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A. Personal Statement

The principal goal of this proposal is to support my continued career development towards becoming an independent academic scientist, by providing financial burden relief by repaying my educational debt. The research and training activities described are a part of a K23 Career Development Award (AI127909) and are designed to promote my successful transition from being a mentored to an independent research scientist, studying the immunobiology of diseases of poverty affecting children, such as dengue fever and malaria. My mentoring team and I have designed a training plan consisting of specific objectives that will provide me with practical experience conducting international research, specialized skills using mass cytometry for immunologic research, and expertise in studies of human adaptive immunity. To achieve these objectives, we have developed a research plan to investigate whether during dengue virus (DENV) and Plasmodium falciparum (Pf) co-infection, Pf-mediated B cell dysregulation steers maturation of DENV-naïve B cells toward becoming atypical memory B cells (aMBCs), which are less responsive to stimulation, leading to impaired development of or rapid loss of anti-DENV IgG. We will investigate this hypothesis in Aim 1 by characterizing the kinetics of anti-DENV IgG development after DENV infection in solo- or Pf co-infected children. We will enroll febrile Kenyan children with DENV infection, with or without Pf co-infection, and assay anti-DENV antibody quantity, avidity, and neutralizing activity from serial blood samples collected over a course of a year. In Aim 2, we will use mass cytometry to profile the longitudinal development of aMBCs after DENV solo- or DENV/Pf co-infection. Together, the data collected will answer the question of whether concurrent Pf infection impairs development of anti-DENV antibody responses in an antigen non-specific manner. The results may raise the question of whether and how Pf co-infection might affect other vaccine-elicited serum antibody responses, which will provide important considerations in the planning for future vaccine development and deployment in this vulnerable population.
[bookmark: _GoBack]The project is designed to leverage the expertise that I have developed characterizing human antibody responses to encapsulated bacteria and mosquito-borne viruses, to pave a road toward deeper investigation into the immunopathogenesis of DENV/Pf co-infection, while providing me the opportunity to develop the practical epidemiologic research experience that is necessary for me to develop and conduct an independent global health research program. Since 2014, when I started working with my current mentor, Dr. LaBeaud, I have acquired important skills that qualify me to conduct the proposed collaborative international research. I have successfully worked with her collaborators to coordinate human subjects protections compatible with the institutional review boards of our home institution and that of her collaborators at Case Western Reserve and Emory universities, as well as the scientific and ethical review unit of her collaborators at the Kenya Medical Research Institute (Emerging Infectious Diseases, 2017). These experiences have prepared me to conduct the clinical study described in the present proposal. In preparation for my upcoming study, I have had opportunity to initiate and execute a study in an international setting in its entirety, while still benefiting from Dr. LaBeaud’s expertise and guidance in anticipating and resolving potential conflicts. An important part of this experience is coordinating my collaboration with Dr. Ndenga and our Kenyan colleagues. I have further prepared for the proposed epidemiologic research by taking formal coursework as part of my Masters Program in Epidemiology and Clinical Research, funded by Spectrum, supported by Stanford’s Clinical and Translational Science Award. 
My extensive experience performing human antibody studies makes me well qualified to successfully execute the experiments described in Aim 1 and to innovate solutions to problems that may arise. I have a record of developing novel solutions to evaluate human serum antibody function, from incorporating affinity depletion techniques to dissect antibody responses against individual antigens in polyclonal sera from human subjects immunized with a multivalent vaccine (Vaccine, 2011), to conducting antibody avidity assays similar to those described in Aim 1 (Clinical Vaccine Immunology, 2006, Journal of Infectious Diseases, 2006), to development of ex-vivo human whole blood and transgenic rat infection models (Infection and Immunity, 2012).
Although I do not have previous experience performing mass cytometry, I have had ample experience performing fluorescence-assisted cytometry, including sorting and characterization of single cells to map antibody epitopes (Scientific Reports, 2012), which forms a solid foundation for me learn from my co-mentor, Dr. Maecker, a pioneer in mass cytometry.
In summary, the proposed study will build on my previous clinical and translational research experiences by providing me the opportunity to obtain practical experience in conducting research in international settings, under the mentorship of a successful clinical epidemiologist with over ten years of experience conducting human subjects research internationally in resource-restricted locations. Additionally, it will offer me the opportunity to capitalize on cutting edge technology available at Stanford and learn from a pioneer in mass cytometry. 
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B. Positions and Honors

Positions and Employment
2000-2002		Residency, Pediatrics, PL-1 & 2 years, Children’s Hospital & Research Center Oakland, CA
2002-2006		Postdoctoral Research Fellow, Children’s Hospital & Research Center, CA
2006-2007		Residency, Pediatrics, PL-3 year, Children’s Hospital Oakland, CA
2007-2009		Fellow, Pediatric Infectious Diseases, Emory University School of Medicine, Atlanta, GA
2009-2014		Assistant Staff Scientist, Children’s Hospital & Research Center Oakland, CA
2014-2014		Associate Staff Scientist, Children’s Hospital & Research Center Oakland, CA
2014-present	Instructor, Pediatric Infectious Diseases, Stanford University School of Medicine, CA

Other Experience and Professional Memberships
2005			Member, American Society for Microbiology
2006			Member, American Academy of Pediatrics
2007			Member, Infectious Diseases Society of America
2007			Member, Pediatric Infectious Diseases Society
2008-2009		Resident Liaison, Section on Infectious Diseases, American Academy of Pediatrics
2015			Member, American Society for Tropical Medicine and Hygiene

Honors
2004			Best Poster by a Postdoctoral Fellow, 14th Int. Pathogenic Neisseria Conf., Milwaukee, WI
2006			Finalist, Best Poster, Bay Area Clinical Research Symposium, San Francisco, CA
2008			Fellow Teacher of the Year, Emory Pediatric Residency Program, Atlanta, GA
2016			Spectrum KL-2 Scholar, Stanford University School of Medicine, Stanford, CA

C. Contributions to Science

1. Dengue virus (DENV) remains the most common mosquito-borne infection worldwide. However, limited surveillance for DENV, in Kenya and other sub-Saharan African countries, risks underestimation of DENV infection and over-diagnosis of malaria as the cause for acute febrile illness. As part of a study to define the burden of arbovirus infection in Kenya, between 2014 and June 2015, we identified clusters of PCR-confirmed DENV infection in children, who carry a disproportionate burden of DENV-associated morbidity and mortality. These cases were mostly serotype 1 strains, but we observed all four serotypes during this period, including some subjects with RNA from two different DENV serotypes. In a separate study in coastal Kenya, we measured neutralizing antibody against DENV and, to evaluate assay specificity, West Nile virus (WNV) in serum samples that tested positive for serum anti-DENV IgG by ELISA. Out of 937 samples tested, 493 (52.6%) neutralized DENV, and 104 (11.1%) neutralized WNV. 23% and 17% of children ≤ 10-years had serum neutralizing antibody to DENV and WNV, respectively, indicating that DENV and WNV transmission has occurred in this region within the past decade. These results suggest that ongoing DENV and WNV transmission continues on both the coastal and western regions of Kenya and supports a need for routine arboviral surveillance in the area in order to detect and respond to future outbreaks.
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2. My early contributions to science concerned meningococcal vaccine effectiveness, immunologic memory, and persistence of protection after vaccination with meningococcal polysaccharide protein conjugate vaccines. Our studies advocated the exclusive use of human serum as a source of complement in in vitro bactericidal assays, which are used to estimate protection in humans against developing meningococcal disease, at a time when the use of rabbit serum was widespread due to its commercial availability. However, we have since learned that Neisseria meningitidis binds the human serum complement down-regulator, factor H (fH), as an immune evasion mechanism that confers the bacteria serum-resistance. Meningococcal binding of fH is species-specific for human fH, so bactericidal assays that were conducted using rabbit complement overestimated protection against meningococcal disease because the bacteria were more susceptible to killing in the absence of human fH. The use of human serum as the source of complement in bactericidal assays has since become the FDA standard for licensure of new meningococcal vaccines. And our report of decreased protective bactericidal antibody activity 3 years after immunization of adolescents with the quadrivalent meningococcal conjugate vaccine was cited by the CDC Advisory Committee on Immunization Practices as evidence to support their 2010 recommendation to give a booster dose to adolescents.

Vu DM, Welsch JA, Zuno-Mitchell P, Dela Cruz JV, and Granoff DM. 2006. Antibody persistence 3 years after immunization of adolescents with quadrivalent meningococcal conjugate vaccine. Journal of Infectious Diseases 193:821-828.

3. A now-licensed meningococcal vaccine containing multiple components elicited protective bactericidal antibody activity against group B meningococcal strains. However the individual contributions of antibodies elicited by each of the antigens toward the overall observed bactericidal activity was unclear. To study the functional contribution of antibodies against two of the antigens, factor H binding protein (fHbp) and Neisseria heparin binding antigen (NHba), we used affinity depletion to remove antigen-specific antibody from polyclonal sera from immunized adults. We demonstrated that the antibodies to fHbp and NHba cooperated to augment bactericidal activity. This is an important finding that suggests that eliciting antibodies to multiple different targets on the bacterial surface may enhance vaccine-elicited protection, and provides support for designing vaccines that target multiple surface antigens.
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4. Neisseria meningitidis binds fH, which down-regulates the activation of complement on the bacterial surface and enhances its survival. Meningococcal binding of fH is specific for human fH, which likely contributes to the species-specificity of meningococcal disease. To better study the role of human fH binding in meningococcal pathogenesis, we developed an in vivo model of meningococcal bacteremia using transgenic rats that express human fH. This model facilitated the discovery of a previously unknown meningococcal ligand for binding human fH and has provided useful insight and data for a total of 5 publications thus far. 
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5. Using the human factor H transgenic rat model of meningococcal bacteremia, we discovered the existence of additional meningococcal ligands for binding of fH. Two meningococcal ligands for binding fH, fHbp and NspA, were known to bind specifically to human fH. We challenged human fH transgenic rats with a group B meningococcal strain along with its isogenic fHbp and NspA knockout mutant, and the mutant still caused bacteremia. The same wild-type strain did not cause bacteremia in wild-type rats. This led to studies that determined that there was a third meningococcal ligand for binding fH, porin B. This emphasized the importance of binding of human fH by meningococci as a mechanism for immune evasion. 
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D. Research Support

Ongoing Research Support

7/18 – 6/23	NIH, K23 AI127909; Mentored Career Development Award; Modulation of the B cell response to dengue virus infection by Plasmodium falciparum co-infection; Goal: To investigate the influence of Plasmodium falciparum exposure on development of memory B cell response to dengue virus after acute infection in Kenyan children. Role: PI.

7/18 – 6/19 	Maternal & Child Health Research Institute; Instructor K Award Support Program Award; Modulation of the B cell response to dengue virus infection by Plasmodium falciparum co-infection; Goal: To investigate the influence of Plasmodium falciparum exposure on development of memory B cell response to dengue virus after acute infection in Kenyan children. Role: PI.	

Completed Research Support

7/16 – 6/18	Spectrum KL2 Mentored Career Development Award*. Goal: To investigate the clinical characteristics of Kenyan children who have concurrent dengue and Plasmodium falciparum malaria infection, and to develop a clinical assessment tool to evaluate disease severity in dengue and/or malaria infected individuals. Role: PI.

	*This was awarded by Spectrum, the Stanford Center for Clinical and Translational Research and Education, which is supported in part by NIH KL2 TR001083 and UL1 TR001085 awards (PI: Harry Greenberg, MD)

7/15 – 6/17	NIH, L40 AI057605 Pediatric Research Loan Repayment Program Award: Development of an ex-vivo dengue whole blood infection model; PI: David Vu, MD; Goal: to develop a model of dengue virus infection using human whole blood. Role: PI

1/16 – 12/16 	Child Health Research Institute Pilot Early Career Award: Immunomodulation of acute dengue virus disease by concurrent malaria infection; PI: David Vu, MD; Goal: To investigate differences in clinical disease in children infected with dengue virus, malaria, or concurrently with both. Role: PI

7/12 – 1/14	NIH, R01 AI099125. Mutant meningococcal factor H binding protein vaccines; PI: Peter Beernink, PhD; Goal: To develop novel vaccines based on the factor H binding protein antigen in Neisseria meningitidis. Role: Co-investigator

7/03 – 6/06	NIH, F32 AI056828; Improved meningococcal vesicle vaccines; PI David Vu, MD; Mentor: Dan Granoff, MD; Goal: This is a Ruth L. Kirschstein National Research Service Award.  The goal of the project was to develop improved meningococcal vesicle-based vaccines. Role: PI

NIH, L40 AI057605 Pediatric Research Loan Repayment Program Award			
7/03 – 6/06		Improved meningococcal vesicle vaccines

