV infection2 (20μM-10nM), was followed by 

infection with MARV (5000 PFU/well). Similarly, two 

known inhibitors of Alphavirus infection, an N4-

hydroxycytidine3 nucleoside derivative and ML-3363 

(Cayman Chemical) were each used in inhibition 

studies (each at 20μM-10nM) against VEEV (1000 
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PFU/well). Infection was terminated, and cell 

viability and percent infection were determined 

as described above. Values are expressed as 

percentage of inhibition of viral infection, and 

percentage of cell counts for control of the 

cytotoxic effect. 

Results and Discussion: 
A high content imaging (HCI) method was 

previously established by USAMRIID scientists 

as a screening and profiling approach to quantify 

authentic virus infection in cell culture models as 

measured by the signal intensity of the staining 

with virus specific antibodies4.

Infection with Filovirus
Neural cells in the microBrain Assay Ready 384-

Well plates were infected with between 400 

and 40000 particles of MARV per well. After a 

48 hour incubation period, cells were probed 

to detect viral infection as well as the presence 

of GFAP or MAP-2, to identify astrocytes and 

neurons, respectively. Infection of the microBrain 

cells was consistently seen across the plate in a 

dose-dependent manner (Figure 1A) and revealed 

infection of both astrocytes and neurons (Figure 1B 

and 1C). 
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Figure 1.  Filovirus infection. (A) StemoniX 
microBrain Assay Ready cells were infected with 
increasing doses of Marburg virus (MARV).
Cells were infected with MARV (5000 PFU/well), 
probed for viral infection and stained for the 
presence of (B) GFAP or (C) MAP-2 to identify 
astrocytes and neurons, respectively. Nuclei were 
stained using Hoechst stain.
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Infection with Alphavirus
When microBrain Assay Ready plates were treated 

with each of the three Alphaviruses (100 to 2000 

particles per well) or the VEEV vaccine strain, TC83, 

consistent infection was seen across the plates, 

with 100% infectivity achieved at the lowest viral 

titer (Figure 2A). The cells were also stained for 

GFAP or MAP-2 as described for Figure 1 (Figure 

2A and 2B). Consistent infection of both astrocytes 

and neurons was likewise demonstrated.

Viral inhibition studies
Results of viral inhibition studies are shown in Figure 
3. Treatment of StemoniX microBrain neural cells 
with 20μM to 20nM concentrations of Control G led 
to inhibition of MARV infection with a half maximal 

effective concentration (EC50) of 57nM (Figure 3A). 
Treatment of the neural cells with ML-336, which 
has shown an EC50=0.04μM against VEEV infection 
in HeLa cells3, completely inhibited VEEV infection 
at a concentration as low as 30nM with an EC50 of 
0.0157 (Figure 3C). Similarly, treatment of the cells 
with N4-hydroxycytidine, which has shown inhibition 
of Alphavirus infection with an EC50=1.0 μM2,5, also 
achieved 100% inhibition of viral infection at a 20μM 

concentration with an EC50 of 1.46 (Figure 3B and 3C).

Statistical analysis of the VEEV infection assay resulted 

in a Z’ score of 0.7 (n=32) indicating high confidence 

and excellent consistency across the plate. The Z’ value 

of the Marburg infection assay was 0.4 (n=32), which is 

also indicative of a relevant and valid assay. 
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Figure 2. Alphavirus infection. (A) StemoniX 
microBrain Assay Ready cells were infected with 
increasing doses of Venezuelan equine encephalitis 
virus (VEEV), Eastern equine encephalitis virus 
(EEEV), Western equine encephalitis virus (WEEV), 
or the VEEV vaccine strain, TC83 and showed 100% 
infection with as low as 100 PFU/well viral titers. 
Cells were infected with VEEV (1000 PFU/well), 
probed for viral infection, and stained for the 
presence of (B) GFAP or (C) Map-2 to identify 
astrocytes and neurons, respectively. Nuclei were 
stained using Hoechst stain.
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Conclusions
The StemoniX microBrain Assay Ready platform 

better mimics human neural biology than traditional 

cell culture in that it contains both mature human 

neurons as well as a fully developed foundation 

of astrocytes. Additionally, unlike the cancerous 

HeLa and Vero cell lines that are commonly used in 

viral infectivity studies, the StemoniX iPSC-derived 

neural cells exhibit the morphology, structure, 

and signaling behaviors of the natural host cells 

for these neurotropic viruses. Thus, they present 

a truly physiologically relevant neural model for 

studying human disease and human outcomes to 

identify compounds that can inhibit human viral 

infections of all biosafety levels. 

These results indicate that, in addition to its use 

in drug screening protocols, the microBrain Assay 

Ready system is an ideal platform for the study of 

neurotropic viral infectivity and inhibition studies.
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CFigure 3. Inhibition of viral infectivity. Percent Cell 
Count (%CC) for all tested drugs showed 100% 
viability indicating low to no toxicity. Results shown 
are averages of 3 experiments. (A) Cells in the 
microBrain platform were treated with Control G 
and then challenged with MARV. Z’=0.4, n=32. (B) 
Cells in the microBrain platform were treated with 
ML-336 (blue) or N4-hydroxycytidine (red) and then 
challenged with VEEV. Z’=0.7, n=32. (C) The EC50 
dosages of ML-336 and N4-Hydroxycytidine in 
StemoniX microBrain Assay Ready cells as compared 
to those in HeLa and Vero cells, respectively.

a. ML-336 against VEEVa in HeLa cells
b. N4-Hydroxycytidine against VEEV in Vero cells
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