
Borrelia burgdorferi (Bb) is an extracellular 
spirochetal bacterium and the causative agent of Lyme 
disease (LD). While in vitro assessment of Bb-induced 
robust immune responses suggests they are quite 
capable of clearing the pathogen,  both the innate and 
adaptive responses are unable to eliminate Bb in vivo, 
resulting in Bb causing persistent infection. Hence, 
there is a dysregulation of the immune response 
occurring in vivo, which cannot be recapitulated in an 
in vitro system due to the intricacy and complexity of 
the host tissue milieu. In this study, we utilized 
intravital microscopy (IVM) along with several 
transgenic mouse lines, to delineate and identify the 
innate and adaptive immune dysregulation occurring 
within skin tissues in vivo, which permits this 
extracellular pathogen to maintain a persistent 
infection. Regarding adaptive immunity, our 
studies revealed that, 1) T cells are necessary to 
promote an optimal Bb-specific antibody response, 2) 
both B cells and T cells play a role in controlling the 
kinetics associated with Bb persistence, but offer 
minimal contribution in controlling Bb persistence long
-term, and 3) Bb-specific antibodies are not responsible 
for the decrease in Bb number after day 8 post-
infection. Regarding innate immunity, 
previous investigation of Bb-elicited innate immune 
responses identified a rapid and potent interleukin-10 
(IL-10) response that affects Bb clearance. We 
hypothesized that this Bb-elicited IL-10 dysregulates 
the innate immunity and promotes Bb persistence in 
vivo. An IL-10 reporter (tiger) mouse identified 
macrophages and dendritic cells as the primary 
producers of IL-10 during active Bb infection in skin. 
IL-10-/- LysM+ mice display significantly higher 
neutrophil infiltration whereas TLR2-/- LysM+ mice had 
significantly diminished neutrophil infiltration. IL-10-/- 

Iaβ+ cells display significantly faster activation, where-
as TLR2-/- Iaβ+ cells are defective in responding to Bb 
infection. Hence, Bb-elicited IL-10 diminishes activa-
tion of resident immune cells, whereas loss of TLR2 
almost completely abolishes innate immune cell activa-
tion in response to Bb infection.  Lastly, by using 
the IL-10-/- mouse as a hyperactive and TLR2-/- mouse 
as a hypoactive immune response model, we investigat-
ed the role of Bb velocity in causing persistent infec-
tion. Using different Bb chemotactic and motility mu-
tants, Bb persistence analyses revealed that reduction of 
Bb velocity even by 50%, which is still 20-fold faster 
than all immune cells in the skin, significantly hampers 
Bb persistence in vivo, perhaps at levels that are unable 
to maintain the enzootic cycle.  Overall this study 
provides a snapshot of immune dysregulation occurring 
during Lyme disease and identifies the factors which 
allow Bb to evade the host immune response. 
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