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Biology 

Washington University (St. Louis, MO) Postdoctoral 06/2014 West Nile virus 
pathogenesis 

 
A. Personal Statement 
 
The overarching goal of my research program is to understand the immune mechanisms that act at anatomic 
barriers to restrict viral invasion and thereby determine viral tissue tropism and pathogenic mechanisms. This 
work stems from my postdoctoral research where I demonstrated that type III interferon (IFN-λ) promotes 
tightening of the blood-brain barrier and thereby restricts West Nile virus neuroinvasion. Since then, the paradigm 
in the field has become that IFN-λ, which is less potent and less inflammatory than IFN-αβ, provides front-line 
antiviral protection at anatomic barriers such as the respiratory tract, gastrointestinal tract, and the placenta; this 
allows IFN-λ to control many infections locally without invoking the deleterious side effects of the more potent 
systemic IFN-αβ response. The ability of IFN-λ to provide antiviral benefit while minimizing damaging 
inflammation makes it an attractive antiviral candidate, including against SARS-CoV-2. Ongoing research in my 
laboratory at UNC has found that during congenital Zika virus infection in mice, IFN-λ signaling protects against 
transplacental viral transmission but also mediates fetal pathology; other projects are investigating the antiviral 
and immunomodulatory effects of IFN-λ in the skin against vector-borne flaviviruses and against herpes simplex 
virus. We use a variety of mouse models in our research, including mice with defects in different immune 
signaling pathways and mice with selective ablation of IFN signaling in certain cell types. In addition to standard 
systemic infection models to study arbovirus pathogenesis, we use timed pregnancy models, vaginal infection 
models, and skin infection models to ask questions about antiviral immunity at anatomic barriers. Our studies of 
host genetic factors that influence susceptibility to neuroinvasive flaviviruses use the Collaborative Cross panel 
of recombinant inbred mice, leveraging the substantial expertise at UNC in mouse genetics and systems genetics 
approaches to investigate the pathogenic mechanisms of infectious diseases. 
 
In addition to these research objectives, I am actively involved in graduate training through the Biological and 
Biomedical Sciences Program and the Microbiology & Immunology department, serving as a co-mentor for our 
year-long first year group curriculum, teaching in our intensive grant-writing course, serving as a course director 
for MCRO 640 (Viral Pathogenesis), and serving as a lecturer for other courses. I have worked with colleagues 
at UNC and at Universidad Nacional Autónoma de Nicaragua (UNAN) in Leon, Nicaragua, to develop a new 
biomedical PhD program focused on infectious diseases (supported through D43 TW010923); in particular I led 
modules focused on virology and on molecular biology and am involved in mentoring UNAN students. In addition 
to teaching and modeling ethical research conduct in my own laboratory, I formally teach Responsible Conduct 
of Research topics in my role as a co-mentor in the BBSP First Year Group program, and through an RCR course 
offered by the Microbiology & Immunology Department (MCRO 721) targeted to 5th-year PhD students. I also 



serve as a member of our department’s Education and Training Committee, which oversees our graduate 
curriculum and qualifying exam, as well as training opportunities for postdoctoral fellows. In addition to pursing 
important scientific questions through molecular virology, cell culture, and mouse model approaches, I am 
committed to cultivating a laboratory culture that promotes critical thinking, experimental rigor, and 
professionalism. I take my responsibility as a mentor seriously and have taken advantage of mentor training 
programs offered through the UNC Office of Graduate Education. I am invested in the success of my trainees 
and strive to create an environment that builds upon their strengths, addresses their weaknesses, and positions 
them for success in the next stage of their careers. 
 
Complete list of published work in MyBibliography: 
http://www.ncbi.nlm.nih.gov/sites/myncbi/helen.lazear.1/bibliography/40027782/public/ 
 
Ongoing and recently completed projects that I would like to highlight include: 
 

R01 AI139512 The role of IFN-λ signaling in flavivirus transmission and pathogenesis at the maternal-fetal 
interface  
NIH/NIAID (PI: Helen Lazear)     01/01/2019 - 12/31/2023   
Project goals: define the protective and pathologic effects of interferon lambda signaling in the placenta 
and decidua in the context of congenital infections such as Zika virus and rubella virus; determine how 
differences between Zika virus strains contribute to their ability to cause disease. 
 
R21 AI145377 Identifying novel immune factors controlling flavivirus pathogenesis 
NIH/NIAID (PI: Helen Lazear)     07/01/2019 – 06/30/2021   
Project goals: use Collaborative Cross mice to identify polymorphic host genes that contribute to immune 
control of neuroinvasive flaviviruses such as Japanese encephalitis virus, West Nile virus, and Powassan 
virus. 
 
R21 AI144631 Protective immune mechanisms against Zika virus infection in the female reproductive tract 
NIH/NIAID (PI: Helen Lazear)     04/01/2019 - 03/31/2021   
Project goals: determine whether cross-reactive non-neutralizing antibodies can protect against vaginal 
Zika virus infection by promoting virion immobilization in mucus; develop a mouse model of Zika virus 
ascending transvaginal infection. 
 
R21 AI129431 Viral and host determinants of Zika virus tissue tropism  
NIH/NIAID (PI: Helen Lazear)     11/10/2016 – 10/31/2018    
Project goals: Evaluate the role of envelope protein glycosylation and IFN-λ signaling in controlling Zika 
virus invasion into specialized tissue compartments such as the central nervous system, eyes, testes, and 
fetus. 
 
D43 TW010923 Nicaraguan Emerging and Endemic Diseases (NEED) Training Program  
NIH/Fogarty (PI: Sylvia Becker-Dreps)   05/10/2018 – 02/28/2023    
Project goal: Establish a biomedical PhD program at Universidad Nacional Autónoma de Nicaragua, 
UNAN, León with a focus on virology and infectious diseases 
Role: Training Faculty for Biomedical Sciences PhD program at UNAN- León: develop virology curriculum 
and molecular biology curriculum, teach on-site and remotely, and contribute to mentoring of UNAN-León 
PhD students. 

 
B. Positions, Scientific Appointments, and Honors 
 
Positions and Employment 
2015-Present Assistant Professor. Department of Microbiology and Immunology, The University of North 

Carolina (Chapel Hill, NC). 
2009-2015  Postdoctoral Fellow. Division of Infectious Diseases, Washington University School of 

Medicine (St. Louis, MO). Advisor: Dr. Michael S. Diamond. 



2003-2009  Graduate Student. Cell and Molecular Biology Program, University of Pennsylvania 
(Philadelphia, PA). Advisor: Dr. Harvey M. Friedman. Thesis: The Roles of Glycoprotein E, 
Glycoprotein I, and Us9 in Neuronal Spread of Herpes Simplex Virus 

Awards and Honors 
2021   Burroughs-Wellcome Fund Investigator in the Pathogenesis of Infectious Diseases 
2020   Jefferson-Pilot Award in Academic Medicine, UNC School of Medicine 
2017  IBM Junior Faculty Development Award, UNC Office of the Provost 
2010-2011 Infectious Diseases Training Grant, Washington University (T32 AI007172) 
2003-2005  Cell and Molecular Biology Training Grant, University of Pennsylvania (T32 GM07229) 
2003   Peter Lougheed Scholarship, University of Alberta  

Professional Memberships 
2010-   Member: American Society for Virology 
2016- Member: American Society for Microbiology 
2018- Member: Canadian Society for Virology 

Editorial Board and Ad Hoc Journal Review Service 
2020- Reviews editor and Associate Editor: PLoS Pathogens 
2016- Editorial Board Member: Cell Reports 
 
Ad Hoc Reviewer (past 3 years): Cell, Cell Host and Microbe, Cell Reports, Cell Stem Cell, EMBO Journal, 
Emerging Infectious Diseases, Immunity, Journal of Clinical Investigation, Journal of Infectious Diseases, 
Journal of Neurovirology, Journal of Virology, mBio, mSphere, Nature Communications, Nature Medicine, 
Nature Microbiology, PLoS Neglected Tropical Diseases, PLoS Pathogens, PNAS, Science, Science 
Immunology, Science Translational Medicine, Virology 

Grant Review Service 
USA 

NIH ZRG1 IDIA-W (02) (March 2021) 
DOD CDMRP PRMRP COVID-M (July 2020) 
NIH IHD Study Section (Ad Hoc) (October 2019) 
NIH ZRG1 IMM-R(50) “US Brazil Collaborative Biomedical Research Program” SEP (July 2019) 
NIH ZRG1 IDM-P 90 “Zika virus complications” Early Career Reviewer (July 2017, Nov 2017, March 2018) 
NIH ZRG1 BDCN-R02 “Pathophysiology of eye diseases” SEP (June 2017, Feb 2018) 
NIH ZAI1 RRS M M3 SEP (April 2017) 

 
International 

Agence nationale de la recherche (France) Ad Hoc Review (June 2021) 
Wellcome Trust (UK) Postdoctoral Fellowship Review (Aug 2020) 
Israel Science Foundation Ad Hoc review (March 2017) 
Biotechnology & Biological Sciences Research Council (UK) Ad Hoc review (July 2016) 

 
C. Contributions to Science 
 
1. Developing new systems to study Zika virus pathogenesis. A constant theme in arbovirology is the 
emergence of new outbreaks when viruses that were once geographically restricted are introduced into new 
environments, for example the introduction of West Nile virus into North America in 1999 and chikungunya virus 
into the Caribbean in 2013. Knowing this, during my postdoctoral training I turned my attention to viruses that I 
considered to be likely candidates for wider emergence, with the goal of having systems in hand to study these 
viruses should an outbreak occur. Zika virus (ZIKV) was a prime candidate, having been the cause of outbreaks 
throughout Oceania since 2007, and being transmitted by the same Aedes mosquitoes that transmit dengue, 
chikungunya, and yellow fever viruses. I optimized a high-throughput assay for titering ZIKV samples, and 



established a mouse model of ZIKV pathogenesis, as no small animal models were reported in the literature. As 
these efforts were underway, ZIKV was detected in Brazil and subsequently spread throughout Latin America 
and the Caribbean creating a World Health Organization designated Public Health Emergency of International 
Concern. This outbreak, and in particular an unexpected association between ZIKV infection and birth defects, 
brought new urgency to ZIKV studies that I initiated as a postdoctoral fellow and have continued in my 
independent laboratory. We demonstrated that mice with deficient antiviral responses (e.g. Ifnar1-/-) are highly 
susceptible to ZIKV, providing an in vivo system to test potential vaccines and antivirals as well as serving as a 
basis for additional models of ZIKV pathogenesis. In collaboration with Ralph Baric, we developed a reverse 
genetics system for ZIKV; we are now are using this system to evaluate viral determinants of pathogenesis to 
inform our understanding of new disease phenotypes revealed during the 2015/2016 ZIKV epidemic in the 
Americas. We have worked with Aravinda de Silva to understand how cross-reactivity between antibody 
responses to dengue and ZIKV impacts disease. Ongoing work in my laboratory seeks to understand the viral 
and host factors that impact ZIKV pathogenesis, particularly the mechanisms that enable sexual and congenital 
transmission as these are unique features of ZIKV compared to other flaviviruses. 

 
#Corresponding author 

a. Lazear HM, Govero J, Smith AM, Platt DJ, Fernandez E, Miner JJ, Diamond MS. A Mouse Model of Zika 
Virus Pathogenesis. Cell Host Microbe. 2016. PMID: 27066744. PMCID: 4866885. 

b. Widman DG, Young E, Yount BL, Plante KS, Gallichotte EN, Carbaugh DL, Peck KM, Plante J, Swanstrom 
J, Heise MT, Lazear HM, Baric RS. A Reverse Genetics Platform That Spans the Zika Virus Family Tree. 
MBio. 2017. PMID: 28270583. PMCID: 5340872. 

c. Lazear HM#. What to Expect When You're Expecting Zika. Cell Host Microbe. 2017. PMID: 28279337. 
d. Collins MH, McGowan E, Jadi R, Young E, Lopez CA, Baric RS, Lazear HM, de Silva AM. Lack of Durable 

Cross-Neutralizing Antibodies Against Zika Virus from Dengue Virus Infection. Emerg Infect Dis. 2017. 
PMID: 28418292. PMCID: 5403059. 

 
2. Defining viral determinants of Zika virus pathogenesis. The emergence of Zika virus (ZIKV) in the 
Americas in 2015 was associated with new pathogenic phenotypes that had not been evident in earlier ZIKV 
outbreaks, most notably congenital infection. The explanations for the these new disease outcomes remain 
uncertain, but could include differences in the ZIKV strains circulating in the Americas compared to historical 
strains, genetic or immunologic differences in the human population, or the unprecedented size of the outbreak 
revealing rare outcomes of infection. Our work developing ZIKV infectious clone systems and mouse 
pathogenesis models enabled us to compare the virulence of different ZIKV strains. Our work showed that 
envelope protein glycosylation is a key determinant of ZIKV virulence but that this was attributable to enhanced 
replication in peripheral tissues, not to enhanced neuroinvasion as had been postulated from work with other 
flaviviruses. We also identified two different genetic determinants of virulence between two closely-related ZIKV 
strains. Unexpectedly, one of these determinants is based exclusively on the viral RNA sequence, not the amino 
acid sequence. Ongoing work seeks to identify the mechanism by which this RNA determinant mediates ZIKV 
virulence and to investigate the role of RNA features in replication and virulence of diverse flaviviruses. 
 

#Corresponding author 
a. Carbaugh DL, Baric RS, Lazear HM#. Envelope Protein Glycosylation Mediates Zika Virus Pathogenesis. J 

Virol. 2019. PMID: 30944176. PMCID: 6613755. 
b. Carbaugh DL, Zhou S, Sanders W, Moorman NJ, Swanstrom R, Lazear HM#. Two Genetic Differences 

between Closely Related Zika Virus Strains Determine Pathogenic Outcome in Mice. J Virol. 2020. PMID: 
32796074. PMCID: 7527068. 

c. Carbaugh DL, Lazear HM#. Flavivirus Envelope Protein Glycosylation: Impacts on Viral Infection and 
Pathogenesis. J Virol. 2020. PMID: 32161171. PMCID: 7269438. 

 
3. Interferon-λ restricts viral neuroinvasion by tightening the blood-brain barrier. The type I interferon (IFN-
α/β) system is a critical component of the innate immune response to many viral infections, and mice deficient 
in key components of this immune pathway rapidly succumb to viral infections, including West Nile virus (WNV). 
Type III IFN (IFN-λ), induces similar transcriptional responses as IFN-α/β, so as a postdoctoral fellow in Dr. 
Michael Diamond’s laboratory I investigated whether IFN-λ plays an analogous role in controlling WNV 
pathogenesis. I showed that while IFN-λ could induce the expression of canonical antiviral genes, this 
transcriptional response did not inhibit WNV replication in vitro. Although mice lacking the IFN-λ receptor (Ifnlr1-



/-) developed higher WNV burdens in the central nervous system, they displayed no increase in viral replication 
in peripheral tissues or in primary cells ex vivo, and had no apparent defects in adaptive immune responses. 
Collaborative work with Dr. Robyn Klein’s laboratory revealed that Ifnlr1-/- mice had a more permeable blood-
brain barrier after WNV infection, and that IFN-λ can act through a non-canonical signaling pathway to tighten 
endothelial cell junctions. I showed that treating mice with exogenous IFN-λ could reduce WNV infection in the 
brain and protect mice from lethality without affecting viremia, suggesting that IFN-λ can prevent WNV 
neuroinvasion by tightening the blood-brain barrier. This conclusion is important because it suggests a novel 
antiviral mechanism of interferons: tightening physical barriers to infection. Furthermore, it suggests that IFN-λ 
may be therapeutically useful in conditions where blood-brain barrier breakdown contributes to disease 
pathology. In the years since we made this discovery, there has been a growing appreciation of the role for IFN-
λ in maintaining spatially segregated antiviral signaling at anatomic barriers. 

 
#Corresponding author  *Equal contribution  

a. Lazear HM*, Daniels BP*, Pinto AK, Huang AC, Vick SC, Doyle SE, Gale M, Jr., Klein RS, Diamond MS. 
Interferon-lambda restricts West Nile virus neuroinvasion by tightening the blood-brain barrier. Sci Transl 
Med. 2015. PMID: 25904743. PMCID: 4435724. 

b. Lazear HM#, Schoggins JW, Diamond MS#. Shared and Distinct Functions of Type I and Type III 
Interferons. Immunity. 2019. PMID: 30995506. PMCID: 6839410. 

c. Lazear HM*, Nice TJ*, Diamond MS. Interferon-lambda: Immune Functions at Barrier Surfaces and 
Beyond. Immunity. 2015. PMID: 26200010. PMCID: 4527169. 

d. Casazza RL, Lazear HM#, Miner JJ#. Protective and Pathogenic Effects of Interferon Signaling During 
Pregnancy. Viral Immunol. 2020. PMID: 31545139. PMCID: 6978785. 

 
4. The roles of glycoprotein E, glycoprotein I, and Us9 in herpes simplex virus neuronal transport. Bi-
directional axonal transport between sensory neurons and epithelial cells is a key component of herpes simplex 
virus replication, as this virus establishes a life-long persistent infection in sensory ganglia, yet most clinical 
manifestations are due to viral replication at epithelial surfaces. When I began my graduate training in Dr. Harvey 
Friedman’s laboratory, we knew from animal models of infection that herpes viruses lacking the viral protein gE 
failed to spread to sensory ganglia from peripheral inoculation sites. I hypothesized that gE played a role in 
axonal transport of the virus, and tested this using in vitro and in vivo models of directional neuronal transport. 
These models included primary neurons cultured in compartmentalized chambers and a mouse retina infection 
system. This work showed that gE was dispensable for axonal transport towards the neuron cell body, and that 
the lack of spread to sensory ganglia observed in animals was due to a requirement for gE for spread between 
epithelial cells and neurons. In further work using these systems, I showed that gE and another viral protein, gI, 
mediated viral transport away from neuron cell bodies, similar to what had been observed for other related herpes 
viruses. Unexpectedly, I found that this was not the case for another viral protein, Us9, that contributes to this 
process in other herpes viruses, but was dispensable in herpes simplex virus. Understanding the viral proteins 
that mediate herpes simplex virus neuronal spread is important because a virus that can replicate at epithelial 
surfaces without infecting sensory ganglia would be an attractive vaccine candidate, leading the Friedman 
laboratory to pursue this idea with an industrial partner.  

 
*Equal contribution 

a. McGraw HM, Friedman HM. Glycoprotein E mediates HSV-1 spread between epithelial cells and neurites. 
Journal of Virology. 2009. PMID: 19279108. PMCID: 2682103. 

b. McGraw HM*, Awasthi S*, Wojcechowskyj JA, Friedman HM.  Anterograde spread of herpes simplex virus 
type 1 requires glycoprotein E and glycoprotein I but not Us9. Journal of Virology. 2009. PMID: 19570876. 
PMCID: 2738194. 

c. Lubinski JM, Lazear HM, Awasthi S, Wang F, Friedman HM. The herpes simplex virus type 1 IgG Fc 
receptor blocks antibody-mediated complement activation and antibody-dependent cellular cytotoxicity in 
vivo. Journal of Virology. 2011. PMID: 21228231. PMCID: 3067879. 

d. Wang F, Tang W, McGraw HM, Bennett J, Enquist LW, Friedman HM. Herpes simplex virus type 1 
glycoprotein E is required for axonal localization of capsid, tegument, and membrane glycoproteins.  
Journal of Virology. 2005. PMID: 16227258. PMCID: 1262596. 
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