
High Content Imaging Assay for Viral (Alphavirus) Infection 

The HCI screening platform is based on the detection and quantitative assessment of viral protein levels 
in cells infected with wild type Alphavirus of any strain, which requires BSL 3 containment operation. 

To limit the amount of BSL 3 work, we conducted all steps not involving live virus, cell plating, compound 
dispensing,  assay reagent dispensing, assay final readout  at BSL 2.  Critical to this workflow is the 
formalin inactivation of the infected cells for 24 hours to inactivate the virus, so that the assay plates can 
be transferred to the BSL 2 laboratory for subsequent immunostaining procedures using antibodies 
against specific viral epitopes - usually against the envelope glycoproteins. 

Additional advantage of the immunostaining HCI assay is the high quantity of information that is obtained 
from a single experiment. This information includes details on infection, cytotoxicity, and cellular 
morphology as well as unfavorable behavior of compounds, for example, if they are crystalized, 
precipitated, or produce other artifacts during the assay. The flexibility of this process makes it possible to 
rapidly conduct high throughput screening (HTS) of large chemical compound libraries and to produce 
detailed and reproducible characterizations of compound potency and selectivity. GeneData software 
applications are used  to processes meta-data obtained from Imaging software (PE Acapella and 
Harmony) and to proved analysis and curve fitting  algorithms to generate EC50 and CC50 values. 

This platform provides the ability to conduct combinatorial studies to evaluate multiple phenotypic 
signatures (e.g. antiviral, toxicity, anti-proliferative) critical to anti-viral therapeutic design. 

Rapid drug discovery is crAlphaviruses present a legitimate threat to human health as infection can lead 
to potentially life-threatening encephalitis through natural infection transmitted by mosquitoes. The New 
World alphaviruses, which include Venezuelan equine encephalitic virus (VEEV), eastern equine 
encephalitic virus (EEEV) and western equine encephalitic virus (WEEV), can be found in North, Central, 
and South America and cause encephalitis in equines. Alphaviruses infect a wide host range that 
encompasses mosquito to mammalian cells. The alphavirus genome is composed of positive-sense single
-stranded RNA that encodes four nonstructural proteins (nsP1-nsP4) and five structural proteins: the 
capsid (C), the envelope glycoproteins (E3-E2-E1) and the 6K protein. These viral proteins interact and 
orchestrate the hijacking of cellular processes for virus assembly and replication. VEEV infection quickly 
disseminates within peripheral and central nervous system (CNS) tissues, causes breakdown of the blood 
brain barrier (BBB) and can result in encephalitis, seizures, other CNS-related effects, and even death. In 
adults, VEEV causes an acute, febrile, incapacitating yet self-limiting disease. However, EEEV infection 
rapidly progresses to severe neurological disease with the possibilities of paralysis, seizure, and death in 
30-80% of cases, with long-term neurological defects in 35% of survivors. 

The U.S. Army Medical Research Institute of Infectious Diseases (USAMRIID) Therapeutics Development 
Center (TDC) developed a high throughput, image-based phenotypic screening process to characterize 
host-viral interactions in Biosafety Level (BSL) 2 to 4 laboratories.  Currently we are building a reliable and 
robust phenotypic screening  funnel for evaluation of anti-viral therapies against neurotropic  
Alphaviruses. 
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Rapid drug discovery is crucial for neglected and emerging viral pathogens such as Ebola virus, Middle 
Eastern Respiratory Syndrome virus (MERS), Lassa virus, Chikungunya virus, and West Nile virus. The 
recent outbreaks of Ebola virus disease in West Africa in 2014-2016 and Zika virus epidemics in Brazil 
and other parts of South and North America in 2015-2016 demonstrated the scarcity of general anti-viral 
treatments efficient against these surfacing viral threats. 

With changes in the global climate, many mosquito-borne diseases are both emerging and moving into 
new areas. Three of these are arboviruses of the alphavirus genus and family of Togaviridae that are 
currently geographically restricted to the Americas and cause severe and potentially fatal encephalitis in 
humans when they emerge from enzootic transmission: eastern equine encephalitis virus (EEEV), 
western equine encephalitis virus (WEEV), and Venezuelan encephalitis virus (VEEV). All three of these 
viruses are listed as CDC category B bioterrorism agents. In humans, EEEV infection rapidly progresses 
to severe neurological disease with the possibilities of paralysis, seizure, and death in 30-80% of cases, 
with long-term neurological defects in 35% of survivors. Currently, there are no efficient anti-viral therapies 
or licensed human vaccine approved by the FDA for any of these infections. 

The U.S. Army Medical Research Institute of Infectious Diseases (USAMRIID) Therapeutics Development 
Center (TDC) developed a high throughput, image-based phenotypic screening process to characterize 
host-viral interactions in Biosafety Level (BSL) 2 to 4 laboratories. The flexibility of this process makes it 
possible to rapidly conduct high throughput screening (HTS) of large chemical compound libraries and to 
produce detailed and reproducible characterizations of compound potency. Our platform provides the 
ability to conduct combinatorial studies to evaluate multiple phenotypic signatures (e.g. antiviral, toxicity, 
anti-proliferative) critical to anti-viral therapeutic design. 

The real power of phenotypic screening resides in the disease-relevance of the in vitro models chosen 
for the screening funnel. All three arboviruses are known to infect both neuronal cells and astrocytes. The 
development of the StemoniX® microBrain® Assay Ready 384-Well platform with a fully functional 
mixture of differentiated cortical neurons and astrocytes, allowed us to simultaneously evaluate the 
potency of anti-viral therapies against neurotropic viruses in both neurons and astrocytes. Because VEEV 
has the ability to infect additional cell lineages, including myeloid type cells, VEEV viral inhibition studies 
require a more extended portfolio of in vitro tests to develop the full characterization of potential inhibitors 
in all different cellular backgrounds. 

In this work, we show the development of a phenotypic screening funnel to provide an efficient primary 
filter for down selection of potent molecules for further evaluation in PK/PD and Toxicity models and/or 
efficacy in rodent models. 

 The HCI approach provides a uniform platform to evaluate potency and selectivity of a broad variety of 
therapeutic agents against different virus families. 

 The anti-viral phenotypic screening  approach was previously applied in the drug discovery process for 
anti-Ebola therapies and produced reliable and reproducible  characterization of several potent leads 
including GS-5734 (Gilead). [Warren T. et al. 2015] 

 We are building a similar phenotypic drug discovery strategy for Alphavirus anti-viral research to 
support efficient selection of the most potent inhibitors  for further evaluation in PK/PD and Tox model 
and/or efficacy in rodent or NHP in vivo models of Alphavirus  diseases. 

Phenotypic Screening Funnel for Inhibitors of Alpha Virus Infection  

Images of cells acquired by PE Opera using 10x air objective. Immunostaining to detect virus infection in 
cells done using mm anti-GP  antibody specific for each  anti-ALHA virus species specific IgG, Nuclei - 
stained with Hoechst; Cytoplasm for WEEV is stained with CellMask 

Example of Dose Responses for Compounds  

Tested in Different Cell Types 

Stringent Physiologically 
Relevant Cell Model: 

 Authentic viruses 

 Disease appropriate cell 
culture models - need to be 
selected and evaluated. 

 Disease relevant modeling 
of assay conditions: virus 
load, incubation time, 
potential MOAs.– requires 
to have good knowledge of 
disease progression in 
patience or  animal  
disease models. 

Example of the first reiteration of the screening funnel. 

Robust and Physiologically Relevant in vitro Platform from StemoniX® 

Alphavirus Infection in MicroBrain® Cells 

Evaluation of Control Compounds  in New Alpha Virus Infection Assay 

 Both compounds 
were tested on the 
same assay plates. 

 For each plate Z’=0.8
-0.9  And infection 
rate was 90%. 

Titration of  VEEV, EEEV, WEEV and  
attenuated vaccine strain  VEEV
(TC83) infecting mcroBrain

® 
cells.  

Confirmation of cytolytic activity of VEEV vs attenuated  TC83 in infected microBrain
® 

 cells during time 
course for incubation. 

Dose response for two anti-viral compounds in VEEV infection assay in microBrain® cells. 
EC 50 values for both controls  tested in microBrain VEEV assay were very similar to the potency in other 
cell lines: ML336 EC50=0.04µM and N-Hydroxy-Cytidine EC50=1.2µM  HeLa and VeroE6 cell lines 

Phenotypic Screening Funnel for Inhibitors of Alpha Virus Infection  

Immunostaining of microBrain
® 

cells  infected with VEEV:  anti-
VEEV—IgG , Nuclei - stained with Hoechst; MAP-2 Neurons.  

Integration of microBrain® test model of Alpha viruses neurotropic infection into 
drug discovery funnel was done to increase stringency and reliability of  the drug  
screening funnel. 

Astrocytes in microBrain® cells 

Neurons in microBrain® cells 
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