
SARS-COV-2 ANTIVId bc





 

Summit Hosts 
Dr. Francis Collins, Director, National Institutes of Health (NIH) 
Dr. Anthony Fauci, Director, National Institute of Allergy and Infectious Diseases (NIAID) 
Dr. Christopher Austin, Director, National Center for Advancing Translational Sciences 
(NCATS) 

Summit Organizers 
James M. Anderson, Office of the Director, NIH 
Kyle R. Brimacombe, NCATS, NIH 
Anthony J. Conley, NIAID, NIH 
Mindy I. Davis, NIAID, NIH 
Stephanie Ford-Scheimer, NCATS, NIH 
Abigail Grossman, NCATS, NIH 
Matthew D. Hall, NCATS, NIH 

-3-





INTRODUCTION 

NIH SARS-COV-2 ANTIVIRAL 
THERAPEUTICS SUMMIT 

Presenters:
Dr. Francis Collins (NIH)
Dr. Anthony Fauci (NIAID)
Dr. Christopher Austin (NCATS) 

-5-



 
 

 

  
 

 
 

 

  
 

  
 

   
    

  
   

  
 
 
 
 
 

  

  

INTRODUCTION 

The NIH Virtual SARS-CoV-2 Antiviral Summit was held on November 6, 2020. The virtual 
Summit was organized to provide an overview on the status and remaining challenges in 
developing antiviral therapeutics for COVID-19, including combinations of antivirals, and streamed 
live to allow broad public access while maintaining social distancing. Scientific experts from the 
public and private sectors were brought together to discuss SARS-CoV-2 targets for drug 
development, and the preclinical tools needed to evaluate and develop effective small molecule 
antivirals. The goal of the Summit was to review the current state of the science, identify unmet 
research needs, share insights and lessons learned from treating other infectious diseases, identify 
opportunities for public-private partnerships, and assist the research community in designing and 
developing antiviral therapeutics. 

The Summit was jointly organized by NIAID, NCATS, and the NIH Office of the Director (NIH OD), 
and hosted by the respective Directors: Dr. Francis Collins (NIH), Dr. Anthony Fauci (NIAID), and Dr. 
Christopher Austin (NCATS). The meeting moderators and panelists were from academia, industry 
(pharma/biotech), NIH Institutes and Centers, and Federal agencies working in the COVID-19 
therapeutics space. 

The Summit itself was comprised of introductory remarks, an overview of the virus and 
therapeutic opportunities, followed by five scientific panels. In each panel, the session moderator 
provided an overview of the topic (slides are included in the Appendix) and facilitated discussion 

with panelists. An update on vaccines and neutralizing antibodies was provided, and a final 
summary session was held to identify key points from the Summit. The sessions were: 

•



OVERVIEW OF THE VIRUS 
AND THERAPEUTICS 
APPROACHES 

Speaker: 
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OVERVIEW 

Coronaviruses are enveloped positive-sense single-stranded RNA viruses enclosed by capsid 
comprised of multiple proteins, most notably the spike proteins that are responsible for the virus’s 
crown-like appearance. Cellular entry of coronaviruses, such as SARS-CoV-2 (Severe Acute 

Respiratory Syndrome-Coronavirus-2), can occur in a number of ways, primarily via the spike (S) 
proteins of SARS-CoV-2 binding to the host ACE2 (Angiotensin-converting enzyme 2) receptor1. 
Two-thirds of the SARS-CoV-2 genome is dedicated to the synthesis of two replicase polyproteins 
called polyprotein 1a and polyprotein 1ab. Within the polyprotein are two proteases, the 
papain-like protease (PLpro) and 3CLpro (also known as nsp5 or Mpro, short for main protease). In 

general, any inactivation of these proteases leads to a loss of RNA synthesis, and it is well 
established that disruption of viral RNA replication or viral protease functions are vulnerable to 
intervention2,3. The next step after the formation of replicase proteins is the modification of host 
cell membranes, probably occurring in parallel to replication processes. A multiprotein complex 
formed by coronaviruses termed the replication transcription complex (RTC) is responsible for 
RNA replication and proof-reading. Nonstructural proteins nsp7 through nsp16 form the core of the 
RTC and represent a prime target for antiviral drug development, as the function of the core 
replicase is highly conserved. A detailed outline of the viral replication process, and druggable 
targets, is displayed in Figure 1. 

Importantly in the context of antiviral drugs, when the SARS-CoV-2 epidemic (now a 
pandemic) emerged, there were no approved treatments or vaccines for treating any 
betacoronavirus infection. The endemic common cold betacoronaviruses OC42-CoV and 
HKU1-CoV generally cause mild symptoms, and have not stimulated significant therapeutic or 
vaccine development investigation. The SARS (caused by SARS-CoV-1) and MERS (Middle East 
Respiratory Syndrome, caused by MERS-CoV) epidemics were resolved using public health 

measures, though 



 
 
 
  
  
 
  

 Antiviral drug development for  SARS-CoV-2 should take place with  the  recognition  that unlike 
SARS and MERS (that sporadically re-emerges), the  pandemic may  continue  for a long time, and 
the  virus itself will likely be with us forever  (endemic). There is also the high  likelihood for  another  
novel coronavirus(-es) to emerge from animal reservoirs. Given  these  realities, irrespective  of 
vaccine  effectiveness, there will be  a need for  antivirals. Teams working together across industry, 



OVERVIEW 

Figure 1.  Scheme showing the SARS-CoV-2 viral replication  cycle and highlighting “druggable” 
events. The SARS-CoV-2 virion is composed of a capsid protein coat, with  an internal core of the 
viral genetic material (RNA). 1. Viral entry. The  SARS-CoV-2 virion  in  the extracellular  space 
presents Spike (S) protein  on the capsid surface. The  S protein contains a number of protease 
cleavage sites, as well as the receptor binding domain  (RBD). Engagement of spike  protein  at the 
extracellular  surface involves engagement of multiple host cell proteins including (but may not be  
limited to) cleavage of S by the protease furin  (gene  FURIN), binding of the  S RBD to ACE2 (ACE2), 
engagement of a liberated S terminal peptide to neuropilin-1 (Nrp-1, NRP1), and cleavage of S by the 
serine protease TMPRSS2 (TMPRSS2). 2.  Following endocytosis, the virion  is uncoated, and the 
viral RNA translated into polypeptide chains. 3. Two viral proteases cleave the viral polypeptide 
chains to produce up  to 29 mature protein  products. These proteases are the main  protease (Mpro) 
and the papain-like protease (PLpro). 4. Viral RNA replication  follows, with the formation of a 
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VIRAL REPLICATION MACHINERY 

Summary of Current Status 



  

 

 

 

  
 

 
  

 

     
     
     
      
     
     

      
     

      

VIRAL REPLICATION MACHINERY 

Table 1. Virally encoded components of coronavirus RTC 

Coronavirus protein Function in RTC 
Nsp7 RdRp cofactor 
Nsp8 RdRp cofactor 
Nsp9 RNA binding protein, capping regulator 
Nsp10 Cofactor of Nsp14 and Nsp16 
Nsp12 RNA-dependent RNA polymerase, capping 
Nsp13 Zn-binding RNA helicase/RNA 5'-phosphatase 

Nsp14 3’-5’ exonuclease; N7-methyltransferase 

Nsp15 Uridylate-specific endoribonuclease 

Nsp16 2’-O-methyltransferase 

Viral nucleic acid synthesis has been successfully targeted by a wide range of small molecule 
direct-acting antivirals, many of which have been developed into commercial drug products and 
are widely used in clinical practice11. Examples include inhibitors of HIV reverse transcriptase (a 
DNA polymerase), hepatitis C virus (HCV), hepatitis B virus (HBV), and herpesvirus DNA 
polymerases. While some of these enzymes can be targeted effectively by non-nucleoside  



 

 

 
 

VIRAL REPLICATION MACHINERY 

Figure 2. Structures of nucleoside analogs for the treatment of COVID-19, and their metabolic 
activation. 

Table 2. Nucleoside analogs for the treatment of COVID-19. Status as of November 2020. 

Nucleoside 
drug 

Form Mechanism 
of action 

In vitro 
activity 
EC50 [µM] 

Animal 
model 
efficacy 

Clinical 
dosing 

Development 
status 
(Target 
population) 

Remdesivir 
(GS-5734) 

Nucleoside 



    
 

            
              

   
     

          
              

  
 

  

  
            

  
    

     

   
   

 
   

 

 

              
          

VIRAL REPLICATION MACHINERY 

 Remdesivir is a phosphoramidate prodrug that liberates an adenosine nucleotide analog 
within cells (the core nucleoside being GS-441524)13. Remdesivir was developed by Gilead Sciences 
with support from several U.S. Government organizations. Remdesivir was shown to be active 
against Ebola virus, and its safety profile was demonstrated in Ebola clinical trials. In several 
randomized clinical trials, remdesivir has demonstrated efficacy in hospitalized COVID-19 patients 
by reducing disease progression and accelerating time to recovery. In October 2020, remdesivir 
was approved by FDA as the first treatment for COVID-1914,15. 

Molnupiravir (EIDD-2801) is an orally bioavailable prodrug of N6-hydroxycytidine. It was 
developed at Emory (University) Institute for Drug Discovery (EIDD) as part of a program against 
Venezuelan equine encephalitis virus, and a Phase I trial was planned against influenza in 2019. As 
SARS-CoV-2 emerged, molnupiravir showed potent anti-SARS-CoV-2 activity both in vitro and in 
animal models16. It is currently in Phase 2-3 testing both in out-patient settings and in hospitalized 
COVID-19 patients. 

Favipiravir, 



  

  

  

  

  
  

  

  
  

  

  

 
  

VIRAL REPLICATION MACHINERY 

machinery has not yet been  disclosed. While diverse in  structures as well as formulations 
administered (see Figure 1 and Table 2), all SARS-CoV-2 nucleoside inhibitors require  intracellular  
activation  to their  nucleoside triphosphate (NTP) metabolites, which  then  interact with  the active 
site of coronavirus RdRp and are incorporated into viral RNA. The  metabolic pathways leading to 
the  respective NTP metabolites are cell-type dependent and differ for  each  molecule, as do their  



 
  

   

    
  

  

 
  

  
 
 

 

 To effectively target some of the critical protein-protein  interfaces, the field can employ a wide  
array of screening techniques for  small molecule ligand binding, some of which  are quite  suitable 
for  large compound libraries. Options include high-throughput affinity selection  mass 
spectrometry (ASMS) DNA-encoded libraries (DELs), or  surface plasmon resonance (SPR) assays. 
Alternatively, computational docking algorithms for putative binding sites can  be  employed for 
screening of vast virtual small molecule libraries. The major advantage of these approaches is 
speed and the number of potential candidate  molecules identified, but these techniques need to be 
always coupled with  relevant functional testing assays to triage the hits and validate  their  
functional relevance. Newly-developed cell-based replicon assays for  SARS-CoV-2 should be  
valuable to characterize activity of candidate compounds and certify cell-based activity and 

 
  

 

VIRAL REPLICATION MACHINERY 

and their complexes, including the nsp15 endonuclease, nsp14/10 and nsp16/10 
methyltransferases, and particularly the multiprotein RdRp complex of nsp12/nsp7/nsp8 together 
with a dimer 
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PROTEASES (VIRAL AND HOST) 

The SARS-CoV-2 Infection Cycle Requires Host and Viral Proteases  



 
  

    
  

  
  

    
 

     
  

  
  

  
   

  

 In January 2020, as the potential force of the  COVID-19 pandemic became apparent, Pfizer 
restarted its coronavirus PI development program that had been conducted in response to the 
SARS epidemic more than 15 years earlier.  After  comparing sequences of the two coronaviruses, a 
high degree of  similarity was observed between  the 3CL proteases, suggesting that Pfizer’s lead 
compound PF-0835231  (termed PF-‘231) could be developed and then  potentially be  deployed 
against SARS-CoV-2.   

  
   

   
 

PROTEASES (VIRAL AND HOST) 

Two SARS-CoV-2 Cysteine Proteases can be Targeted for Potential COVID-19 Treatment 
There are two SARS-CoV-2 encoded cysteine proteases that are potential antiviral targets: a 

papain-like protease and a 3C-like protease. These proteases are responsible for cleaving the 
polypeptide that is translated after the viral RNA enters the host cell. The single polypeptide makes 
up the machinery that the virus needs for replication. If it is not cleaved into the 16 individual 
non-structural proteins, the virus cannot replicate. The papain-like protease is a multifunctional 
enzyme that is also associated with pore formation and immune modulation29. The 3C-like 
protease, which is also known as the main protease, functions as a dimer and has a single role that 
is to cleave the polypeptide at 11 sites30. 

HCV and HIV Drugs Have Limited Utility for COVID-19 Treatment, Current Potential Antiviral 
Inhibitor Candidates 

Early in the pandemic, steps were taken to investigate whether existing HIV and HCV protease 
inhibitors could be redeployed to treat COVID-19 patients. There are considerable differences in the 
structure of the different proteases, so this approach led to little success, although some inhibition 
had been observed. Clinical studies are still in progress with the HIV drug ritonavir-boosted 
lopinavir, but an early controlled trial in COVID-19 patients in China failed to find evidence of 
antiviral effects or clinical benefits, and subsequent trials have confirmed the lack of therapeutic 
efficacy in hospitalized COVID-19 patients. Also, it is unclear what is its mechanism of action. 
Lopinavir and isotretinoin are examples of drugs repurposed for potential antiviral therapy. A 
Phase 1 study of PF-07304814 (termed PF-‘814) is ongoing. This drug was specifically designed to 
inhibit coronavirus proteases.  Several preclinical protease inhibitors are also under investigation 
and extensive screening for additional protease inhibitors is ongoing. 

Example of 3-CL PI Development: Pivoting to a Pro-Drug Candidate PF-007304814 to Enable Clinical 
Dosing of Therapeutic Concentrations of Active Drug Candidate PF-0835231 

The following 8 months (to October 2020) saw the usual long development program dramatically 
compressed with the help of many coronavirus experts in the field to generate data for evidence 

that the candidate drug was highly potent and specific for the inhibition of coronavirus 3CL 
proteases including that from SARS-CoV-2. When it was recognized that the compound’s potential 
pharmacokinetic exposure was suboptimal, teams of chemists quickly developed the phosphate 
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PROTEASES (VIRAL AND HOST) 

inhibitor  treatments were discussed by the panel, with  a focus on  how advanced screening 
methodologies are being used to accelerate  screening and the importance of structural analysis to 
identify potential resistance challenges and facilitate compound discovery.  Current research into 
protease inhibitors has been enhanced by consortia and collaborations. For  example, work 
conducted by the Center  for  Structural Genomics enables the acceleration of drug design and 
validation programs. 

With each new mechanistic insight come new targets, including host factors. These targets 



 
  

  
   

 
 

  
  

   
 

 
    

    

PROTEASES (VIRAL AND HOST) 

method introduces the ligand to the target with no pre-conceived notions of binding pose. Their  
ultimate goal is to develop a pan-coronavirus drug; as such, virtual screen hits were also screened 
against an  analogous target (RBD) from SARS-CoV-1 and MERS to select compounds with  the 
greatest overlap in predicted binding. From this large scale initial screen, they rapidly 
down-selected approximately 800 compounds within  a few weeks, dramatically shortening the 
traditional years-long discovery phase. To date, testing of in  silico hits resulted in  a 9% hit rate in  
USAMRIID’s SARS2 antiviral Vero cell screen. This outcome is orders of magnitude better  than 
more traditional high throughput put methods. The combination of AI and then high-throughput 
screening using an  invitro assay has been  key for  accelerating the discovery of potential new 
coronavirus treatments. The  molecules are currently being studied from a medicinal chemistry 
perspective including determination of their  metabolic properties, safety evaluation and 
pharmacokinetics in  mouse models. 

PLpro Has Other Functions in Addition to Protease Activity that PLpro Inhibitors May Also Prevent  
Dr. Mesecar of Purdue University described working on PLpro and Mpro after the SARS-CoV-1 

pandemic in 2003-2004 with a collaborative team32–35. At that time, the papain-like protease was an 

overlooked protease with no established structure. Cleavage of ubiquitin off host cell proteins was 
also identified as another potential role for the PLpro. Dr. Mesecar 
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 As discussed above, small molecule inhibitors of essential viral enzymes, such  as polymerases 
and proteases, are well validated approaches for  antivirals.  However, as with all complex viral 
diseases, multiple therapeutics to address different aspects of the SARS-CoV-2 viral life cycle and 
in different COVID-19 pati ent populations are needed to have the ability to effectively treat patients.  
Several new modalities have arisen for therapeutics in general over the last several years including 
RNAi, CRISPR/Cas9 and other targeted nucleases, bifunctional molecules, and others.  Dr. Matt 
Disney of Scripps Research  Institute described how sections of viral genomes in  general, and 
SARS-CoV-2 in particular, form constrained secondary structures that are specifically targetable 
by  small molecules.  Such  regions of the SARS-CoV-2 genome include the 5’ untranslated region 
and the frame shift motif.  Small molecule screens have been conducted and identified binders to 
these elements . These binders have been used as the basis of a chimeric compound that can 
target a host ribonuclease to the viral genome and ultimately lead to its degradation.  Such a 
mechanism has demonstrated potent antiviral activity.  In addition, Dr. David Baker  of the 
University of Washington described his work generating mini-proteins that specifically bind to the 
receptor binding domain  of the viral spike protein with  potent nanomolar  antiviral activity . 
These mini-proteins were computationally designed and are able to be  produced in  large 
quantities that could lead to minimal cost of goods.  In vivo, these mini-proteins delivered either  
intranasally to hamsters or as Fc-fusions by injection to mice, had protective effects when  the 
animals were challenged with virus.  

42
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EMERGING TARGETS, EMERGING MODALITIES 

Both of these newer modalities have potential significant advantages. First, drug discovery 
can begin as soon as a new genome is sequenced (a parallel with vaccine development). For 
mini-proteins, computational methods lead to the synthesis of small numbers of molecules for 
testing. For RNA binders, analysis and comparison to sequences of related viruses can accurately 
predict genome sequences/structures to start screening for small molecule binders. The 
mini-proteins, as mentioned above, can be developed with different formulations for different 
routes of administration and have good potential for low cost.  Additionally, at least in the case of 
the mini-protein generated against SARS-CoV-2 spike, the molecule is thermostable and can be 

stored at room temperature. The RNA targeting small molecules may have a lower incidence of 
mutation given the5004B005l2 (en)0.5 4 (e5004B005l2 6059004B0utatn )1 (giv)6.3 (en )1 (th)5.4 (e500-6Tf
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 Drug discovery focused on host cell targets is anticipated to present multiple opportunities 
that will require verification.  
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PRECLINICAL TOOLS 

Biologically and clinically relevant models are required for the evaluation of antiviral drug 
candidates in order to obtain the most meaningful and informative preclinical data. Both in vitro 
(cell-based) and in vivo (animal) models of SARS-CoV-2 infection have been developed to evaluate 

antiviral activity and therapeutic efficacy of candidate drugs. Various in vitro systems have been 

used to identify potential COVID-19 therapeutics in the screening of drug libraries comprised of 
approved drugs with the hope of repurposing in addition to the screening of compound libraries to 
identify new antiviral compounds to then be optimized into a more drug-like form through 

medicinal chemistry. Animal models of SARS-CoV-2 infection that recapitulate viral tropism and 
COVID-19 disease pathology are required to ensure that pre-clinical candidates are active at the 
target site (e.g. lung) and to assess antiviral combinations. As SARS-CoV-2 is a respiratory virus, 
formulation of oral or intranasal delivery of therapeutics will be most impactful as dosing would 
not require assistance from a medical professional. Preclinical animal models are essential to 
determine if therapeutic candidates have antiviral activity, optimal pharmacokinetic profiles, and 
mitigate SARS-CoV-2 pathogenesis. 

In vitro Models 
For 



  
  

  
   

  
    

 
 

 
 

 
  

   

     
 

 

  
 

    
  

 

PRECLINICAL TOOLS 

showed anti-SARS-CoV-2 activity in Vero cells, but not on primary human airway cultures or 
animals57. These results underline the importance of selecting the right cell types for antiviral 
testing, and primary or  multicellular  airway models should be  considered to confirbe



Data reproducibility and assay comparisons 

 

    
  

 
 

 
 

 
 

    

  

   

 One  challenge to SARS-CoV-2 drug discovery and development is that different research  
teams have reported different activity, or  lack of activity, for  the same compound. One  “side effect” 
of so many research groups converging on SARS-CoV-2 research has been the use of differing 
models and assays (described above). The  adoption of common  reference assays and criteria 
would set standards for  the field. This would include recommendations on appropriate  cell lines 
and reagents and making sure these  are readily available to qualified investigators. For  example, 
HIV repositories exist for  small molecules, viruses and cell lines promoting standardization which  
has been beneficial to drug development (though  this was implemented over  a longer timeline, see 
for  a general example  the  Biodefense and Emerging Infections Research Resources Repository, BEI 
Resources). Importantly, the reliance  on a single assay model for demonstrating activity is not 
adequate, and orthogonal assays are essential. In  addition, testing against standardized positive 
and negative controls in assays is also important. 

PRECLINICAL TOOLS 

Hamster models have been developed to study viral replication, pathogenesis, and 
transmission65,66. Unlike mice, wild-type SARS-CoV-2 robustly infects hamster respiratory tract, 
causing weight loss and lung pathology. The hamster model also recapitulates age-dependent 
disease severity. The kinetics of viral replication in young hamsters is faster than that in aged 
hamsters, whereas the immune response in aged animals lasts longer, leading to somewhat more 
severe disease. Moreover, hamsters can transmit the virus allowing for the study of SARS-CoV-2 
transmission. Ferret models have also been established to study viral transmission. Compared 
with other animal models, the viral replication level and disease severity are milder in ferrets. 

Several non-human primate models of SARS-CoV-2 have been reported, including rhesus 
macaque, cynomolgus macaque, and African green monkey67–69. In the rhesus macaque model, the 
infected animals develop mild to moderate clinical signs of disease, develop pulmonary infiltrates 
on radiographs, and virus shedding in nose and throat swabs is similar to that observed in 
COVID-19 patients. Although no non-human primate models have been established that 
recapitulate severe COVID-19, these models have been used successfully to show the efficacy of 
several direct-acting antivirals and antibody treatments. 

In summary, antiviral models have been developed to support in vitro and in vivo drug 
discovery. However, limitations remain, in large part due to the biosafety considerations, to enable 
more efficient therapeutic development. 

Challenges and opportunities 
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LESSONS FROM OTHER VIRUSES AND PREPARATION FOR THE FUTURE 

There is a long history of antiviral drug discovery and development dating back to the 1960s. 
While these earliest efforts were largely empiric, the tremendous effort against HIV in the 1980s 
and 1990s was pivotal in the shifting emphasis to more target-based drug discovery and some of 
the earliest successes in structure-based and rational drug design. The success of antiretroviral 





 A number of potential SARS-CoV-2 inhibitors are being considered for topical administration 
(e.g. intranasal, inhaled) to the respiratory tract. One issue for topically delivered respiratory virus 
antivirals is whether  intranasal administration  is sufficient, which  in  turn, depends on the 
principal site(s) of initial acquisition. Intranasal interferons (IFNs) protect against rhinovirus and 
likely common respiratory coronavirus illness. However, neither intranasal IFN nor  intranasal 
zanamivir  prevent natural influenza illness. In contrast, inhaled zanamivir  is highly effective for 
prevention of influenza illness (75-80% in  household contacts). It remains to be  determined 
whether  antivirals administered intranasally (i.e. protecting only the nose) might prevent some 
SARS-CoV-2 infections. Inhaled investigational agents like IFN-beta, which  has shown  some 
efficacy in hospitalized COVID-19 patients, and when  available, inhaled remdesivir  may prove 
effective in prevention and early treatment.  

 
 

 

 



LESSONS FROM OTHER VIRUSES AND PREPARATION FOR THE FUTURE 

alternative routes of administration may also be considered. Notably, intranasal and pulmonary 
administration appears a promising strategy for SARS-CoV-2 antiviral delivery where ACE2 
receptor distribution is implicated in initial infection and subsequent pathology71. 
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 It has proven difficult to establish structure-activity relationships for nucleoside/nucleotide 
analogs, consequently nucleoside discovery generally is a trial and error process. The current 
approach is to simply introduce modification on the base  or  ribosugar, and then test each 
derivative for activity. In addition, nucleosides require multistep metabolic activation for  
conversion to the 5’-triphosphate derivative in order  to be inhibitory. This effort can be  a challenge 
as metabolic activation varies between  different cell types, which  makes selection  of assay types 
and cell types a challenge for downstream evaluation. Further, the delivery of nucleosides to the  
target tissue of interest can be  a challenge. However, there is a wealth of historical data that 



 An obvious target is viral and host proteases, as these proteins are important for viral entry and 
processing. Of benefit is that libraries of HIV and HCV protease  inhibitors provide a logical starting 
point for  synthesis. Repurposing protease  inhibitors provides an  invaluable and rich  resource 
especially for 



  

   

 

  
 

      
 

 

 
   

  
 

  
 

 
 

 
  

   
  

 

 
  

 
 

SUMMARY AND PERSPECTIVES 

Preclinical Tools 
When choosing the preclinical tools to test compounds in vitro and in vivo, the choice of cell 

type is crucial for cell assays. Orthogonal assays as well as AI are necessary tools to complement 
discovery efforts75. In vivo models can be problematic but are ultimately helpful for therapeutic 
development. In vivo models can help determine if a drug is capable of engaging a target tissue. In 
particular, animal models provide a critical true tool for the assessment of drug distribution, e.g. 
site of viral replication is essential. Further, the half-life, oral bioavailability, metabolism, 
distribution, microsomal stability, etc. can all be evaluated in animal systems76



  
 

 
 

  

   
   

 

 

 

 
 

SUMMARY AND PERSPECTIVES 

Ultimately, for the development of any drug, the most important factor is to guarantee that the 
lead is safe for human administration78. As emphasized, the early stages of the drug discovery and 
development process should include considerations regarding what the final product insert will 
recommend as the indication. Considerations would include: will a compound be used for 
prophylaxis? What formulation options are required according to the route of delivery? Drug 
delivery to the site of viral replication/disease must be included in the development pathway and 
crucial treatment paradigm. Establishing these goals at the outset ensures the appropriate design, 
particularly outpatient or inpatient, with or without multiorgan involvement. In the medicinal 
chemistry field these are referred to as “target product profiles.” The breadth of knowledge critical 
for drug discovery and development is vast. A translational science approach with a combination 
of skill sets from virologic and immunologic backgrounds as well as chemistry, toxicology, and 
other fields are important factors of success. 

Forming Partnerships 
Forming product development partnerships (PDPs) around direct acting antivirals is a 

powerful means of rapidly discovering and developing antiviral therapeutics. PDPs are synergistic 
initiatives between academic innovators at the cutting edge of their discipline and 
biotechnology/pharma-based drug developers, who can rapidly move clinical development 
candidates forward through preclinical and into clinical development79. Formation of these 
partnerships is absolutely necessary to maximize the possibility of success in a time and 
cost-efficient manner. Working with regulators during a pandemic is also important. Defining the 
resources that are needed and are already available is key. Both NCATS and NIAID have preclinical 
development resources that are readily accessible. 
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RESOURCES 

National Institutes of Health Accelerating COVID-19 Therapeutic Interventions and Vaccines (NIH 
ACTIV) 

• In  response  to  the  emergence  and rapid spread of the     SARS-CoV-2 virus   and of   the  
Coronavirus  Disease  2019  (COVID-19),  NIH  ACTIV  brought  together  senior  members  of  the 
National  Institutes  of  Health  (NIH),  the  biopharmaceutical  industry,  the  U.S.  Food  and  Drug 
Administration  (FDA),  the  European  Medicines  Agency  (EMA),  and  academic  researchers  
to estab lish  a  new  biomedical  research  PPP to   coordinate  respond to   COVID-19 and to   plan  
for  future  pandemics. 

• ACTIV  working  groups  have  been  evaluating  potential  new  therapeutics  for  preclinical  and  
clinical  development.  Sponsors  are  encouraged  to  submitted  agents  to  the  therapeutic 
agent  survey  portal  for  expert  review,  guidance,  and  potential  support  for  further  efforts  
(e.g.,  inclusion  in  one  of  the  ACTIV  managed  master  protocols). 
(https://redcap.ncats.nih.gov/redcap/surveys/index.php?s=DAE87WPTE7) 

• Description  of the  ACTIV  clinical  trial  master  protocols  and  additional  resources  to guide   
preclinical  and  clinical  research  on  SARS-CoV2  can  be  found  at  
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RESOURCES 

National Institute of Allergy and Infectious Diseases (NIAID, continued) 
• In addition  to grants  and contracts, NIAID also offers a  range of basic, preclinical, and 

clinical resources for the scientific community to advance   product development. 
Information on  these services can be found at 
(https://www.niaid.nih.gov/research/resources). You do not need NIH funding to utilize  

these  resources. 

• The National Biocontainment Laboratories (NBLs) and Regional Biocontainment  
Laboratories (RBLs) provide BSL-4/3/2 and BSL-3/2 biocontainment facilities, respectively,  
for research  on biodefense and emerging infectious disease agents. Investigators in 
academia, not-for-profit organizations, industry, and government studying biodefense an



 
  
  
  
  
  

 
  
  
  
    
  

RESOURCES 

National Center for Advancing Translational Sciences (NCATS, continued) 
• The NCATS COVID-19 OpenData Portal:  NCATS has been generating a collection of datasets 

by screening a pane l of SARS-CoV-2-related assays against ~10,000 
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