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Overview

• Development of the NHP model: challenges & obstacles

• Examples of NHP studies: proof-of-concept
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COVID-19: Accelerated timeline
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Ideal  animal  model  of  HUMAN VIRAL diseases

• Similarities in host

• Same (or similar) virus

• Similar d isease



Animal models of SARS-CoV-2

• Transgenic mice
• Syrian hamsters

• Ferrets & cats

• Nonhuman 
primates

Similarities to humans

Availability

Macaques
AGM, Baboons, marmosets,….



SARS-Cov-2 infectonof  Macaques: 
r ecapitul ates major ity of  human covid-19 cases

• Clinical signs: mild-moderate

• Replication in upper & lower respiratory tract

• Innate & inflammatory responses

• Radiology & histology: pneumonia

• Antiviral immune responses, incl. neut. antibodies

• Immune to rechallenge

Model to test interventions



Natural History of SARS-CoV-2 infection

bmj | BMJ 2020;371:m3862 | doi: 10.1136/bmj.m3862Viral response

Immune response



Scientific challenges

• Mimic human SARS-CoV-2 
infection

• High variability
• Treatment is only needed for 

minority (severe cases).

?

Proof of concept

A practical animal model
• Mostly mild-moderate disease
• Low animal numbers
• Try to reduce variability
• Surrogate markers



Considerations: NHP models for  therapeutics
• High-dose challenge models: intranasal + intratracheal
• Peak virus replication early (~ 1-2 days)
• Considerable variability (outbred species, inoculation, sampling,…)
• Pre-exposure versus post-exposure

virus

time

Pre-exposure (or early post-exp)

Intervention

virus

time

Post-exposure
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Monitor ing SARS-CoV-2 infected animals

Clinical signs

Imaging 
(X-ray, PET-CT,…)

Virus replication
• Upper respiratory tract
• Lower respiratory tract

Lung histology



Lung histology scor ing

• Septal cellularity: interstitial pneumonia
• # alveolar macrophages
• # alveolar neutrophils
• interstitial fibrosis 
• type 2 hyperplasia
• pleuritis

Formalin drip infusion of lung



Challenges of lung Histology scor ing



Lung HISTOLOGY scor ing 



Therapeutic interventions against SARS-CoV-2

• Antiviral drugs

• Antiviral antibodies:

• Convalescent plasma

• Monoclonal antibodies

• Anti-inflammatory



Antivir al: Remdesivir

Nature, Sept. 2020
Hashemian SM, Farhadi T, Velayati AADove Medical Press

Remdesivir: phosphorylated, incorporated,
then causes RNA chain termination

mechanism of action

https://orcid.org/0000-0002-0768-9168


Therapeutic efficacy of r emdesivir

Day 0
Day 7

12 h

Remdesivir

• Infection with SARS-Cov-2
• Treatment with remdesivir (10 mg/kg IV) starting 

12 h post SARS-CoV-2 infection
• Reduced clinical scores
• Reduces radiographic scores



Therapeutic efficacy of r emdesivir
• Reduced virus replication in lung
• Reduced pneumonia

Viral RNA in BAL Infectious virus in BAL Viral RNA in lung lobes



Remdesivir

“clinical improvement should not be interpreted as a lack of infectiousness”

Viral RNA

Infectious  virus

no effect on viral shedding in mucosal secretions



Remdesivir

• Faster median recovery time (10 days versus 15 days)
• Moderate reduction on mortality

Hospitalized patients

October 22, 2020

May 4, 2020: 
FDA Emergency Use Authorization



Passive immunization

Convalescent p lasma (CP)Monoclonal antibodies

Neutralizing antibodies 

https://www.wired.com/story/tr ials-of-pla sma-from-recovere d-covid-19-pat ient s-have-begun /



Monoclonal Antibodies

2 mAbs given either – 3 days or + 1 day

• Reduced virus replication in upper & lower respiratory tract
• Reduced lung pathology



EmergenyUse Author ization of MAB’s
Nov 10, Nov 21, 2020



Convalescent plasma

August 23, 2020
FDA Emergency Use Authorization

Early treatment with CP with high neut titers provides benefits

(unpublished NHP data)

+



Anti-inflammatory tr eatment: Bar icitinib

Cell, 2021



Bar icitinib
• JAK1/2 inhibitor: anti-inflammatory; reduces hypercytokinemia
• Oral tablet
• Used to treat rheumatoid arthritis 

https://www.prescriber.co.uk/article/ janu s-kina se-in hib itor s-auto immune-d isorder s/



Bar icitinib: Exper imental design & Results

Reduced lung inflammation

No difference in viral replication



Bar icitinib+ Remdesivir

Efficacy of baricitinib + remdesivir >  remdesivir alone

• Faster median recovery time 
• Reduction on mortality

Hospitalized patients

November 19, 2020



Conclusions + Future dir ections
• NHP model: proof-of-concept 

• Other antiviral & anti-inflammatory & other compounds

• Combination therapy

• Inhalation therapy:
• Lower cost
• Self-administered inhaler devices
• Likely to be effective for prevention & early treatment



Thank you
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