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DISCLAIMERS



➢ Conventional animal models often fail to accurately replicate human immune 
responses. 

➢ Numerous vaccine candidates demonstrating strong efficacy in animals failed to 
replicate those protective effects in human clinical trials 

The Need for Better Models: Limitations of 
conventional animal models
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animal models
Human-immune system 

   DRAGA mice Humans

Human-Immune-System humanized mice as “surrogate in-vivo human” model
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HUMAN-IMMUNE-SYSTEM MICE
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DRAGA Mice 
(HLA-A2.HLA-DR4.Rag1KO.IL2RgcKO.NOD)
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▪ Super-Immunodeficient mouse strain generated at NMRC
▪ Able to engraft human hematopoietic stem cells from cord blood 

▪ Express transgenically HLA class I and class II molecules
▪  Needed for development of functional human T cells
▪  Needed to support human B cell Ig class switching and antibody production

▪ Reconstitute a functional human-immune-system, human epi/endothelial cells and hepatocytes 

from infused human hematopoietic stem cells from umbilical cord blood

▪ Sustain infection with human pathogens (including but not limited to Plasmodium 

falciparum/vivax, HIV, scrub typhus, influenza A, dengue, SARS-CoV-2, Hantaan virus, and Zika 
virus)

▪ Elicit protective human cellular and antibody responses upon vaccination

▪ A “surrogate in vivo human model” for testing safety, immunogenicity, and efficacy of human 
vaccines/immunotherapeutics to protect the warfighter and the public



OUTLINE
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PART III: DRAGA mice as a rapid platform for generation of therapeutic  

human monoclonal antibodies

PART II: DRAGA as a “surrogate” in vivo human model for human infectious                     

diseases

PART I: Generation of Human-Immune-System humanized DRAGA mice 



DRAGA MICE GENOTYPE
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Genotype Outcome Purpose

NOD Permissive strain Favor human HSC engraftment

Rag1 KO No mouse T and B cells
To prevent the rejection of human  HSC cells

IL-2 receptor γ chain KO No mouse NK cell activity

HLA-DR4 transgenic
Human HLA class-II and I 
expression of the mouse 
thymus

Development of human CD4 T cells

HLA-A2 transgenic Development of human CD8 T cells

• Danner et al. PLoS One 6(5):e19826 (2011)

•    Majji et al. Sci Rep 6:28093 (2016)
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HLA-matched
Umbilical cord blood

Human-Immune-System Reconstitution
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1.

2.

Human CD4 T cells Human CD8 T cells Human  Tregs Human  B cells

3-4 months

IgG1
IgG2
IgG3
IgG4

Serum levels of human IgGs

Human HSC enrichment

T-cell depletion
1-2x105 hCD34+/mouse

Human-Immune-System

➢ Human monocyte/macrophages, human dendritic cells, human neutrophils, human microglial cells, and human Kupffer cells

HLA-matched hHSCs from umbilical 

cord blood

HUMANIZATION PROCEDURE

(Photo courtesy of charlestonmoms)



Human T Follicular Helper Cells and 
Peyer’s patches in gut
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HUMAN MONOCYTES/MACROPHAGES
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HUMAN LUNG CELLS EXPRESSING ACE2
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Hum Vacc Immunother 18(5):2048622, 2022
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Liver

(Photo courtesy of Pixabay)

Malar J. 13: 386 (2014). 

HUMAN ENDOTHELIAL CELLS



HUMAN HEPATOCYTES
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human monoclonal antibodies

PART II: DRAGA as a “surrogate” in vivo human model for human infectious                     
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PART I: Generation of Human-Immune-System humanized DRAGA mice 



INFECTION WITH HUMAN PATHOGENS
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• Malar J. 13: 386 (2014). 
• Sci Rep 5:10443 (2015).
• AIDS Res Hum Retroviruses. 32:109-19 (2016)
• Sci Rep 6:28093 (2016)
• Front Immunol. 8:1405 (2017)
• Ebiomedicine  doi:10.1016/j.ebiom (2017)
• Hum Vaccin Immunother doi:10.1080/21645515  (2018)
• J Immunol Methods 454:40 (2018)
• Mal J. 17:114 (2018)
• Front Immunol. 9:816 (2018)
• Hum Vacc Immunother. Doi:10.1080/21645515 (2020)
• Front Immunol 13:1047277 (2022)
• Hum Vacc Immunother 14:1367566 (2024)
• J Immunol. 214(11):3017-3027 (2025). 
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HUMAN ANTIBODY
 RESPONSES 

(Photo courtesy of IndiaMART)



HUMAN CELLULAR
 RESPONSES 
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DRAGA Mice for Infectious Diseases
 and Therapeutic Testing
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Human immune system

Testing  safety, immunogenicity and protective efficacy of 
human vaccine/immunotherapeutics

Infection with 
human pathogens
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Protection against 
pathogen challenge
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Mouse origin Human origin: Source

Mouse mAbs Genetically-engineered

Mouse mAbs

• Blood

• Phage/yeast display
• DRAGA mice

✓ Minimal immunogenicity

✓ Multiple treatments possible (high-level efficacy)                                                             

✓ Improved serum half-live

FDA-APPROVED mAbs



DRAGA MICE AS A RAPID PLATFORM FOR
 HU-MAB GENERATION
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1. Vaccination (non-pharmaceutical grade)

2.  Experimental Infection with Human Pathogens
3. Recover human B cells from spleen/bone marrow

Human Immune System

4. Generation of human mAbs

                      

(Photos courtesy of kauveryhospital)
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✓ P. falciparum CSP

✓ P. vivax CSP

✓ HA cross-reactive (influenza A)

✓ Orientia Tsusugamushi major protein
✓ Ebola GP

✓ SARS-CoV-2 spike protein

✓ Hantavirus GP

✓ Crimean-Congo Hemorrhagic fever GP

✓ Severe Fever with Thrombocytopenia syndrome GP

     VH/VL Nucleotide sequencing 
        

           Immunocharacterization 
      (epitope mapping, binding avidity)

            In vitro functional activity

                     In vivo (DRAGA)
                            efficacy

Efficacious hmAbs

Strategy for hmAb down-selection

CLINICAL TRIALS

Hu-MABs GENERATED
 FROM DRAGA MICE



SUMMARY: DRAGA MICE
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✓ Reconstitute human cells by infusion of human hematopoietic 
stem cells from umbilical cord blood

✓ Establishes a robust, highly translational pre-clinical model for 
the rigorous evaluation of human vaccine candidate safety, 
immunogenicity, and protective efficacy. 

✓ Serves as an accelerated, high-throughput mechanism for the 
rapid in vivo generation of therapeutic human monoclonal 
antibodies. 
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