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Dit is Hovius’ geschenk, waaruit de heelkracht blijkt, die nog natuur bezit, wanneer de kunst 
bezwijkt.

– Jacobus Hovius (1710-1786) –

Voor mijn ouders, Taco & Wendy en mijn lieve nichtjes
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historical aspects of Lyme borreliosis

Lyme borreliosis was first recognized as a distinct clinical entity in 1975 in Old Lyme, Connecticut, 
USA (Fig. 1A and B), in children attending the Yale-New Haven Hospital and initially thought to 
have juvenile rheumatoid arthritis [1], although certain clinical signs that were part of the disease 
were previously described in Europe [2,3]. In the early 1980s Burgdorfer and colleagues were the 
first to culture the causative spirochetal agent, Borrelia burgdorferi sensu stricto from ticks in an 
endemic area [4], and this spirochete was later cultured from patients with Lyme disease symptoms 
[5,6]. More than 30 years after the identification it has become clear that the causative agent of this 
emerging zoonosis belongs to a broader group of spirochetes referred to as the Borrelia burgdorferi 
sensu lato group, encompassing several pathogenic Borrelia species [7]. Their corkscrew-shaped 
appearance allows the bacterium to move through tick and host tissues (Fig. 1C). 

Ecological and biological aspects of the life cycle of Borrelia burgdorferi

The obligate enzootic life cycle of the spirochetes involves ticks (Fig. 1D) and a variety of vertebrate 
hosts, including small rodents, large mammals and birds [8,9]. In general, uninfected tick larvae 
acquire the bacterium by feeding on infected animals. Ticks remain infected during their consecutive 
molting periods, enabling both nymphal and adult ticks to transmit spirochetes to other (larger) 
animals and humans. After their final bloodmeal adult female ticks, which have already mated, lay 
uninfected eggs; vertical transmission only rarely occurs. In the United States Borrelia burgdorferi 
sensu stricto [4], from here on referred to as B. burgdorferi, is the causative agent of Lyme borreliosis 
[5] and is mainly transmitted by the deer tick, Ixodes scapularis. By contrast, in Europe at least 
three major pathogenic Borrelia species, i.e. B. burgdorferi, Borrelia garinii and Borrelia afzelii are 
prevalent and able to cause Lyme borreliosis [10,11] and are primarily transmitted by the sheep 
tick, Ixodes ricinus. Both Ixodes species are capable of transmitting spirochetes while feeding. 
Importantly, during the course of the bloodmeal, ticks also introduce saliva into the host skin, 
containing a wide range of physiologically active components that interfere with host processes 
or interact with pathogens. The aim of this thesis was to elucidate tick-host-pathogen interactions 
that could directly or indirectly affect the ability of Borrelia burgdorferi sensu lato to survive in the 
host, since these could be important factors in the pathogenesis of Lyme borreliosis. Apart from 
the introduction (Chapter 1), we have divided the thesis in four sections: tick-host interactions 
(Part I), tick-pathogen interactions (Part II), host-pathogen interactions (Part III) and spin-off of 
research on tick-host-pathogen interactions (Part IV).

Part I: Tick-host interactions

Adult Ixodes ticks require five to seven days to feed to repletion [12]. In order to secure attachment 
of the tick and to ensure susceptibility of reservoir hosts for future tick infestations, tick saliva 
contains modulators of host immune responses. In the first section of the thesis we investigated 

Preface

hovius binnenwerk_23125.indd   11 03-02-2009   15:17:49



12

the immunosuppressive activity of a 15 kDa feeding induced I. scapularis salivary protein, Salp15 
(Chapter 2 and 3). 

Part II: Tick-pathogen interactions

Salp15 was originally identified in I. scapularis [13,14]. In chapter 4, we determined whether I. 
ricinus, the major vector for Lyme borreliosis in Europe, express salp15 related genes (Chapter 
4). Besides possessing immunosuppressive activity I. scapularis Salp15 has been shown to bind 
to B. burgdorferi Outer surface protein (Osp)C [15]. This interaction protects the spirochete 
from antibody-mediated complement dependent killing by the immune host. In this thesis we 
characterized the interaction of the three major pathogenic European Borrelia species with one of 
the Salp15-related proteins in I. ricinus saliva, Salp15 Iric-1 (Chapter 5). In addition, we investigated 
the binding capacity of the I. ricinus Salp15 homologue to OspC from other, complement-sensitive, 
Borrelia isolates and assessed the effect of this interaction on antibody-independent complement-
mediated killing in vitro (Chapter 6).

Part III: host-pathogen interactions

The host immune response is crucially important in the pathogenesis of Lyme borreliosis [16]. 
Therefore, in a cohort of naturally Borrelia infected asymptomatic and symptomatic pet dogs 
we investigated the extent of the humoral immune response (Chapter 7). In humans, all three 
Borrelia species frequently cause an expanding migrating red skin lesion, classically accompanied 
by central clearing, and designated erythema migrans [17]. When untreated, the spirochete can 
disseminate and cause disease that affects various organs, however B. burgdorferi, B. garinii and B. 
afzelii are associated with different disease manifestations [11]. In this thesis we studied the effect 
of simultaneous infection with B. burgdorferi and B. garinii on the course of experimental murine 
Lyme borreliosis (Chapter 8). In in vitro studies B. burgdorferi has been shown to upregulate 
expression of the urokinase Plasminogen Activator Receptor (uPAR; CD87; Plaur) [18,19], a 
receptor expressed on a variety of immune cells and important in the instigation of both innate 
and adaptive immune responses. In this thesis we investigated the role uPAR in the course of 
experimental murine Lyme borreliosis in vivo (Chapter 9).

Part IV: Spin-off of research on tick-host-pathogen interactions 

Tick saliva contains a wide range of physiologically active molecules that are crucial for attachment 
to the host or for the transmission of pathogens [15], and that interact with host processes, including 
coagulation and fibrinolysis, and immunity and inflammation [20,21]. In this chapter we speculate 
how immunologically targeting specific tick salivary proteins could prevent the transmission 
of tick-borne pathogens, such as Borrelia burgdorferi, from the tick to the host (Chapter 10). 
Importantly, we also discuss molecules in tick saliva that have been intensively studied in vitro 
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or in animal models for human diseases, and that, due to their specificity, are potential future 
anticoagulant or immunosuppressive agents (Chapter 10). 
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Figure 1. Historical, ecological and biological aspects of Lyme borreliosis.
(A) Lyme disease was named after the town Old Lyme, Connecticut, USA.
(B) The Old Lyme public schoolbus. Picture: K.E. Hovius.
(C) Borrelia burgdorferi visualized by microscopy.
(D) Ixodes ticks are the main vector for Lyme borreliosis. Picture: G.A. Oei.
For color figure see page 257.
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