
Technical abstract: Heritably immunizing white-footed mice against tick-borne disease

Rates of tick-borne disease have risen to a CDC-estimated 300,000 annual cases of Lyme dis-
ease due to environmental changes favoring the white-footed mouse Peromyscus leucopus and the 
black-legged tick Ixodes scapularis. This mouse is the primary reservoir of pathogens responsible for 
Lyme disease, anaplasmosis, babesiosis, and ehrlichiosis in eastern North America because it is in-
fected by and infects ticks more readily than any other host. Habitat changes have increased the num-
ber of mice relative to competitors that are inferior reservoirs while increasing populations of deer and
therefore of ticks. With more ticks feeding primarily on mice, a positive feedback cycle has increased 
the fraction of infected ticks, the number of tick bites, and cases of tick-borne disease.

We propose to prevent most cases of tick-borne disease by permanently inter-
rupting the natural transmission cycle (TBDRP Focus Area: Prevention). Previous studies have
demonstrated that immunizing a fraction of the local mouse population can significantly reduce the 
tick infection rate. Researchers have developed mouse vaccines against the OspA protein of the Lyme 
pathogen B. burgdorferi and the tick salivary protein subolesin, which disrupts tick feeding and trans-
mission of most pathogens. However, vaccinating enough mice at a sufficiently early age throughout 
the year is challenging.

We hypothesize that entire populations of mice can be lastingly immunized from 
birth by making antibody-based resistance heritable. We will generate mice that are born with
resistance to the Lyme pathogen B. burgdorferi and to tick saliva by isolating genes encoding protec-
tive mouse antibodies raised by the two vaccines and encoding them in the germline. Spreading the 
most protective antibody-encoding genes through white-footed mouse populations will interrupt the 
transmission cycle by immunizing all mice from birth more effectively than current vaccines. 

Aim 1) Identify protective P. leucopus antibodies against OspA and tick subolesin

We will extract antibody-encoding genes from white-footed mice vaccinated by our collabora-
tors Sam Telford and Linden Hu, create an scFv (single-chain fragment variable) antibody library for 
yeast surface display, and perform selections against recombinant OspA and subolesin. 

2) Test efficacy via gene therapy into P. leucopus muscle and challenge with infected ticks

Protective efficacy of isolated antibody-encoding genes will be tested using proven methods of 
'vectored immunoprophylaxis' gene therapy to deliver DNA encoding antibody genes into mouse mus-
cle and cause the secretion of antibodies, then challenging these mice with infected ticks.

3) Engineer highly resistant mice without any foreign DNA that produce antibodies from birth

Antibody-encoding genes providing high-level resistance will be incorporated into the mouse 
germline at target sites using a combination of CRISPR and lentiviral transduction of male germline 
cells, or by oocyte microinjection and embryo implantation into pseudopregnant mice. If possible, 
genes will be inserted into many repeated regions scattered throughout the genome. Antibody genes 
will be expressed from the self-regulating mef2c promoter for sustained secretion from muscle cells. 
Protective efficacy will be tested by challenge with infected ticks and correct inheritance verified. 

Our highly innovative approach builds upon the ecological immunization methods pioneered
by our collaborators and other groups and combines them with CRISPR-based genome editing, which 
we helped develop. Unlike virtually all other proposed strategies, making immunity heritable could 
dramatically reduce disease rates for many decades. The approach could be scaled to affect large popu-
lations using a highly multiplexed single-step insertion technique or local gene drive methods, both of 
which were invented by and are actively being developed in our laboratory. Most importantly, we have
openly developed our project plan in close collaboration with the severely affected communities of 
Nantucket and Martha's Vineyard, whose Boards of Health will oversee governance and assessment.
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