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Abstract

Relapsing fever borreliosis is often shrouded in mystery. From its discovery, it has evaded fulfilment of Koch’s postulates. It has resulted

in epidemic waves of infection, although it is now mostly localized to particular endemic pockets of infection. Structurally, this spiro-

chaete breaks many paradigms for conventional microorganisms, e.g. through its segmented genomic structure. Disclosure of host–

microbial interactions is revealing a plethora of mechanisms, from antigenic variation to binding of various host-derived proteins. We

dispel some of the myths and explore current understanding of this much neglected area through a series of reviews within this theme

section.

Our understanding of the epidemiology of relapsing fever

borreliae has been complicated, in part, by our lack of

understanding of these spirochaetes, compounded by the

lack of appropriate research tools with which to investigate

their prevalence. Since the discovery of this spirochaete by

Otto Obermeier (Fig. 1) [1], diagnostic methods have not

changed significantly, with demonstration of the spirochaetes

in the blood of febrile patients still providing the primary

diagnostic method (Fig. 1). Historically, a plethora of animal

models were explored for their ability to differentiate among

borrelial species, using differing susceptibility. The European

hedgehog showed some promise; however, these studies

were plagued by problems of unclear demarcation among

species and lack of experimental reproducibility, through

imprecise enumeration and differing routes of infection, not

to mention the potential for differential virulence associated

with different antigenic variants of these spirochaetes.

Instead, the ‘one vector–one species’ concept became popu-

lar for grouping of aetiological agents of relapsing fever [2].

The advent of improved molecular tools with which to

study these borreliae has helped to clarify our knowledge

of which species are present in which environmental niches,

but has also raised several questions regarding our earlier

beliefs [3–6]. The dogma that Borrelia duttonii is truly

anthropophilic has recently been questioned [7]. These

studies, in keeping with numerous preceding investigations,

did not establish the competence of possible extended

reservoir species in being able to transmit infection to

subsequent recipient hosts.

Phylogenetic investigations, reinforced by genomic

sequencing, have raised the possibility that the tick-borne

spirochaete B. duttonii and louse-borne Borrelia recurrentis

are indeed the same spirochaete [8,9]. What is true is that

ticks conserve, and lice propagate, borreliae; this is under-

scored by the epidemic waves of infection. It remains a

realistic possibility that the associated reductionism accom-

panying louse-borne transmission represents an evolutionary

bottleneck from which B. recurrentis cannot escape.

Researchers have been able to infect lice with traditionally

tick-borne species, but their role in subsequent transmission

remains undefined.

Our understanding of the pathological mechanisms

deployed by these elusive pathogens is only just beginning

to emerge. We have now progressed from the days when

new dwellings were deliberately infested with ticks to boost

immunity against relapsing fever borreliosis [10]. It was

thought that high levels of bacteraemia and blood-borne

persistence were mediated through antigenic variation

alone; however, it is now apparent that multiple immune

evasion strategies are at the disposal of these spirochaetes,

possibly accounting for their ability to persist in the hostile

environment of the mammalian host’s bloodstream. Neurot-

ropism and invasion of other tissues provide additional sites

where these spirochaetes can sequester. Interestingly, the

ability to invade these sites appears to correlate with

expression of variable membrane proteins. Furthermore,

the complexity of host–microbial interactions and the

potential for developmental pathological consequences are

slowly being unravelled, e.g. the pivotal role of host

chemokines, in particular interleukin-10, in the develop-

ment of subsequent pathology and the mechanisms that

underpin these effects.
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FIG. 1. (a) Line drawing depicting the spiro-

chaetes seen in clinical samples by Otto

Obermeier. (b) Otto Obermeier, who first

observed relapsing fever spirochaetes in the

blood of patients in Berlin [1]. (c) The tem-

perature chart of Dutton while infected with

relapsing fever spirochaetes (copyright

approval granted by Liverpool School of

Tropical Medicine).
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