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1. INTRODUCTION

Symptoms of the spirochetal infecti-

on currently known as Lyme borre-

liosis (LB) have been familiar to phy-

sicians in Europe for more than 100

years. The discovery of the causati-

ve organism, Borrelia burgdorferi (B.

burgdorferi), by William Burgdorfer

(Figure 1.) and his associates in the

United States in 1981 elicited active

scientific work all around the nort-

hern hemisphere. LB is by far the

most common tick-borne infection in

the United States and Europe.

Of the subspecies thus far recogni-

zed as belonging to the B. burgdorferi

sensu lato complex, only three are

unambiguously pathogenic for hu-

mans. B. burgdorferi sensu stricto ap-

pear in North America and Europe,

whereas, in Europe, the subspecies

B. afzelii and B. garinii also cause LB.

The vector of the LB is usually an

infected tick, and in Europe it is pri-

marily the sheep tick Ixodes ricinus (I.

ricinus). The enzootic cycle is main-

tained by a broad spectrum of reser-

voir animals, the major ones for B.

burgdorferi being small and medium

sized mammals.

The clinical spectrum of LB is also

broad. The initial symptom, and

most common clinical finding and

hallmark of the disease, is an expan-

ding rash, erythema migrans (EM).

In this early stage the disease is usu-

ally easily treatable with antimicro-

bial therapy. Without treatment some

patients develop disseminated infec-

tion with many kinds of symptoms.

Even in the early clinical studies neu-

rootological symptoms were re-

ported for patients with LB. Cranial

nerve neuropathies are common

manifestations of neuroborreliosis in

both Europe and North America. The

facial nerve is the most commonly

Figure 1. Dr. William Burgdorfer disco-

vered the causative agent of Lyme bor-

reliosis in 1981.
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affected cranial nerve, but the dise-

ase can also affect other cranial ner-

ves, including the vestibulocochlear

nerve.

The cornerstone in the diagnostics of

LB is the clinical picture presented by

the patient. Laboratory tests can pro-

vide valuable information especial-

ly for the diagnosis of cases with

ambiguous symptoms and signs. If

pathognomonic EM is present, the

diagnosis can be made without labo-

ratory tests. Laboratory tests include

the detection of B. burgdorferi in eit-

her body fluids or tissues and the

assessment of antibodies to the spi-

rochete in serum or cerebrospinal

fluid (CSF).

The significance of B. burgdorferi cul-

tivation is limited as a diagnostic

tool, because it is rarely successful

from clinical specimens. The deter-

mination of DNA from B. burgdorferi

by polymerase chain reaction (PCR)

is gaining in use in the diagnosis of

LB. Detection of specific antibodies

against B. burgdorferi by enzyme-lin-

ked immunosorbent assay (ELISA) is

the most commonly used method to

screen patients for LB. ELISA can,

however, provide false positive re-

sults because of cross-reactions, and

a positive result in ELISA should be

confirmed by Western blotting. Un-

fortunately, Western blotting lacks

universally, or even locally, accepted

interpretation criteria.

In this study, the prevalence of LB

was evaluated for patients with fa-

cial nerve paralysis (FP), sudden sen-

sorineural hearing loss (SHL) and

vertigo. The infestation rate of ticks

with B. burgdorferi in the patient en-

rollment area was assessed by dark

field microscopy (DFM), PCR and

cultivation. The epidemiology of LB,

patients´ signs and symptoms of LB

and the recovery of neurootological

patients from LB, were also studied.
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2. REVIEW OF THE LITERATURE

2.1. History of Lyme borreliosis

In 1883, the German Alfred Buch-

wald described a case of long-lasting

“diffuse idiopathic skin atrophy”

(Buchwald 1883). More than 20 case

reports of similar observations were

published during the next 20 years,

until Herxheimer and Hartman, in

1902, introduced the term acroder-

matitis chronica atrophicans (ACA)

for this late manifestation of LB

(Herxheimer et al. 1902). The expan-

ding rash around the site of a tick bite

was first described in Sweden in 1909

(Afzelius 1910). The symptom was

then called erythema chronicum mi-

grans, nowadays known as erythe-

ma migrans (EM). The association

between EM after a tick bite and ra-

diculoneuritis with meningitis was

first reported in France in 1922 (Ga-

rin et al. 1922). Subsequent publica-

tions reported a patient with menin-

goencephalitis after EM (Hellerström

1930) and 15 patients with “a chro-

nic lymphocytic meningitis with ce-

rebral symptoms” (Bannwarth 1941).

Already at that time Afzelius specu-

lated that EM could be infective and

produced by either a virus trans-

mitted by ticks or a toxic agent con-

taminating the ticks. In their conclu-

sion Garin and Bujadoux stated that

“a virus (probably a spirochete)“

may be the etiologic factor of the neu-

rologic symptoms appearing after a

tick bite (Garin et al. 1922). In 1923

Lipschütz, a dermatologist from

Vienna, stated (Lipschütz 1923) that

“...attention should be directed to-

wards microscopic/bacteriologic in-

vestigations of intestinal tract and

salivary gland secretions of the tick.“

- Nobody followed his proposal.

The suspicion of an infectious agent

behind the symptoms often led to

successful attempts to treat patients

with antimicrobial medication alrea-

dy several decades before the bacte-

rial etiology was discovered (Bianchi

1950; Thyresson 1950; Hollström

1951; Hellerström 1951; Weber 1974).

The infectious nature of EM was de-

monstrated with volunteers used to

transmit the disease from one person

to the other (Binder et al. 1955; Sonck

1965).

The modern era in the history of LB

began in the community of Lyme,

Connecticut in the United States at

the request of two concerned mot-

hers, Mrs. Polly Murray and Mrs.

Judith Mensch (Burgdorfer 1993).

One of the mothers was suffering



4

from multisystem disease, which had

affected the children of both mothers

and also some members of neighbo-

ring families. The systematic study

of these patients (Steere et al. 1977;

Steere 1989) led to the discovery of

the causative agent (Burgdorfer et al.

1982) of this multisystem spiroche-

tal disease, then called Lyme disease

but later preferentially referred to as

Lyme borreliosis.

2.2. Characteristics of Borrelia

spirochetes

Order Spirochaetales

The causative agent of LB, B. burg-

dorferi, belongs to the order Spirochae-

tales. Another well-known human

pathogen of this order is Treponema

pallidum, the causative agent of

syphilis. Other members of the Bor-

relia genus, causing tick-borne and

louse-born relapsing fever, also have

a zoonotic cycle.

B. burgdorferi sensu lato

The Swiss-American scientist Wil-

liam Burgdorfer, along with his as-

sociates isolated B. burgdorferi from

Ixodes dammini ticks collected from

Shelter Island in New York (Burgdor-

fer et al. 1982). Genetic studies on the

DNA of B. burgdorferi sensu lato have

shown considerable heterogeneity

between different strains, and thus

far nine different species of the B.

burgdorferi sensu lato complex, inclu-

ding B. burgdorferii sensu stricto, B.

garinii, B. afzelii, B. lusitaniae, B. valai-

siana, B. japonica, Gr. DN127, B. an-

dersonii, B. tanukii and B. turdi,

have been named and even more

have been recognized (Baranton et al.

1998). However, only three of them,

B. burgdorferi sensu stricto, B. garinii

and B. afzelii are unambiguously pat-

hogenic to humans. All these three

pathogenic species are found in Eu-

rope and also in Finland. In this stu-

dy B. burgdorferi sensu lato is collec-

tively called B. burgdorferi.

Morphology of B. burgdorferi

B. burgdorferi is a motile gram-negati-

ve helical bacterium with approxima-

tely 7-11 flagellae in its periplasmic

space (Figure 2.). The cells are 8 to 22

microns long, 0.25-0.30 microns wide

and composed of 3-10 loose coils. The

cytoplasmic membrane is trilaminar

and closely approximated to the cell

wall. (Barbour et al. 1986) The major

outer surface proteins are lipoproteins.

Similar to other spirochetes, under

unfavourable conditions B. burgdorfe-

ri forms spheroids or bleb-like struc-
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tures, the function of which has not

been determined. The spheroids may

play a role in the transfer of genetic

material (Dorward et al. 1991).

Figure 2. Borrelia burgdorferi is a heli-

coid gramnegative bacterium

B. burgdorferi can be visualized in CSF,

blood, solid tissues and cultures by

several staining methods, including

Giemsa, carbol-fuchsin and silver im-

pregnation. Gram-staining is less sui-

table, because Borreliae change their

form considerably during fixation and

staining procedures (Wilske et al.

1993). As motile, living organisms B.

burgdorferi can be detected also by

means of dark-field or phase contrast

microscopy. However, these micros-

copic techniques cannot differentiate

the Borrelia species from each other

(Preac-Mursic et al. 1993).

Growth conditions

Microaerophilic B. burgdorferi spi-

rochetes grow slowly in vitro, dividing

every 8 to 12 hours (Barbour 1984).

One essential step in the success of the

initial isolation of B. burgdorferi by

Burgdorfer et al. was the earlier work

of Richard Kelly, who described a suc-

cessful primary cultivation of the tick-

borne relapsing fever spirochete Bor-

relia hermsii in a complex artificial me-

dium (Kelly 1971). Modifications of

this medium, Barbour-Stoenner-Kelly

(BSK-II) (Barbour et al. 1983) and mo-

dified Kelly medium Preac-Mursic

(Preac Mursic et al. 1986) are now used

in the cultivation of B. burgdorferi from

ticks, other vectors, reservoir animals

and patients.

Molecular biology of B. burgdorferi

The whole genome of B. burgdorferi

has been cloned and sequenced. The

function of most of the genes, howe-

ver, is still unknown (Fraser et al.

1997). The genome of B. burgdorferi

is composed of one linear chromo-

some of 950 kb (Baril et al. 1989), li-

near plasmids, and supercoiled cir-

cular plasmids (Barbour et al. 1987;

Hyde et al. 1988). Both the linear and

circular plasmids can be lost during

in vitro cultivation and result in de-

creased infectivity of the bacteria.

Molecular analysis of B. burgdorferi

has concentrated on the characteri-

zation of proteins. The impetus for
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this direction has been the need to

find molecular determinants to iden-

tify different B. burgdorferi isolates

and to distinguish them from other

species. The need to identify antigens

for more specific and more sensitive

serologic tests and for the develop-

ment of vaccines has been another

important motivation for studying B.

burgdorferi proteins. The lipid and

carbohydrate components of borre-

lia are by far less well known than

its proteins.

About 40 immunoreactive bands are

obtained from sodium dodecyl-

sulphate (SDS) lysates of whole cells

of B. burgdorferi in SDS polyacryla-

mide gel electrophoresis (Hauser et

al. 1997). The 60 kDa polypeptide

p60, also designated as “common

antigen“, and the 41 kDa polypepti-

de p41, which represents the flagel-

lin, belong to the most prominent

borrelial antigens. However, proteins

cross-reactive with them occur in se-

veral bacterial antigens even outsi-

de the genus Borreliae (Hansen et al.

1988; Bruckbauer et al. 1992).

The immunodominant proteins of B.

burgdorferi are lipoproteins in the

outer membrane within molecular

weights from 20 to 35 kDa and de-

signated as outer surface proteins

(Osp) A-F. The expression of Osps

varies between isolates and the Osps

are immunologically and genetical-

ly variable (Barbour et al. 1986; Wils-

ke et al. 1993; Wilske et al. 1996). Osps

A, B and C are highly immunogenic.

Osp C and flagellar protein p41 are

the major immunodominant proteins

in early LB, whereas Osp A appears

in the later course of the disease

(Howe et al. 1985; Wilske et al. 1993).

Other specific antigens frequently

recognized in patients with LB in-

clude proteins p83/100, p58, p43,

p39, p30, p21, p17 and p14 (Hauser

et al. 1997).

2.3. Ecology and epidemiology of

Lyme borreliosis

I. ricinus - principal vector of B.

burgdorferi

I. ricinus, also known as the sheep

tick or Castor bean tick, is the most

common tick in Europe and it is res-

ponsible for the transmission of LB

to humans (Figure 3).

Other members of the subgenus Ixo-

des are also capable of transmitting

spirochetes to their hosts. These spe-

cies include I. dammini, I. scapularis,

I. pacificus, I. dentatus and I. neotomae

in North America and I. persulcatus
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Figure 3. Adult female (A), adult male (B)

and a nymph (C) Ixodes ricinus tick from a

Helsinki city park. (Photo: M. Peltomaa)

–

in Europe and northern Asia. (So-

nenshine 1993). The distribution of the

Ixodid ticks is presented in Figure 4.

Figure 4. Geographical distribution of

Ixodid ticks

Other I. ricinus-associated human

pathogens include, among others,

tick-borne encephalitis (TBE) virus,

louping ill virus, Ehrlichia species,

Uukuniemi-virus, Babesia divergens,

Babesia microti and Francisella tularen-

sis. In Europe and North America 18

and 19 different tick species, respec-

tively, are able to transmit B. burgdor-

feri, (Lise Gern, personal communi-

cation).

In addition to ticks other vectors can

also transmit B. burgdorferi, including

the biting fly (Luger 1990; Oksi et al.

1994), mosquitoes (Sinton et al. 1939;

Magnarelli et al. 1986; Halouzka et

al. 1998) and fleas (Doby et al. 1991).

Life cycle of I. ricinus

The length of the life cycle of the I.

ricinus tick varies greatly in the geo-

graphic range of the tick, but it ge-

nerally takes 2-6 years. In northern

parts of its geographic range, as in

Scandinavia, the four-staged life

cycle (egg, larva, nymph and adult)

usually takes 2-4 years (Gray 1991;

Sonenshine 1993). The three latter

motile stages of I. ricinus have a bi-

modal seasonal host seeking pattern

with peaks in late spring or early

summer and in late summer or early

fall (Milne 1943; Milne 1946; Milne

1950; Lees et al. 1951).

Reservoirs of B. burgdorferi

The major reservoirs of B. burgdorferi

are small and medium–sized mam-

mals. In Europe 9 small mammals,

A
A

BC
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7 medium–sized mammals and 16

bird species are known to be capable

of acting as sources of spirochetes to

ticks (Gern et al. 1998). The most nu-

merous of the reservoir animals in

the zoonotic cycle of B. burgdorferi are

small rodents of the genera Peromys-

cus, Apodemus and Clethrionomys. Va-

rious, especially ground-foraging

birds including thrushes, blackbirds,

robins, wrens and pheasants have

been shown to be reservoirs of B.

burgdorferi (Olsen et al. 1995; Gern et

al. 1998). The prevalence of different

genospecies varies in different reser-

voir animals in Europe and Asia. B.

valaisianae and B. garinii occur prefe-

rentially in birds (Humair et al. 1998),

B. afzelii in small mammals (Humair

et al. 1995; Humair et al. 1998) and B.

burgdorferi sensu stricto and B. garinii

in squirrels (Humair et al. 1998). In

addition to reservoir hosts, which are

capable of transmitting B. burgdorfe-

ri to ticks, there are hosts that either

have a zooprophylactic effect by

destroying spirochetes in the ticks

feeding on their blood (Lane et al.

1998) or serve as inadequate hosts by

favoring certain genospecies, as is the

case with birds, which harbor B. ga-

rinii and B. valaisianae, but not B. af-

zelii (Kurtenbach et al. 1998).

Infestation of I. ricinus with B.

burgdorferi sensu lato

All of the I. ricinus populations that

have been examined in Europe have

harbored B. burgdorferi sensu lato. A

critical analysis of 79 European studies

on the infestation rates of ticks with B.

burgdorferi showed rates of 2.8%

(n=3 210), 13.8% (n=31 288) and 21.1%

(n=27 421) for larval, nymphal and

adult ticks, respectively (Hubalek et al.

1998). In the northeastern part of the

United States, 25-50% of the nymphal

and more than 50% of the adult I. sca-

pularis ticks harbor B. burgdorferi (Bos-

ler et al. 1984; Piesman et al. 1986).

Determinations of the prevalence of B.

burgdorferi in I. ricinus in Finland sho-

wed these spirochetes to be present in

all the tick populations studied. All

three human pathogen genospecies

are found in Finnish ticks; however, B.

burgdorferi sensu stricto has been iso-

lated only from the Åland islands in

the southwestern archipelago of Fin-

land (Junttila et al. 1994; Tuomi et al.

1995).

Transmission of B. burgdorferi by I.

ricinus to humans

Tick bites are common among hu-

mans and LB affects both males and

females in all age groups, although
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the clinical picture of LB is different

in children and adults. The bimodal

seasonal activity of the I. ricinus cor-

responds with the seasonal variati-

on of early clinical cases. The pain-

less tick bite often remains unnoti-

ced, and only about 30-50% of the

patients with clinical LB recall having

been bitten (Weber et al. 1983; Weber

et al. 1986). Although nymphal ticks

are less frequently infected than

adult ticks, they are more numero-

us, smaller and more easily unnoti-

ced and therefore seem to be the

main vector of human LB.

B. burgdorferi resides in the midgut

of the ungorged tick. Penetration of

the gut epithelium and disseminati-

on into other tissues take place du-

ring early feeding and reach maxi-

mum in 1-2 days (De Silva et al.

1995). The transmission of B. burgdor-

feri seems to occur from contact with

the saliva of the tick (Ribeiro et al.

1987) rather than by regurgitation of

the gut content (Burgdorfer 1984).

The transmission of B. burgdorferi into

laboratory animals usually occurs 36-

48 hours after tick attachment (Pies-

man 1993; Shih et al. 1995). The

prompt removal of tick from the skin

can thus diminish the risk of infecti-

on (Kahl et al. 1998). On the other

hand, the possibility of rapid trans-

mission has also been suggested

(Piesman 1995). The best method for

tick removal remains controversial

(Kahl et al. 1998). Despite the high

mean infestation rates of ticks with

B. burgdorferi, the risk of developing

LB after a tick bite is low, less than

1% in Europe (Paul et al. 1989) and

from 1% to 5% in the United States

(Magid et al. 1992; Shapiro et al.

1992).

2.4. Pathogenesis of Lyme

borreliosis

Lyme borreliosis in animals

The investigation of the pathogene-

sis of LB has been hampered by a lack

of an animal model that adequately

mimicks the stages of human dise-

ase (Hu et al. 1997). Numerous ani-

mals, including mice, rats, gerbils,

hamsters, rabbits, dogs, cows and

monkeys have been used to develo-

pe an animal model for human LB.

Animals can be infected naturally by

letting them be bitten by infected

ticks or inoculating spirochetes eit-

her intradermally, subcutaneously,

intravenously or intraperitoneally.

The susceptibility of laboratory ani-

mals in developing clinical infection

after B. burgdorferi inoculation varies

considerably. Infection can also be
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present in an animal without clini-

cal signs of the disease (Barthold et

al. 1988).

Proliferation and dissemination of B.

burgdorferi in humans

B. burgdorferi spreads readily from

the site of primary infection to other

parts of the body, either via blood

circulation (Berger et al. 1994) or di-

rectly by tissue invasion (Christen et

al. 1993). The progression from local

skin infection to disseminated LB can

occur already in the early phase of

the disease. For example, B. burgdor-

feri has been isolated from the blood

4 days after the tick bite (Steere et al.

1983) and two days after the appea-

rance of EM (Benach et al. 1983). The

cultivation of B. burgdorferi from the

blood is rarely successful, and there-

fore a rapid clearing of the spiroche-

tes from circulation is suggested

(Galbe et al. 1993).

Host pathogen interaction in Lyme

borreliosis

After entering the human body, B.

burgdorferi elicits a series of events in

the host, which attempt to destroy

the invader or limit its spread to ot-

her parts of the body. These events

include accumulating inflammatory

cells around the skin lesion and in-

ducting immune response. The cent-

ral paradox in the pathogenesis of B.

burgdorferi is its ability to persist des-

pite the defense mechanisms of the

mammalian host. Tick´s saliva con-

tains factors that impair a range of

proinflammatory responses in the

host and promote the infectivity of

B. burgdorferi (Zeidner et al. 1996).

B. burgdorferi is able to bind in vitro

to various receptors present on nu-

merous cells, including certain pro-

teoglycans, glycosphingolipids and

glycosaminoglucans, which may al-

low specific tissue tropism. All B.

burgdorferi genospecies can cause si-

milar clinical symptoms, but B. afze-

lii is found to be predominant among

European skin isolates, and B. garinii

prevails among isolates recovered

from patients with neurological

symptoms (Saint Girons et al. 1998;

Picken et al. 1998).

In the absence of its own enzymes,

B. burgdorferi can utilize host enzy-

mes in spreading through the skin

and other tissues. The spirochete is

capable of binding human plasmi-

nogen and its activator urokinase

(Fuchs et al. 1996; Coleman et al.

1997). These enzymes can then en-

hance its penetration through endot-
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helial cell layers (Szczepanski et al.

1990) and enable the spirochetes to

disseminate into various organs

(Garcia-Monco 1998).

Although B. burgdorferi resides clear-

ly in the extracellular compartment

of the mammalian host, it has been

found also inside endothelial cells,

fibroblasts, synovial cells and macro-

phages (Ma et al. 1991; Klempner et

al. 1993; Montgomery et al. 1993; Gir-

schick et al. 1996). Treatment failu-

res have been proposed to be due to

either an intracellular location of the

spirochete or to the location of the

organism in “a protected site“, such

as the central nervous system (CNS)

(Hu et al. 1997).

In tick midgut the major outer surface

protein of B. burgdorferi is OspA, whe-

reas in the mammalian host the pro-

duction of OspA is down-regulated

and the production of OspC is up-re-

gulated (de Silva et al. 1996; Montgo-

mery et al. 1996). This antigenic mo-

dulation may help the pathogen to

evade the host immune system.

Immune response to B. burgdorferi

Humoral immunity appears to be the

host´s most effective defense against

B. burgdorferi (Hu et al. 1997). The

development of specific antibodies

follows the classical pattern of IgM

response preceding IgG and IgA res-

ponses. During the first 2-4 weeks in

early, localized infection (EM) less

than half of the patients produce

measurable levels of antibodies to B.

burgdorferi. IgM antibodies rise com-

monly during the 3rd week, peak af-

ter 4 to 6 weeks, and disappear a

couple of weeks later (Craft et al.

1984). IgG antibodies appear after 6

weeks of infection and can increase

for months to years. IgG antibodies

often persist for years or decades.

Sometimes even IgM antibodies can

persist for months to years. Antibo-

dy response to B. burgdorferi, howe-

ver, can (but rarely) be weak or ab-

sent at different stages of the disease

in some patients (Dattwyler et al.

1988; Steere 1993; Oksi et al. 1995).

The humoral immune response in LB

is characterized by the initial recogni-

tion of a limited number of antigens,

followed by a marked expansion in the

repertoire of antigens recognized later

in the course of illness (Craft et al.

1986). The earliest antibody responses

are usually directed against the 21 kDa

OspC protein, the 41 kDa flagellar an-

tigen, a 39 kDa antigen and the 58 kDa

antigen (Simpson et al. 1990; Dressler

et al. 1993). In the United States, the
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Centers for Disease Control and Pre-

vention (CDC) (1996) recommends

Western blotting as a confirmatory test

for positive results of borrelia antibo-

dies in ELISA. However, in Europe

generally accepted interpretation cri-

teria have not yet been established for

Western blotting (Hauser et al. 1997).

A specific T-cell response is detectab-

le early in the course of LB, often pre-

ceding the humoral immune respon-

se (Dattwyler et al. 1986). The use of

cell-mediated immune responses in

the diagnosis of various clinical ma-

nifestations of LB remains, however,

controversial. T-cells reactive with

the antigens of B. burgdorferi may

cross-react with many other antigens

(Volkman et al. 1991), and cell proli-

feration assay is not considered as

sensitive tool as antibody measure-

ment in the diagnosis of LB (Datt-

wyler et al. 1988).

2.5. Clinical spectrum of Lyme

borreliosis

Description of Lyme borreliosis by

stages

The clinical picture of LB varies con-

siderably in individual patients.

However, epidemiological observa-

tions have led to the concept of the

development of LB in three different

stages, including early stages I and

II and late stage III (Steere et al. 1984;

Åsbrink 1991). The hallmark of sta-

ge I, and of the disease in general, is

EM, the pathognomonic expanding

erythematous rash on the site of the

tick bite. Stage II includes early dis-

seminated infection with a broad

spectrum of symptoms. The stage III

is the late phase of infection with

chronic neurological, dermatological

or inflammatory joint symptoms.

The three stages overlap considerab-

ly, however, and are often difficult to

differentiate. A more practical and

pathophysiologically valid staging of

LB into early localized and dissemi-

nated disease has been proposed

(Halperin 1995).

Erythema migrans and other early

signs and symptoms

EM, previously called erythema

chronicum migrans, starts as a mac-

ula or papule expanding over a peri-

od of days to weeks (Figure 5.). In 30-

50% of the cases EM is preceded by a

recognized tick bite and rarely by a

sting of a flying insect (Weber et al.

1983; Åsbrink et al. 1988; Oksi et al.

1994). The tiny and easily unnoticed

nymphal tick is probably the respon-

sible vector in cases without any his-
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Figure 5. Slowly expanding rash, Erythe-

ma migrans is the hallmark of early Lyme

borreliosis. (Photo: Department of Derma-

tology, Helsinki University Central Hos-

pital)

–

tory of previous tick bite. An EM les-

ion is often asymptomatic, but the pa-

tient can, however, experience pain,

burning, heat or mild itching (Weber

et al. 1993). The shape and outlook of

EM varies. The initial lesion is usually

homogeneous, red or bluish red with

a round or oval shape. About 70% of

the patients with EM present with con-

stitutional symptoms like fatigue,

headache, fever, arthralgia and myal-

gia (Weber et al. 1986). With the excep-

tion of regional lymphadenopathy and

fever, objective findings are rare in the-

se patients (Weber et al. 1993; Nadel-

man et al. 1995). The enlargement of

EM varies considerably, and, if left

untreated, the lesion commonly ex-

ceeds a diameter of 15 centimeters or

more. EM usually resolves sponta-

neously in a few weeks or months, but

without treatment it can reappear la-

ter (Weber et al. 1993).

In Europe 4-8% (Weber et al. 1993)

and in North America up to 50%

(Steere et al. 1983) of the patients with

LB develop multiple EM lesions as

the sign of disseminated disease.

Borrelial lymphocytoma and acro-

dermatitis chronica atrophicans

Borrelial lymphocytoma is a rare skin

manifestation, and it has been re-

ported in connection with LB only in

Europe (Hovmark et al. 1993). It is a

bluish-red, tumorlike skin infiltrate,

usually 1-5 centimeter in diameter.

Lymphocytoma is usually located on

the earlobe, nipple or scrotum, and

it occurs more frequently in children.

Untreated lymphocytoma resolves

spontaneously, but it may take up to

1 year and result in sequelae (Hov-

mark et al. 1993).

ACA is a late skin manifestation of LB

and has been described mainly in Eu-

rope. It is a bluish-red, atrophic lesion,

that is sometimes complicated by scle-

rodermic changes. It typically starts in

later decades of life and occurs predo-

minantly in women (Åsbrink 1993).
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The predilection sites of ACA are dis-

tal extensor surfaces of the limbs. Ex-

tracutaneous manifestations, such as

peripheral (Kaiser 1972) and central

neuropathy (Sandström et al. 1989)

and joint manifestations (Hovmark et

al. 1986), are not uncommon concomi-

tantly with ACA.

Musculoskeletal manifestations

Arthritis is a relatively frequent mani-

festation of LB. However, the inciden-

ce figures from various countries and

from studies representing various spe-

cialities are not always comparable

because of bias caused by patient se-

lection (Herzer 1993). Lyme arthritis

(LA) is characterized by recurrent brief

attacks of objective joint swelling in

one or a few joints, occasionally prog-

ressing to chronic arthritis (Cimmino

et al. 1998). In the United States about

60% of the patients with untreated EM

later develop episodes of LA (Steere

1989). B. burgdorferi can only rarely be

isolated from the joints of patients with

LA. In most cases the pathogenesis is,

however, associated with the presen-

ce of spirochetes in the joints (Nocton

et al. 1994). In some patients with chro-

nic, treatment-resistant LB, autoimmu-

ne mechanisms can play a role in the

pathogenesis of the disease. Antibo-

dies to OspA and OspB have been lin-

ked to the development of chronic

arthritis (Kalish et al. 1993). The con-

cept molecular mimicry, whereby bac-

terial antigens share epitopes with host

proteins, has been proposed as one

mechanism of the chronic inflamma-

tion in patients with chronic LB (Sigal

et al. 1988; Garcia-Monco et al. 1993;

Sigal 1993).

Arthralgia and myalgia occur in

most patients with early LB in North

America, but only in every fifth pa-

tient in Europe (Steere et al. 1983;

Weber et al. 1986). These symptoms

alone, however, are not criteria for

the musculoskeletal involvement of

LB (Stanek et al. 1996). Other mus-

culoskeletal manifestations asso-

ciated with LB include myositis (Sch-

mutzhard et al. 1986; Reimers et al.

1993) and osteomyelitis (Jacobs et al.

1986; Oksi et al. 1994). LB can trigger

fibromyalgia (Dinerman et al. 1992),

which, however, not rarely seems to

be misdiagnosed as LB (Sigal et al.

1992; Steere et al. 1993; Hsu et al.

1993).

Neurological and otoneurological

manifestations

Early neurological manifestations of

LB include meningitis, cranial and

peripheral nerve neuropathies and
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Bannwarth´s syndrome, which is

characterized by painful meningora-

diculoneuritis with lymphocytic

pleocytosis in the CSF with or with-

out peripheral paresis and with or

without cranial nerve affection (Pfis-

ter et al. 1993). Patients with Lyme

meningitis in Europe usually do not

suffer from meningeal symptoms

(Garcia-Monco 1992). In the United

States, however, most of the patients

have meningeal symptoms, such as

headache and mild neck stiffness

(Reik et al. 1979; Pachner et al. 1985).

The clinical picture of Lyme menin-

gitis resembles acute aseptic menin-

gitis, but it can also take a long-term

or relapsing course (Stiernstedt 1985;

Pachner et al. 1985).

Cranial neuropathies develop in 47%

to 82% of LB patients without anti-

biotic treatment (Pfister et al. 1993).

FP accounts for 70% to 80% of cra-

nial neuropathies that occur in LB

(Reik 1991) and it is the most com-

mon single neurologic symptom of

LB.

Chronic CNS abnormalities are rare

in LB, and they develop months to

years after the initial infection (Han-

sen et al. 1992). Late CNS LB inclu-

des all forms of encephalitis, en-

cephalomyelitis, meningoencephali-

tis and radiculitis (Kristoferitsch

1991; Hansen et al. 1992; Martin et al.

1993). Chronic disease often affects

peripheral nerves also. As much as

40% to 63% of patients with ACA

suffer from concomitant chronic pe-

ripheral neuropathy (Åsbrink 1985;

Kristoferitsch et al. 1988).

Cardiac manifestations

Lyme carditis is estimated to occur

in 8% of patients with LB in North

America (Steere et al. 1980). In Euro-

pe the frequency of cardiac manifes-

tations has not yet been established

(van der Linde et al. 1993). Lyme car-

ditis can occur as rhythm or conduc-

tion abnormalities, endomyocarditis

and pericarditis either with or with-

out heart failure (van der Linde et al.

1993). An atrio-ventricular block of

fluctuating degree is the most com-

mon sign of Lyme carditis, but also

total atrio-ventricular block occurs

(Steere et al. 1980; Olson et al. 1986).

The role of B. burgdorferi in chronic

heart disturbances is unclear, but the

significantly higher prevalence of

positive levels of antibodies to B.

burgdorferi in patients with cardio-

myopathy than in patients with co-

ronary heart disease or healthy blood

donors suggests that there may be an

association between LB and chronic
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heart disease (Klein et al. 1991; Sta-

nek et al. 1991).

Ocular manifestations

In LB the eye can be affected either

by the infection and inflammation of

ocular tissue or by the involvement

of extraocular tissues. Like syphilis,

LB seems to be a great imitator of

various ocular inflammations. Neu-

roophthalmic and ocular manifesta-

tions of LB include cranial neuropat-

hies, optic nerve disease, meningitis

with papilledema, neuroretinitis,

conjunctivitis, keratitis, uveitis, vit-

reitis, and other forms of posterior

segment inflammatory disease (Les-

ser 1995; Karma et al. 1996; Balcer et

al. 1997; Mikkilä et al. 1997; Mikkilä

et al. 1997; Zaidman 1997). Intraocu-

lar inflammations caused by B. burg-

dorferi are rare and difficult to diag-

nose (Schönherr et al. 1993). In en-

demic areas LB is not an extreme ra-

rity among patients with uveitis or

posterior segment inflammations of

unknown etiology and it should be

taken into account in the diagnostic

work-up (Mikkilä 1998).

Other manifestations

B. burgdorferi disseminates hemato-

genously, and several organs can be

infected. Subclinical hepatitis with

elevated serum transaminases (Kaza-

koff et al. 1993), splenomegaly (Cim-

mino et al. 1989; Nelson et al. 1992),

orchitis, testicular swelling, micro-

scopic hematuria, and proteinuria

(Steere 1989) have been reported in

patients with LB.

2.6. Diagnosis of Lyme borreliosis

Typical signs and symptoms of the

patient are the cornerstone of the

diagnostics of LB. If pathognomonic

symptoms, such as EM, are present,

the diagnosis is straightforward and

usually no laboratory tests are nee-

ded. However, many of the numero-

us symptoms of LB are not specific

for the disease, and laboratory met-

hods are necessary to support or con-

firm the diagnosis. These laboratory

methods fall in two categories: indi-

rect methods (including the assess-

ment of antibodies against B. burg-

dorferi and the lymphocyte stimula-

tion test) and direct methods (inclu-

ding cultivation, microscopy and

staining, antigen detection and PCR).

Serological methods

The first serological tests introduced

for the diagnosis of LB were based on

indirect immunofluoroscence (IFA)
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technology (Wilkinson 1984). Later,

ELISA has become the most widely

used screening method in LB diagnos-

tics. Western blotting is recommended

for use in the confirmation of positive

results obtained by ELISA. The anti-

gen preparations used in these tests

include whole cell preparations, so-

nicated cell suspensions, purified fla-

gellin protein and recombinant pro-

teins of B. burgdorferi (Hansen et al.

1988; Burkert et al. 1996). The genetic

variability of B. burgdorferi makes the

selection of appropriate antigens for

the serological tests a challenging task.

The diagnosis of LB by serological tes-

ting suffers from poor standardizati-

on of the methods, which has become

evident in interlaboratory compari-

sons (Tilton 1994; Bakken et al. 1997;

Guy et al. 1998).

Indirect immunofluoresence

IFA is a rather simple procedure and

does not need very sophisticated la-

boratory equipment. In experienced

hands the method has also been ac-

curate (Magnarelli et al. 1984; Rus-

sell et al. 1984). The interpretation of

IFA results can vary, however, becau-

se of the subjectivity of the reading

process. In addition, IFA is less sen-

sitive than ELISA, too laborious for

high-volume testing and prone to

variability in manufacturing proces-

ses (Stiernstedt et al. 1985; Golightly

1993; Tilton 1994).

Enzyme linked immunosorbent assay

ELISA is the most widely used met-

hod for assessing antibodies against

B. burgdorferi. This method, as well

as other serological tests is hampe-

red, however, by the occurrence of

cross-reacting antibodies and a lack

of sensitivity, especially in the early

phases of LB (Bruckbauer et al. 1992).

ELISA tests are available as both in-

house assays and commercial kits.

Numerous antigens have been tested

in attempts to improve the efficacy

of ELISA. Sonicated bacteria are wi-

dely used for screening purposes,

usually combined with purified or

recombinant antigens for confirming

positive results (Burkert et al. 1996;

Guy et al. 1998). Immunological and

molecular biological investigations

have revealed and characterized a

variety of borrelial antigens, inclu-

ding p83/100, p66, p41 (flagellin),

p39 (BmpA), p17 and outer surface

proteins OspA, OspB, OspC, OspD,

OspE and OspF. In early infection,

the immune response is mainly re-

stricted to p41 (Craft et al. 1986) and

OspC (Wilske et al. 1986). Later, du-
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ring the course of prolonged infecti-

on, the immune response is directed

against tens of different antigens.

This phenomenon can best be de-

monstrated by Western blotting with

which sera from patients with late LB

can show as many as 40 immuno-

reactive bands (Hauser et al. 1997).

Several reports have been published,

however, on seronegative patients

with definite LB (Dattwyler et al.

1988; Guy et al. 1989; Schutzer et al.

1990; Oksi et al. 1995). ELISA, as well

as other serological methods, are

more sensitive in late than early sta-

ges of the disease. In the diagnosis

of late European LB, the most speci-

fic diagnostic antigens for ELISA in-

clude p83/100, p58, p43, p39, p30

OspC, p21, p17 and p14 (Hauser et

al. 1997). Several important proteins

are immunologically variable in dif-

ferent genospecies of B. burgdorferi.

Thus the use of purified antigens

does not solve the problem caused

by antigen polymorphism. In the fu-

ture, carefully designed antigen

cocktails should be constructed for

ELISA to cover different B. burgdor-

feri genospecies as well as possible.

Western blotting

Ideally, all positive ELISA results

should be confirmed by Western

blotting (Tilton 1994). In the United

States the CDC recommend a two-

step protocol for the evaluation of the

sera. ELISA should be performed for

screening, and positive results

should be confirmed by Western

blotting assay according to the crite-

ria accepted by the CDC (Centers for

Disease Control and Prevention

1995). In Europe, however, general-

ly accepted criteria have not been

established. The three known B. burg-

dorferi strains pathogenic for human

and at least eight different serotypes

present in Europe make the definiti-

on of Western blotting criteria more

complicated. Attempts have recent-

ly been made to establish European

criteria, however (Hauser et al. 1997).

Cultivation

B. burgdorferi requires a special me-

dium for growth. BSK-II medium was

the first described for this purpose; la-

ter several modifications of it have

been developed (Barbour et al. 1983;

Preac Mursic et al. 1986). B. burgdorferi

is a slowly growing organism, and so-

metimes cultivation has to be conti-

nued for weeks to obtain detectable

growth. Although B. burgdorferi has

been isolated from specimens obtained

at all stages of LB, isolation is more

successful at early stages than later.
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B. burgdorferi has been isolated from a

variety of body tissues, including skin

(Steere et al. 1983; Åsbrink 1985; Sta-

nek et al. 1985) blood (Benach et al.

1983; Viljanen et al. 1992), CSF (Steere

et al. 1983; Karlsson et al. 1990), syno-

vial fluid and synovial membrane

(Snydman et al. 1986; Schmidli et al.

1988), tendon (Haupl et al. 1993), myo-

cardium (Stanek et al. 1990), iris (Preac

Mursic et al. 1993), and subcutaneous

fat (Viljanen et al. 1992). Skin biopsies

from patients with EM have been cul-

ture positive in 60% - 86% of the cases

(Wormser et al. 1992; Berger et al. 1992;

Mitchell et al. 1993). Furthermore, B.

burgdorferi has been cultured from the

sera of 25% of the patients with EM

(Wormser et al. 1998). The sensitivity

of cultivation is much lower for tissu-

es other than EM skin. The yields of

cultivation from the blood of patients

with EM and from the CSF of patients

with neuroborreliosis have been 5% or

less and 7%-10%, respectively (Wilske

et al. 1993; Wormser et al. 1998). Thus,

a negative result in cultivation does not

exclude LB, and the value of this met-

hod in the diagnosis of LB is conside-

red rather limited.

Microscopy

Various specimens have been stained

by Giemsa, silver impregnation and

immunohistochemical techniques

for the microscopical observation of

B. burgdorferi (de Koning et al. 1993).

However, microscopy is time consu-

ming, lacks both specificity and sen-

sitivity and is not suitable for the rou-

tine diagnosis of LB.

Polymerase chain reaction

PCR is a powerful method for detec-

ting small amounts of nucleic acids.

It has been used to detect B. burgdor-

feri in ticks (Persing et al. 1990) and

in a wide variety of human and ani-

mal specimens (Picken et al. 1997).

PCR has many advantages, inclu-

ding high sensitivity, specificity and

rapidity. The extreme sensitivity can,

however, cause false positive results

because of contamination. This prob-

lem can generally be controlled by

careful attention to controls and la-

boratory procedures. On the other

hand, false negative results can be

caused by inhibitors in the specimens

or simply by the fact that not a sing-

le bacterium has reached the minute

proportion of the specimen subjected

to PCR analysis. In practice, the re-

ports on PCR from human tissues

and body fluids show controversial

results (Schmidt 1997). Neither the

ideal type of specimen nor the selec-

tion of primers for the optimal de-
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tection of borrelial DNA in patients

is known. In optimized conditions

PCR from EM and ACA skin biopsi-

es have reached sensitivities of 100%

(Schempp et al. 1993; Moter et al.

1994). In practice the sensitivity of

PCR for body fluids and tissues is

much lower and varies considerably

depending on the specimen obtained

and PCR method used (Schmidt

1997). The routine use of PCR in the

diagnosis of LB is far from being ge-

nerally accepted, but it is a promising

method for a more reliable and fas-

ter confirmation of LB.

Lymphocyte proliferation test

B. burgdorferi infection usually also

induces cell-mediated immune res-

ponse, which can be detected in vit-

ro by the lymphocyte proliferation

test (Dattwyler et al. 1986). This test

can be helpful in the diagnosis of late

LB in the small subset of patients

with no or weak antibody responses

(Dressler et al. 1991). However, the

test has several limitations. It is con-

sidered less sensitive than the measu-

rement of antibodies, and it can pro-

duce false positive results because of

cross-reactive immunity against

microbes antigenically resembling B.

burgdorferi (Dattwyler et al. 1988).

Thus a negative result in a lympho-

cyte stimulation test does not exclude

LB.

Antigen detection

There is both in vitro and in vivo evi-

dence that B. burgdorferi sheds ve-

sicles containing DNA from its sur-

face membrane, and also surface-as-

sociated proteins (Barbour et al. 1986;

Garon et al. 1989). B. burgdorferi anti-

gens have been detected in urine,

CSF, blood, and tissue specimens

with ELISA, Western blotting and

electron microscopy (Benach et al.

1988; Garcia-Monco et al. 1990; Dor-

ward et al. 1991; Coyle et al. 1993).

Although promising, antigen detec-

tion tests are not available for routi-

ne use. Their limitations include a

lack of standardized reagents and a

lack of controlled clinical studies on

sensitivity and specificity (Coyle

1993).

2.7. Medical treatment of Lyme

borreliosis

Antibiotic susceptibility of

B. burgdorferi

Antibiotics have been used in the treat-

ment of LB since the late 1940s (Bian-

chi 1950; Thyresson 1950; Hollström

1951). Initially the disease was treated
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with penicillin, later with various ot-

her antibiotics. Current knowledge

about the efficiency of individual an-

tibiotics is based on several in vitro and

in vivo studies (Johnson et al. 1984;

Johnson et al. 1987; Luft et al. 1988;

Johnson et al. 1990; Johnson et al. 1990;

Wormser 1990; Preac-Mursic 1993).

The in vitro growth of B. burgdorferi is

inhibited by several antibiotics, such

as amoxicillin, ampicillin, azithromy-

cin, cefotaxime, ceftriaxone, cefuroxi-

me, clarithromycin, doxycycline,

erythromycin, imipenem, penicillin,

roxithromycin and tetracycline

(Wormser 1990). The in vitro effect of

erythromycin is one of the strongest,

whereas the effect of penicillin is rat-

her weak. B. burgdorferi is resistant to

aminoglycosides, rifampin and trime-

toprin-sulfamethoxazole. These in vit-

ro results should be viewed cautious-

ly because the methods used are not

well standardized and there is no proof

that the results correlate with the cli-

nical effectiveness of the drugs (Nowa-

kovski et al. 1993). For example, the

good in vitro efficacy of certain macro-

lide antibiotics contrasts with the re-

sults of clinical trials in humans and

animals, where these drugs have had

an activity lower than that of penicil-

lin and tetracycline (Steere et al. 1983;

Johnson et al. 1990; Hansen et al. 1992;

Luft et al. 1996).

Antibiotic treatment of erythema

migrans

There is evidence that patients with

early LB and even with meningora-

diculoneuritis or meningitis can re-

cover spontaneously (Pfister et al.

1993). Antimicrobial therapy is, how-

ever, always indicated for EM to pre-

vent the development of the more

serious later manifestations of LB

(Weber et al. 1994).

EM disappears usually within a few

days after the start of antimicrobial

therapy. Numerous studies have

been conducted to compare the effi-

cacy of different antibiotic agents in

the treatment of EM and the preven-

tion of late symptoms of LB. In an

early study by Steere et al., oral pe-

nicillin and tetracycline, but not

erythromycin, reduced the duration

of EM (Steere et al. 1980). In a subse-

quent study by the same group, tet-

racycline was superior to oral penicil-

lin and oral penicillin was superior

to erythromycin in preventing minor

late complications (Steere et al. 1983).

As other researchers later, Steere et

al. showed a positive correlation bet-

ween the severity of initial symptoms

and the outcome of LB (Steere et al.

1983; Weber et al. 1987; Weber et al.

1990).
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In comparative studies oral penicil-

lin, tetracycline and amoxicillin/cla-

vulanate (Weber et al. 1988), amoxi-

cillin/probenecid and doxycycline

(Dattwyler et al. 1990), doxycycline,

amoxicillin/probenecid and azithro-

mycin (Massarotti et al. 1992), cefu-

roxime axetil and doxycycline (Na-

delman et al. 1992), azithromycin and

penicillin (Weber et al. 1993), azithro-

mycin and doxycycline (Strle et al.

1996) and penicillin and minocycli-

ne (Breier et al. 1996) have been

found equally effective in the treat-

ment of EM.

Ceftriaxone was as effective as oral

penicillin in the treatment of EM in a

study which also noted that ceftria-

xone was superior to penicillin in a

subgroup of patients with more than

one symptom prior to therapy (We-

ber et al. 1990). In the study con-

ducted by Strle (Strle et al. 1992),

azithromycin was superior to doxy-

cycline and oral penicillin in terms

of the resolution of EM-associated

local and systemic symptoms. In

another study amoxycillin was supe-

rior to azithromycin (Luft et al. 1996).

Even though antimicrobial therapy

has been used for EM, mild or seve-

re other manifestations of LB can

develop (Weber et al. 1994). Most, if

not all, antibiotics used thus far have

been associated with treatment fai-

lures in patients with EM (Weber

1996). B. burgdorferi has also been

cultivated from the site of EM after

antimicrobial treatment (Preac Mur-

sic et al. 1989; Strle et al. 1993).

Antibiotic treatment of disseminated

Lyme borreliosis

The beneficial effect of penicillin G

in the therapy of neurological symp-

toms associated with EM was known

in Europe already before the etiolo-

gy of LB was clarified (Hollström

1951; Weber 1974). Most of the pati-

ents with acute borrelial meningitis

and meningoencephalitis can be cu-

red by intravenously administered

penicillin (Kristoferitsch et al. 1987;

Sköldenberg et al. 1988; Pfister et al.

1989; Mullegger et al. 1991; Karlsson

et al. 1994). However, there are re-

ports of progressive disease despite

penicillin therapy (Diringer et al.

1987; Pal et al. 1988; Gourmelen et al.

1989). Lipid soluble doxicycline with

the ability to cross the blood-brain

barrier (Karlsson et al. 1996) has been

shown to be equally effective as pe-

nicillin G in cases of neuroborrelio-

sis (Karlsson et al. 1994). Penicillin-

resistant neuroborreliosis has suc-

cessfully been treated with ceftriaxo-

ne (Dattwyler et al. 1987), chlo-
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ramphenicol (Diringer et al. 1987)

and cefotaxime (Pal et al. 1988).

Little information is available about

the antibiotic treatment of late bor-

relial encephalomyelitis and cerebral

vasculitis (Weber et al. 1994). Symp-

toms and sometimes signs of late

peripheral neuropathy have impro-

ved after therapy with intravenous

penicillin or intravenous cephalospo-

rins (Weber et al. 1994).

LA has a tendency to resolve sponta-

neously over the years (Steere 1989).

Antibiotic therapy is, however, always

indicated. Benzathine penicillin and,

especially, intravenous penicillin can

cure LA (Steere et al. 1985; Huaux et

al. 1988). A study comparing intrave-

nous penicillin and intravenous ceft-

riaxone in the treatment of patients

with late LB, including patients with

arthritis and arthralgia, suggested the

superiority of ceftriaxone (Dattwyler

et al. 1988). From one-third up to two-

thirds of the patients with LA have res-

ponded to oral treatment with penicil-

lin (Schaad et al. 1986), doxicyclin

(Schaad et al. 1986; Liu et al. 1989) or

amoxicillin/probenecid (Liu et al.

1989).

Recommendations for the antimicro-

bial treatment of Lyme borreliosis

The optimal treatment of various

forms of LB is unknown. Most of the

therapeutic trials have drawbacks if

evaluated critically, and their results

have to be interpreted with caution

(Weber et al. 1993).

The recommendations for the treat-

ment of EM and associated symp-

toms (Stage I of LB) include oral

phenoxymethylpenicillin (1.5 million

IU three times a day), amoxicillin

(500mg three or four times a day) and

doxycycline (200 mg a day) for 2-4

weeks (Rahn et al. 1991; Sigal 1992;

Weber et al. 1994). For patients with

intolerance to penicillin or tetra-

cyclin, cefuroxime axetil or azithro-

mycin may be an alternative (Nadel-

man et al. 1992; Weber 1996). Ro-

xithromycin and erythromycin seem

to be ineffective in the treatment of

EM (Weber 1996). Intravenous ceft-

riaxone is recommended for patients

with EM accompanied by severe as-

sociated symptoms (Weber et al.

1993). In early disseminated LB with-

out meningitis oral doxycycline is an

alternative to intravenous ceftriaxo-

ne (Dattwyler et al. 1997).
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Patients with Bannwarth´s syndrome

and meningitis are usually recom-

mended to be treated with intrave-

nous antimicrobial therapy. Ceftria-

xone (2 g once daily) or other third-

generation cephalosporins seem to

be appropriate therapy for early neu-

roborreliosis (Weber et al. 1994). Oral

doxycycline has also been used suc-

cessfully in the treatment of neuro-

borreliosis (Karlsson et al. 1994). The

duration of the intravenous therapy

for late LB is often 2-3 weeks, and

many authorities consider therapies

longer than 4 weeks rarely indicated

(Steere 1989; Rahn et al. 1991; Sigal

1992; Weber et al. 1994).

Penicillin, amoxicillin, azithromycin

and tetracycline have been used suc-

cessfully for the treatment of borre-

lial lymphocytoma. (Hovmark et al.

1986; Strle et al. 1996). However, con-

clusive data on the efficacy of these

drugs in this respect are not availab-

le (Weber et al. 1993; Strle et al. 1996).

The recommendations for the anti-

microbial therapy of EM are widely

considered valid also for the thera-

py of borrelial lymphocytoma.

For several decades, ACA has been

successfully treated with penicillin

and later also with tetracyclines. Pe-

nicillin or doxycycline courses of 30

days were superior to a 2-week cour-

se of intravenous ceftriaxone in the

eradication of B. burgdorferi in pati-

ents with ACA (Aberer et al. 1996).

2.8. Prevention of Lyme borreliosis

LB is, to a large extent, a preventable

infection. Avoidance of heavily tick-

infested areas, personal protection

with proper clothing, and prompt

removal of attached ticks remain the

most effective protective measures.

Many other preventive measures are

available and could be efficiently

used to reduce the abundance of vec-

tors. However, since the ecology of

B. burgdorferi varies greatly between

different localities, it may be neces-

sary to apply different combinations

of control methods in different ende-

mic regions (Jaenson et al. 1991).

The risk of borrelial infection after a

single tick bite is low (1%-3.5%)

(Warshafsky et al. 1996). Several tri-

als with antimicrobial prophylactics

after Ixodes tick bites have been con-

ducted in endemic areas (Costello et

al. 1989; Magid et al. 1992; Shapiro

et al. 1992; Agre et al. 1993; Warshafs-

ky et al. 1996; Sood et al. 1997; Fix et

al. 1998). No trial, however, and not

even a meta-analysis of published

trials, has statistically significantly
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demonstrated the efficacy of anti-

microbial treatment in preventing LB

after tick bites. Even though anti-

microbial therapy is not recommen-

ded by scientists as a prophylactic

measure, a considerable percentage

of physicians use it (Eppes et al. 1994;

Ziska et al. 1996). A recent study sho-

wed that tick identification and the

measurement of engorgement can be

used to identify a small, high-risk

subset of persons who may benefit

from the immediate administration

of an antibiotic (Sood et al. 1997). The

awareness of the local infestation ra-

tes of ticks with B. burgdorferi may

help to identify the high-risk areas.

Vaccination for Lyme borreliosis

Animal models have shown that both

passive and active immunization can

protect against infection by B. burgdor-

feri (Johnson et al. 1988; Fikrig et al.

1992). Both human and veterinary LB

vaccines are needed in areas endemic

for the disease. A recombinant OspA

vaccine has been licensed for the pre-

vention of LB in dogs (Edelman 1991).

Two extensive efficacy studies of vac-

cines for the prevention of LB have re-

cently been completed in the United

States (Sigal et al. 1998; Steere et al.

1998). Both vaccines based on recom-

binant OspA and showed an efficacy

of 49-68% during the first year and 76-

92% during the second year after three-

stage vaccination on days 0, 30 and

360. CDC licensed in United States an

OspA vaccine for humans in Decem-

ber 1998. Unfortunately OspA vacci-

nes, because of the variability of OspA

in local B. burgdorferi sensu lato strains,

hardly are of any use in Europe.

2.9. Neurootological manifestations

of Lyme borreliosis

Facial nerve paralysis

Acute peripheral FP was first desc-

ribed in 1821 by Sir Charles Bell, who

defined the motor function of the se-

venth cranial nerve (Bell 1821). The

reported incidence of FP varies bet-

ween 11.5 and 40 annual cases per

100 000 of the population (Melotte

1961; Gregg 1961; Lagerholm et al.

1971; Hauser et al. 1971; Mair et al.

1974; Adour et al. 1978; Peitersen

1982; Katusic et al. 1986; Yanagihara

1988). The annual incidence of FP in

childhood is less than half of the cor-

responding incidence of FP in adults

(Adour et al. 1978; Peitersen 1982;

Katusic et al. 1986; Christen et al.

1993). In up to 75% of the cases the

etiology has remained obscure, and

the symptom has been called Bell’s

palsy (Adour 1982).
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Several factors have been suggested

for the etiology of FP, including ge-

netic, metabolic, autoimmune, vas-

cular, entrapment and infectious cau-

ses (Bauer et al. 1996). Diabetes mel-

litus and pregnancy are known pre-

disposing factors for FP (Adour et al.

1974; Hilsinger et al. 1975; Adour

1977). During the last two decades

viral infections, especially the herpes

simplex virus, have gained popula-

rity among investigators as a poten-

tial cause of FP (Barringer et al. 1973;

Adour et al. 1980; Morgan et al. 1992;

Murakami et al. 1996; Adour et al.

1996). Thus far the evidence impli-

cating HSV as a cause of FP is still

incomplete. However, based on em-

pirical evidence, acyclovir has been

proposed for the treatment of FP

(Adour et al. 1996). FP caused by the

Varicella zoster virus forms its own

entity.

Some bacterial diseases, including

spirochetal infections like syphilis

(Verduijn et al. 1982) and relapsing

fever (Southern et al. 1969), are

known to to induce FP. B. burgdorferi

also belongs to the group of spiroche-

tes capable of inducing FP. In a stu-

dy of almost 1000 patients with LB,

FP occurred in 10% (Clark et al. 1998).

Cranial neuropathies develop in

about 60% of the patients in early

neuroborreliosis and in 45% of the

patients in late neuroborreliosis (Reik

1991). Up to 55% of pediatric patients

with neuroborreliosis can incur FP

(Christen et al. 1993). FP accounts for

70-80% of all cranial nerve neuropat-

hies in early LB (Reik 1991) and about

one-third of them in late LB (Acker-

mann et al. 1988).

LB, or serological evidence of it, has

been found in 6-20% of adult patients

with FP (Åsbrink et al. 1985; Olsson et

al. 1988; Jonsson et al. 1990; Laurikai-

nen et al. 1990; Puhakka et al. 1992; Ro-

berg et al. 1991; Kuiper et al. 1992;

Hyden et al. 1993). The incidence of

LB is higher in pediatric patients than

in adults with FP. In studies on pedi-

atric FP, as many as two thirds of the

patients have had LB (Dotevall et al.

1994). In a German multicenter study,

LB was diagnosed in every third child

with FP and in every second child

during the warm season, and it was

the most frequently verifiable cause of

FP (Christen et al. 1993).

The spontaneous course of borrelial

FP and neuroborreliosis is predomi-

nantly favorable (Kruger et al. 1989;

Niemann et al. 1997). Although LB

is often a self-limiting infection, an-

timicrobial therapy is widely ac-

cepted and used to prevent rare la-
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ter complications. FP can be a mani-

festation of early LB without signs of

spirochetal dissemination, but it can

also be a manifestation of early or late

disseminated disease. Whether acu-

te disseminated B. burgdorferi infec-

tion should be treated differently

from localized infection is not known

(Dattwyler et al. 1997). Because of the

small number of controlled studies,

the optimal treatment of borrelial FP

also remains unknown. FP caused by

LB has been successfully treated with

intravenous penicillin (Jonsson et al.

1987; Olsson et al. 1988; Engervall et

al. 1995; Kindstrand 1995; Christen

1996), intravenous cephalosporins

(Pfister et al. 1989; Christen 1996) and

peroral tetracyclines (Dattwyler et al.

1997).

Sudden sensorineural hearing loss

SHL is a loss or impairment of hea-

ring that develops during a period

not exceeding a few hours or it is

present on awakening. The annual

incidence of SHL increases with ad-

vancing age and is reported to be

between 5 and 20 cases per 100 000

of the population. (Byl 1984)

Since the first published group of

patients with “idiopathic“ SHL in

1944 (De Kleyn 1944), it has been

shown that this disorder has nume-

rous possible causes, including infec-

tious, traumatic, neoplastic, im-

munologic, toxic, circulatory, neuro-

logic and metabolic factors (Hughes

et al. 1996).

Publications concerning the relation-

ship between LB and SHL are few. The

eighth cranial nerve or the vestibulo-

cochlear nerve is involved in less than

5% of cranial neuropathies in patients

with LB. LB seems to affect the

cochlear part of the nerve more often

(Reik 1992), but the vestibular part can

also be affected (Hanner et al. 1988).

There are some reports of SHL in pati-

ents with both early and late LB (Mo-

kry et al. 1990; Heininger et al. 1990;

Quinn et al. 1997; Zajkowska et al.

1998). In patients with ACA brainstem

response audiometry (BRA) has

shown abnormalities indicating the

involvement of central auditory path-

ways in chronic LB (Sandström et al.

1989). Serological evidence of LB has

been reported in about one-fifth of

patients with SHL (Hanner et al. 1989;

Hanner 1995). Patients with a favorab-

le effect from antimicrobial therapy on

long-lasting LB-related hearing deficit

have occasionally been reported (Les-

ser et al. 1990; Goldfarb et al. 1994;

Quinn et al. 1997; Zajkowska et al.

1998).
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Vertigo

Vertigo, dizziness and different types

of dysequilibrium are common clini-

cal problems. Although, in the me-

dical literature, the term vertigo is

used to include a hallucination of

turning or other motion separating

it from dizziness and other forms of

dysequilibrium, in this study it is

used to describe all forms of a sub-

jective perception of imbalance. The

etiology of vertigo is multifaceted

and includes various systemic dise-

ases, disorders of the CNS and more

specific disturbances in the equilib-

ratory apparatus ( vestibule, semicir-

cular canals, vestibulocochlear ner-

ve, vestibular nuclei in the brainstem

and their temporal lobe connections

and eyes). In neurootological clinics

the most common diseases involving

vertigo are Menière´s disease, benign

positional vertigo, vestibular

schwannoma, vestibular neuritis,

traumatic vertigo, sudden deafness

with vertigo, inflammatory diseases,

perilymphatic fistula, ototoxicity,

benign recurrent vertigo, benign pa-

roxysmal vertigo of childhood, inner

ear autoimmune disease, CNS tu-

mors, brainstem ischaemia, neuro-

vascular compression syndrome and

epilepsy (Kentala 1996).

The literature on vertigo in relation

to LB is sparse and limited to a few

papers. Rosenhall et al. (Rosenhall et

al. 1988) demonstrated serological

evidence of LB in 10 of 73 (14%) pa-

tients with vertigo. Ishizaki et al. (Is-

hizaki et al. 1993) showed positive

levels of antibodies against B. burg-

dorferi in 12 of 350 (3.4%) patients.

Riechelman et al. (Riechelmann et al.

1990) demonstrated that 8 of 45 (17%)

patients with vertigo had positive

levels of antibodies against B. burg-

dorferi, but they found the same rate

of seropositivity in the control group.

On the other hand, vertigo is not an

uncommon symptom among pati-

ents with disseminated LB. In series

of patients with LB the prevalence of

vertigo has varied between 8% and

26% (Krejcova et al. 1988; Moscatel-

lo et al. 1991; Wahlberg et al. 1993).
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3. AIMS OF THE PRESENT

STUDY

The aim of the present study was to

evaluate the prevalence and clinical

picture of LB among patients from

southern Finland presenting with

neurootological symptoms. These

symptoms included acute peripheral

FP, SHL and vertigo. In addition, the

endemicity rate of LB was studied in

the main patient enrollment area.

The specific aims of the study were

1. to determine prospectively the

prevalence of FP caused by LB in

southern Finland and to study the

characteristics of LB-related FP com-

pared with FP unrelated to LB (I);

2. to study prospectively LB as the

cause of pediatric FP and, in additi-

on, to evaluate retrospectively the

long-term prognosis of untreated FP

caused by LB (II);

3. to study prospectively the preva-

lence of LB in patients with SHL and

vertigo with special emphasis on

signs and symptoms possibly predic-

ting the occurrence of LB (III-IV) and

4. to estimate the density of I. ricinus

in recreational areas in Helsinki and

to assess the prevalence of B. burg-

dorferi in these ticks. Three different

methods (DFM, cultivation and PCR)

used in the detection of borreliae in

ticks were compared.
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4. PATIENTS AND MATERIALS

The patients for the present study

were examined in the Department of

Otorhinolaryngology (study I-IV) or

in the Departments of Paediatrics

and Otorhinolaryngology (study II)

of the Helsinki University Central

Hospital.

4.1. Study I

For study I, 503 patients with acute

idiopathic lower motoneuron FP

were consecutively examined from

1993 through 1994. On admission,

the patients filled out a questionnai-

re concerning symptoms and signs

related to LB, and their sera were

screened for antibodies to B. burgdor-

feri by ELISA. For patients with a cli-

nical suspicion of LB or positive

levels of antibodies against B. burg-

dorferi, CSF and sera were analyzed

by PCR for DNA of B. burgdorferi. The

CSF specimens also were subjected

to routine chemical (protein and glu-

cose concentration) and cytological

(leucocyte count) analyses to estima-

te the degree of CNS inflammation.

The outcome of the FP was evalua-

ted by another questionnaire (mean

follow-up of 3 years) concerning re-

covery from FP and possible residual

symptoms.

4.2. Study II

Study II consisted of an evaluation of

49 consecutively examined children

(<17 years) with 50 episodes of FP from

April 1994 through September 1996.

The patients were carefully intervie-

wed with special emphasis on tick bi-

tes and signs or symptoms of LB in

their history, and their sera and CSF

were analyzed for B. burgdorferi DNA

and for antibodies against B. burgdor-

feri. Other laboratory tests included

leucocyte count, sedimentation rate, C-

reactive protein concentration in the

blood and routine chemical and cyto-

logical analyses of the CSF. The CSF

was also incubated in BSK-II medium

for the cultivation of B. burgdorferi.

Study II included a retrospective ana-

lysis of 43 children who had had FP

an average of 5 years earlier. These

patients had not been previously exa-

mined for LB, nor had they been trea-

ted for FP with antimicrobial agents.

On admission the patients completed

a questionnaire, with special empha-

sis on possible signs and symptoms of

chronic LB. The examination of the

children included an otoneurological

evaluation, screening for B. burgdorfe-

ri DNA and antibodies against B. burg-

dorferi in their serum and an

assessment of leucocyte count, sedi-
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mentation rate and C-reactive protein

concentration in their blood. B. burg-

dorferi DNA, antibodies against B.

burgdorferi and routine chemical and

cytological parameters were also ana-

lyzed from the CSF. Sera and CSF were

also incubated in BSK-II for the culti-

vation of B. burgdorferi.

4.3. Study III

In study III, 168 patients with idio-

pathic SHL during 1993-1994 were

consecutively and prospectively stu-

died for antibodies against B. burg-

dorferi. On their admission signs or

symptoms possibly related to LB

were given a special attention. For

the seropositive patients, sera and

CSF were analyzed for B. burgdorferi

DNA, for antibodies against B. burg-

dorferi, and for signs of inflammati-

on. The patients were given an

audiological evaluation that inclu-

ded pure tone audiometry with air

and bone conduction thresholds and

brainstem auditory responses (Nico-

let Spirit). The audiological outcome

data included the pure tone average

(PTA), the PTA recovery percent and

the PTA improvement percent. In

case of any suspicion of retrocochlear

pathology, posterior fossa, including

the internal acoustic meatus, was

scanned by magnetic resonance ima-

ging (MRI) or computed tomo-

graphy (CT).

4.4. Study IV

In study IV 2055 consecutive vertigo

patients who entered to the depart-

ment from 1993 through 1994 were

examined for the prevalence of LB.

The diagnoses of these patients in-

cluded a wide range of neurootolo-

gical, neurological and vascular

causes of vertigo. The patients were

interviewed with special attention

being paid to possible signs and

symptoms related to LB. The sera of

patients were screened for antibodies

against B. burgdorferi, and those with

positive levels of antibodies were

further analyzed by Western immu-

noblot and for B. burgdorferi DNA.

The CSF specimens of the seroposi-

tive patients were analyzed for B.

burgdorferi DNA and antibodies

against B. burgdorferi. The neurooto-

logical tests included the evaluation

of saccades, pursuit eye movements,

posturography and the caloric test.

The audiological evaluation inclu-

ded pure tone audiometry and BRA.

4.5. Study V

For study V, 726 I. ricinus ticks were

collected by dragging a 1m2 cloth
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through the vegetation of five recrea-

tional areas in Helsinki. The density

of ticks in the areas was estimated. The

ticks were processed further by open-

ing their shield and removing the mid-

gut. So that the prevalence of B.

burgdorferi could be determined and

the methods used for the detection of

B. burgdorferi in the ticks could be com-

pared, the midgut was cut in three pie-

ces, one for DFM, one for PCR analysis

and one for cultivation.

.
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5. METHODS

The methods are presented in detail

in original publications. The outlines

are as follows:

5.1. Enzyme linked immunosorbent

assay

IgM and IgG antibodies against B.

burgdorferi were measured by a com-

mercial flagellin-based ELISA kit

(Dako, Glostrup, Denmark) modified

by using titration of the antibodies as

described earlier (Seppälä et al. 1994).

Sera were diluted serially in three-fold

steps for the test and applied to the pla-

tes for overnight incubation. The

bound antibodies were detected by

biotin-labeled goat anti-human IgM

and IgG (Zymed, Los Angeles, CA,

USA). An end point titer was obtained

at an optical density level determined

by a cut-off control provided by the kit.

The titer limit for a positive IgG anti-

body level was 500, and for a positive

IgM level it was 2500. This cut-off cont-

rol material conformed with the level

of the mean +3 standard deviations

(SD) of the reference population living

in central Finland (Seppälä et al. 1994).

In Denmark and Sweden 98% of the

population have antibody levels be-

low this standard (Hansen et al. 1988).

The modifications to the commercial

ELISA kit were made in order to al-

low measurement of serum and CSF

antibodies in the same linear titration

scale, thereby allowing the calculati-

on of intrathecal antibody production

in combination with immunoglobulin

concentration data.

For the CSF the cut-off limits for both

the IgM and IgG antibodies were 3.0

in the same scale as applied to the

serum analysis. The IgG antibody ti-

ter in the CSF was divided by the to-

tal IgG concentration in the CSF. A

corresponding ratio was also calcu-

lated for the serum. If the calculated

ratio of the CSF was more than two-

fold higher than the ratio of the se-

rum, IgG antibodies to B. burgdorferi

in the CSF were considered to be int-

rathecally synthesized.

5.2. Western blotting

In study IV the sera from patients

with positive levels of antibodies

against B. burgdorferi were further

analyzed for IgG1 antibodies by Wes-

tern immunoblot using Finnish B.

afzelii strain KS1 as the antigen sour-

ce. The immunoblotting was perfor-

med as described by Seppälä et al.

(Seppälä et al. 1994). The sample was

considered positive when at least

four bands, out of those most regu-
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larly found in Finnish patients with

LB, were observed. These bands rep-

resented proteins with molecular

masses of 17, 19, 21, 30, 41, 48, 52 and

83 kDa.

5.3. Treponema pallidum antibodies

In an attempt to rule out syphilis as

a source of false positive serological

results, in studies I, III and IV, sera

were examined for T. pallidum anti-

bodies by a commercial hemaggluti-

nation assay (Porton Cambridge,

Newmarket, UK).

5.4. Polymerase chain reaction

PCR analyses were performed in all

the studies (I-V). The method for

DNA extraction and primers used in

the PCR assay for ticks in study V

differed from those used in clinical

studies I-IV.

In studies I-IV, the serum or CSF spe-

cimens were first treated with SDS,

and then DNA was extracted from

them with phenol chloroform, pre-

cipitated with ethanol, and finally

dissolved with water.

In study V, DNA was extracted from

the tick midgut by InstaGene DNA

extraction matrix (Bio-Rad Laborato-

ries, Hercules, CA, USA) according to

the instructions of the manufacturer.

In studies I-IV the target of the PCR

amplification was a segment of the

gene encoding the 41-kDa flagellin

of B. burgdorferi. The primers were

modifications (He et al. 1994) from

those described by Picken et al.

(Picken 1992). Oligonucleotides were

synthesized by an automatic DNA

synthesizer (Model 391 PCR- Mate

DNA Synthesizer; Applied Biosys-

tems, Foster City, CA, USA) based on

phosphoamidite chemistry. The PCR

reaction consisted of 40 cycles carried

out in a thermal cycler (HB-TR1,

Hybaid Ltd., Middlesex, UK). After

amplification, the reaction mixture

was run in an agarose gel stained

with ethidium bromide, and the PCR

products were visualized and pho-

tographed under ultraviolet light.

In study V a nested PCR test based

on the flagellin gene was used to de-

monstrate the presence of B. burgdor-

feri DNA in the tick midgut. Primers

BBSCH31 and BBSCH42 were used

in the first PCR that consisted of 25

cycles. Primers FL59 and FL7 were

used in the second PCR with 35

cycles (Schmidt et al. 1996). The PCR

product was visualized as already

described.
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The spirochetes grown from the ticks

were identified to the species level

by the PCR test based on amplifica-

tion of the 16S rRNA gene (Marconi

et al. 1992). The extracted DNA was

amplified with four sets of primers

specific for B. burgdorferi sensu lato

(LD primers), B. burgdorferi sensu

stricto (BB primers), B. afzelii (VS461

primers), and B. garinii (BG primers).

For the LD primers, 40 cycles of de-

naturation at 94°C for 1 minute, an-

nealing at 47°C for 30 seconds, and

extension at 72°C for 1.5 minute were

carried out. For the other primers, the

PCR procedure was the same, except

that the annealing was performed at

42°C. The resulting PCR products

were visualized by agarose gel

electrophoresis.

The samples giving ambiguous re-

sults in the PCR reactions specific for

B. afzelii and B. garinii were further

analyzed by PCR-based sequencing

of the flagellin gene. A 277 bp pro-

duct was obtained by using primers

FL7 (biotinylated) and FL59. The bio-

tinylated PCR products were rende-

red single stranded by streptavidin-

coated Dynabeads according to the

instructions of the manufacturer (Dy-

nabeads M-280 streptavidin; Dynal

AS, Oslo, Norway). Manual sequen-

cing was performed using Sanger’s

dideoxynucleotide chain termination

method and Sequenase 2.0 (United

States Biochemical Corp., Cleveland,

OH, USA) (Soini et al. 1994). The ob-

tained sequences were compared

with the flagellin gene sequences of

the type strains of B. afzelii Bo23 and

B. garinii 387.

Rigorous measures were undertaken

to avoid carry-over contamination

and contamination caused by amp-

licon. Pre- and post-PCR stages of the

process were carried out in physical-

ly separate rooms and by separate

technicians. Each PCR run included

a positive control containing DNA

extracted from reference strain B31

of B. burgdorferi sensu stricto (ATCC

35210). Furthermore, every fifth or

sixth tube of each run was used as a

negative control and subjected to all

sample treatment procedures.

5.5. Audiological evaluation

The audiological tests in studies III

and IV included pure tone audiomet-

ry recorded at frequencies of 0.125,

0.250, 0.5, 1, 2, 4 and 8 kHz, inclu-

ding the assessment of air and bone

conduction thresholds for both ears.

A Nicolet compact auditory electro-

diagnostic system (Nicolet Spirit, Ni-

colet Instrument Corporation,
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Madison, Wisconsin, USA) was used

for measuring the BRA.

5.6. Otoneurological tests (study IV)

The otoneurological tests included

the evaluation of saccades, pursuit

eye movements, posturography and

the caloric tests.

5.7. Criteria for the diagnosis of LB

Special emphasis was placed on the

critical evaluation of the diagnosis of

LB. The following criteria were used

for the diagnosis of LB:

Study I: in addition to seropositivity

to B. burgdorferi, the presence of one

or more of the following findings

were required: 1) presence or histo-

ry of untreated EM, 2) a positive le-

vel of antibodies to B. burgdorferi in

CSF, 3) a positive PCR test and 4) CSF

pleocytosis in children.

Study II: one or more of the following

findings were required: 1) positive

levels of serum or CSF antibodies to

B. burgdorferi, 2) presence or history

of untreated EM and 3) a positive

PCR test.

Study III: in addition to seropositivi-

ty to B. burgdorferi, at least one of the

following findings were required: 1)

history of EM or 2) a positive PCR

test.

Study IV: in addition to positive se-

rum levels of antibodies to B. burg-

dorferi, the presence of one or more

of the following findings were requi-

red: 1) history of untreated EM, 2) a

positive PCR test and 3) a positive

serum immunoblot.

5.8. Tick preparation, dark field

microscopy and cultivation of

B. burgdorferi (V)

The midguts of the ticks were remo-

ved under a stereo microscope and

placed in a drop of BSK-II medium

using small sterile forceps, a dispos-

able 28 G needle as a scalpel, and ste-

rile insect preparation needles.

A part of the tick midgut was placed

on a microscope glass in a drop of

BSK-II medium, and the number of

spirochetes in the sample was esti-

mated by DFM (Leitz, Laborlux D,

Nürnberg, Germany) by examining

100 fields with a magnification of

400x. Typical movement, morpholo-

gy and size were used as the identi-

fication criteria for borrelia. Another

part of the tick midgut was inocula-

ted immediately after the preparati-
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on into tubes containing BSK-II me-

dium supplemented with rifampin

(final concentration 100 mg/ml) and

phosphomycin (final concentration

50 mg/ml) and incubated at 30°C for

8 weeks or until growth was de-

tected. The growth media were exa-

mined by DFM every other week. If

growth appeared, the cultures were

passaged into new tubes containing

BSK-II medium without antibiotics.

5.9. Statistical methods

In study I and III, the correlations

between symptoms and signs in dif-

ferent subgroups of patients were

estimated with the chi-square test or

with an analysis of variance. Then

potential risk factors for poor out-

come and signs or symptoms possib-

ly explaining the occurrence of LB

were incorporated into logistic reg-

ression analyses. In study II, the

numbers of children and the preva-

lence of different signs and symp-

toms possibly explaining the

occurrence of LB were estimated

with the Mann-Whitney U-test and

Fisher´s exact test. In study V, the chi-

square test was used to test the asso-

ciation of borrelia prevalence in ticks

with factors possibly influencing the

infestation rate of the ticks. Interac-

tions between these factors and the

putative confounding effect caused

by the viability of ticks was tested

with log-linear modeling. The inde-

pendence of the occurrence of B. ga-

rinii and B. afzelii in ticks was tested

with Fisher´s exact test. The agree-

ment of the three methods used for

the detection of B. burgdorferi in ticks

was studied with kappa statistics,

and the statistical significance of the

disagreement was obtained with Mc-

Nemars´ chi-square test. These sta-

tistical data were obtained by the use

of Statistics 4.0 (Analytical Software)

and Statview 4.5 (Abacus Concepts

Inc.) programs.

5.10. Ethics

The study protocols (I-IV) were ap-

proved by the ethical committees of

the Department of Otorinolaryngo-

logy and the Department of Pediat-

rics (study I) of the University

Central Hospital of Helsinki.
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6. RESULTS

6.1. Lyme borreliosis in patients with

facial paralysis - a prospective

analysis of outcome and predic-

tive signs and symptoms (I)

Of the 503 patients enrolled to study I,

61 (12%) had positive levels of antibo-

dies to B. burgdorferi in their serum.

Eleven of these seropositive patients

had definite LB. Three LB patients had

history of EM. Positive levels of CSF

antibodies were present in eight LB pa-

tients and CSF pleocytosis was found

in five. The PCR test was positive in

none of the serum specimens and in

one of the CSF specimens.

FP caused by LB was significantly

more common during the summer

season (June-November) than the

winter season (December-May)

(p=0.039). Bilateral FP was rare in the

whole material (2.4%), but signifi-

cantly (p=0.0015) more common in

patients with definite LB (18%) than

in the rest of the patients (2%). Of the

signs and symptoms preceding or

coinciding with FP, fever (p=0.0018),

headache (p=0.012), pharyngalgia

(p=0.015), enlarged cervical lymph

nodes (p=0.0062) and arthralgia

(p=0.036) were more common in pa-

tients with definite LB. Swedish as a

native language was more common

among the patients with positive le-

vels of serum antibodies against B.

burgdorferi. In the logistic regression

analysis the best model to predict the

occurrence of LB included the pre-

sence of enlarged cervical lymph

nodes, the presence of arthralgia and

the onset of symptoms during the

summer season.

The outcome of facial paralysis (I)

The outcome of FP was evaluated by

a dedicated questionnaire (mean fol-

low-up 3 years) concerning recove-

ry from FP and possible residual

symptoms. Incomplete recovery

from FP was more common among

the patients with total paralysis

(p=0.002), patients with recurrent FP

(p=0.0005) and patients with arthral-

gia (p=0.005), vertigo (p=0.02) or

nausea (p=0.01) at the time of FP. In-

complete recovery was more fre-

quently reported by women than by

men (p=0.01). Hyperacusis was also

more common in the patients with

incomplete recovery, but the diffe-

rence was not significant (p=0.06). In

the logistic regression modeling the

factors in the model that best pre-

dicted incomplete recovery were the

presence of total FP, recurring FP and

hyperacusis.
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6.2. Pediatric facial paralysis caused

by Lyme borreliosis: a prospecti-

ve and retrospective analysis (II)

Of the 49 children with 50 episodes of

FP, 17 (35%) had LB. Eleven of the

children with LB had positive levels

of serum antibodies on admission, and

two children seroconverted during the

follow-up. Four children remained

seronegative, and the diagnosis of LB

in these patients was based on positi-

ve levels of CSF antibodies in one case,

a positive PCR result in one case and a

history of EM in two cases. Altogether

nine children had a history of untrea-

ted EM, and one child developed EM

four weeks after FP. Of the signs and

symptoms coinciding with or prece-

ding FP, headache (p<0.001) and

arthralgia (p<0.05) were more frequent

among the patients with LB. The pa-

tients with LB also recalled tick bites

more often than the other patients with

FP (p<0.01). The occurrence of FP

among patients with LB was more fre-

quent during the summer season

(p<0.001). The incidences of bilateral

FP and total paralysis were similar for

the patients with and those without

LB.

Abnormalities in the CSF analysis

were observed for 12 of the 41 pati-

ents and exclusively in patients with

LB. The intrathecal production of

antibodies to B. burgdorferi was pre-

sent in 8 children, and 11 children

had pleocytosis. The CSF protein

concentration was elevated in five

patients and the PCR analysis from

the CSF was positive in one patient.

The mean follow-up of the patients

was 28 months. The recovery was

complete (House-Brackmann grade

1) for 34 of the 49 (69%) patients. The

full recovery was more frequent for

patients with LB, but the difference

between the groups was not signifi-

cant. Most of the sequelae in both

groups were mild (House-Brack-

mann grade 2).

In the retrospective part of study II,

the children had no signs or findings

related to chronic LB. However, one

16-year-old girl had a positive serum

level of IgM antibodies against B.

burgdorferi coinciding with headache,

fatigue and arthralgia on admission.

During the follow-up of this patient,

a four-fold rise in IgM antibodies was

detected. Her history of three recent

camping trips to an area hyperende-

mic for LB in the Finnish southwes-

tern archipelago supports the

concept that she had an acute borre-

lia infection at the time of the inves-

tigation.



40

6.3. Lyme borreliosis, an etiologic

factor of sensorineural hearing

loss? (III)

In this prospective study 20 of 165

(12%) patients with SHL had positive

levels of antibodies to B. burgdorferi,

and 4 of them fulfilled the criteria for

definite LB. Two of the patients with

definite LB had a history of untreated

EM, and two had a positive result in

the Borrelia-PCR analysis in the serum.

In the CSF analysis of the seropositive

patients none had intrathecal synthe-

sis of antibodies against B. burgdorferi,

and all of them had a negative result

in the Borrelia-PCR analysis.

The statistical analysis of audiological

recovery and the prevalence of tinni-

tus and vertigo in seronegative pati-

ents (n=145), seropositive (probable

LB) patients (n=16) and definite LB pa-

tients (n=4) revealed no significant dif-

ferences between these groups. No

significant differences were found,

when the clinical data of the patients

in different groups was cross-tabula-

ted. Thus no specific signs or symp-

toms were found to predict the

occurrence of LB in patients with SHL.

The seasonal distribution of SHL was

even in all the subgroups, with a slight

accumulation of cases in early spring

and late autumn.

The clinical data of all the patients

were cross-tabulated, and the signi-

ficance of single symptoms and signs

as explanatory factors for recovery

was tested with the chi-squaretest.

Patients with a fair to poor recovery

(Mattox et al. 1977) were more fre-

quently older than 40 years (p=0.013)

and had a high frequency or flat-type

hearing loss more frequently

(p=0.0015), when compared with

those with good recovery. In the lo-

gistic regression modeling the factors

in the best model explaining excel-

lent to good recovery included

young age, mid-frequency hearing

loss and positive levels of antibodies

against B. burgdorferi.

6.4. Lyme borreliosis as a cause of

vertigo (IV)

Of the 2055 prospectively screened

patients with vertigo, 41 (2%) had

positive levels of antibodies against

B. burgdorferi and 6 of them fulfilled

the diagnostic criteria for LB. The

incidence of seropositivity to B. burg-

dorferi in patients with vertigo did

not differ from the corresponding in-

cidence of the general Finnish popu-

lation. Of the patients with LB, three

had a history of untreated EM, and

the seropositivity was confirmed

with immunoblotting for all but one
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of these patients. The serum Borre-

lia-PCR analysis was positive in two

cases. The Borrelia-PCR analysis of

CSF was negative in all cases. The

CSF specimens of the 16 seropositi-

ve patients were analyzed for protein

concentration and cell counts and

found to be normal.

The vertigo of patients with LB was

rotational in six patients and, positio-

nal in one; in addition one patient suf-

fered from drop attacks of the

Tumarkin type. Two patients showed

evidence of CNS affection in the oto-

neurological tests. Five patients had

symptoms resembling Menière´s dise-

ase. Seven of the eight patients recei-

ved antimicrobial therapy, and the

response was estimated as good (ver-

tigo disappeared during medication

and patient had no symptoms at the

end of the follow-up) in three cases and

moderate (a considerably decreased

vertigo after the medication) in four

cases. After the treatment the mean

follow-up of the patients was 30

months.

6.5. Prevalence of Borrelia burgdorfe-

ri in Ixodes ricinus ticks in urban

recreational areas of Helsinki (V)

Altogether 726 I. ricinus ticks were

collected from five popular recreati-

onal areas in Helsinki to estimate the

density of ticks and to assess the in-

festation rate of ticks with B. burgdor-

feri. The estimated number of annual

visitors to these areas is 1.4 million

(Helsinki 1997). The tick densities

varied from 1 to 36 ticks for every 100

meters of flagging with a 1m2 piece

of fabric. All the tick populations

were infected with B. burgdorferi, and

the infestation rate varied from 19%

to 55%. The chi-square analysis indi-

cated that the infection rate was as-

sociated with the area from which the

ticks were collected (p<0.001), but

not with the developmental stage

(p=0.06) or viability of the ticks

(p=0.19). A log-linear analysis, taking

into account the possible confoun-

ding effects of a uneven distribution

of developmental stage and the via-

bility of the ticks in different areas,

confirmed the significant difference

between the infestation rates of the

different areas.

Altogether 234 ticks were Borrelia-

positive in the cultivation (n=144),

DFM (n=193) or PCR (n=135). Of the

142 cultivated and typable B. burg-

dorferi strains, 100 (70%) belonged to

the subspecies B. afzelii and 37 (26%)

to the subspecies B. garinii. Five

strains were untypable; yet no B.

burgdorferi sensu stricto strains were
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found. Mixed infection with both B.

afzelii and B. garinii was rare and

found in two ticks only.

The DFM gave more positive results

than either the culture (p<0.001) or

PCR analysis (p<0.001). The compa-

rison of the three different methods

with kappa statistics showed a fairly

good agreement between them (kap-

pa value between 0.53 and 0.59 in all

the comparisons).
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7. DISCUSSION

The present study evaluated the oc-

currence of LB in patients with neu-

rootological complaints in an area

endemic for LB. The results show the

importance of LB in the diagnostic

work-up of an otorhinolaryngologist.

LB is a frequent diagnosable cause of

FP in adult patients (I) and it is espe-

cially frequent in pediatric patients

(II). It was also shown that vestibulo-

cochlear dysfunctions, i.e. SHL (III)

and vertigo (IV) can be caused by LB.

The endemicity of the patient enroll-

ment area was confirmed by de-

monstrating an abundance of I. rici-

nus ticks and their high infestation

rate with B. burgdorferi in the area

where most of the patients live. (V).

7.1. Laboratory diagnosis of Lyme

borreliosis

Findings in cerebrospinal fluid

CSF abnormalities are frequently

found in patients with LB. Lympho-

cytic pleocytosis and an elevated to-

tal protein concentration is a charac-

teristic finding in the CSF of patients

with Bannwarth´s syndrome. LB-as-

sociated peripheral neuropathies in-

cluding cranial neuropathies are of-

ten, but not always, accompanied by

lymphocytic meningitis (Halperin

1998). The analysis of CSF has been

emphasized for selected patients

with cranial neuropathy to verify

borrelial etiology (Kindstrand 1995).

In the present study most of the pa-

tients with FP caused by LB (81% and

70% in studies I and II, respectively)

had abnormalities in their CSF, whe-

reas none of the patients with LB-re-

lated SHL or vertigo had any.

These CSF abnormalities seemed to

be age-dependent. In study I (mean

age of the patients 28 years), 45% of

the patients had pleocytosis, and the

same proportion also had increased

protein concentration in their CSF. In

study II (mean age of the patients 8.4

years) increased protein concentrati-

on was observed in 29% of the pati-

ents, whereas pleocytosis was pre-

sent in 65% of them.

The findings show the importance of

CSF analysis in the search of etiolo-

gy of FP in areas endemic for LB.

Patients with SHL and vertigo did

not show CSF abnormalities, probab-

ly because of the long time that had

passed since the initial infection. The

results do not encourage routine CSF

analysis of patients with these dise-

ase manifestations.
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Culture

The gold standard for the diagnosis

of LB is cultivation of the pathogen

from body fluids or tissues. This stu-

dy showed, again, that the isolation

of B. burgdorferi from clinical speci-

mens is difficult. The culture was

negative in all the specimens studied.

This low yield of culture is in accor-

dance with the experience of others.

The CSF from patients with neuro-

logical manifestations of LB has been

positive in only 7-10% of patients

(Karlsson et al. 1990; Wilske et al.

1993). A positive culture from the

CSF is more frequent in manifesta-

tions of short duration (Karlsson et

al. 1990). The clinical type of speci-

men most frequently positive (up to

70%) in cultures is the biopsy from

EM (Wilske et al. 1993). However, in

clinical practice the diagnosis of EM

is straightforward without cultivati-

on and other laboratory tests.

The cultivation of B. burgdorferi was

first accomplished from I. scapularis

ticks by Burgdorfer et al. in 1981

(Burgdorfer et al. 1982), and it has

later been successfully used in stu-

dies on the prevalence of B. burgdor-

feri in ticks (Ackermann et al. 1984;

Junttila et al. 1994; Strle et al. 1995;

Humair et al. 1995; Solari Basano et

al. 1996). The present study also sho-

wed that B. burgdorferi can be culti-

vated much more effectively from

the midguts of the ticks than from

clinical specimens (V).Thus the neg-

ligible yield of cultures from clinical

specimens could not be, at least so-

lely, attributed to an inadequate cul-

ture procedure because the same pro-

cedure was used for all the specimen

types.

There are at least two plausible exp-

lanations for the low yield of cultu-

res of B. burgdorferi from clinical spe-

cimens. First, B. burgdorferi may oc-

cur only temporarily and in low

numbers in body fluids and tissues

during the course of infection (Pach-

ner 1998). The problem of a small

bacterial number can be solved only

by introducing large volumes of a

specimen to the culture medium.

Such a procedure is not, however,

always possible because of the low

amount of specimen available. Se-

cond, host defense factors may im-

pair the viability of B. burgdorferi not

only in vivo but also later in vitro.

The fact that the pathogen can be re-

latively easily isolated from ticks

may be due to both of these reasons.

The number of B. burgdorferi in ticks

is rather large – the organism can ea-

sily be seen by light microscopy in
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tick midgut preparations. It is also

possible that the primitive defense

mechanisms of ticks do not impair

the viability of B. burgdorferi to the

same extent as mammalian immune

defense does.

A recent study showed that, by opti-

mizing growth conditions, it may be

possible to increase the yield of cul-

tivation even for specimens from

patients with chronic LB (Phillips et

al. 1998). For the present, however,

cultivation remains an impractical,

but promising method for the clini-

cal diagnosis of LB. For scientific

purposes, the patients with culture-

proven LB, however, are extremely

valuable.

Antibody measurement

ELISA is the most suitable method

for the screening of serum and CSF

antibodies against B. burgdorferi in

patients with symptoms suggestive

of LB (Golightly 1993). The assess-

ment of antibodies has its limitations,

however. Some of the limitations of

serologically testing LB are true for

all serologic tests, and some are spe-

cific to this infection. In general the

antibody response takes time to de-

velop, and in the early course of LB

a considerable proportion of the pa-

tients remain seronegative (Strle et al.

1996). Second, the antibody respon-

se may persist for a long time (Fah-

rer et al. 1998). Thus positive levels

of antibodies may reflect both old

immunity and active infection.

Third, antibodies reactive with B.

burgdorferi antigens can be elicited by

other infectious agents because of

cross-reactive antigenic molecules or

epitopes (Seppälä et al. 1994; Burkot

et al. 1997). Fourth, many illnesses

can induce polyclonal B-cell expan-

sion (e.g., infectious mononucleosis

and subacute bacterial endocarditis),

which can lead to false positive reac-

tions in antibody determinations

(Kaell et al. 1990). Fifth, individual

antibodies are produced against mo-

lecular epitopes, not against specific

bacteria, and cross-reactivity occurs

between epitopes resembling each

other. Sixth, the complexity of B.

burgdorferi offers various approaches

to antigen preparation, ranging from

the use of sonicated whole cell lysa-

tes to highly purified or recombinant

antigens (Magnarelli et al. 1996; Hau-

ser et al. 1997). Usually however, the-

se highly purified singular antigens

improve the specificity of the assay

at the cost of sensitivity (Oksi et al.

1995). For the moment, the choice of

the best antigen(s) for ELISA remains

unresolved.
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There has been an avid discussion on

seronegative LB. This is a natural sta-

te in the early phases of the disease,

but it can definitely occur also at la-

ter stages of LB (Dattwyler et al. 1988;

Guy et al. 1989; Oksi 1996). One rea-

son for the seronegativity may be

early antimicrobial treatment that

can permanently abrogate the anti-

body response without completely

eliminating the organism (Dattwyler

et al. 1988). It is also possible that the

immune system of some persons

does not mount a response to borre-

lial antigens. The mechanisms be-

hind this unresponsiveness remain to

be clarified.

Although most of the patients with

extracutaneous LB almost always

have positive levels of serum antibo-

dies to B. burgdorferi, in the early

course of the disease some patients

may have positive levels of CSF an-

tibodies only (Tugwell et al. 1997).

This phenomenon was also seen in

the present study. One patient (stu-

dy I) was seronegative, but proved

to have positive levels of CSF anti-

bodies to B. burgdorferi.

In this study, the intrathecal produc-

tion of antibodies to B. burgdorferi

was taken as one of the inclusion cri-

teria for definite LB. This criterion

was met in 73% of the LB patients in

study I (mean age of the patients 28

years) and 47% of the LB patients in

study II (mean age of the patients 8.4

years). Although our findings show

that the lack of CSF antibodies does

not exclude LB, the analysis of CSF

antibodies is important in the diag-

nosis of FP in areas endemic for LB.

In contrast to FP, no intrathecal anti-

body production could be found for

the patients with SHL and vertigo.

The cut-off titers of the flagellin-

based ELISA used in this study con-

form with the antibody level of a

mean +3 SD of the general populati-

on from nonendemic area in central

Finland. This definition means that

1.25% of the healthy normal popula-

tion provides a positive result in the

antibody measurement. According to

this definition, the patients with FP

(I) and SHL (III) had a high preva-

lence (12%) of seropositivity against

B. burgdorferi. This finding agrees

with the results of previous studies,

which have shown, that cranial ner-

ve dysfunctions, especially the affec-

tion of the facial nerve, are frequent

and well-documented manifesta-

tions of LB (Kindstrand 1995). In this

study, 2% of the patients with verti-

go (IV) had positive levels of antibo-

dies to B. burgdorferi, which accords



47

with the seropositivity rate of the

general population. The study de-

monstrates the rarity of LB as the

cause of vertigo.

With the afore mentioned limitations

of serological screening taken into

account, the interpretation of positi-

ve test results must be made cau-

tiously. In the present study special

emphasis was put on the criteria of

the diagnosis of definite LB, which

was confirmed for 11 of 61 (18%), 4

of 20 (20%) and 8 of 41 (19%) seropo-

sitive patients with FP, SHL and ver-

tigo, respectively. However, the po-

sitive serological results in the pati-

ents not fulfilling the criteria used for

definite LB are not necessarily all fal-

se. It is probable that there are real

LB cases among these patients, and

better diagnostic tests are needed in

the future to reveal them.

Although the application of strict cri-

teria, while necessary to avoid vast

overdiagnosing of LB, may allow

some seropositive patients to be un-

derdiagnosed, it can be considered to

be a less serious problem than uncri-

tical overdiagnosing (Sigal 1996). On

the other hand, the analysis of only

one specimen from each patient ma-

kes it possible for some single pati-

ents with LB to be missed because of

the early phase of the disease. In cli-

nical practice, clinical and laborato-

ry follow-up of the patients with

symptoms that arouse suspicion of

LB must be underlined.

Is it necessary to screen patients with

neurootological symptoms for anti-

bodies to B. burgdorferi? If the utmost

importance of the history and clini-

cal evaluation of the patient in the

diagnosis of LB is kept in mind, the

present study shows that the scree-

ning of serum antibodies to B. burg-

dorferi is helpful in the differential

diagnosis of FP and SHL. However,

the screening of vertigo patients for

antibodies to B. burgdorferi, even in

areas endemic for LB, seems not to

be recommendable.

There is an obvious need for the furt-

her development of serological and

other laboratory methods for the

diagnosis of LB. The CDC in the Uni-

ted States recommends that positive

or borderline serological results be

confirmed with Western blotting

(Ledue et al. 1996). The reliability of

this two-test approach has been ques-

tioned (Tugwell et al. 1997). The use

of Western blotting in Europe is dif-

ficult because of the heterogeneity of

B. burgdorferi sensu lato. A recent eva-

luation based on a large panel of
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European patient sera suggests that

a method with sufficient sensitivity

can be obtained using the B. afzelii

strain Pko as a source of antigen

(Hauser et al. 1997; Hauser et al.

1999). Each laboratory using this

strain should confirm that their strain

expresses the diagnostically impor-

tant proteins. The problem of variab-

le protein expression can be solved

only by a centralized or commercial

production of the antigen preparati-

on for European Western blotting.

Polymerase chain reaction

PCR has opened a new era in the

diagnosis of infectious diseases, and

it is a promising method in the diag-

nosis of LB as well. While being sen-

sitive in the detection of spirochetal

DNA from the tick midgut, as also

shown in this study (V), the results

of PCR in the clinical diagnosis of LB

have varied (Schmidt 1997). In the

present study PCR was positive in

one serum (II) and two CSF (I and II)

samples from patients with FP and

two serum samples from both pati-

ents with SHL (III) and with vertigo

(IV). PCR testing can sometimes de-

tect B. burgdorferi DNA in CSF of pa-

tients with acute or chronic neuro-

borreliosis, but the sensitivity of the

current tests has generally been low

(Christen et al. 1995; Nocton et al.

1996; Issakainen et al. 1996). The low

yield of PCR from sera and CSF may

reflect technical limitations in the

performance of PCR, but more like-

ly it is caused by the minimal and

transient occurrence of borrelial

DNA in the CSF and blood during

the course of LB (Pachner 1998). In

diseases like LB, for which a minute

amount of pathogens causes the

symptoms, there is a need to capture

the pathogen specifically from a lar-

ge specimen volume in the small ali-

quot used for PCR. One way of achie-

ving this is to use an immunomag-

netic concentration of the pathogen

(Stark et al. 1996). Despite its limita-

tions, I advocate the use of PCR in

addition to clinical assessment and

other laboratory methods in the diag-

nosis of LB.

7.2. Lyme borreliosis in patients

with neurootological symptoms

Cranial neuropathies are well docu-

mented manifestations of LB. The

facial nerve is the most commonly

affected, followed by the nerves to

the extraocular muscles, the trigemi-

nal nerve and the vestibulocochlear

nerve (Reik 1991). The list of various

causes possibly responsible for the

dysfunction of the facial nerve is
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long. Recent results by Murakami et

al. (Murakami et al. 1996) suggest

that reactivation of Herpes simplex

virus infection is an important cause

of idiopathic FP. However, these re-

sults remain to be confirmed by ot-

her research groups. FP can be one

of several other concomitant symp-

toms in LB, but it can still be the sing-

le presenting symptom. In the latter

case LB-related FP is not easy to dis-

tinguish from Bell´s palsy. In the pre-

sent study (II), the features of the cli-

nical picture, signs and findings that

best explain the occurrence of LB in

patients with FP, were evaluated. The

risk for LB as the cause of FP was

highest in patients with enlarged cer-

vical lymph nodes, arthralgia and the

onset of the symptom during June-

November. None of these factors is

pathognomonic for LB, but in clini-

cal practice an awareness of these

risk factors may facilitate the diffe-

rential diagnosis.

Bilateral FP has been shown to be as-

sociated with LB, the reported preva-

lences ranging from 29% to 71% (Pfis-

ter et al. 1993). In the present study (I),

bilateral FP was present in a fifth of

the patients with definite LB, whereas

only 2% of the seronegative patients

had bilateral FP. However, in the stu-

dy on pediatric FP (II) bilateral FP was

equally common in patients with and

without LB (6%). In a series of Bell´s

palsy, bilateral involvement occurs in

less than 1% (Adour et al. 1978). In the

case of bilateral FP the clinician must

be aware not only of LB, but also of

other specific causes, as for example

the Guillan Barré syndrome, malig-

nant diseases and other infectious cau-

ses (Keane 1994).

The earlier information of the occur-

rence of LB in SHL and vertigo is

scarce. However, both of these ma-

nifestations have been described as

evolving in both early and late LB

(Pachner et al. 1989; Reik 1991). The

results of the present investigation

show that LB should be taken into

account as a causative factor of SHL.

In contrast, LB plays a marginal role

in the pathogenesis of vertigo.

T. pallidum, the causative agent of

syphilis, belongs to the same order

(Spirochaetales) as B. burgdorferi.

Syphilis is a well documented cause

of symptoms mimicking classic

Meniere´s disease (Pulec 1972). The-

re are many similarities in the clini-

cal course of syphilis and LB (Pach-

ner 1989). An interesting observati-

on in this study was that vertigo

caused by LB can mimic the symp-

toms of Menière´s disease.
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7.3. Outcome of patients with Lyme

borreliosis

The spontaneous course of neurolo-

gical symptoms of LB is relatively

well described in the literature from

the era before the discovery of B.

burgdorferi. These data include, how-

ever, limitations of retrospective ana-

lyses and must be interpreted with

caution. In the United States, 55 unt-

reated patients with EM were follo-

wed for several years, and 80% of

them developed arthritis or muscu-

losceletal pain, 9% experienced re-

current EM, 8% developed neurolo-

gical symptoms and 4% had cardiac

abnormalities (Steere et al. 1987).

Bannwarth´s syndrome, which inclu-

des painful meningoradiculitis, cra-

nial nerve affection - in most cases

FP - and lymphocytic pleocytosis in

CSF, has been a self-limiting mani-

festation in the majority of patients

(Pfister et al. 1993).

The present results strongly support

the favorable outcome of LB-related

FP. In study II, 43 children with a his-

tory of FP were retrospectively eva-

luated for the outcome of FP and for

symptoms or signs of late LB. In the

light of the concomitant prospective

study, there was a considerable rea-

son to suspect that up to one-third

of these children had their untreated

FP caused by LB. The outcome of FP

in these children was good, and no

signs or findings of late LB were

found in these children. However,

since the risks of adverse events due

to antimicrobial medication are rela-

tively low, patients with definite LB

should be treated with appropriate

antimicrobials.

7.4. Evaluation of the density of

ticks and their infestation rate

with B. burgdorferi

Knowledge of the epidemiology of

the vectors of LB and their infestati-

on rate is essential for understanding

the risk of LB in a local setting. The

present study (V) confirmed the en-

demicity of LB in the study area by

demonstrating not only the high den-

sity of I. ricinus ticks, but also the high

infestation rate of ticks by B. burgdor-

feri (average 32%).

With the exception of the most nort-

hern regions, the distribution area of

ixodid ticks covers all of Europe. The

density of ticks varies as a function of

geographic area (e.g., proper habitat,

density of host animals) and time (e.g.,

variation of humidity from year to

year) considerably (Gray et al. 1998).

In Europe the ticks have a bimodal
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seasonal activity with activity peaks in

early summer and early autumn. Usu-

ally, tick densities have been studied

in rural areas, although there is gro-

wing evidence of the occurrence of

ticks in urban settings (Steere 1994).

Our results confirm that even very

urban parks can serve as habitats for

I. ricinus ticks. Study V demonstrated

tick populations residing in abundan-

ce in the vicinity of the city center of

Helsinki, the most densely populated

area of Finland. Of special interest was

the finding, contrary to previous re-

ports, that dense populations of I. rici-

nus ticks can exist in an urban envi-

ronment not populated with large

mammals like the deer or elk. Our fin-

dings underline the necessity of inha-

bitants and local health care officials

to be aware of the risk of contracting

LB in city parks and other recreational

areas.

B. burgdorferi spirochetes have been

found in all the I. ricinus populations

examined in Europe (Hubalek et al.

1998). The present study (V) confirms

this finding. The published data on

the infestation rate of ticks vary con-

siderably according to the method

used for the detection of the spiroche-

te. Extensive comparative studies

between different detection methods

have not been available. The present

study (V) compared DFM, cultivati-

on and PCR as methods of detecting

B. burgdorferi in the midgut of I. rici-

nus ticks. The agreement between the

performance of the three methods

was fairly good. DFM provided a

positive result for some of the speci-

mens that remained negative both in

culture and in the PCR analysis. The-

se specimens generally contained

very low numbers of spirochetes, a

finding which suggests that DFM

may be more sensitive than the ot-

her two methods. The specificity of

DFM has been argued about, and the

present study could not rule out the

occurrence of an unknown organism

morphologically similar to B. burg-

dorferi in the ticks positive only with

DFM. However, in practice DFM is

the method of choice for routine

screening of tick infestation rates.

The three European isolates of B.

burgdorferi are associated with diffe-

rent late clinical manifestations (As-

sous et al. 1993; Canica et al. 1993).

In this context the finding that the I.

ricinus ticks found in Helsinki har-

bor B. afzelii and B. garinii only is of

clinical importance. The absence of

B.burgdorferi sensu stricto in the ticks

in Helsinki may explain the rarity of

frank arthritis in the patients with LB

in this study.
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8. CONCLUSIONS

1. LB is an important infectious cau-

se of FP (I) and especially in FP in

children (II) in southern Finland. It

is advisable to screen patients with

FP for antibodies to B. burgdorferi in

endemic areas like southern Finland.

In the diagnosis of LB, special atten-

tion must be paid to the history of

the patient and clinical signs and fin-

dings related to LB. Suspicion of LB

in a patient with FP is an indication

for the analysis of the CSF. Fever,

headache, pharyngalgia, enlarged

cervical lymph nodes and arthralgia

were more frequent in patients with

LB-related FP than in other FP patie-

nts. Suspicion of LB as the cause of

FP must be especially high during

late summer and autumn. Strict cri-

teria must be applied to the diagno-

sis of LB to avoid overdiagnosis.

2. SHL can be caused by LB (III). The

prevalence of antibodies to B. burgdor-

feri in patients with SHL was six-fold

higher than the corresponding preva-

lence in the general population. No

special signs or symptoms were found

to explain the occurrence of LB in the-

se patients. Serological screening for

antibodies to B. burgdorferi is recom-

mended in patients with SHL in areas

endemic for LB.

3. LB can, although rarely, present

with vertigo. Vertigo caused by LB

may mimic the symptoms of

Menière´s disease. The prevalence of

antibodies to B. burgdorferi in unse-

lected patients with vertigo was

equal to the corresponding prevalen-

ce in the general population. There-

fore, the routine screening for anti-

bodies against B. burgdorferi in pati-

ents with vertigo is not recommen-

dable.

4. Although the neurootological ma-

nifestations of LB seem to have a fa-

vorable outcome even without treat-

ment, patients with definite LB

should be treated with appropriate

antimicrobials.

5. The present study demonstrates

that I. ricinus ticks are abundant in

the vicinity of the city center of Hel-

sinki. In contrast to previous studies,

the occurrence of ticks was confir-

med in the absence of large mammals

like deer and elk. Of the three genos-

pecies of B. burgdorferi causing LB in

Europe, one, B. burgdorferi sensu

stricto, was absent in the ticks in Hel-

sinki. This finding may explain the

rarity of frank arthritis in the patie-

nts with LB in the present study. Al-

together 32% of the ticks in Helsinki

harbored the spirochete B. burgdorferi.
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This information from the popular

recreational areas of a densely popu-

lated metropolitan area should alert

the local health officials to inform the

population about the risk of contrac-

ting LB and about the need for pre-

ventive measures.
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9. SUMMARY

Lyme borreliosis, although clinically

known for more than a decade, is

scientifically a rather new disease. The

isolation of the causative agent of this

multifaceted syndrome in 1981 open-

ed an era of ever increasing intensive

scientific work. Neurootological

symptoms of Lyme borreliosis, espe-

cially the paralysis of facial nerve, have

played a central role in the clinical pic-

ture of Lyme borreliosis. The purpose

of the present study was to evaluate

Lyme borreliosis as the cause of verti-

go, sudden sensorineural hearing loss

and facial paralysis. Additionally, the

endemicity of Lyme borreliosis in our

study area was assessed by studying

the density of Ixodes ricinus ticks and

their infestation rate by Borrelia burg-

dorferi in city parks of Helsinki.

During a two year period, 503 con-

secutive patients with acute idiopat-

hic facial paralysis were prospective-

ly screened for antibodies to Borrelia

burgdorferi. In the same way we eva-

luated 49 children with facial para-

lysis, 165 patients with sudden sen-

sorineural hearing loss and 2055 pa-

tients with vertigo. Clinical symp-

toms and signs related to Lyme bor-

reliosis were evaluated.

Of the 503 patients with facial para-

lysis, 61 (12%) had positive levels of

serum antibodies against Borrelia

burgdorferi and, according to the cli-

nical criteria used for the diagnosis

of Lyme borreliosis, 11 of them had

Lyme borreliosis. Of the 49 children

with facial paralysis, 17 (35%) had

Lyme borreliosis, and of the 165 pa-

tients with sudden sensorineural

hearing loss, 20 (12%) had positive

levels of serum antibodies against

Borrelia burgdorferi, and according to

the clinical criteria 4 of them had

Lyme borreliosis. In patients with

vertigo Lyme borreliosis was rare;

41/2055 (2%) had positive levels of

antibodies against Borrelia burgdor-

feri, which did not differ from the

incidence of seropositivity among

the normal Finnish population. Ac-

cording to the clinical criteria eight

patients (0.4%) were diagnosed as

having Lyme borreliosis.

Altogether 726 Ixodes ricinus ticks

were evaluated from five recreatio-

nal parks in Helsinki. The density of

ticks varied from 1 to 36 per 100 m

along the tract on which the collecti-

on cloth was dragged. Ticks were

dissected and the midgut of the ticks

was analysed for the presence of Bor-

relia burgdorferi by dark-field micros-

copy, cultivation in the BSK-II me-
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dium and polymerase chain reacti-

on. The agreement between the three

methods for detection of Borrelia

burgdorferi was good. The rate of ticks

infected with Borrelia burgdorferi sen-

su lato varied from 19% to 55%, the

average being 32%. Borrelia afzelii was

the most predominant genospecies in

all the areas and no Borrelia burgdor-

feri sensu stricto isolates were de-

tected.

In summary, the present study shows

the importance of Lyme borreliosis in

the differential diagnosis of patients

with otoneurological complaints.

Lyme borreliosis is a common identi-

fiable cause of facial paralysis and sud-

den sensorineural hearing loss. As the

cause of vertigo Lyme borreliosis is

rare. In endemic areas, like major parts

of Finland, Lyme borreliosis must be

taken into account in the diagnostic

workup of an otorhinolaryngologist or

neurootologist.



56

10. ACKNOWLEDGEMENTS

This study is a result of collaborati-

on between the Department of Oto-

rhinolaryngology, the Department of

Paediatrics, the Division of Bacterio-

logy and Immunology (HUCH Diag-

nostics) of Helsinki University Cent-

ral Hospital and the National Public

Health Institute, Department in Tur-

ku, during the years 1993-1999.

I express my warmest gratitude to

my supervisors Professor Matti Vil-

janen and Professor Ilmari Pyykkö.

Professor Matti Viljanen with his vast

expertice on bacteriology and im-

munology and tireless ability to be

available whenever needed, made

him a critical and supportive men-

tor for a novice scientist. Professor

Ilmari Pyykkö created an enthusias-

tic scientific athmosphere among

young otorhinolaryngologists du-

ring his era in the Department of

Otorhinolaryngology in Helsinki.

His unending flow of new ideas, cri-

tical scientific attitude and great sup-

port for scientific work of young col-

leagues was of priceless value espe-

cially in the early years of this work.

Very special gratitude I owe to Do-

cent Ilkka Seppälä, for extensive col-

laboration in the laboratory field of

this study, for fruitful discussions

and prompt responce to my nume-

rous contacts during preparation of

the manuscripts.

This study introduced me to the fasci-

nating world of acarology and veteri-

narians. I´m indebted to my collabo-

rator, veterinary surgeon Juha Juntti-

la, for sharing with me his vast expe-

rience on ticks, borrelial bacteriology

and general epidemiology. The privi-

ledge to get an outdoor job as an oto-

laryngologist while collecting ticks of-

fered me hilarious trips and an endu-

ring friendship with Juha. I´m also gra-

teful to veterinary surgeon Risto Hol-

ma for friendship and technical assis-

tance during tick collection.

It has been great privilage to work

with Docent Harri Saxén. His genial

support and constructive criticism

has been valuable in the paediatric

section of this study. In addition, I

express my gratitude to my other

colleagues in the Helsinki Lyme Bor-

reliosis Research Team, Pekka Lah-

denne, MD, PhD, Jaana Panelius, MD

and Tero Heikkilä, MD for pleasant

collaboration in further borrelial pro-

jects.

I express my gratitude to Professor

Ulf Rosenhall and Professor Jukka



57

Nikoskelainen, my appointed refe-

rees, for their constructive criticism

in the preparation of the manuscript.

Three very special nurses in the rese-

arch laboratory of the Department of

Otorhinolaryngology, Leena Palmu-

nen, Riitta Heino and Leena Juvonen,

were of utmost importance while car-

rying out this study. Their cheerful and

never-failing assistance was crucial

many times during the past years. I

owe special thanks to Leena Palmunen

for her professional help in tick collec-

tion and preparation.

I express my deep gratitude also to

my fundamental partners Merja

Marjamäki, Hanna Soini, Jarmo Oksi

and the entire “Borrelia-team” in the

Institute of Public Health, Depart-

ment of Turku, for their invaluable

collaboration and friendship.

I wish to thank Aino Nikupaavo,

M.A., Marja-Leena Yli-Vakkuri and

Mr Teo Hämäläinen for their diligent

librarial assistance, Taina Haavisto,

R.N., for help in many practical mat-

ters and to Georgianna Oja, E.L.S., for

revising the English in numerous

manuscripts.

I have been priviledged to work in a

department full of collaborative col-

leagues and co-workers. I express my

warmest gratitude to all of them. Es-

pecially I appreciate warm friend-

ship with my close colleagues Lee-

na-Maija Aaltonen MD and Antti

Mäkitie MD, PhD. The suffering with

the preparation of thesis has been a

rather joyful event with these two co-

sufferers.

Finally, I highly acknowledge my

beloved wife Kaisa and my great

children Aino, Anni, Juhana and Joo-

na. This work is dedicated to them,

my dearest ones.

Permission to reproduce the original

articles was granted by American So-

ciety for Microbiology, Elsevier Scien-

ce and Scandinavian University Press.

This study was financially supported

by Helsinki University Central Hos-

pital, The Clinical Research Institute

of the Helsinki University Central

Hospital, The Finnish Ear Research

Foundation, The Orion Corporation

Research Foundation, The Paulo

Foundation and The Maud Kuistila´s

Memory Foundation, to whom all I

wish to express my sincere thanks.

Järvenpää, October 1999

Miikka Peltomaa



58

11. REFERENCES

From the Centers for Disease Control and
Prevention. Lyme disease–United States,
1995. Jama 1996;276(4):274.

Aberer, E., Breier, F., Stanek, G. and
Schmidt, B. Success and failure in the treat-
ment of acrodermatitis chronica atrophi-
cans. Infection 1996;24(1):85-87.

Ackermann, R., Kabatzki, J., Boisten, H. P.,
Steere, A. C., Grodzicki, R. L., Hartung, S.
and Runne, U. Spirochäten-Ätiologie der
Erythema-chronicum-migrans-Krankheit.
Dtsch Med Wochenschr 1984;109(3):92-97.

Ackermann, R., Rehse Kupper, B., Gollmer,
E. and Schmidt, R. Chronic neurologic ma-
nifestations of erythema migrans borrelio-
sis. Ann N Y Acad Sci 1988;539:16-23.

Adour, K. Current concepts in neurology:
Diagnosis and management of facial para-
lysis. NEJM 1982;307:348-351.

Adour, K. K. Incidence and management of
Bell´s palsy according to geographic distributi-
on. In: Fisch, U., ed. Facial nerve surgery.
Amstelveen: Kugler Publishing, 1977:319-327.

Adour, K. K., Bell, D. N. and Wingerd, J.
Bell palsy. Dilemma of diabetes mellitus.
Arch Otolaryngol 1974;99(2):114-117.

Adour, K. K., Byl, F. M., Hilsinger, R. L., Jr.,
Kahn, Z. M. and Sheldon, M. I. The true na-
ture of Bell’s palsy: analysis of 1,000 conse-
cutive patients. Laryngoscope
1978;88(5):787-801.

Adour, K. K., Hilsinger, R. L., Jr. and Byl, F.
M. Herpes simplex polyganglionitis. Otola-
ryngol Head Neck Surg 1980;88(3):270-274.

Adour, K. K., Ruboyianes, J. M., Von Doers-
ten, P. G., Byl, F. M., Trent, C. S., Quesenber-
ry, C. P., Jr. and Hitchcock, T. Bell’s palsy

treatment with acyclovir and prednisone
compared with prednisone alone: a double-
blind, randomized, controlled trial. Ann
Otol Rhinol Laryngol 1996;105(5):371-378.

Afzelius, A. Verhandlungen der Dermatolo-
gishen Gesellschaft zu Stockholm, 28 Oct
1909. Arch Dermatol Syph 1910;101:404.

Agre, F. and Schwartz, R. The value of early
treatment of deer tick bites for the preventi-
on of Lyme disease. Am J Dis Child
1993;147(9):945-947.

Assous, M. V., Postic, D., Paul, G., Nevot, P.
and Baranton, G. Western blot analysis of
sera from Lyme borreliosis patients accor-
ding to the genomic species of the Borrelia
strains used as antigens. Eur J Clin Micro-
biol Infect Dis 1993;12(4):261-268.

Bakken, L. L., Callister, S. M., Wand, P. J. and
Schell, R. F. Interlaboratory comparison of
test results for detection of Lyme disease by
516 participants in the Wisconsin State Labo-
ratory of Hygiene/College of American Pat-
hologists Proficiency Testing Program. J Clin
Microbiol 1997;35(3):537-543.

Balcer, L. J., Winterkorn, J. M. and Galetta, S. L.
Neuro-ophthalmic manifestations of Lyme di-
sease. J Neuroophthalmol 1997;17(2):108-121.

Bannwarth, A. Chronische lymphocytäre
Meningitis, entzündliche Polyneuritis und
“Rheumatismus”. Beitrag zum Problem
“Allergi und Nervensystem”. Arch
Psychiatr Nervenkr 1941;113:284-376.

Baranton, G., Marti Ras, N. and Postic, D.
Molecular epidemiology of the aetiological
agents of Lyme borreliosis. In: Stanek, G.,
ed. Symposium of the pathogenesis and
management of tick-borne diseases. Vien-
na, Austria, 1998:9.

Barbour, A. G. Isolation and cultivation of
Lyme disease spirochetes. Yale J Biol Med
1984;57(4):521-525.



59

Barbour, A. G., Burgdorfer, W., Hayes, S. F.,
Pèter, O. and Aeschlichmann, A. Isolation
of a cultivable spirochete from Ixodes rici-
nus ticks of Switzerland. Curr Microbiol
1983;8:123-126.

Barbour, A. G. and Garon, C. F. Linear plas-
mids of the bacterium Borrelia burgdorferi
have covalently closed ends. Science
1987;237(4813):409-411.

Barbour, A. G. and Hayes, S. F. Biology of
Borrelia species. Microbiol Rev
1986;50(4):381-400.

Barbour, A. G. and Schrumpf, M. E. Poly-
morphisms of major surface proteins of
Borrelia burgdorferi. Zentralbl Bakteriol
Mikrobiol Hyg (A) 1986;263(1-2):83-91.

Baril, C., Richaud, C., Baranton, G. and Saint
Girons, I. S. Linear chromosome of Borrelia
burgdorferi. Res Microbiol 1989;140(8):507-516.

Barringer, J. R. and Swoveland, P. Recovery
of herpes-simplex virus from human trige-
minal ganglion. N Eng J Med 1973;288:648-
650.

Barthold, S. W., Moody, K. D., Terwilliger,
G. A., Duray, P. H., Jacoby, R. O. and Steere,
A. C. Experimental Lyme arthritis in rats
infected with Borrelia burgdorferi. J Infect
Dis 1988;157(4):842-846.

Bauer, C. A. and Coker, N. J. Update on fa-
cial nerve disorders. Otolaryngol Clin
North Am 1996;29:445-454.

Bell, C. On the nerves; giving an account of
some experiments on their structure and
functions, which lead to a new arrange-
ment of the system. Philos Trans R Soc
Lond 1821;111:398-424.

Benach, J. L., Bosler, E. M., Hanrahan, J. P.,
Coleman, J. L., Habicht, G. S., Bast, T. F.,
Cameron, D. J., Ziegler, J. L., Barbour, A. G.,
Burgdorfer, W., Edelman, R. and Kaslow, R.

A. Spirochetes isolated from the blood of
two patients with Lyme disease. N Engl J
Med 1983;308(13):740-742.

Benach, J. L., Coleman, J. L. and Golightly,
M. G. A murine IgM monoclonal antibody
binds an antigenic determinant in outer
surface protein A, an immunodominant ba-
sic protein of the Lyme disease spirochete. J
Immunol 1988;140(1):265-272.

Berger, B. W., Johnson, R. C., Kodner, C.
and Coleman, L. Cultivation of Borrelia
burgdorferi from erythema migrans lesions
and perilesional skin. J Clin Microbiol
1992;30(2):359-361.

Berger, B. W., Johnson, R. C., Kodner, C.
and Coleman, L. Cultivation of Borrelia
burgdorferi from the blood of two patie-
nts with erythema migrans lesions
lacking extracutaneous signs and symp-
toms of Lyme disease. J Am Acad Der-
matol 1994;30(1):48-51.

Bianchi, G. E. Die Penicillinbehandlung der
Lymphocytome. Dermatologica
1950;100:270-273.

Binder, E., Doepfmer, R. and Hornstein, O.
Experimentelle Übertragung des Erythema
chronicum migrans von Mensch zu Men-
sch. Hautartzt 1955;6:494-496.

Bosler, E. M., Ormiston, B. G., Coleman, J. L.,
Hanrahan, J. P. and Benach, J. L. Prevalence
of the Lyme disease spirochete in popula-
tions of white-tailed deer and white-footed
mice. Yale J Biol Med 1984;57(4):651-659.

Breier, F., Kunz, G., Klade, H., Stanek, G.
and Aberer, E. Erythema migrans: three
weeks treatment for prevention of late
Lyme borreliosis. Infection 1996;24(1):69-72.

Bruckbauer, H. R., Preac Mursic, V., Fuchs,
R. and Wilske, B. Cross-reactive proteins of
Borrelia burgdorferi. Eur J Clin Microbiol
Infect Dis 1992;11(3):224-232.



60

Buchwald, A. Ein Fall von diffuser idiopati-
scher Haut Atrophie. Arch Dermatol Syph
1883;10:553-556.

Burgdorfer, W. Discovery of the Lyme dise-
ase spirochete and its relation to tick vec-
tors. Yale J Biol Med 1984;57(4):515-520.

Burgdorfer, W. The historical road to the
discovery of Borrelia burgdorferi. In: We-
ber, K. et al., eds. Aspects of Lyme borrelio-
sis. Berlin: Springer-Verlag, 1993:21-28.

Burgdorfer, W., Barbour, A. G., Hayes, S. F.,
Benach, J. L., Grunwaldt, E. and Davis, J. P.
Lyme disease-a tick-borne spirochetosis?
Science 1982;216(4552):1317-1319.

Burkert, S., Rossler, D., Munchhoff, P. and
Wilske, B. Development of enzyme-linked
immunosorbent assays using recombinant
borrelial antigens for serodiagnosis of Bor-
relia burgdorferi infection. Med Microbiol
Immunol 1996;185(1):49-57.

Burkot, T. R., Schriefer, M. E. and Larsen, S.
A. Cross-reactivity to Borrelia burgdorferi
proteins in serum samples from residents
of a tropical country nonendemic for Lyme
disease. J Inf Dis 1997;175(2):466-469.

Byl, F. Sudden hearing loss: Eight years´ ex-
perience and suggested prognostic table.
Laryngoscope 1984;94:647-661.

Canica, M. M., Nato, F., du Merle, L., Ma-
zie, J. C., Baranton, G. and Postic, D. Mo-
noclonal antibodies for identification of
Borrelia afzelii sp. nov. associated with late
cutaneous manifestations of Lyme borrelio-
sis. Scand J Infect Dis 1993;25(4):441-448.

Centers for Disease Control and Preventi-
on. Recommendations for test performance
and interpretation from the second Natio-
nal Conference on Serologic Diagnosis of
Lyme Disease. Morbid Mortal Weekly Rep
1995;44:590-591.

Christen, H., Eiffert, H., Ohlenbusch, A.
and Hanefeld, F. Evaluation of the polyme-
rase chain reaction for the detection of Bor-
relia burgdorferi in cerebrospinal fluid of
children with acute peripheral facial palsy.
Eur J Pediatr 1995;154:374-377.

Christen, H. J. Lyme neuroborreliosis in
children. Ann Med 1996;28(3):235-240.

Christen, H. J., Hanefeld, F., Eiffert, H. and
Thomssen, R. Epidemiology and clinical
manifestations of Lyme borreliosis in child-
hood. A prospective multicentre study with
special regard to neuroborreliosis. Acta Pa-
ediatr Suppl 1993;386:1-75.

Cimmino, M. A., Azzolini, A., Tobia, F. and
Pesce, C. M. Spirochetes in the spleen of a
patient with chronic Lyme disease. Am J
Clin Pathol 1989;91(1):95-97.

Cimmino, M. A., Granström, M., Gray, J. S.,
Guy, E. C., O´Connell, S. and Stanek, G. Eu-
ropean Lyme borreliosis clinical spectrum.
Zentralbl Bakteriol Mikrobiol Hyg (A)
1998;287:248-252.

Clark, K. L., Oliver, J. H., Jr., McKechnie, D.
B. and Williams, D. C. Distribution, abun-
dance, and seasonal activities of ticks col-
lected from rodents and vegetation in
South Carolina. J Vector Ecol 1998;23(1):89-
105.

Coleman, J. L., Gebbia, J. A., Piesman, J.,
Degen, J. L., Bugge, T. H. and Benach, J. L.
Plasminogen is required for efficient disse-
mination of B. burgdorferi in ticks and for
enhancement of spirochetemia in mice. Cell
1997;89(7):1111-1119.

Costello, C. M., Steere, A. C., Pinkerton, R.
E. and Feder, H. M., Jr. A prospective study
of tick bites in an endemic area for Lyme
disease. J Infect Dis 1989;159(1):136-139.



61

Coyle, P. K. Antigen detection and ce-
rebrospinal fluid studies. In: Coyle, P. K.,
ed. Lyme disease. St. Luis: Mosby Year
Book, Inc., 1993:136-145.

Coyle, P. K., Deng, Z., Schutzer, S. E., Bel-
man, A. L., Benach, J., Krupp, L. B. and
Luft, B. Detection of Borrelia burgdorferi
antigens in cerebrospinal fluid. Neurology
1993;43(6):1093-1098.

Craft, J. E., Fischer, D. K., Shimamoto, G. T.
and Steere, A. C. Antigens of Borrelia burg-
dorferi recognized during Lyme disease.
Appearance of a new immunoglobulin M
response and expansion of the immunoglo-
bulin G response late in the illness. J Clin
Invest 1986;78(4):934-939.

Craft, J. E., Grodzicki, R. L., Shrestha, M.,
Fischer, D. K., Garcia Blanco, M. and Steere,
A. C. The antibody response in Lyme dise-
ase. Yale J Biol Med 1984;57(4):561-565.

Dattwyler, R. J., Halperin, J. J., Pass, H. and
Luft, B. J. Ceftriaxone as effective therapy
in refractory Lyme disease. J Infect Dis
1987;155(6):1322-1325.

Dattwyler, R. J., Halperin, J. J., Volkman, D. J.
and Luft, B. J. Treatment of late Lyme borreli-
osis—randomised comparison of ceftriaxone
and penicillin. Lancet 1988;1(8596):1191-1194.

Dattwyler, R. J., Luft, B. J., Kunkel, M. J.,
Finkel, M. F., Wormser, G. P., Rush, T. J.,
Grunwaldt, E., Agger, W. A., Franklin, M.,
Oswald, D., Cockey, L. and Maladorno, D.
Ceftriaxone compared with doxycycline for
the treatment of acute disseminated Lyme
disease. N Engl J Med 1997;337(5):289-294.

Dattwyler, R. J., Thomas, J. A., Benach, J. L. and
Golightly, M. G. Cellular immune response in
Lyme disease: the response to mitogens, live
Borrelia burgdorferi, NK cell function and
lymphocyte subsets. Zentralbl Bakteriol Mikro-
biol Hyg (A) 1986;263(1-2):151-159.

Dattwyler, R. J., Volkman, D. J., Conaty, S.
M., Platkin, S. P. and Luft, B. J. Amoxycillin
plus probenecid versus doxycycline for tre-
atment of erythema migrans borreliosis.
Lancet 1990;336(8728):1404-1406.

Dattwyler, R. J., Volkman, D. J., Luft, B. J.,
Halperin, J. J., Thomas, J. and Golightly, M.
G. Seronegative Lyme disease. Dissociation
of specific T- and B-lymphocyte responses
to Borrelia burgdorferi. N Engl J Med
1988;319(22):1441-1446.

De Kleyn, A. Sudden complete or partial
loss of function of the octavus system in ap-
parently normal persons. Acta Otolaryngol
(Stockh) 1944;32:407-429.

de Koning, J. and Duray, P. H. Histopatho-
logy of human Lyme borreliosis. In: Weber,
K. et al., eds. Aspects of Lyme borreliosis.
Heidelberg: Springer-Verlag, 1993:70-92.

de Silva, A. M. and Fikrig, E. Growth and
migration of Borrelia burgdorferi in Ixodes
ticks during blood feeding. Am J Trop Med
Hyg 1995;53(4):397-404.

de Silva, A. M., Telford, S. R. r., Brunet, L.
R., Barthold, S. W. and Fikrig, E. Borrelia
burgdorferi OspA is an arthropod-specific
transmission-blocking Lyme disease vacci-
ne. J Exp Med 1996;183(1):271-275.

Demaerschalck, I., Ben Messaoud, A., De Kesel,
M., Hoyois, B., Lobet, Y., Hoet, P., Bigagignon,
G., Bollen, A. and Godfroid, E. Simultaneous
presence of different B. burgdorferi genospecies
in biological fluids of Lyme disease patients. J
Clin Microbiol 1995;33:602-608.

Dinerman, H. and Steere, A. C. Lyme dise-
ase associated with fibromyalgia. Ann In-
tern Med 1992;117(4):281-285.

Diringer, M. N., Halperin, J. J. and Datt-
wyler, R. J. Lyme meningoencephalitis: re-
port of a severe, penicillin-resistant case.
Arthritis Rheum 1987;30(6):705-708.



62

Doby, J. M., Bigaignon, G., Aubert, M. and
Imbert, G. Ectoparasites du renard et borre-
liuose de Lyme. Rechechre de Borrelia
burgdorferi cheza les tiques Ixodidae et in-
sectes Siphonapter. Bull Soc Franc Parasitol
1991;9:279-288.

Dorward, D. W., Schwan, T. G. and Garon,
C. F. Immune capture and detection of Bor-
relia burgdorferi antigens in urine, blood,
or tissues from infected ticks, mice, dogs,
and humans. J Clin Microbiol
1991;29(6):1162-1170.

Dotevall, L., Danielsson, S., Kaijser, B., Mar-
tinell, J. and Nylen, O. Borreliosis and facial
paralysis in children. Läkartidningen
1994;91(14):1414-1419.

Dressler, F., Whalen, J. A., Reinhardt, B. N.
and Steere, A. C. Western blotting in the se-
rodiagnosis of Lyme disease. J Infect Dis
1993;167(2):392-400.

Dressler, F., Yoshinari, N. H. and Steere, A.
C. The T-cell proliferative assay in the diag-
nosis of Lyme disease. Ann Intern Med
1991;115(7):533-539.

Edelman, R. Perspective on the develop-
ment of vaccines against Lyme disease.
Vaccine 1991;9(8):531-532.

Engervall, K., Carlsson Nordlander, B., He-
derstedt, B., Berggren, D., Bjerkhoel, A.,
Carlborg, A., Grenner, J., Hanner, P., Hog-
mo, A., Isholt, R. M. and et al. Borreliosis as
a cause of peripheral facial palsy: a multi-
center study. ORL J Otorhinolaryngol Relat
Spec 1995;57(4):202-206.

Eppes, S. C., Klein, J. D., Caputo, G. M. and
Rose, C. D. Physician beliefs, attitudes, and ap-
proaches toward Lyme disease in an endemic
area. Clin Pediatr Phila 1994;33(3):130-134.

Fahrer, H., Sauvain, M. J., Zhioua, E., Van
Hoecke, C. and Gern, L. E. Longterm sur-
vey (7 years) in a population at risk for

Lyme borreliosis: what happens to the sero-
positive individuals? Eur J Epidemiol
1998;14(2):117-123.

Fikrig, E., Barthold, S. W., Marcantonio, N.,
Deponte, K., Kantor, F. S. and Flavell, R. A.
Roles of OspA, OspB, and flagellin in pro-
tective immunity to Lyme borreliosis in la-
boratory mice. Infect Immun
1992;60(2):657-661.

Fix, A. D., Strickland, G. T. and Grant, J.
Tick bites and Lyme disease in an endemic
setting: problematic use of serologic testing
and prophylactic antibiotic therapy. Jama
1998;279(3):206-210.

Fraser, C. M., Casjens, S., Huang, W. M.,
Sutton, G. G., Clayton, R., Lathigra, R.,
White, O., Ketchum, K. A., Dodson, R.,
Hickey, E. K., Gwinn, M., Dougherty, B.,
Tomb, J. F., Fleischmann, R. D., Richardson,
D. et al. Genomic sequence of a Lyme dise-
ase spirochaete, Borrelia burgdorferi. Natu-
re 1997;390(6660):580-586.

Fuchs, H., Simon, M. M., Wallich, R., Bech-
tel, M. and Kramer, M. D. Borrelia burgdor-
feri induces secretion of pro-urokinase-type
plasminogen activator by human mono-
cytes. Infection & Immunity
1996;64(10):4307-4312.

Galbe, J. L., Guy, E., Zapatero, J. M., Peer-
schke, E. I. and Benach, J. L. Vascular clea-
rance of Borrelia burgdorferi in rats. Microb
Pathog 1993;14(3):187-201.

Garcia-Monco, J. C. Pathophysiology of
meningitis in murine borreliosis. In: Stanek,
G., ed. Symposium on the pathogenesis
and management of tick-borne diseases.
Vienna, 1998:11.

Garcia-Monco, J. C., Villar, B. F., Alen, J. C.
and Benach, J. L. Borrelia burgdorferi in the
central nervous system: experimental and
clinical evidence for early invasion. J Infect
Dis 1990;161(6):1187-1193.



63

Garcia-Monco, J. C. European Lyme Dise-
ase. In: Coyle, P. K., ed. Lyme Disease. St.
Louis: Mosby-Year Book, Inc., 1993:219-225.

Garcia-Monco, J. C., Wheeler, C. M., Bena-
ch, J. L., Furie, R. A., Lukehart, S. A., Sta-
nek, G. and Steere, A. C. Reactivity of neu-
roborreliosis patients (Lyme disease) to car-
diolipin and gangliosides. J Neurol Sci
1993;117(1-2):206-214.

Garin, C. and Bujadoux, C. Paralysie par les
Tiques. J Med Lyon 1922;71:765-767.

Garon, C. F., Dorward, D. W. and Corwin,
M. D. Structural features of Borrelia burg-
dorferi-the Lyme disease spirochete: silver
staining for nucleic acids. Scanning Micros-
copy Suppl 1989;3:109-115.

Gern, L., Estrada-Pena, A., Frandsen, F.,
Gray, J. S., Jaenson, T. G., Jongejan, F., Kahl,
O., Korenberg, E., Mehl, R. and Nuttall, P.
A. European reservoir hosts of Borrelia
burgdorferi sensu lato. Zentralbl Bakteriol
Mikrobiol Hyg (A) 1998;287(3):196-204.

Girschick, H. J., Huppertz, H. I., Russmann, H.,
Krenn, V. and Karch, H. Intracellular persisten-
ce of Borrelia burgdorferi in human synovial
cells. Rheumatol Int 1996;16(3):125-132.

Goldfarb, D. and Sataloff, R. T. Lyme dise-
ase: a review for the otolaryngologist. ENT
Journal 1994;73:824-829.

Golightly, M. C. Antibody assays. In: Coyle,
P. K., ed. Lyme Disease. St. Louis: Mosby-
Year Book, Inc., 1993:115-120.

Gourmelen, O., Le Loet, X., Daragon, A.
and Patoz, P. Meningo-radiculitis in Lyme
disease resistant to penicillin G. Presse Med
1989;18(11):584.

Gray, J. S. The development and seasonal
activity of the tick Ixodes ricinus: a vector
for Lyme borreliosis. Rev Med Vet Entomol
1991;79:323-333.

Gray, J. S., Kahl, O., Robertson, J. N., Da-
niel, M., Estrada-Pena, A., Gettinby, G., Ja-
enson, T. G., Jensen, P., Jongejan, F., Koren-
berg, E., Kurtenbach, K. and Zeman, P.
Lyme borreliosis habitat assessment. Zent-
ralbl Bakteriol Mikrobiol Hyg (A)
1998;287(3):211-228.

Gregg, G. Some observations on Bell´s pal-
sy in Belfast during the period 1949 to 1958.
Arch Phys Med 1961;42:602-608.

Guy, E. C., Robertson, J. N., Cimmino, M.,
Gern, L., Moosmann, Y., Rijpkema, S. G.,
Sambri, V. and Stanek, G. European interla-
boratory comparison of Lyme borreliosis
serology. Zentralbl Bakteriol Mikrobiol Hyg
(A) 1998;287(3):241-247.

Guy, E. C. and Turner, A. M. Seronegative
neuroborreliosis. Lancet 1989;1(8635):441.

Halouzka, J., Postic, D. and Hubalek, Z.
Isolation of the spirochaete Borrelia afzelii
from the mosquito Aedes vexans in the
Czech Republic. Med Vet Entomol
1998;12(1):103-105.

Halperin, J. J. Neuroborreliosis. Am J Med
1995;98:52-59.

Halperin, J. J. Nervous system Lyme dise-
ase. J Neurol Sci 1998;153(2):182-191.

Hanner, P. Borrelios kan ge hörseldefect hos
barn. Läkartidningen 1995;92(3):174-175.

Hanner, P., Rosenhall, U., Edström, S. and Kaij-
ser, B. Hearing impairment in patients with an-
tibody production against Borrelia burgdorferi
antigen. Lancet 1989;1(8628):13-15.

Hanner, P., Rosenhall, U. and Kaijser, B.
Borrelia infection in patients with vertigo
and sensorineural hearing loss. Scand Au-
diol Suppl 1988;30:201-203.

Hansen, K., Bangsborg, J. M., Fjordvang,
H., Pedersen, N. S. and Hindersson, P. Im-



64

munochemical characterization of and iso-
lation of the gene for a Borrelia burgdorferi
immunodominant 60-kilodalton antigen
common to a wide range of bacteria. Infect
Immun 1988;56(8):2047-2053.

Hansen, K., Hindersson, P. and Pedersen,
N. S. Measurement of antibodies to the Bor-
relia burgdorferi flagellum improves sero-
diagnosis in Lyme disease. J Clin Microbiol
1988;26(2):338-346.

Hansen, K., Hovmark, A., Lebech, A. M.,
Lebech, K., Olsson, I., Halkier Sørensen, L.,
Olsson, E. and Åsbrink, E. Roxithromycin
in Lyme borreliosis: discrepant results of an
in vitro and in vivo animal susceptibility
study and a clinical trial in patients with
erythema migrans. Acta Derm Venereol
1992;72(4):297-300.

Hansen, K. and Lebech, A. M. The clinical
and epidemiological profile of Lyme neuro-
borreliosis in Denmark 1985-1990. A pros-
pective study of 187 patients with Borrelia
burgdorferi specific intrathecal antibody
production. Brain 1992;115(Pt 2):399-423.

Haupl, T., Hahn, G., Rittig, M., Krause, A.,
Schoerner, C., Schönherr, U., Kalden, J. R.
and Burmester, G. R. Persistence of Borrelia
burgdorferi in ligamentous tissue from a
patient with chronic Lyme borreliosis.
Arthritis Rheum 1993;36(11):1621-1626.

Hauser, U., Lehnert, G., Lobentanzer, R.
and Wilske, B. Interpretation criteria for
standardized Western blots for three Euro-
pean species of Borrelia burgdorferi sensu
lato. J Clin Microbiol 1997;35(6):1433-1444.

Hauser, U., Lehnert, G. and Wilske, B. Vali-
dity of interpretation criteria for standardi-
zed western blots (immunoblots) for sero-
diagnosis of Lyme borreliosis based on sera
collected throughout Europe. J Clin Micro-
biol 1999;37:2241-2247.

Hauser, W. A., Karnes, W. E., Annis, J. and

Kurland, L. T. Incidence and prognosis of
Bell´s palsy in the population of Rochester,
Minnesota. Mayo Clin Proc 1971;46:258-264.

He, Q., Marjamäki, M., Soini, H., Mertsola,
J. and Viljanen, M. K. Primers are decisive
for sensitivity of PCR. Biotechniques
1994;17(1):82, 84, 86-87.

Heininger, U., Ries, M., Christ, P. and
Harms, D. Simultaneous palsy of facial and
vestibular nerve in a child with Lyme bor-
reliosis. Eur J Pediatr 1990;149(11):781-782.

Hellerström, S. Erythema chronicum mi-
grans Afzelii. Acta Derm Venereol
1930;11:315-321.

Hellerström, S. Erythema chronicum mi-
grans with meningitis. Acta Derm Venereol
1951;31:227-234.

Helsinki. Year report, Sports Department,
City of Helsinki, Helsinki, 1997.

Herxheimer, K. and Hartmann, K. Über
Acrodermatitis chronica atrophicans. Arch
Dermatol Syph 1902;61:57-76, 255-300.

Herzer, P. Joint manifestations. In: Weber,
K. et al., eds. Aspects of Lyme borreliosis.
Heidelberg: Springer-Verlag, 1993:168-184.

Hilsinger, R. L., Jr., Adour, K. K. and Doty,
H. E. Idiopathic facial paralysis, pregnancy,
and the menstrual cycle. Ann Otol Rhinol
Laryngol 1975;84(4 Pt 1):433-442.

Hollström, E. Successful treatment of eryt-
hema migrans Afzelius. Acta Derm Ve-
nereol 1951;31:235-243.

Hovmark, A., Åsbrink, E. and Olsson, I.
Joint and bone involvement in Swedish pa-
tients with Ixodes ricinus-borne Borrelia in-
fection. Zentralbl Bakteriol Mikrobiol Hyg
(A) 1986;263(1-2):275-284.

Hovmark, A., Åsbrink, E. and Olsson, I.



65

The spirochetal etiology of lymphadenosis
benigna cutis solitaria. Acta Derm Venereol
1986;66(6):479-484.

Hovmark, A., Åsbrink, E., Weber, K. and Kau-
dewitz, P. Borrelial lymphocytoma. In: Weber,
K. et al., eds. Aspects of Lyme borreliosis. Hei-
delberg: Springer-Verlag, 1993:93-104.

Howe, T. R., Mayer, L. W. and Barbour, A.
G. A single recombinant plasmid expres-
sing two major outer surface proteins of the
Lyme disease spirochete. Science
1985;227(4687):645-646.

Hsu, V. M., Patella, S. J. and Sigal, L. H.
“Chronic Lyme disease” as the incorrect
diagnosis in patients with fibromyalgia.
Arthritis Rheum 1993;36(11):1493-1500.

Hu, L. T. and Klempner, M. S. Host-patho-
gen interactions in the immunopathogene-
sis of Lyme disease. J Clin Immunol
1997;17(5):354-365.

Huaux, J. P., Bigaignon, G., Stadtsbaeder, S.,
Zangerle, P. F. and Nagant de Deuxchais-
nes, C. Pattern of Lyme arthritis in Europe:
report of 14 cases. Ann Rheum Dis
1988;47(2):164-165.

Hubalek, Z. and Halouzka, J. Prevalence
rates of Borrelia burgdorferi sensu lato in
host seeking Ixodes ricinus ticks in Europe.
Parasitol Res 1998;84:167-172.

Hubalek, Z. and Halouzka, J. Prevalence
rates of Borrelia burgdorferi sensu lato in
host-seeking Ixodes ricinus ticks in Europe.
Parasitology Research 1998;84(3):167-172.

Hughes, G. B., Freedman, M. A., Haber-
kamp, T. J. and Guay, M. E. Sudden sensori-
neural hearing loss. Otolaryngol Clin North
Am 1996;29(3):393-405.

Humair, P. F. and Gern, L. Relationship bet-
ween Borrelia burgdorferi sensu lato spe-
cies, red squirrels (Sciurus vulgaris) and

Ixodes ricinus in enzootic areas in Switzer-
land. Acta Tropica 1998;69(3):213-227.

Humair, P. F., Peter, O., Wallich, R. and
Gern, L. Strain variation of Lyme disease
spirochetes isolated from Ixodes ricinus
ticks and rodents collected in two endemic
areas in Switzerland. J Med Entomol
1995;32:433-438.

Humair, P. F., Postic, D., Wallich, R. and
Gern, L. An avian reservoir (Turdus meru-
la) of the Lyme disease spirochetes. Zentral-
bl Bakteriol Mikrobiol Hyg (A)
1998;287:521-538.

Hyde, F. W. and Johnson, R. C. Characteri-
zation of a circular plasmid from Borrelia
burgdorferi, etiologic agent of Lyme dise-
ase. J Clin Microbiol 1988;26(10):2203-2205.

Hyden, D., Roberg, M., Forsberg, P., Fridell,
E., Fryden, A., Linde, A. and Ödkvist, L.
Acute “idiopathic” peripheral facial palsy:
clinical, serological, and cerebrospinal fluid
findings and effects of corticosteroids. Am J
Otolaryngol 1993;14(3):179-186.

Ishizaki, H., Pyykkö, I. and Nozue, M. Neu-
roborreliosis in the etiology of vestibular
neuronitis. Acta Otolaryngol Suppl Stockh
1993;503:67-69.

Issakainen, J., Gnehm, H. E., Lucchini, G.
M. and Zbinden, R. Value of clinical symp-
toms, intrathecal specific antibody produc-
tion and PCR in CSF in the diagnosis of
childhood Lyme neuroborreliosis. Klin Pa-
diatr 1996;208(3):106-109.

Jacobs, J. C., Stevens, M. and Duray, P. H.
Lyme disease simulating septic arthritis.
JAMA 1986;256(9):1138-1139.

Jaenson, T. G., Fish, D., Ginsberg, H. S.,
Gray, J. S., Mather, T. N. and Piesman, J.
Methods for control of tick vectors of Lyme
borreliosis. Scand J Infect Dis Suppl
1991;77:151-157.



66

Johnson, R. C., Kodner, C. and Russell, M. In
vitro and in vivo susceptibility of the Lyme
disease spirochete, Borrelia burgdorferi, to
four antimicrobial agents . Antimicrob
Agents Chemother 1987;31(2):164-167.

Johnson, R. C., Kodner, C., Russell, M. and
Duray, P. H. Experimental infection of the
hamster with Borrelia burgdorferi. Ann N Y
Acad Sci 1988;539:258-263.

Johnson, R. C., Kodner, C., Russell, M. and
Girard, D. In-vitro and in-vivo susceptibility
of Borrelia burgdorferi to azithromycin. J
Antimicrob Chemother 1990;25 Suppl A:33-
38.

Johnson, R. C., Kodner, C. B., Jurkovich, P.
J. and Collins, J. J. Comparative in vitro and
in vivo susceptibilities of the Lyme disease
spirochete Borrelia burgdorferi to cefuroxi-
me and other antimicrobial agents. Anti-
microb Agents Chemother
1990;34(11):2133-2136.

Johnson, S. E., Klein, G. C., Schmid, G. P.
and Feeley, J. C. Susceptibility of the Lyme
disease spirochete to seven antimicrobial
agents. Yale J Biol Med 1984;57(4):549-553.

Jonsson, L., Stiernstedt, G., Carlson, J.,
Strömberg, A., Sjöberg, O. and Larsson, A.
Serum and cerebrospinal fluid examina-
tions in the diagnosis of Borrelia infection
in Bell’s palsy. Acta Otolaryngol Stockh
1990;110(5-6):421-426.

Jonsson, L., Stiernstedt, G. and Thomander,
L. Tick-borne Borrelia infection in patients
with Bell’s palsy. Arch Otolaryngol Head
Neck Surg 1987;113(3):303-306.

Junttila, J., Tanskanen, R. and Tuomi, J. Pre-
valence of Borrelia burgdorferi in selected
tick populations in Finland. Scand J Infect
Dis 1994;26(3):349-355.

Kaell, A. T., Volkman, D. J., Gorevic, P. D.
and Dattwyler, R. J. Positive Lyme serology

in subacute bacterial endocarditis. A study
of four patients. Jama 1990;264(22):2916-
2918.

Kahl, O., Janetzki-Mittmann, C., Gray, J. S.,
Jonas, R., Stein, J. and de Boer, R. Risk of
infection with Borrelia burgdorferi sensu
lato for a host in relation to the duration of
nymphal Ixodes ricinus feeding and the
method of tick removal. Zentralbl Bakteriol
Mikrobiol Hyg (A) 1998;287(1-2):41-52.

Kaiser, M. Neurologische Komplikationen
bei Acrodermatitis Chronica Atrophicans
(Herxheimer) und ihre Beeinflussung
durch die Penicillintherapie. Göttingen:
University of Göttingen, 1972.

Kalish, R. A., Leong, J. M. and Steere, A. C.
Association of treatment-resistant chronic
Lyme arthritis with HLA-DR4 and antibo-
dy reactivity to OspA and OspB of Borrelia
burgdorferi. Infect Immun 1993;61(7):2774-
2779.

Karlsson, M., Hammers Berggren, S., Lind-
quist, L., Stiernstedt, G. and Svenungsson,
B. Comparison of intravenous penicillin G
and oral doxycycline for treatment of Lyme
neuroborreliosis. Neurology
1994;44(7):1203-1207.

Karlsson, M., Hammers, S., Nilsson-Ehle, I.,
Malmborg, A. S. and Wretlind, B. Concent-
rations of doxycycline and penicillin G in
sera and cerebrospinal fluid of patients tre-
ated for neuroborreliosis. Antimicrobial
Agents & Chemotherapy 1996;40(5):1104-
1107.

Karlsson, M., Hovind Hougen, K., Sve-
nungsson, B. and Stiernstedt, G. Cultivati-
on and characterization of spirochetes from
cerebrospinal fluid of patients with Lyme
borreliosis. J Clin Microbiol 1990;28(3):473-
479.

Karma, A., Stenborg, T., Summanen, P., Im-
monen, I., Mikkilä, H. and Seppälä, I. Long-



67

term follow-up of chronic Lyme neuroreti-
nitis. Retina 1996;16(6):505-509.

Katusic, S., Beard, C., Wiederholt, W.,
Bergstrahl, E. and Kurland, L. Incidence,
clinical features and prognosis in Bell´s pal-
sy, Rochester, Minnesota, 1968-1982. Ann
Neurol 1986;20:622-627.

Kazakoff, M. A., Sinusas, K. and Macchia, C.
Liver function test abnormalities in early Lyme
disease. Arch Fam Med 1993;2(4):409-413.

Keane, J. R. Bilateral seventh nerve palsy:
analysis of 43 cases and review of the litera-
ture. Neurology 1994;44(7):1198-1202.

Kelly, R. Cultivation of Borrelia hermsii.
Science 1971;173:443-444.

Kentala, E. A neurotologic expert system
for vertigo and characteristics of six otolo-
gic diseases involving vertigo. Helsinki:
University of Helsinki, 1996.

Kindstrand, E. Lyme borreliosis and cranial
neuropathy. J Neurol 1995;242(10):658-663.

Klein, J., Stanek, G., Bittner, R., Horvat, R., Hol-
zinger, C. and Glogar, D. Lyme borreliosis as a
cause of myocarditis and heart muscle disease.
Eur Heart J 1991;12 Suppl D:73-75.

Klempner, M. S., Noring, R. and Rogers, R.
A. Invasion of human skin fibroblasts by
the Lyme disease spirochete, Borrelia burg-
dorferi. J Infect Dis 1993;167(5):1074-1081.

Krejcova, H., Bojar, M., Jerabek, J., Tomas, J.
and Jirous, J. Otoneurological symptomato-
logy in Lyme disease. Adv Oto Rhino La-
ryngol 1988;42:210-212.

Kristoferitsch, W. Neurological manifesta-
tions of Lyme borreliosis. Infection
1991;19(4):268-272.

Kristoferitsch, W., Baumhackl, U., Sluga, E.,
Stanek, G. and Zeiler, K. High-dose penicil-

lin therapy in meningopolyneuritis Garin-
Bujadoux-Bannwarth. Clinical and ce-
rebrospinal fluid data. Zentralbl Bakteriol
Mikrobiol Hyg (A) 1987;263(3):357-364.

Kristoferitsch, W., Sluga, E., Graf, M.,
Partsch, H., Neumann, R., Stanek, G. and
Budka, H. Neuropathy associated with
acrodermatitis chronica atrophicans. Clini-
cal and morphological features. Ann N Y
Acad Sci 1988;539:35-45.

Kruger, H., Reuss, K., Pulz, M., Rohrbach,
E., Pflughaupt, K. W., Martin, R. and Mer-
tens, H. G. Meningoradiculitis and en-
cephalomyelitis due to Borrelia burgdorfe-
ri: a follow-up study of 72 patients over 27
years. J Neurol 1989;236(6):322-328.

Kuiper, H., Devriese, P. P., de Jongh, B. M.,
Vos, K. and Dankert, J. Absence of Lyme bor-
reliosis among patients with presumed Bell’s
palsy. Arch Neurol 1992;49(9):940-943.

Kurtenbach, K., Peacey, M., Rijpkema, S. G.,
Hoodless, A. N., Nuttall, P. A. and Ran-
dolph, S. E. Differential transmission of the
genospecies of Borrelia burgdorferi sensu
lato by game birds and small rodents in
England. Appl Envir Microbiol
1998;64(4):1169-1174.

Lagerholm, S. and Toremalm, N. G. Pe-
ripheral facial palsy: a clinical material.
Acta Otolaryngol (Stockh) 1971;71:400-405.

Lane, R. S. and Quistad, G. B. Borreliacidal
factor in the blood of the western fence li-
zard (Sceloporus occidentalis). J Parasitol
1998;84(1):29-34.

Laurikainen, E., Puhakka, H. J., Viljanen,
M., Meurman, O. and Valkama, H. Etiology,
treatment and prognosis of peripheral fa-
cial palsy in the light of Borrelia and viral
antibody findings. Duodecim
1990;106(21):1437-1441.



68

Ledue, T. B., Collins, M. F. and Craig, W. Y.
New laboratory guidelines for serologic
diagnosis of Lyme disease: evaluation of
the two-test protocol. J Clin Microbiol
1996;34(10):2343-2350.

Lees, A. D. and Milne, A. Seasonal and diur-
nal activities of individual sheep ticks (Ixo-
des ricinus L.). Parasitol 1951;41:189-209.

Lesser, R. L. Ocular manifestations of Lyme
disease. Am J Med 1995;98:60S-62S.

Lesser, T. H., Dort, J. C. and Simmen, D. P.
Ear, nose and throat manifestations of
Lyme disease. J Laryngol Otol
1990;104(4):301-304.

Lipschütz. Weiterer Beitrag zur Kenntnis
der “Erythema chronicum migrans”. Arch
Dermatol Syph 1923;143:365-374.

Liu, N. Y., Dinerman, H., Levin, R. E., Mas-
sarotti, E., Molloy, P. J., Schoen, R. T., Tay-
lor, E. and Steere, A. C. Randomized trial of
doxycycline vs. amoxicillin/probenecid for
the treatment of Lyme arthritis: treatment
of non-responders with i.v. penicillin or
ceftriaxone. Arthritis Rheum (Suppl)
1989;32:S46.

Luft, B. J., Dattwyler, R. J., Johnson, R. C.,
Luger, S. W., Bosler, E. M., Rahn, D. W.,
Masters, E. J., Grunwaldt, E. and Gadgil, S.
D. Azithromycin compared with amoxicil-
lin in the treatment of erythema migrans. A
double-blind, randomized, controlled trial.
Ann Intern Med 1996;124(9):785-791.

Luft, B. J., Volkman, D. J., Halperin, J. J. and
Dattwyler, R. J. New chemotherapeutic ap-
proaches in the treatment of Lyme borrelio-
sis. Ann N Y Acad Sci 1988;539:352-361.

Luger, S. W. Lyme disease transmitted by a
biting fly. N Engl J Med 1990;322(24):1752.

Ma, Y., Sturrock, A. and Weis, J. J. Intracel-
lular localization of Borrelia burgdorferi

within human endothelial cells. Infect Im-
mun 1991;59(2):671-678.

Magid, D., Schwartz, B., Craft, J. and
Schwartz, J. S. Prevention of Lyme disease
after tick bites. A cost-effectiveness analy-
sis. N Engl J Med 1992;327(8):534-541.

Magnarelli, L. A., Anderson, J. F. and Bar-
bour, A. G. The etiologic agent of Lyme di-
sease in deer flies, horse flies, and mosqui-
toes. J Infect Dis 1986;154(2):355-358.

Magnarelli, L. A., Fikrig, E., Padula, S. J.,
Anderson, J. F. and Flavell, R. A. Use of re-
combinant antigens of Borrelia burgdorferi
in serologic tests for diagnosis of Lyme bor-
reliosis. J Clin Microbiol 1996;34(2):237-240.

Magnarelli, L. A., Meegan, J. M., Anderson,
J. F. and Chappell, W. A. Comparison of an
indirect fluorescent-antibody test with an
enzyme-linked immunosorbent assay for
serological studies of Lyme disease. J Clin
Microbiol 1984;20(2):181-184.

Mair, I. W. S. and Graaf, A. S. Peripheral fa-
cial palsy in subarctic Norway. Acta Otola-
ryngol (Stockh) 1974;77:119-125.

Marconi, R. T. and Garon, C. F. Develop-
ment of polymerase chain reaction primer
sets for diagnosis of Lyme disease and for
species-specific identification of Lyme dise-
ase isolates by 16S rRNA signature nucleo-
tide analysis. J Clin Microbiol
1992;30(11):2830-2834.

Martin, R., Kohlhepp, W. and Mertens, H.
G. Chronic central nervous system involve-
ment. In: Weber, K. et al., eds. Aspects of
Lyme borreliosis. Heidelberg: Springer-Ver-
lag, 1993:205-218.

Massarotti, E. M., Luger, S. W., Rahn, D. W.,
Messner, R. P., Wong, J. B., Johnson, R. C.
and Steere, A. C. Treatment of early Lyme
disease. Am J Med 1992;92(4):396-403.



69

Mattox, D. and Simmons, F. Natural history
of sudden sensorineural hearing loss. Ann
Otol Rhinol Laryngol 1977;86:463-480.

Melotte, G. Idiopathic paralysis of the facial
nerve. Practitioner 1961;187:349-352.

Mikkilä, H. Ocular Lyme borreliosis: Diag-
nosis and clinical characteristics. Helsinki:
University of Helsinki, 1998.

Mikkilä, H., Seppälä, I., Leirisalo-Repo, M.,
Immonen, I. and Karma, A. The etiology of
uveitis: the role of infections with special
reference to Lyme borreliosis. Acta Ophtal-
mol Scand 1997;75:716-719.

Mikkilä, H., Seppälä, I., Leirisalo-Repo, M.
and Karma, A. The significance of serum
anti-Borrelia antibodies in the diagnostic
work-up of uveitis. Eur J Ophthalmol
1997;7(3):251-255.

Milne, A. A comparison of sheep tick popu-
lations (Ixodes ricinus L.). Ann Appl Biol
1943;30:240-250.

Milne, A. The ecology of the sheep tick, Ixo-
des ricinus L. Distribution of the tick in hill
pasture. Parasitol 1946;37:75-81.

Milne, A. The ecology of the sheep tick, Ixo-
des ricinus L. Microhabitat economy of the
adult tick. Parasitol 1950;40:14-34.

Mitchell, P. D., Reed, K. D., Vandermause,
M. F. and Melski, J. W. Isolation of Borrelia
burgdorferi from skin biopsy specimens of
patients with erythema migrans. Am J Clin
Pathol 1993;99(1):104-107.

Mokry, M., Flaschka, G., Kleinert, G., Klei-
nert, R., Fazekas, F. and Kopp, W. Chronic
Lyme disease with an expansive granulo-
matous lesion in the cerebellopontine ang-
le. Neurosurgery 1990;27(3):446-451.

Montgomery, R. R., Malawista, S. E., Feen,
K. J. and Bockenstedt, L. K. Direct de-

monstration of antigenic substitution of
Borrelia burgdorferi ex vivo: exploration of
the paradox of the early immune response
to outer surface proteins A and C in Lyme
disease. J Exp Med 1996;183(1):261-269.

Montgomery, R. R., Nathanson, M. H. and
Malawista, S. E. The fate of Borrelia burg-
dorferi, the agent for Lyme disease, in mou-
se macrophages. Destruction, survival, re-
covery. J Immunol 1993;150(3):909-915.

Morgan, M. and Nathwani, D. Facial palsy
and infection: the unfolding story. Clin In-
fect Dis 1992;14(1):263-271.

Moscatello, A. L., Worden, D. L., Nadel-
man, R. B., Wormser, G. and Lucente, F.
Otolaryngologic aspects of Lyme disease.
Laryngoscope 1991;101(6 Pt 1):592-595.

Moter, S., Hofmann, H., Wallich, R., Simon,
M. and Kramer, M. Detection of Borrelia
burgdorferi sensu lato in lesional skin of pa-
tients with erythema migrans and acroder-
matitis chronica atrophicans by ospA-speci-
fic PCR. J Clin Microbiol 1994;32:2980-2988.

Mullegger, R. R., Millner, M. M., Stanek, G.
and Spork, K. D. Penicillin G sodium and
ceftriaxone in the treatment of neuroborre-
liosis in children—a prospective study. In-
fection 1991;19(4):279-283.

Murakami, S., Mizobuchi, M., Nakashiro, Y.,
Doi, T., Hato, N. and Yanagihara, N. Bell pal-
sy and Herpes simplex virus: identification
of viral DNA in endoneurial fluid and
muscle. Ann Intern Med 1996;124:27-30.

Nadelman, R. B., Luger, S. W., Frank, E., Wis-
niewski, M., Collins, J. J. and Wormser, G. P.
Comparison of cefuroxime axetil and doxy-
cycline in the treatment of early Lyme dise-
ase. Ann Intern Med 1992;117(4):273-280.

Nadelman, R. B. and Wormser, G. P. Eryt-
hema migrans and early Lyme disease. Am
J Med 1995;98:15-24.



70

Nelson, J. A. and Nemcek, A. A., Jr. Vesicu-
lar rash, radicular pain, and splenomegaly
in a patient with Lyme borreliosis. Clin In-
fect Dis 1992;15(1):180-181.

Niemann, G., Koksal, M. A., Oberle, A. and
Michaelis, R. Facial palsy and Lyme borreli-
osis: long-term follow-up of children with
antibiotically untreated “idiopathic” facial
palsy. Klinische Padiatrie 1997;209(3):95-99.

Nocton, J. J., Bloom, B. J., Rutledge, B. J.,
Persing, D. H., Logigian, E. L., Schmid, C.
H. and Steere, A. C. Detection of Borrelia
burgdorferi DNA by polymerase chain
reaction in cerebrospinal fluid in Lyme neu-
roborreliosis. J Inf Dis 1996;174(3):623-627.

Nocton, J. J., Dressler, F., Rutledge, B. J.,
Rys, P. N., Persing, D. H. and Steere, A. C.
Detection of Borrelia burgdorferi DNA by
polymerase chain reaction in synovial fluid
from patients with Lyme arthritis. N Engl J
Med 1994;330(4):229-234.

Nowakovski, J. and Wormser, G. P. Treat-
ment of early Lyme disease: infection asso-
ciated with erythema migrans. In: Coyle, P.
K., ed. Lyme disease. St. Luis: Mosby Year
Book, Inc., 1993:149-162.

Oksi, J. Clinical, immunologic and labora-
tory diagnostic aspects of Lyme borreliosis
in Finland. Turku University, 1996.

Oksi, J., Helander, I., Aho, H., Marjamäki, M.
and Viljanen, M. K. Borrelia burgdorferi
shown by PCR from skin biopsy specimen
after a fly bite. In: Axford, J. S. et al., eds.
Lyme borreliosis. New York: Plenum Press,
1994:45-48.

Oksi, J., Mertsola, J., Marjamäki, M. and
Viljanen, M. Subacute multiple osteomyeli-
tis caused by Borrelia burgdorferi. Clin In-
fect Dis 1994;19:891-896.

Oksi, J., Uksila, J., Marjamäki, M., Nikoske-
lainen, J. and Viljanen, M. K. Antibodies

against whole sonicated Borrelia burgdor-
feri spirochetes, 41-kilodalton flagellin, and
P39 protein in patients with PCR- or cultu-
re-proven late Lyme borreliosis. J Clin
Microbiol 1995;33(9):2260-2264.

Olsen, B., Duffy, D. C., Jaenson, T. G., Gylfe,
A., Bonnedahl, J. and Bergstrom, S. Trans-
hemispheric exchange of Lyme disease spi-
rochetes by seabirds. J Clin Microbiol
1995;33(12):3270-3274.

Olson, L. J., Okafor, E. C. and Clements, I. P.
Cardiac involvement in Lyme disease: ma-
nifestations and management. Mayo Clin
Proc 1986;61(9):745-749.

Olsson, I., Engervall, K., Asbrink, E., Carls-
son-Nordlander, B. and Hovmark, A. Tick-
borne borreliosis and facial palsy. Acta Oto-
laryngol (Stockh) 1988;105(1-2):100-107.

Pachner, A. R. Neurologic manifestations of
Lyme disease, the new “great imitator”.
Rev Infect Dis 1989;11(6):S1482-1486.

Pachner, A. R. Pathogenesis of neuroborre-
liosis - lessons from a monkey model. Wien
Klin Wochenschr 1998;110:870-873.

Pachner, A. R., Duray, P. and Steere, A. C. Cent-
ral nervous system manifestations of Lyme di-
sease. Arch Neurol 1989;46(7):790-795.

Pachner, A. R. and Steere, A. C. The triad of
neurologic manifestations of Lyme disease:
meningitis, cranial neuritis, and radiculo-
neuritis. Neurology 1985;35(1):47-53.

Pal, G. S., Baker, J. T. and Wright, D. J. Penicillin-
resistant Borrelia encephalitis responding to ce-
fotaxime. Lancet 1988;1(8575-6):50-51.

Paul, H., Ackermann, R. and Gerth, H. J.
Infection and manifestation rate of Europe-
an Lyme borreliosis in humans. Zentralbl
Bakteriol Mikrobiol Hyg (A)
1989;18(Suppl):44-49.



71

Peitersen, E. The natural history of Bell’s
palsy. Am J Otol 1982;4(2):107-111.

Persing, D. H., Telford, S. R., Spielman, A.
and Barthold, S. W. Detection of Borrelia
burgdorferi infection in Ixodes dammini
ticks with the polymerase chain reaction. J
Clin Microbiol 1990;28(3):566-572.

Pfister, H.-W., Kristoferitsch, W. and Meier,
C. Early neurological involvement
(Bannwarth‘s syndrome). In: Weber, K. et
al., eds. Aspects of Lyme borreliosis. Hei-
delberg: Springer-Verlag, 1993:152-167.

Pfister, H.-W., Kristoferitsch, W. and Sköl-
denberg, B. Therapy of Lyme neuroborreli-
osis. In: Weber, K. et al., eds. Aspects of
Lyme borreliosis. Heidelberg: Springer-Ver-
lag, 1993:328-329.

Pfister, H. W., Preac Mursic, V., Wilske, B.
and Einhaupl, K. M. Cefotaxime vs penicillin
G for acute neurologic manifestations in
Lyme borreliosis. A prospective randomized
study. Arch Neurol 1989;46(11):1190-1194.

Phillips, S., Mattman, L., Hulinska, D. and
Moyard, H. A proposal for the reliable cul-
ture of Borrelia burgdorferi from patients
with chronic Lyme disease, even from those
previously aggressively treated. Infection
1998;26:364-367.

Picken, M. M., Picken, R. N., Han, D.,
Cheng, Y., Ruzic-Sabljic, E., Cimperman, J.,
Maraspin, V., Lotric-Furlan, S. and Strle, F.
A two year prospective study to compare
culture and polymerase chain reaction
amplification for the detection and diagno-
sis of Lyme borreliosis. Molecular Patholo-
gy 1997;50(4):186-193.

Picken, R. N. Polymerase chain reaction
primers and probes derived from flagellin
gene sequences for specific detection of the
agents of Lyme disease and North Ameri-
can relapsing fever. J Clin Microbiol
1992;30(1):99-114.

Picken, R. N., Strle, F., Picken, M. M., Ruzic-Sa-
bljic, E., Maraspin, V., Lotric-Furlan, S. and
Cimperman, J. Identification of three species of
Borrelia burgdorferi sensu lato (B. burgdorferi
sensu stricto, B. garinii, and B. afzelii) among
isolates from acrodermatitis chronica atrophi-
cans lesions. J Inv Derm 1998;110(3):211-214.

Piesman, J. Dynamics of Borrelia burgdorferi
transmission by nymphal Ixodes dammini
ticks. J Infect Dis 1993;167(5):1082-1085.

Piesman, J. Dispersal of the Lyme disease
spirochete Borrelia burgdorferi to salivary
glands of feeding nymphal Ixodes scapula-
ris (Acari: Ixodidae). J Med Entomol
1995;32:519-521.

Piesman, J., Mather, T. N., Donahue, J. G.,
Levine, J., Campbell, J. D., Karakashian, S.
J. and Spielman, A. Comparative prevalen-
ce of Babesia microti and Borrelia burgdor-
feri in four populations of Ixodes dammini
in eastern Massachusetts. Acta Trop
1986;43(3):263-270.

Preac Mursic, V., Pfister, H. W., Spiegel, H.,
Burk, R., Wilske, B., Reinhardt, S. and Boh-
mer, R. First isolation of Borrelia burgdorfe-
ri from an iris biopsy. J Clin Neuroophthal-
mol 1993;13(3):155-161.

Preac Mursic, V., Weber, K., Pfister, H. W.,
Wilske, B., Gross, B., Baumann, A. and Pro-
kop, J. Survival of Borrelia burgdorferi in
antibiotically treated patients with Lyme
borreliosis. Infection 1989;17(6):355-359.

Preac Mursic, V., Wilske, B. and Schierz, G.
European Borrelia burgdorferi isolated from
humans and ticks culture conditions and an-
tibiotic susceptibility. Zentralbl Bakteriol
Mikrobiol Hyg (A) 1986;263(1-2):112-118.

Preac-Mursic, V. Antibiotic susceptibility of
Borrelia burgdorferi in vitro and in vivo. In:
Weber, K. et al., eds. Aspects of Lyme borre-
liosis. Berlin: Springer-Verlag, 1993:301-311.



72

Preac-Mursic, V. and Wilske, B. Biology of
Borrelia burgdorferi. In: Weber, K. et al.,
eds. Aspects of Lyme borreliosis. Berlin:
Springer-Verlag, 1993:267-299.

Puhakka, H. J., Laurikainen, E., Viljanen,
M., Meurman, O., and Valkama, H.
Peripheral facial palsy caused by Borrelia
burgdorferi and viruses in south-western
Finland. Acta Otolaryngol Suppl Stockh
1992;492:103-106.

Pulec, J. Meniere´s disease: results of a two
and a half year study of etiology, natural
history and results of treatment. Laryngos-
cope 1972;82:1703-1715.

Quinn, S. J., Boucher, B. J. and Booth, J. B.
Reversible sensorineural hearing loss in
Lyme disease. J Laryngol Otol
1997;111(6):562-564.

Rahn, D. W. and Malawista, S. E. Lyme di-
sease: recommendations for diagnosis and
treatment. Ann Intern Med 1991;114(6):472-
481.

Reik, L. Neurologic abnormalities in early
Lyme disease. In: Reik, L., ed. Lyme disease
and the nervous system. New York: Thieme
Medical Publishers, Inc., 1991:52-76.

Reik, L. Neurologic aspects of North Ame-
rican Lyme disease. In: Coyle, P., ed. Lyme
disease. St. Louis: Mosby Year Book,
1992:101-112.

Reik, L., Steere, A. C., Bartenhagen, N. H.,
Shope, R. E. and Malawista, S. E. Neurolo-
gic abnormalities of Lyme disease. Medici-
ne-Baltimore 1979;58(4):281-294.

Reimers, C. D., de Koning, J., Neubert, U.,
Preac Mursic, V., Koster, J. G., Muller Fel-
ber, W., Pongratz, D. E. and Duray, P. H.
Borrelia burgdorferi myositis: report of
eight patients. J Neurol 1993;240(5):278-283.

Ribeiro, J. M., Mather, T. N., Piesman, J. and

Spielman, A. Dissemination and salivary
delivery of Lyme disease spirochetes in
vector ticks (Acari: Ixodidae). J Med Ento-
mol 1987;24(2):201-205.

Riechelmann, H., Hauser, R., Vogt, A. and
Mann, W. Der Borrelie-Titer bei HNO-
Erkrankungen. Laryngol Rhinol Otol
1990;69(2):65-69.

Roberg, M., Ernerudh, J., Forsberg, P., Fri-
dell, E., Fryden, A., Hyden, D., Linde, A.
and Ödkvist, L. Acute peripheral facial pal-
sy: CSF findings and etiology. Acta Neurol
Scand 1991;83(1):55-60.

Rosenhall, U., Hanner, P. and Kaijser, B.
Borrelia infection and vertigo. Acta Otola-
ryngol (Stockh) 1988;106:111-116.

Russell, H., Sampson, J., Schmid, G., Wil-
kinson, H. and Plikaytis, B. Enzyme-linked
immunosorbent assay and indirect immu-
nofluoresence assay for Lyme disease. J In-
fect Dis 1984;149:465-470.

Saint Girons, I., Gern, L., Gray, J. S., Guy, E.
C., Korenberg, E., Nuttall, P. A., Rijpkema,
S. G., Schonberg, A., Stanek, G. and Postic,
D. Identification of Borrelia burgdorferi
sensu lato species in Europe. Zentralbl Bak-
teriol Mikrobiol Hyg (A) 1998;287(3):190-
195.

Sandström, M., Bredberg, G., Åsbrink, E.,
Hovmark, A. and Holmkvist, C. Brainstem
response audiometry in chronic Lyme bor-
reliosis. Scand Audiol 1989;18:205-210.

Schaad, U. B., Flueler, U., Schaub, H., Suter,
H., Vischer, D., Caflisch, U., Tschumi, A.,
Wick, H., Vest, M. and Durrer, D. Disease
(Lyme disease) in pediatric patients in
Switzerland caused by spirochetes (Borrelia
burgdorferi) of Ixodes ricinus. Schweiz
Med Wochenschr 1986;116(42):1426-1430.

Schempp, C., Bocklage, H., Lange, R., Kol-
mel, H. W., Orfanos, C. E. and Gollnick, H.



73

Further evidence for Borrelia burgdorferi
infection in morphea and lichen sclerosus
et atrophicus confirmed by DNA amplifica-
tion. J Invest Dermatol 1993;100(5):717-720.

Schmidli, J., Hunziker, T., Moesli, P. and
Schaad, U. B. Cultivation of Borrelia burg-
dorferi from joint fluid three months after
treatment of facial palsy due to Lyme borre-
liosis. J Infect Dis 1988;158(4):905-906.

Schmidt, B., Muellegger, R. R., Stockenhuber,
C., Soyer, H. P., Hoedl, S., Luger, A. and Kerl, H.
Detection of Borrelia burgdorferi-specific DNA
in urine specimens from patients with erythe-
ma migrans before and after antibiotic therapy.
J Clin Microbiol 1996;34(6):1359-1363.

Schmidt, B. L. PCR in laboratory diagnosis
of human Borrelia burgdorferi infections.
Clin Microbiol Rev 1997;10(1):185-201.

Schmutzhard, E., Willeit, J. and Gersten-
brand, F. Meningopolyneuritis Bannwarth
with focal nodular myositis. A new aspect
in Lyme borreliosis. Klin Wochenschr
1986;64(22):1204-1208.

Schutzer, S. E., Coyle, P. K., Belman, A. L.,
Golightly, M. G. and Drulle, J. Sequestrati-
on of antibody to Borrelia burgdorferi in
immune complexes in seronegative Lyme
disease. Lancet 1990;335(8685):312-315.

Schönherr, U. and Strle, F. Clinical features
of Lyme borreliosis: ocular manifestations.
In: Weber, K. et al., eds. Aspects of Lyme
borreliosis. Heidelberg: Springer-Verlag,
1993:248-258.

Seppälä, I. J., Kroneld, R., Schauman, K.,
Forsen, K. O. and Lassenius, R. Diagnosis
of Lyme borreliosis: non-specific serological
reactions with Borrelia burgdorferi sonicate
antigen caused by IgG2 antibodies. J Med
Microbiol 1994;40(4):293-302.

Shapiro, E. D., Gerber, M. A., Holabird, N.
B., Berg, A. T., Feder, H. M., Jr., Bell, G. L.,

Rys, P. N. and Persing, D. H. A controlled
trial of antimicrobial prophylaxis for Lyme
disease after deer-tick bites. N Engl J Med
1992;327(25):1769-1773.

Shih, C. M., Liu, L. P. and Spielman, A. Dif-
ferential spirochetal infectivities to vector
ticks of mice chronically infected by the
agent of Lyme disease. J Clin Microbiol
1995;33(12):3164-3168.

Sigal, L. H. A vaccine consisting of recombi-
nant Borrelia burgdorferi outer surface pro-
tein A to prevent lyme disease. N Engl J
Med 1998;339:216-222.

Sigal, L. H. Current recommendations for
the treatment of Lyme disease. Drugs
1992;43(5):683-699.

Sigal, L. H. Cross-reactivity between Borre-
lia burgdorferi flagellin and a human axo-
nal 64,000 molecular weight protein. J In-
fect Dis 1993;167(6):1372-1378.

Sigal, L. H. Lyme disease overdiagnosis:
causes and cure. Hospital Practice
1996;31(5):13-15.

Sigal, L. H. and Patella, S. J. Lyme arthritis
as the incorrect diagnosis in pediatric and
adolescent fibromyalgia. Pediatrics
1992;90(4):523-528.

Sigal, L. H. and Tatum, A. H. Lyme disease
patients’ serum contains IgM antibodies to
Borrelia burgdorferi that cross-react with
neuronal antigens. Neurology
1988;38(9):1439-1442.

Simpson, W. J., Schrumpf, M. E. and
Schwan, T. G. Reactivity of human Lyme
borreliosis sera with a 39-kilodalton anti-
gen specific to Borrelia burgdorferi. J Clin
Microbiol 1990;28(6):1329-1337.

Sinton, J. A. and Shute, P. G. Spirochetal in-
fections if mosquitoes. Am J Trop Med Hyg
1939;42:125-126.



74

Sköldenberg, B., Stiernstedt, G., Karlsson,
M., Wretlind, B. and Svenungsson, B. Treat-
ment of Lyme borreliosis with emphasis on
neurological disease. Ann N Y Acad Sci
1988;539:317-323.

Snydman, D. R., Schenkein, D. P., Berardi,
V. P., Lastavica, C. C. and Pariser, K. M.
Borrelia burgdorferi in joint fluid in chronic
Lyme arthritis. Ann Intern Med
1986;104(6):798-800.

Soini, H., Böttger, E. C. and Viljanen, M. K.
Identification of mycobacteria by PCR-
based sequence determination of the 32-ki-
lodalton protein gene. J Clin Microbiol
1994;32:2944-2947.

Solari Basano, F., Sironi, M., fabbi, M., Tra-
quillo, M., Magnino, S., Cevenini, R., Sam-
bri, V., Marangoni, A., Rizzoli, A. and Gen-
chi, C. Assessing the risk of Lyme borrelio-
sis in an area of northern Italy. Parassitolo-
gia (Rome) 1996;38:393.

Sonck, C. E. Erythema cronicum migrans
with multiple lesions. Acta Derm Venereol
1965;45:34-36.

Sonenshine, D. E. Biology of ticks. New
York: Oxford University Press, 1993. (vol 2).

Sood, S. K., Salzman, M. B., Johnson, B. J.,
Happ, C. M., Feig, K., Carmody, L., Rubin,
L. G., Hilton, E. and Piesman, J. Duration of
tick attachment as a predictor of the risk of
Lyme disease in an area in which Lyme di-
sease is endemic. J Inf Dis 1997;175(4):996-
999.

Southern, P. and Stanford, J. Relapsing fe-
ver. A clinical and microbiological review.
Medicine 1969;48:12-149.

Stanek, G., Klein, J., Bittner, R. and Glogar,
D. Isolation of Borrelia burgdorferi from
the myocardium of a patient with longstan-
ding cardiomyopathy. N Engl J Med
1990;322:249-252.

Stanek, G., Klein, J., Bittner, R. and Glogar,
D. Borrelia burgdorferi as an etiologic
agent in chronic heart failure? Scand J In-
fect Dis Suppl 1991;77:85-87.

Stanek, G., O’Connell, S., Cimmino, M.,
Aberer, E., Kristoferitsch, W., Granstrom,
M., Guy, E. and Gray, J. European Union
Concerted Action on Risk Assessment in
Lyme Borreliosis: clinical case definitions
for Lyme borreliosis. Wiener Klinische
Wochenschrift 1996;108(23):741-747.

Stanek, G., Wewalka, G., Groh, V. and Neu-
mann, R. Isolation of spirochetes from the
skin of patients with erythema chronicum
migrans in Austria. Zentralbl Bakteriol
Mikrobiol Hyg A 1985;260(1):88-90.

Stark, M., Reizenstein, E., Uhlen, M. and
Lundberg, J. Immunomagnetic separation
and solid-phase detection of Bordetella per-
tussis. J Clin Microbiol 1996;34:778-784.

Steere, A., Bartenhagen, N., Craft, J., Hut-
chinson, G., Newman, J., Rahn, D., Spieler,
P., Stenn, K. and Malawista, S. The early cli-
nical manifestation of Lyme disease. Ann
Intern Med 1983;99:76-82.

Steere, A. C. Lyme disease. N Engl J Med
1989;321(9):586-596.

Steere, A. C. Seronegative Lyme disease.
Jama 1993;270(11):1369.

Steere, A. C. Lyme disease: a growing thre-
at to urban populations. Proc Natl Acad Sci
USA 1994;91(7):2378-2383.

Steere, A. C., Bartenhagen, N. H., Craft, J.
E., Hutchinson, G. J., Newman, J. H., Rahn,
D. W., Sigal, L. H., Spieler, P. N., Stenn, K. S.
and Malawista, S. E. The early clinical ma-
nifestations of Lyme disease. Ann Intern
Med 1983;99(1):76-82.

Steere, A. C., Batsford, W. P., Weinberg, M.,
Alexander, J., Berger, H. J., Wolfson, S. and



75

Malawista, S. E. Lyme carditis: cardiac ab-
normalities of Lyme disease. Ann Intern
Med 1980;93(1):8-16.

Steere, A. C., Green, J., Schoen, R. T., Taylor,
E., Hutchinson, G. J., Rahn, D. W. and Ma-
lawista, S. E. Successful parenteral penicil-
lin therapy of established Lyme arthritis. N
Engl J Med 1985;312(14):869-874.

Steere, A. C., Grodzicki, R. L., Kornblatt, A.
N., Craft, J. E., Barbour, A. G., Burgdorfer,
W., Schmid, G. P., Johnson, E. and Malawis-
ta, S. E. The spirochetal etiology of Lyme
disease. N Engl J Med 1983;308(13):733-740.

Steere, A. C., Hutchinson, G. J., Rahn, D.
W., Sigal, L. H., Craft, J. E., DeSanna, E. T.
and Malawista, S. E. Treatment of the early
manifestations of Lyme disease. Ann Intern
Med 1983;99(1):22-26.

Steere, A. C., Malawista, S. E., Bartenhagen,
N. H., Spieler, P. N., Newman, J. H., Rahn,
D. W., Hutchinson, G. J., Green, J., Snyd-
man, D. R. and Taylor, E. The clinical spect-
rum and treatment of Lyme disease. Yale J
Biol Med 1984;57(4):453-464.

Steere, A. C., Malawista, S. E., Newman, J.
H., Spieler, P. N. and Bartenhagen, N. H.
Antibiotic therapy in Lyme disease. Ann
Intern Med 1980;93(1):1-8.

Steere, A. C., Malawista, S. E., Snydman, D.
R., Shope, R. E. andiman, W. A., Ross, M. R.
and Steele, F. M. Lyme arthritis: an epide-
mic of oligoarticular arthritis in children
and adults in three Connecticut communi-
ties. Arthritis Rheum 1977;20(1):7-17.

Steere, A. C., Schoen, R. T. and Taylor, E.
The clinical evolution of Lyme arthritis.
Ann Intern Med 1987;107(5):725-731.

Steere, A. C., Sikand, V. K., Meurice, F., Pa-
renti, D. L., Fikrig, E., Schoen, R. T., Nowa-
kowski, J., Schmid, C. H., Laukamp, S., Bus-
carino, C. and Krause, D. S. Vaccination

against Lyme disease with recombinant Bor-
relia burgdorferi outer-surface lipoprotein A
with adjuvant. Lyme Disease Vaccine Study
Group. N Engl J Med 1998;339(4):209-215.

Steere, A. C., Taylor, E., McHugh, G. L. and
Logigian, E. L. The overdiagnosis of Lyme
disease. Jama 1993;269(14):1812-1816.
Stiernstedt, G. Tick-borne Borrelia infection
in Sweden. Scand J Infect Dis Suppl
1985;45:1-70.

Stiernstedt, G., Granström, M., Hederstedt,
B. and Sköldenberg, B. Diagnosis of spi-
rochetal meningitis by enzyme-linked im-
munosorbent assay and indirect immunof-
luoresence assay in serum and cerebrospi-
nal fluid. J Clin Microbiol 1985;21:819-825.

Strle, F., Cheng, Y., Nelson, J. A., Picken, M.
M., Bouseman, J. K. and Picken, R. N. Infecti-
on rate of Ixodes ricinus ticks with Borrelia
afzelii, Borrelia garinii, and Borrelia burgdor-
feri sensu stricto in Slovenia. Eur J Clin
Microbiol Infect Dis 1995;14(11):994-1001.

Strle, F., Maraspin, V., Lotric-Furlan, S., Ru-
zic-Sabljic, E. and Cimperman, J. Azithro-
mycin and doxycycline for treatment of
Borrelia culture-positive erythema migrans.
Infection 1996;24(1):64-68.

Strle, F., Maraspin, V., Pleterski-Rigler, D.,
Lotric-Furlan, S., Ruzic-Sabljic, E., Jurca, T.
and Cimperman, J. Treatment of borrelial
lymphocytoma. Infection 1996;24(1):80-84.

Strle, F., Nelson, J. A., Ruzic-Sabljic, E.,
Cimperman, J., Maraspin, V., Lotric-Furlan,
S., Cheng, Y., Picken, M. M., Trenholme, G.
M. and Picken, R. N. European Lyme borre-
liosis: 231 culture-confirmed cases invol-
ving patients with erythema migrans. Clin
Inf Dis 1996;23(1):61-65.

Strle, F., Preac Mursic, V., Cimperman, J.,
Ruzic, E., Maraspin, V. and Jereb, M.
Azithromycin versus doxycycline for treat-
ment of erythema migrans: clinical and



76

microbiological findings. Infection
1993;21(2):83-88.

Strle, F., Ruzic, E. and Cimperman, J. Eryt-
hema migrans: comparison of treatment
with azithromycin, doxycycline and
phenoxymethylpenicillin. J Antimicrob
Chemother 1992;30(4):543-550.

Szczepanski, A., Furie, M. B., Benach, J. L.,
Lane, B. P. and Fleit, H. B. Interaction bet-
ween Borrelia burgdorferi and endothelium
in vitro. J Clin Invest 1990;85(5):1637-1647.

Thyresson, N. The penicillin treatment of
acrodermatitis chronica atrophicans (Herx-
heimer). Acta Derm Venereo (Stockh)
1950;29:572-621.

Tilton, R. Laboratory aids for the diagnosis
of Borrelia burgdorferi infection. Journal of
Spirochetal and Tick-Borne Diseases
1994;1:18-23.

Tugwell, P., Dennis, D. T., Weinstein, A.,
Wells, G., Shea, B., Nichol, G., Hayward, R.,
Lightfoot, R., Baker, P. and Steere, A. C. La-
boratory evaluation in the diagnosis of
Lyme disease. Annals of Internal Medicine
1997;127(12):1109-1123.

Tuomi, J., Rantamäki, L. K., Tanskanen, R.
and Junttila, J. Characterization of Finnish
Borrelia burgdorferi sensu lato isolates by
sodium dodecyl sulfatepolyacrylamide gel
electrophoresis and with monoclonal anti-
bodies. J Clin Microbiol 1995;33:1989-1996.

van der Linde, M. R. and Ballmer, P. E.
Lyme carditis. In: Weber, K. et al., eds. As-
pects of Lyme borreliosis. Heidelberg:
Springer-Verlag, 1993:131-151.

Verduijn, P. and Bleeker, J. Secondary
syphilis of the facial nerve. Arch Otolaryn-
gol 1982;108:382-384.

Viljanen, M. K., Oksi, J., Salomaa, P., Skur-
nik, M., Peltonen, R. and Kalimo, H. Culti-

vation of Borrelia burgdorferi from the
blood and a subcutaneous lesion of a pati-
ent with relapsing febrile nodular nonsup-
purative panniculitis. J Infect Dis
1992;165(3):596-597.

Volkman, D. J., Luft, B. J., Gorevic, P. D., Sc-
hultz, J. and Padovano, L. Characterization
of an immunoreactive 93-kDa core protein
of Borrelia burgdorferi with a human IgG
monoclonal antibody. J Immunol
1991;146(9):3177-3182.

Wahlberg, P., Granlund, H., Nyman, D., Pa-
nelius, J. and Seppälä, I. Late Lyme borreli-
osis: epidemiology, diagnosis and clinical
features. Ann Med 1993;25(4):349-352.

Warshafsky, S., Nowakowski, J., Nadelman,
R. B., Kamer, R. S., Peterson, S. J. and
Wormser, G. P. Efficacy of antibiotic
prophylaxis for prevention of Lyme dise-
ase. J Gener Int Med 1996;11(6):329-333.

Weber, K. Erythema chronicum migrans-
Meningitis - eine bakterielle Infektions-
krankheit? Münch Med Wochenschr
1974;116:1993-1998.

Weber, K. Treatment failure in erythema
migrans-a review. Infection 1996;24(1):73-
75.

Weber, K. and Neubert, U. Clinical features
of early erythema migrans disease and rela-
ted disorders. Zentralbl Bakteriol Mikrobiol
Hyg (A) 1986;263(1-2):209-228.

Weber, K., Neubert, U. and Büchner, S. A.
Erythema migrans and early signs and
symptoms. In: Weber, K. et al., eds. Aspects
of Lyme borreliosis. Heidelberg: Springer-
Verlag, 1993:105-121.

Weber, K., Neubert, U. and Büchner, S. A.
Therapy of cutaneous manifestations. In:
Weber, K. et al., eds. Aspects of Lyme borre-
liosis. Heidelberg: Springer-Verlag,
1993:312-327.



77

Weber, K., Neubert, U. and Thurmayr, R.
Antibiotic therapy in early erythema mi-
grans disease and related disorders. Zent-
ralbl Bakteriol Mikrobiol Hyg A
1987;263(3):377-388.

Weber, K., Pfister, H.-W. and Reimers, C. D.
Critical remarks on antibiotic therapy. In:
Weber, K. et al., eds. Aspects of Lyme borre-
liosis. Heidelberg: Springer-Verlag,
1993:352-357.

Weber, K. and Pfister, H. W. Clinical mana-
gement of Lyme borreliosis. Lancet
1994;343(8904):1017-1020.

Weber, K., Preac Mursic, V., Neubert, U.,
Thurmayr, R., Herzer, P., Wilske, B.,
Schierz, G. and Marget, W. Antibiotic thera-
py of early European Lyme borreliosis and
acrodermatitis chronica atrophicans. Ann
NY Acad Sci 1988;539:324-345.

Weber, K., Preac Mursic, V., Wilske, B.,
Thurmayr, R., Neubert, U. and Scherwitz,
C. A randomized trial of ceftriaxone versus
oral penicillin for the treatment of early Eu-
ropean Lyme borreliosis. Infection
1990;18(2):91-96.

Weber, K., Puzik, A. and Becker, T. Erythe-
ma-migrans-Krankheit: Beitrag zur Klinik
und Beziehung zur Lyme-Krankheit. Dtsch
Med Wochenschr 1983;108(31-32):1182-1190.

Weber, K., Wilske, B., Preac Mursic, V. and
Thurmayr, R. Azithromycin versus penicil-
lin V for the treatment of early Lyme borre-
liosis. Infection 1993;21(6):367-372.

Wilkinson, H. W. Immunodiagnostic tests
for Lyme disease. Yale J Biol Med
1984;57(4):567-572.

Wilske, B., Busch, U., Fingerle, V., Jauris-
Heipke, S., Preac Mursic, V., Rossler, D. and
Will, G. Immunological and molecular va-
riability of OspA and OspC. Implications
for Borrelia vaccine development. Infection

1996;24(2):208-212.

Wilske, B., Preac Mursic, V., Jauris, S., Hof-
mann, A., Pradel, I., Soutschek, E., Schwab, E.,
Will, G. and Wanner, G. Immunological and
molecular polymorphisms of OspC, an immu-
nodominant major outer surface protein of Bor-
relia burgdorferi. Infect Immun 1993;61(5):2182-
2191.

Wilske, B., Preac Mursic, V., Schierz, G. and
Busch, K. V. Immunochemical and im-
munological analysis of European Borrelia
burgdorferi strains. Zentralbl Bakteriol
Mikrobiol Hyg A 1986;263(1-2):92-102.

Wilske, B. and Preac-Mursic, V. Microbiolo-
gical diagnosis of Lyme borreliosis. In: We-
ber, K. et al., eds. Aspects of Lyme borrelio-
sis. Berlin: Springer-Verlag, 1993:267-299.

Wormser, G. P. Treatment of Borrelia burg-
dorferi infection. Lab Med 1990;21:316-.

Wormser, G. P., Forseter, G., Cooper, D.,
Nowakowski, J., Nadelman, R. B., Horowitz,
H., Schwartz, I., Bowen, S. L., Campbell, G.
L. and Goldberg, N. S. Use of a novel techni-
que of cutaneous lavage for diagnosis of
Lyme disease associated with erythema mi-
grans. Jama 1992;268(10):1311-1313.

Wormser, G. P., Nowakowski, J., Nadel-
man, R. B., Bittker, S., Cooper, D. and Pavia,
C. Improving the yield of blood cultures for
patients with early Lyme disease. J Clin
Microbiol 1998;36(1):296-298.

Yanagihara, N. Incidence of Bell´s palsy.
Ann Otol Rhinol Laryngol 1988;97:5-7.

Zaidman, G. W. The ocular manifestations
of Lyme disease. Int Ophthalmol Clin
1997;37(2):13-28.

Zajkowska, J. M., Snarska-Furla, I. and Ro-
gowski, M. Lasting hearing loss in the cour-
se of neuro-borreliosis. Polski Merkuriusz
Lekarski 1998;4(20):98-99.



78

Zeidner, N., Dreitz, M., Belasco, D. and
Fish, D. Suppression of acute Ixodes scapu-
laris-induced Borrelia burgdorferi infection
using tumor necrosis factor-alpha, interleu-
kin-2, and interferon-gamma. J Infect Dis
1996;173(1):187-195.

Ziska, M. H., Donta, S. T. and Demarest, F.
C. Physician preferences in the diagnosis
and treatment of Lyme disease in the Uni-
ted States. Infection 1996;24(2):182-186.

Åsbrink, E. Erythema chronicum migrans
Afzelius and acrodermatitis chronica at-
rophicans. Early and late manifestations of
Ixodes ricinus-borne Borrelia spirochetes.
Acta Derm Venereol Suppl Stockh
1985;118:1-63.

Åsbrink, E. Cutaneous manifestations of
Lyme borreliosis. Clinical definitions and
differential diagnoses. Scand J Infect Dis
Suppl 1991;77:44-50.

Åsbrink, E. Acrodermatitis chronica at-
rophicans. Clin Dermatol 1993;11(3):369-
375.

Åsbrink, E. and Hovmark, A. Early and late
cutaneous manifestations in Ixodes-borne
borreliosis (erythema migrans borreliosis,
Lyme borreliosis). Ann NY Acad Sci
1988;539:4-15.

Åsbrink, E., Olsson, I., Hovmark, A. and
Carlsson, B. Tick-borne spirochetes as a
cause of facial palsy. Clin Otolaryngol
1985;10:279-284.


	Contents
	Abbreviations
	List of Original Publications
	1. Introduction
	2. Review of the Literature
	3. Aims of the Present Study
	4. Patients and Materials
	5. Methods
	6. Results
	7. Discussion
	8. Conclusions
	9. Summary
	10. Acknowledgements
	11. References

