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Define the key disease 
characteristics in  humans that 
we are trying to prevent and 
model in animals

Outline

Define the right species to 
recapitulate  human disease 

Define challenge route, dose, 
and strain

Standardize animal model for 
reproducibility

Conduct standardized animal 
testing though CROs

Define measurable endpoints 
in animals that can help 
elucidate correlates of 
protection



Natural History 

• The “course a disease takes in the 
absence of intervention in 
individuals with the disease, from 
the disease’s onset until either the 
disease’s resolution or the 
individual’s death” (US 
FDA/CDER 2019)

Principles and Practice of Emergency Research Response, 
2024 

https://link.springer.com/chapter/10.1007/978-3-031-48408-7_28#ref-CR34


Importance of understanding natural 
history of IDs

Optimizing Patient Care and Care 
Guidelines

Rational Design and 
Implementation of Clinical Trials  
(who, when, what, how)

Development of in vitro assays and 
animal models for  evaluation of 
countermeasures

https://www.sciencedirect.com/science/arti
cle/pii/S0753332220306867?via%3Dihub



Define the right animal species

What animal species can be infected with the pathogen with 
minimal adaptation?

Does the infection results in clinical manifestations similar to 
humans? 

Are the outcomes in the model measurable? 



Common limitations of animal models
• Require adaptation of pathogens
• Require partially immune-compromised animals  
• Do not have appropriate receptors or receptor distribution
• Induce different immune responses to humans

• Different kinetics of innate and adaptive responses
• Immune repertoire and TLR distribution
• Differ in mucosal and systemic immune response

• Require non-physiological challenge doses and routes 
• Cost, availability, reagents

• For efficacy demonstration, animal model data should be used in 
conjunction with other datasets to best inform regulatory decision-
making

• It’s the totality of the data that should be considered  

Non-human primate 
models are usually the 
best animal models to 

replicate human disease



Zika Animal models: AG129 mice

Justin Julander, Utah State University





Animal models can help elucidate 
disease in humans  

Ma et al., 2016



Define measurable endpoints that relate to the 
desired type of vaccine “protection”

Endpoints
• Survival
• Viremia
• Viral load in tissues/organs
• Pathological assessment

• Lesions in organs
• X-rays
• Oxygen levels in lungs

• Clinical assessment
• Weight loss
• Temperature
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Protection against:
• Death
• Clinical disease 
• Congenital disease
• Transmission



• Whenever possible use physiologically relevant challenge routes to induce 
measurable disease

• E.g. IN and/or aerosol for respiratory infections
• Highly artificial challenge routes (e.g IP or IC) not very useful to predict 

efficacy
• Ideally use clinical isolates (minimally passaged and whose sequence has 

been confirmed and standardized) as challenge strains
• Conduct dose-down studies to discover lowest possible dose to induce 

physiologically relevant disease
• Large challenge doses are unnatural and can overcome immunity of 

vaccines that under normal, real-life situations would be protective

Define route, strain and challenge dose



Influenza in Ferrets:  How Realistic is the 
Model?

Natural infection -dose ≈ 1?? – 3.0 pfu Ferret model – dose = 106 pfu

Human disease kinetics: incubation period 2-7 days for H1N1. 

Would lower dose effect disease kinetics and pathogenesis?

Increased sensitivity for evaluation of vaccines and therapeutics

Slide credit:
Miles Carrol, Oxford U.



Influenza  Ferret  Model: 
Development of  Vaccines & Therapeutics

Natural infection - dose ≈ 1 – 3.0 pfu Ferret model – dose = 106 pfu

• 10 000 fold challenge reduction: Improved sensitivity
• Assessment of new correlates of protection

13 Development of authentic models leads to effective candidate down selection

Slide credit:
Miles Carrol, Oxford U.



Standardize the animal model for reproducibility

The Filovirus Animal Non-clinical Working Group 
(FANG)

Ebola NHP Model 
Standardization Effort (2011-2019)



Slide credit:
Kim Taylor, NIAID



Development of  Well Characterized 
Challenge Material (WCCM)

Strain Selection

 Regulatory perspective
USG 2012 data call

CDC Seed Stocks

Key selection criteria 

Production & 
Distribution

Standardized growth protocol 
Master & Working Viral 

Banks
 

Stocks Available in 
BEI Resources

Release, 
Characterization, 
Stability Assays

Standardized assays, i.e.
Plaque and TCID50

NGS
7U vs 8U

Certificate of Analysis

16Slide credit: Kim Taylor, NIAID



Immunogenicity Assay Standardization
• Develop, standardize, qualify, and 

validate a single immune assay

• Human anti-EBOV glycoprotein 
(GP) IgG Enzyme-Linked 
Immunosorbent assay (ELISA)

• DOD funded Battelle

• Collaboration with USG partners 
(NIAID & BARDA ) and product 
developers 

• DOD submitted a Master File to the 
FDA
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Slide credit:
Kim Taylor, NIAID



Assay standardization and strain 
characterization data was shared through 
publications
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Slide credit:
Kim Taylor, NIAID



The FANG leveraged existing NHP control data from 
vaccine studies to support IND submissions

• No formal natural history studies 
conducted for Ebolavirus Zaire Kikwit

• Multiple sponsors/ PDs were conducting 
vaccine immunogenicity and efficacy 
studies sites 

• Stringency/reliability of Model at 
different

• BSL-4 sites
• Challenge dose? (100 vs 1000 PFU)

• Collaborative effort with USG partners 
and vaccine developers

• Conducted meta-analysis of NHP control 
data under NIAID PCS

• NIAID sponsor/ submitted Master File 
to the FDA
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Slide credit:
Kim Taylor, NIAID
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Nonhuman primate to human immunobridging to infer the protective effect of an 
Ebola virus vaccine candidate

Nonhuman primate to human 
immunobridging to infer the protective effect 
of an Ebola virus vaccine candidate 
(nature.com)

https://www.nature.com/articles/s41541-020-00261-9.pdf
https://www.nature.com/articles/s41541-020-00261-9.pdf
https://www.nature.com/articles/s41541-020-00261-9.pdf
https://www.nature.com/articles/s41541-020-00261-9.pdf
https://www.nature.com/articles/s41541-020-00261-9.pdf


Reagents Repositories



22

CROs to conduct standardized animal testing- 
NIAID Pre-Clinical Models of Infectious Diseases

• Small animals – e.g., mouse, rat, hamster, ferret, rabbit 
• NHPs – rhesus, cynos, AGM, pig-tailed
• Non-traditional & animal replacement (organ on a chip)
• “Animal Rule”
• Model Development & Reagent Production
• Pivotal animal models

• GLP capability
• FDA interactions

https://www.niaid.nih.gov/research/pre-
clinical-models-infectious-disease

Slide credit:
Mark Williams, NIAID



• BSL-2 laboratories for early immunogenicity 
testing, including vaccine down-selection, and 
expanding toxicology capacity

• BSL-3 and -4 laboratories to handle CEPI priority 
pathogens (SARS-CoV, SARS-CoV-2, MERS-CoV and 
other coronaviruses, CHIKV, NiV, LASV, RVFV, 
Filoviruses, and various Disease X families) + other 
pathogens, including influenza viruses

• Expanding breadth into non-animal models (i.e., ex 
vivo, organoids, organ-on-a-chip, etc.)

• Small and large species, including NHP and 
agricultural species

• Compliance with high animal ethics standards 
https://www.nc3rs.org.uk/

• High-quality deliverables supported by established 
quality systems or well-documented through 
protocol-specified methods

The CEPI Preclinical Model Network (PMN)
The PMN is a global network of laboratories that serve CEPI preclinical needs from model 
development through IND-enabling vaccine testing

https://www.nc3rs.org.uk/
https://www.nc3rs.org.uk/



