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The Ecology of Lyme Borreliosis in Europe

L. Gern, W, BURGDORFER. A. AESCHLIMANN, and H.E. KrRAMPITZ

5.1 Introduction

The most common tick in Europe, the castor bean or sheep tick, /xodes ricinus has
been incriminated as a vector of the cause of the discase now referred to as Lyme bor-
rehosis, ever since Dr. Arvid Afzebius in 1910 described, at the site of a tick bite on an
elderly lady. the development of a skin lesion he referred to as erythema migrans.
Since the enology of this skin disorder was unknown, it was speculated that it might be
a uck-associated toxin or infectious agent. The toxin hypothesis appeared unlikely
because of the chronic nature of the disease Lipschiitz in 1923 suggested that the
cause was associsied with the uck bite and emphasized microscopic-bacteriologic
mvestgauons of the ticks™ intesuinal tract and salivary gland secretion. Similarly,
Hellerstrom in 1950. referring to the demonstration of his colleague Carl Lennhoff of
spirochete-like elements in skin sections of erythema migrans lesions. pointed to the
possibility that this disease may be caused by tick-associated spirochetes.

Not only in erythema migrans, but also in other clinjcal manifesiatons now known
1o be related 10 Lyme borreliosis, ticks. particularly [ ricinus. have been smplicated ax
the transmutting vectors. Thus, i 1922 Gann and Bujadoux descrnibed a case ol uck
paralvaas i g patient bivten by 1 hevagonus The disorder was later recogmized as lym
phocyuic memngoradicuhiis or Bannwarnh's syndrome (Bannwanh 1941) - o nervous
svatem disorder commonly associated wath the bite of [ ricines Sumilarly, numerous
cases ol acrodermanius chronica atrophicans (ACA) and lymphadenosis benigna cutis
were suspected to be associated with the bite(sy ot [ ricinns even though many panenis
often no longer remembered having been bitien by nicks (Weber 1951 Ruth 1987)

The discovery in 1981 ot 4 spirochete now known as Borrelia b edorfers in the
deer uck 1 damminm i the United Siates (Burgdorfer et al. 1982y, and wn 1 ricinus
from Switzerland (Burgdorfer et al 1982, 1983). which was found 10 be the agent of
Lyme borrehiosis. led 10 intensive epidemiological and ecological investigations on
both sides of the Atlanuc This chapier 1s devoted 10 the natural history of B hirgdon

feriin Europe and 10 the relanonship(s) of this spirochete 10 118 European ek veciors.
pnmanly [ ricinus

5.2 Ixodes ricinus - Principal Tick Vector of B. burgdorferi in Europe

5.2.1 Description and Geographic Distribution

The castor bean or sheep uck [ ricinux (Fag 1. see color plate | after page TIR) s the
most common tick in Europe where it has long been recognized as an imponant vector
of various human and/or animal pathogens. including the virus of tick-bome encephal
wis. Babesia nckeusiae, trypanosomes. and microfilariae (Aeschlimann et al. 1979)



The literature on the biology of this tick is voluminous and has been referred 10 by
Aeschlimann (1972, 1981). /. ricinus belongs 1o the genus [vodes in the large family of
ixodid or hard-shelled ticks — a family charactenized by the chitinous scutum that, in
male ticks, covers the entire dorsum, but in female ticks, only the anterior poruon of
the dorsum (Fig. 2). /. ricinus 1s a three-host uck whose developmental stages. i.c., the
larva, the nymph, and the adult, parasitize different hosts (Fig. 3). In doing so. the (ast-
ing ticks leave their hiding places and climb surrounding vegctation such as grasses
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and bushes where they lie in wait for a passing host. [ ricinus s notorious for the wide
range ol veriebrates it feeds on. In its immature stages. it auacks pnimarly small and
medium-sized veriebrates such as hzards, ground-frequenung birds. rodents. insect-
vores. carnivores, wild pigs. and humans (Fig. 3). The adults prefer Targer animals
such as deer, cattle, dogs, and occasionally also humans.

1. ricinus 1s widely distributed throughout Europe and occurs in wooded and pasture
arcas from Ireland, Britain, and southern Scandmavia 10 Spain, Portugal. Algeria,
Tunisia, and Morocco, much of southem Europe. central Europe, and European Russia
to the Caspian Sea and northern Iran. Witlun this large distnbunional area. successtul
infestation by /. ricinus depends on fulfilling at least three biological and mucroch-
matic requirements: (a) avatlabiluy of sunable hosis. (b) temperature uctuations
between minus 10°C and 35°C with extreme values lasuing for short periods of tine
only, and (c) constant relative humidity of at least 80% i the air and ol near saturation
in the soil. The ideal biotope of this tick. therefore. s i deciduous forest wath damp
soil covered by a thick layer and a rich undergrowth.

In central Europe. the uck’s scasonal activity begms o March and ends i
November. It is characterized by a bimodal patern because ot decreased activiry dun-
g the hot summer months. At the end of November, the teks disappear trom hosis
and vegetation to spend the winter months i the protective superhicral layer of the sonl
All developmemial stages are acirve almost simulancousty. although nymphat and
adult activity may occur 3-4 wecks before that of the larvae Coputation ot 1y
takes place during waiting penods on vegetation as well as on the host Male nicks do
attach, but mgest small guantiies of blood only. thev never engoree

After 7-10 days of fecding. mated females drop 1o the ground where, atier 830
days. they oviposit up 10 3000 cees. which develop atier 3-8 weeks inta the sis leeeed
larval stage. Larval and nymphal [ o that engorge mocarly sommier ol do
nymphs and adulis. respectivelv. the same vear Engoreed noks or ceps oviposied du
ing the fall peniod of acuvity o mto o druapaose. lnbernae and maoli m carlv sprme ol
the tollowing yecar.

Although all stages of [ rucomn paraaitize o baree vaneis of animinad hosts i budines
humans. field studies in several European countries have <hown that the Larae pretes
small rodems. parmicularly the tone toled and vetlow necked ficld mee o 4odon
swwhvancuy and A flavicollin, |c~|)\'('1|"\ chvr and the bank vole o fethrioniono clas e
fus ). Nymphs, on the other hand, are apparently more Breguenthy tound on crood 1o
quenting birds and on Targer anmmals, whercas wdulht o parasaiiize 1oc dea
(Capreolus capreolus) and red dect (Cervin claphin

3.2.2 The Role of Ixodes ricinus as Vectors of Borrelia burgdorferi in Furope

The detection i /. ricinus from Switzerland ol spirochetes denucal with or sumlan
the causative agent of Lyme borrehosis i the United Sustes has led o uck spirochere
surveys o many countnes  including  Austrias Germany. Swatzerhand. France
Czechoslovakia, the Scandinavian countries. the United Kimgdom. and Treland Ao
ding 10 the results summarnized in Table 1 s many s 06% ol the ucks exanned were
found 10 be infected with spirochetes. sugeesting throughout farge wreas of Futope the
existence of natural focid i which B b vdeosfers ocours m oveles berween s ok
vectors and anumal hosts.

Recent tick/spirochete surveys 1n Germany and near Lemmgrad. Russia reveated
sprrochetes also in other species of tichs such as { hevagomes and operside gt tsee
Table 1). The former parasitizes primarnily hedeehoss and mustehidae. but s known io
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attack also cats, dogs. and occasionally humans. Its role as a vector of 8. burgdorfer:
remains 10 be evaluated. The taiga tick, /. persulcatus. on the other hand, is the princi-
pal vector of the Lyme borreliosis spirochete in Asian countries: its involvement in the
ecology of B. burgdorferi in European Russia, where it coincides with / ricinus. is not
surprising.

5.2.3 Sources for Infecting [ xodes ricinus with Borrelia burgdorferi

Liule information is available on the significance of animal hosts as sources for infect-
ing /. ricinus with B. burgdorferi. The first isolation of spirochetes from rodents origi-
nated from Sweden (Hovmark et al. 1988), and additional isolations also from rodents
were obtained (Aeschlimann et al. 1986) by feeding laboratory-reared ticks (xenodrag-
nosis) on field mice of the genus Apodemus. It is generally assumed that mice
{Apodemus spp.) and voles (Clethrionomys spp) serve as spirochetal reservoirs, These
rodents proved to be infective for ticks up to | year after their capture in nature (Vitoz
et al. 1990). As yet. no data are available on whether mouse skin, rather than blood.
may serve as a source of spirochetes as postulated by some investgators in the United
States (Nakayama and Spielman 1989). Some species of ground-frequenting birds
have also clearly demonstrated their reservoir competence for B. burgdorfers (Humanr

and Tumian-Vittoz 1990). Figure 4 tfustrates the complexity of the ecology of Lvme
borreliosis.
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Fig. 4. Circulation of Borrelia burgdorferi in a Lyme borreliosis focus. A larva (L) can become
infected on a small mammal and can transmit the infection to a nymph (A and (o an adult (here »
female) transstadially (1s). This female can transmit the spirochetes 1o ns progeny transovarially
(to). The arrows (" ~a) indicate that every stage can transmit the infection 10 its host and can
become infected () on an infecied host. The living area of lvodes ricinus nself 1s confined 1o a
small natural focus (—- —). Attached 10 the hosts. lxodes ricinus may be dispersed and create new
foci somewhere else ( 1) {From Gern et al. 1991)



The Lyme borreliosis spirochete exhibits. 1n 1ts tick vectors, a behavior characteristi-
cally different from that of the hitherto investigated tick-bome spirochetes (Burgdorfer
1976) in that 1t causes a persistent infectton in the ticks” midgut, from where it may
penetrate during and after the ticks™ engorgement 1o invade other tissues (Fig. 5). Of
112 infected adult /. ricinus, for example, only six had a generalized or sysiemic infec-
tion; all others had spirochetes in their midgut only (Burgdorfer et al. 1983).

Gut penetration and systemic infection by B. burgdorferi in American and
European tick vectors have been the subjects of several investigations using conven-
tional as well as electron microscopy (Benach et al. 1987; Ribeiro et al. 1987; Zung et
al. 1989: Gem et al. 1990). Findings available so far suggest that B. burgdorferi per-
sists in the midgut, where it aggregates between epithelial cells and becomes closely
associated with the gut’s basement membrane (Fig. 6). Penetration of the gut epithe-
lium and dissemination into other tuissues appears to 1ake place during carly and mid-
feeding, i.c.. 1-3 and 5-7 days after auachment. respectively. In /. ricinus, this phe-
nomenon 1s said 10 take place as early as 3 days after uck attachment (Gemn et al.
1990). Tick tissues other than the midgut are usually only mildly infected.

The presence and development of spirochetes in ovarian tissues has been demon-
strated in all principal vectors of the Lyme borreliosis spirochete. and there is convine:
ing evidence that transovarial transmission also occurs. This phenomenon. however, 1

Fig. 5. Interngd anatomy
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Hayes. Rocky Mountain
Laboratonies. Hamilton.
Montana. USA




not considered a major ecological factor for infecting /. ricinus with B. burgdorfer:
because filial infection rates established so far do not exceed 3% (Wilske et al. 1987
Zhioua et al. 1988). Oviposition of spirochete-infected eggs has been recorded for two
I. ricinus from Switzerland (Burgdorfer et al. 1983). Onc produced 100% infected
eggs. the other only 60%. The F| larvae were unfortunately not examined.
Investigations into the development of B. burgdaorferi in the American uck vector /.
dammini have also shown that massive spirochetal development in oogonia and
oocyles may have an adverse effect on egg devclopment (Burgdorfer et al. 1988:
Burgdorfer and Hayes 1989). Spirochetes between the vitelline and oocyte membranes
were invariably found 1o denude the oogonial surface and to interfere with the forma-
tion of the egg shell. Ticks with heavy systemic infections rarely produced viable eggs

5.2.5 Transmission of Borrelia burgdorferi by Ixodes ricinus

Successful transmission of B. burgdorferi by ucks with spirocheial infections limited
to the midgut led to the hypothesis that transmission may occur by regurgitation of gut
material rather than by saliva (Burgdorfer 1984). This hypothesis, however, was ques-
tioned by the demonstration (Ribeiro et al. 1987) of spirochetes in expenmentally
obtained saliva as early as 3 days after uck attachment. Increasing numbecs of spiro-
chetes thereafier also suggested invasion by B. burgdorferi that had penetrated the gut
epithelium during early feeding (sec discussion above). Thus. if effective transmission
via saliva does occur. it must take place during late feeding. 1.e.. from 3-8 day~ after
tick attachment. Whether regurgitation of spirochete-containing gut matenal represents

an additional mode of transmission awaits the results of ongowng invesuganons with
I dammini and | ricinus

5.3 Concluding Remarks

To understand the natural history of Lyme borreliosis in Europe. it s necessary to
establish the parameters of interactions between the causauve spirochete B hurgdor
feri. ns primary vector /' ricinus. and 11s ammal hosts. Although valuable informanon
has been obtained since the discovery of the spirochete 10 years ago. our understand
ing of how thix agent interacts with the ecological components of us natural history 1
far from complete and appears 1o be more complex than initially assumed. !/ ricinus,
for instance, was considered the only tick vector until tick/spirochete surveys n
Germany revealed B. burgdorferi-like spirochetes in the hedgehog uick /. hexagonuy |
shown to serve as a competent vector of B. burgdorferi (see: Gern et al. 1991), this uck
and possibly other species such as /. trianguliceps may contribute 10 the establishment
of enzootic foci of Lyme boreliosis in areas where /. ricinus 1s rare or absent
Similarly, the finding (Stanek and Simeom 1989) in Southern Tirol (ltaly) of 8 burg-
dorferi in the argasid uick Argas persicus, which is associated with pigeons. deserves
our attention and suggests that certain species of birds may play a role in the ecology
of this organism.

The question of species unity or plurality for the Lyme borreliosis spirochete has
led 1o extensive efforts to recover spirochetes from patients, ticks. and tick hosts. for
identification and comparison with isolates from the United States. Recent deoxyribo
nucleic acid (DNA)/DNA hybridization and nbosomal nbonucleic acid (rRNA) gene
restnction studies have identified two genomic species in B. burgdorferi (Posuc et al.
1990). Whether either species is associated with certain ecological factors or specific



clinical manifestations remains 10 be determined. Species plurality should be consid-
ered, and encounter, in other veriebrate and invertebrate hosts, of other species, such as
B. theileri. the causative agent of bovine borreliosis, and of hitherto undescribed spi-
rochetal agents should not be ruled out. Finally. according 10 Stanek (personal commu-
nication), the incidence of Lyme borreliosis in Europe, which has now been reporied
from at least 19 countries, will increasc. Therefore, good surveillance of natural hosts
and of the vector(s) of B. burgdaosferi are essential in defining the boundaries of natural
foci and the risk of human infection.
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